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Mercury is a global threat to human and 
environmental health. This report, focusing on 
anthropogenic emissions of mercury and their 
transport and transformation in the environment, 
is a contribution to international efforts to reduce 
mercury pollution.

This summary report and the accompanying 
Technical Background Report for the Global 
Mercury Assessment 2013 are developed in response 
to Decision 25/5, paragraph 36 of the Governing 
Council of the United Nations Environment 
Programme (UNEP), that:

Requests the Executive Director, in consultation with 
Governments, to update the 2008 report entitled 

“Global Atmospheric Mercury Assessment: Sources, 
Emissions and Transport,” for consideration by the 
Governing Council/Global Ministerial Environment 
Forum at its twenty-seventh session.

The report provides the most recent information 
available on worldwide atmospheric mercury 
emissions, releases to the aquatic environment, and 
the transport and fate of mercury in the global 
environment. The report emphasizes emissions to air 
from human (anthropogenic) activities, but includes 
releases to water because the aquatic environment 
is the main route of exposure to humans and 
wildlife. It is in aquatic systems that the inorganic 
mercury is transformed into the more toxic form, 
methylmercury, which can accumulate in fish and 
marine mammals consumed by humans. 

This Executive Summary presents an overview of the 
key findings of the Global Mercury Assessment 2013. 

Total anthropogenic emissions of mercury to the 
atmosphere in 2010 are estimated at 1960 tonnes.2

 The 2010 emissions inventory has several 
improvements over the previous inventory for 
2005, including:

•	A more detailed analysis of emissions from some 
major source sectors. 

2 1 tonne = 1000 kilograms

•	A more detailed consideration of the mercury 
content of fuels and raw materials used in different 
countries/regions.

•	New and updated information on artisanal and 
small-scale gold mining.

•	The use of different pollution control technologies 
in different countries and regions have been 
factored into the emissions estimates.

•	Emission estimates for sectors not previously 
included, such as aluminium production, oil 
refining, and contaminated sites.

•	More and better information on location of major 
point sources such as individual power plants, 
smelters and cement kilns.

•	Better documentation and greater transparency 
with respect to the data and information behind 
the estimates

Using this approach, the global emissions to air from 
anthropogenic sources is estimated as 1960 tonnes 
in 2010. Despite recent progress in improving the 
available knowledge base, the emissions estimate 
still has large associated uncertainties, giving a 
range of 1010-4070 tonnes. The work also identifies 
potentially important sectors that are not yet 
quantified, including use of mercury in vinyl-
chloride monomer production; secondary metals 
production and ferro-alloys; oil and gas extraction 
and transport; and industrial and some hazardous 
waste incineration.

Present day anthropogenic emissions contribute to 
both current and future emissions to the air

Current anthropogenic sources are responsible 
for about 30% of annual emissions of mercury to 
air. Another 10% comes from natural geological 
sources, and the rest (60%) is from ‘re-emissions’ 
of previously released mercury that has built up 
over decades and centuries in surface soils and 
oceans. Although the original source of this re-
emitted mercury cannot be determined with 
certainty, the fact that anthropogenic emissions 
have been larger than natural emissions since 
the start of the industrial age about 200 years 
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ago implies that most re-emitted mercury was 
originally from anthropogenic sources. Reducing 
current anthropogenic sources is therefore vital to 
reduce the amount of mercury that is cycling in the 
environment. 

Artisanal and small-scale gold mining and coal 
burning are the major sources of anthropogenic 
mercury emissions to air

The inventory confirms the role of artisanal and 
small-scale gold mining (ASGM) and coal burning 
as the largest components of anthropogenic 
emissions, followed by the production of ferrous and 
non-ferrous metals, and cement production. 

Annual emissions from ASGM are estimated 
at 727 tonnes, making this the largest sector 
accounting for more than 35% of total 
anthropogenic emissions. This is more than twice 
the figure from this sector in 2005, however, most 
of the increase is attributed to some new and 
better information. For example, West Africa was 
thought in 2005 to have minimal ASGM activity 
but is now recognized as an important source 
region. It is thus difficult to determine whether 
actual emissions from this sector have changed 
because their estimation involves a great deal of 
uncertainty. Much of the activity is unregulated 
or even illegal, and thus reliable official data 
are still hard to obtain. More work is needed to 
confirm the emissions estimates from this sector, 
including field measurements around ASGM sites 
to better establish the amounts and fate of the 
mercury used.

A large amount of coal is burned around the 
world to generate electricity, to run industrial 
plants, and for in-home heating and cooking. 
Coal burning emitted some 475 tonnes of mercury 
in 2010, the majority of which is from power 
generation and industrial use. The estimate of 
emissions from other coal burning (including 
domestic and residential burning) is lower than 
that reported in the previous global assessment, 
due to differences in estimates of the amounts 
and mercury content of coal burned in these uses. 
Use of coal for power generation and industry 
is increasing, especially in Asia. However, wider 
use of air pollution controls and more stringent 
regulations in several countries, together with 
improved combustion efficiency, have reduced 
emissions from coal-burning power plants, 
helping to offset most of the increase arising from 
higher coal consumption.

Global anthropogenic mercury emissions from 
industrial sources may be rising. 

Emissions to air are thought to have peaked in the 
1970s, declined over the following two decades, and 
have been relatively stable between 1990 and 2005. 
There were some indications of slight increases in 
emissions between 2000 and 2005.

Any evaluation of trends needs to take into account 
changes in reporting and methods used to produce 
inventory estimates, including the introduction of 
additional sectors. Thus, a direct comparison of 
the results of global inventories produced over the 
past 25 years is not possible. A preliminary re-
calculation, using the improved methodology, of 
global anthropogenic emissions in 2005 indicates 
that emissions from fossil fuel combustion, metal 
and cement production increased between 2005 and 
2010, but continue to decline in other sectors such 
as the chlor-alkali industry. Overall, indications are 
that emissions from industrial sectors have increased 
again since 2005.

Future emission trends have been examined using 
scenarios and models. Without improved pollution 
controls or other actions to reduce mercury 
emissions, mercury emissions are likely to be 
substantially higher in 2050 than they are today. 

Comparing emissions estimates reported under 
different reporting systems is not straightforward

The 2010 global inventory results were generally 
consistent with nationally reported emissions 
estimates for 2010, providing a degree of confidence 
in the methods used. However, comparing estimates 
for individual countries and sectors is complicated 
by differences in reporting methods, in particular the 
specification and categorisation of sectors used in 
different national and international reporting systems. 
National emissions estimates based on individual 
facility reporting and site measurements should 
be more accurate than those based on the global 
inventory methodology. However, this is difficult 
to evaluate as most nationally reported inventories 
lack estimation of associated uncertainties. It is also 
important to recognize that many measurement-
based estimates are based on relatively few 
measurements covering short periods that are then 
extrapolated to produce annual emissions. It is 
important that all reporting is subject to validation 
and that associated uncertainties are quantified. If 
different reporting systems are to be compared, they 
need to be better aligned in terms of the emission 
sources that are identified and used.

UNEP Global Mercury Assessment 2013
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Asia contributes almost half of global anthropogenic 
mercury emissions.

Increasing industrialization has made Asia the main 
source region of mercury emissions to air, with 
East and Southeast Asia accounting for about 40% 
of the global total, and South Asia for a further 8%. 
The new data on ASGM and the related increase in 
emission estimates from this sector have increased 
South America and sub-Saharan Africa’s share 
of global emissions. However, modelling results 
continue to indicate that East Asia is the dominant 
source region for long-range airborne mercury 
transport worldwide.

Anthropogenic releases of mercury to water total 1000 
tonnes at a minimum.

Previous UNEP global mercury assessments 
considered only atmospheric emissions. The 2013 
report is thus the first attempt to compile a global 
inventory of aquatic releases. Three types of sources 
were considered. Point sources are industrial sites 
such as power plants or factories, and they release 
an estimated 185 tonnes of mercury per year. 
Contaminated sites, including old mines, landfills, 
and waste disposal locations, release 8 - 33 tonnes 
per year. Artisanal and small-scale gold mining was 
evaluated separately, with total releases to water 
and land totalling more than 800 tonnes per year. 
Deforestation mobilizes another 260 tonnes of 
mercury into rivers and lakes. Other sources remain 
to be quantified, and so these estimates comprise 
only a partial total. Thus, anthropogenic releases to 
waters are likely to be at least 1000 tonnes per year.

Mercury concentrations in the oceans and in marine 
animals have risen due to anthropogenic emissions.

Anthropogenic emissions and releases have 
doubled the amount of mercury in the top 100 
meters of the world’s oceans in the last 100 years. 
Concentrations in deeper waters have increased 
by only 10-25%, because of the slow transfer of 
mercury from surface waters into the deep oceans. 
In some species of Arctic marine animals, mercury 
content has increased by 12 times on average since 
the pre-industrial period. This increase implies 
that, on average, over 90% of the mercury in these 
marine animals today comes from anthropogenic 
sources. The timing of the initial stage of the 
increase, which started in the mid-19th century 
and accelerated in the early 20th century before the 
rise of Asian industrialization, indicates emissions 
from Europe, Russia and North America were 
probably responsible. Studies from the South China 

Sea suggest a similar pattern occurring there more 
recently, likely as a result of Asian industrialization.

Monitoring capability continues to improve, but 
whether this can be sustained is uncertain.

Existing mercury monitoring networks such as the 
European Monitoring and Evaluation Programme 
(EMEP), the Arctic Monitoring and Assessment 
Programme (AMAP), the North American Mercury 
Deposition Network (NAMDN), and others in the 
northern hemisphere have been complemented by 
new monitoring sites in the southern hemisphere, in 
particular, some sites established under the Global 
Mercury Observing System (GMOS) initiative. The 
longer-term status of many of the newly established 
sites however depends on availability of sustained 
funding to continue operations.

Anthropogenic emissions and releases over time have 
increased mercury loads in the environment, so the 
effects of reductions in emissions will often take time 
to become apparent.

Large amounts of mainly inorganic mercury have 
accumulated in the environment, in particular 
in surface soils and in the oceans, as a result of 
past emissions and releases. Owing to their larger 
volumes, intermediate and deep ocean waters below 
100 metres actually store much larger tonnages of 
anthropogenic mercury than surface waters. There 
are also relatively large tonnages of natural mercury 
circulating in the intermediate and deep waters. A 
significant fraction of the mercury in intermediate 
waters is recycled back to the surface each year 
by upwellings. Today’s anthropogenic emissions 
continue to load the oceans, and the catchments 
and sediments of lakes and rivers, with inorganic 
mercury. This mercury, which is the “feed-stock” for 
toxic methylmercury production, is stored and re-
cycled in the bioavailable part of the environment for 
decades or centuries before it eventually is removed 
by natural processes. One consequence is that 
there will likely be a time-lag of years or decades, 
depending on the part of the water column, before 
emissions reductions begin to have a demonstrable 
effect on mercury levels throughout the environment 
and in the fish and marine mammals which are 
part of the human food-chain. At the same time, 
mercury levels in parts of the Atlantic Ocean are 
decreasing, likely due to reduced emissions in past 
decades in North America and Europe, indicating 
that emissions reductions can eventually lead to 
decreases in mercury levels in surface oceans. This 
reinforces the need to continue and strengthen 
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international efforts to reduce current mercury 
emissions and releases, as delays in action now will 
inevitably lead to slower recovery of the world’s 
ecosystems in future from mercury contamination.

Global climate change may also complicate 
the response of global ecosystems to mercury 
emission reductions, through its profound effects 
on many aspects of the movement and chemical 
transformations of mercury in the environment. For 
example, warmer temperatures may increase rates 
of organic productivity in freshwater and marine 
ecosystems, and rates of bacterial activity, possibly 
leading to faster conversion of inorganic mercury 
to methylmercury. Thawing of the enormous areas 
of northern frozen peatlands may release globally-
significant amounts of long-stored mercury and 
organic matter into Arctic lakes, rivers and ocean.

UNEP Global Mercury Assessment 2013
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1Introduction

Background and mandate
Global inventories for mercury emissions to air from 
human sources have been produced at approximately 
5-year intervals since 1990 by scientifi c groups. 
UNEP produced its fi rst Global Mercury Assessment 
in 2002. In 2007, the Governing Council of UNEP 
through its decision 24/3 requested the Executive 
Director of UNEP: 

to prepare a report, drawing on, among other things, 
ongoing work in other forums, addressing:

(a) Best available data on mercury atmospheric 
emissions and trends including where possible an 
analysis by country, region and sector, including 
a consideration of factors driving such trends and 
applicable regulatory mechanisms;

(b) Current results from modelling on a global 
scale and from other information sources on the 
contribution of regional emissions to deposition which 
may result in adverse eff ects and the potential benefi ts 
from reducing such emissions, taking into account 
the eff orts of the Fate and Transport partnership 
established under the United Nations Environment 
Programme mercury programme.

Th e results of this request were presented as a 
summary report entitled “Th e Global Atmospheric 
Mercury Assessment: Sources, Emissions and 
Transport”, released in December 2008, and an 
accompanying “Technical Background Report to the 
Global Atmospheric Mercury Assessment”. 

Th e technical background report, which formed 
the basis for statements made in the summary 
report and was prepared in cooperation with the 
Arctic Monitoring and Assessment Programme 
(AMAP) Secretariat, included an updated inventory 
of anthropogenic emissions of mercury to the 
atmosphere. Th e inventory was based on national 
emissions data for the year 2005 submitted by 
governments, as well as estimates prepared for 
countries that did not provide data, and was 
coordinated with work related to mercury under the 
UN Economic Commission for Europe Convention 

on Long-range Transboundary Air Pollution 
(LRTAP). Th e report also drew on the work of the 
UNEP Global Mercury Partnership, in particular 
the Mercury Air Transport and Fate Research 
partnership area.

In 2009, the Governing Council of UNEP, through 
its Decision 25/5, paragraph 36, requested the 
Executive Director of UNEP: 

… in consultation with Governments, to update the 
2008 report entitled Global Atmospheric Mercury 
Assessment: Sources, Emissions and Transport for 
consideration by the Governing Council/Global 
Ministerial Environment Forum at its twenty-
seventh session.

Th is updated Global Mercury Assessment 2013 
and its accompanying and updated Technical 
Background Report are the response to that 
Governing Council request.

Developing the 2013 Report
As in 2008, the Technical Background Report for 
the Global Mercury Assessment 2013 forms the 
basis for the statements made in the Summary 

UNEP’s 2008 
Global Atmospheric 
Mercury Assessment 
Report.

1

UNEP Global Mercury Assessment 2013



Report and is fully referenced according to 
standard scientific practice. As such, it is the single 
reference for the Summary Report. It has again 
been prepared in co-operation with the Arctic 
Monitoring and Assessment Programme (AMAP) 
and uses national data and information submitted 
by several governments. Contributions have 
also been incorporated from the UNEP Global 
Mercury Partnership, in particular its partnership 
areas on mercury control from coal combustion, 
reducing mercury in artisanal and small-scale gold 
mining (ASGM), and mercury air transport and 
fate; AMAP mercury expert group; UN Economic 
Commission for Europe (UN ECE) Long-range 
Transboundary Air Pollution (LRTAP) Convention 
groups; industry; and non-governmental 
organizations. Each section was prepared by a team 
of experts and then reviewed to ensure its scientific 
accuracy. The evaluation of information of mercury 
released into the aquatic environment benefits 
from contributions from the Group of Experts 
on Scientific Aspects of Marine Environmental 
Protection (GESAMP).

Scope and coverage
This update to the Global Mercury Assessment 
provides the most recent information available for 
the worldwide emissions, releases, and transport of 
mercury in atmospheric and aquatic environments. 
To the extent possible, the information comes from 
the published scientific literature, supplemented 
where necessary by other sources. Since the Global 
Mercury Assessment is intended as a basis for 
decision making, emphasis is given to anthropogenic 
emissions (mercury going into the atmosphere) and 
releases (mercury going into water and land), that is, 
those associated with human activities.

The Technical Background Report includes a detailed 
inventory of global mercury emissions to air based 
on data for 2010. “Inventory” in this context means a 
compilation of the estimated emissions and releases 
from various sectors and sources. While it attempts 
to catalogue all major sources of mercury emissions 
worldwide, it should not be regarded as complete 
and exhaustive.

In addition, for the first time, this Global Mercury 
Assessment includes an evaluation of information of 
mercury released into the aquatic environment and 
its associated pathways and fate. The information 
available for this evaluation is less complete than 

that for emissions to air and is based on data from 
recent years. The inclusion of this new element of 
the Global Mercury Assessment is as a response 
to the requests from many governments in the 
Intergovernmental Negotiating Committee (INC) for 
more information on releases to land and water. The 
aquatic environment is the main route of exposure 
to humans and wildlife, because it is in water that 
inorganic mercury is transformed into highly 
toxic methylmercury.

The Technical Background Report includes 
chapters on:

•	Global Emissions of Mercury to the Atmosphere, 
describing sources, anthropogenic emissions, and 
trends in emissions;

•	Atmospheric Pathways, Transport and Fate, 
examining pathways, levels and trends in air 
and deposition, and modelling of pathways and 
deposition; 

•	Global Releases of Mercury to Aquatic Environments, 
containing global estimates of releases to 
water; and

•	Aquatic Pathways, Transport and Fate, examining 
mercury pathways in aquatic systems that result in 
important routes of human exposure.

Technical Background Report chapters were 
prepared by teams of experts and then reviewed to 
ensure their scientific validity. This Summary Report 
is based on the content of the Technical Background 
Report and has been reviewed by the authors of the 
Technical Background Report. It was also circulated 
for national review.

This Summary Report provides, in Chapter 2, an 
overview of natural and anthropogenic sources of 
mercury, outlining the main sectors involved. The 
global inventory of anthropogenic emissions to air 
is presented in Chapter 3, and Chapter 4 describes 
trends in mercury emissions to the atmosphere. 
What happens after mercury is released to the 
atmosphere is covered in Chapter 5 on atmospheric 
chemistry, monitoring, and deposition, and Chapter 
6 on atmospheric concentrations and deposition. 
Chapter 7 provides a first attempt to estimate 
global releases to water, followed in Chapter 8 by 
a discussion of aquatic pathways, transformations, 
and fate. A review of gaps in knowledge is given in 
Chapter 9. Chapter 10 summarizes key findings. 
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What’s new in the Global 
Mercury Assessment 2013
Global mercury emissions inventories continue to 
improve as new data and better data become available 
concerning some sources. The method for compiling 
the inventory of anthropogenic emissions to the 
atmosphere has also been revised and improved. 
Differences in air pollution control technologies and 
differences in the mercury content of raw materials 
and fuels in different countries and regions have been 
factored into emissions calculations to better reflect 
actual conditions in each country. 

In the Global Mercury Assessment 2013, a new 
updated inventory, based on data from 2010, is 
presented in which some new sources (including 
emissions from combustion of natural gas and 
primary aluminium production and emissions 
associated with oil refining) have been quantified for 
the first time. A more detailed analysis has also been 
made of some of the major mercury emission sectors, 
including the break-down of emissions from coal 
burning in power plants, industrial and other uses. 
In addition, new information acquired through the 
UNEP Global Mercury Partnership area on Reducing 
Mercury in Artisanal and Small-scale Gold Mining, 
in particular from the Artisanal Gold Council, has 
resulted in a significant re-evaluation of emissions 
from the ASGM sector.  

New observational data and new modelling results 
provide fresh insight into atmospheric mercury 
transport and fate. 

One of the objectives of the updated assessment has 
been to provide transparent documentation and 
comprehensive compilations of the data that form 
the basis for all of the estimates presented. This 
approach will allow a more consistent and replicable 
method for compiling the global mercury emission 
inventory, so that valid comparisons can be made in 
the future. In addition, a wider range of experts from 
around the world have been involved in preparing 
the Technical Background Report on which this 
summary is based.

The inclusion of an assessment of releases of 
mercury to the aquatic environment and its 
subsequent pathways and fate is a further significant 
development as these topics were not addressed 
in the 2008 UNEP Global Atmospheric Mercury 
Assessment. The aquatic environment is critical for 
three reasons:

•	Hundreds of tonnes of mercury is released directly 
into water, so an inventory limited to mercury 
emissions to air provides an incomplete assessment 
of anthropogenic impacts on the mercury cycle.

•	Mercury in aquatic environments can be 
transformed into methylmercury, which is far 
more toxic to humans and animals and can enter 
and biomagnify in food webs more readily than 
other forms of mercury.

•	Much human exposure to mercury is through 
the consumption of fish and other marine foods, 
making aquatic pathways the critical link to 
human health.

A large open artisanal and 
small-scale gold mining pit.

Kevin Telm
er
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Sources of mercury emissions 
to air and releases to water 2
Mercury is a naturally occurring element and is 
found throughout the world. There are thus many 
natural sources of mercury, creating background 
environmental levels that have been present since 
long before humans appeared. 

Mercury is contained in many minerals, including 
cinnabar, an ore mined to produce mercury. Much 
of the present day demand for mercury is met by 
supply from mercury recovered from industrial 
sources and stockpiles rather than from mercury 
mining.  Mercury is also present as an impurity 
in many other economically valuable minerals, in 
particular the non-ferrous metals, and in fossil fuels, 
coal in particular.

Human activity, especially mining and the burning 
of coal, has increased the mobilization of mercury 
into the environment, raising the amounts in the 
atmosphere, soils, fresh waters, and oceans. The 
majority of these human emissions and releases of 
mercury have occurred since 1800, associated with 
the industrial revolution based on coal burning, 
base-metal ore smelting, and gold rushes in various 
parts of the world. To some extent the same drivers 
of mercury emissions and releases are continuing 
with fossil-fuel-based energy generation powering 
industrial and economic growth in Asia and South 
America, which in turn helps drive high demand for 
metals including gold, spurring artisanal and small-
scale gold mining (ASGM) around the world.

In preparing inventories of mercury emissions 
and releases, it is important to distinguish various 
categories of sources. Three main types of emissions 
and releases can be distinguished, each of which is 
briefly introduced here in qualitative terms, with 
particular emphasis on anthropogenic sources.

Natural sources of mercury 
emissions and releases
Mercury in the earth’s crust can be emitted and 
released in several ways to air, water, and land. 
Natural weathering of mercury-containing rocks 

Cinnabar: the principal ore of mercury.

Ice core record of deposition from Wyoming, USA. The elevated 
levels associated with the 1850-84 US gold rush probably 
reflect local/regional sources rather than a global signature. 
Increasing environmental levels of mercury associated with 
industrialization, however, are found in environmental 
archives like this ice core around the globe.
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Global mercury cycling
Mercury is released to the environment from natural 
sources and processes and as a result of human 
activities. Once it has entered the environment, 
mercury cycles between air, land, and water until 
it is eventually removed from the system through 
burial in deep ocean sediments or lake sediments and 

through entrapment in stable mineral compounds. 
Methylmercury, the most toxic and bioaccumulative 
form of mercury, which presents the greatest 
health risk to humans and wildlife, is mainly 
formed in aquatic environments through natural 
microbial processes.
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Global mercury budgets, based on models, illustrate the main environmental compartments and pathways that are of 
importance in the global mercury cycle, and the ways in which anthropogenic releases to air land and water move between 
these compartments. Th ese compartments include natural sources and anthropogenic sources, as well as re-emissions of 
mercury previously deposited from air onto soils, surface waters, and vegetation.

is continuous and ubiquitous, allowing mercury to 
escape to air and to be washed into lakes and rivers. 
Volcanoes emit and release mercury when they erupt. 
Geothermal activity can also take mercury from 
underground and emit it to the atmosphere and 
release it to the deep oceans. Some recent models 
of the fl ow of mercury through the environment 
suggest that natural sources account for about 10% 
of the estimated 5500-8900 tonnes of mercury 
currently being emitted and re-emitted to the 
atmosphere from all sources.
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Anthropogenic sources 
of mercury emissions 
and releases
Anthropogenic sources of mercury emissions 
account for about 30% of the total amount of 
mercury entering the atmosphere each year.

As found in previous global mercury assessments, the 
main industrial sources of atmospheric mercury are 
coal burning, mining, industrial activities that process 
ores to produce various metals or process other 
raw materials to produce cement. In these activities, 
mercury is emitted because it is present as an impurity 
in fuels and raw materials. In these cases, mercury 
emissions and releases are sometimes referred to as 
‘by-product’ or ‘unintentional’ emissions or releases. 
A second category of sources includes sectors where 
mercury is used intentionally. Artisanal and small-
scale gold mining (ASGM) is the largest of these, in 
which mercury emissions and releases result from 
the intentional use of mercury to extract gold from 
rocks, soils, and sediments. Other intentional-use 
release sectors include waste from consumer products 
(including metal recycling), the chlor-alkali industry, 
and the production of vinyl-chloride monomer.

Coal burning, and to a lesser extent the use of other 
fossil fuels, is one of the most significant anthropogenic 
source of mercury emissions to the atmosphere. Coal 
does not contain high concentrations of mercury, but 
the combination of the large volume of coal burned 
and the fact that a significant portion of the mercury 
present in coal is emitted to the atmosphere yield 
large overall emissions from this sector. The mercury 
content of coal varies widely, introducing a high degree 
of uncertainty in estimating mercury emissions from 
coal burning. Data on mercury content is now available 
from many countries, including major emitters 
of mercury. 

Mining, smelting, and production of iron and 
non-ferrous metals are also a large source of 
global mercury emissions to air, and also a very 
important sector with regard to releases to water. In 
the mining and processing of metals, most of the 
mercury is captured and either stockpiled or sold 
for use in various products, creating anthropogenic 
sources associated with intentional use, discussed 
below. Nonetheless, the volume of ores and metals 
involved result in large total emissions and releases. 
The relatively small volume of primary mercury 
production makes mercury mining a far smaller 
source today than it has been in the past.

Cement production, which typically involves the 
burning of fossil fuels to heat the materials required to 
make cement, is another major anthropogenic source 
of mercury emissions. Both the raw materials and the 
fuel may contain mercury and lead to emissions. The 
amount of mercury involved varies greatly with the 
mercury content of these fuels and especially with 
the raw materials. In some countries, cement kilns 
are burning increasing amounts of alternative fuels, 
including wastes that may contain mercury. This may 
add to the emissions from cement kilns.

Oil refining emits and releases mercury, as oil 
deposits are known to contain mercury, generally 
at low concentrations. Mercury is removed from 
most petroleum products and natural gas prior to 
combustion, and therefore combustion-related 
emissions are low. Most of the mercury in crude oil 
is associated with solid waste that is disposed of in 
landfills. However, emissions and releases during 
refining of crude oil do occur and these have been 
quantified for the first time in the 2010 inventory. 
The inventory does not quantify other emissions and 
releases during oil and gas extraction and transport 
or from flaring.

Unintentional mercury emissions from these sectors 
can be reduced by the application of pollution 
control measures at power plants and industrial 
plants. Some of the mercury captured is refined and 
enters the commercial supply chain; however, large 
amounts of mercury captured in materials such as 
fly ash and oil refinery waste need to be disposed of. 
Some of the resulting wastes are themselves used as 
raw materials, for example in construction materials, 
but large amounts are disposed of in landfills, which 
can thus become a potential source of mercury 
emissions and releases.

Among intentional-use sectors, Artisanal and small-
scale gold mining is a major source for emissions 
and releases of mercury worldwide. In ASGM, miners 
use mercury to create an amalgam separating gold 
from other materials. They then have to separate the 
mercury from the gold.  Calculating emissions from 
this sector presents a particular challenge because it 
is typically widely dispersed and often unregulated 
and may be illegal. Uncertainties regarding release 
estimates from the ASGM sector are therefore high. 
Furthermore, the miners are typically poor and 
perhaps have little awareness of the hazards of mercury, 
and pollution control devices may be hard to obtain. 

Wastes from consumer products containing 
mercury can end up in landfills or incinerators. 
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Mercury is still used in a wide range of products, 
including batteries, paints, switches, electrical and 
electronic devices, thermometers, blood-pressure 
gauges, fluorescent and energy-saving lamps, 
pesticides, fungicides, medicines, and cosmetics. 
Once used, many of the products and the mercury 
they contain enter waste streams. While mercury 
in landfills may slowly become re-mobilized to 
the environment, waste that is incinerated can be 
a major source of atmospheric mercury, especially 
from uncontrolled incineration. Incinerators with 
state-of-the-art controls have low emissions.

Another use of mercury is in dental amalgam for 
filling teeth. When bodies are cremated, mercury in 
fillings can be emitted. Mercury can also be emitted 
and released during production and preparation of 
fillings and from the disposal or removed fillings. 
In addition, mercury from removed fillings can be 
recycled or go into solid waste and wastewater.

The amount of mercury released in the recycling of 
scrap metals, for example in secondary steel and non-
ferrous metal production, is generally assumed to be 
much lower than that released during primary metal 
production, which is why the present global inventory 
only addresses primary metal production. However, 
lower emissions from recycling may not be the case in 
all countries. Much of the scrap steel in some countries 
comes from automobiles that may still have devices 
that contain mercury, and which may not be removed 
prior to recycling of the steel. These devices are largely 
being phased out so mercury emissions from scrap 
steel may be expected to decrease. However, large 
differences exist between countries in the way they 
treat their mercury-containing wastes, including scrap 
metals that are recycled in secondary metal production.

Mercury is also used in a number of industrial 
processes. A major industrial use is in the chlor-alkali 
industry where mercury-cell technology may be used 
in the production of chlorine and caustic soda. 

Mercury is also used as a catalyst in the production 
of vinyl chloride monomer (VCM) from acetylene, 
mainly in China. 

Mercury releases to aquatic systems as a result of 
current human activities arise from many of the same 
uses or the presence of mercury in various products 
and processes that emit mercury to the air. As with 
emissions to the atmosphere, aquatic releases come 
from two main sources. First, mercury is released 
with water effluent from the sites where mercury is 
used. Second, mercury can leach into water from 
disposal sites that have mercury in the waste.

zhu difeng / Shutterstock.com
Tom
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Anthropogenic sources of mercury from industry and 
intentional use.
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Re-emission and re-
mobilization of mercury
Re-emissions constitute the third category of 
sources, presently comprising about 60% of mercury 
emissions to air. Mercury previously deposited from 
air onto soils, surface waters, and vegetation from past 
emissions can be emitted back to the air. Re-emission 
is a result of natural processes that convert inorganic 
and organic forms of mercury to elemental mercury, 
which is volatile and therefore readily returns to 
the air. Mercury deposited to plant surfaces can be 
re-emitted during forest fires or biomass burning. 
Mercury may be deposited and re-emitted many 
times as it cycles through the environment. 

It is important that re-emitted mercury should not 
be considered a natural source. It may originally 
have come from natural or anthropogenic sources, 
but by the time it is re-emitted, it is difficult or 
impossible to identify its specific origin. Nonetheless, 
human activity has increased the environmental 
burden of mercury, resulting in higher levels of re-
emission. This is compounded by changes in land 
use practices as well as increasing temperatures due 
to climate change.

In the aquatic environment, re-mobilization of 
mercury occurs when mercury deposited on and 
accumulated in soils or sediments is re-mobilized by, 
for example, rain or floods that cause the mercury to 
enter or re-enter the aquatic system. Resuspension 

of aquatic sediments due to wave action or storm 
events is an additional way for mercury to re-enter 
the aquatic ecosystems.

Estimating re-emission and re-mobilization rates is 
difficult. It is often done using modelling approaches. 
These models are based on data on atmospheric 
levels and other observations as well as current 
understanding of chemical transformations and 
other processes that determine how mercury moves 
between air, land, and water. The models aim to 
balance the amount of mercury in circulation at 
any given time while remaining consistent with 
observational data. Temperature is a key factor. 
With lower temperatures, re-emission rates are 
generally lower.

Re-emission is also a major factor in determining 
the length of time needed for anthropogenic 
emission reductions to be reflected in decreasing 
environmental levels of mercury. Mercury emitted 
in one year may be deposited to and retained in 
soils and waters for some time before being re-
emitted or re-mobilized in subsequent years. This 
cycle can be repeated, keeping levels in air and 
water elevated even after anthropogenic sources 
have been lowered. Conversely, continuing to add 
to the global pool will leave an ever-longer legacy of 
anthropogenic mercury contamination worldwide. It 
is thus imperative that international efforts to reduce 
mercury emissions continue and are strengthened as 
soon as possible.

Arnold John Labrentz / Shutterstock.com

Forest fires re-emit mercury deposited to vegetation.
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Anthropogenic emissions 
to the atmosphere 3
Global emissions inventory
The global emissions inventory for 2010 estimates 
that 1960 tonnes of mercury was emitted to the 
atmosphere as a direct result of human activity. The 
leading sectors remain the same as those identified 
in the 2005 inventory. Improved data, however, have 
changed the relative contributions of some of these 
sectors, as have some actual changes in emissions. 
All coal burning emissions taken together, for 
example, represent a lower percentage of the total 
emissions than in the 2005 inventory. This is due in 
part to the increased estimates from artisanal and 
small-scale gold mining (ASGM), and in part to 
much lower estimates for domestic use of coal. When 
the actual amount of mercury emitted from coal 
combustions in power generation and industrial uses 
is considered, and the estimates are based on the same 
2010 methodology, the emissions in 2010 are the 
same and perhaps slightly higher than in 2005. Even 
though new coal-fired power plants are being built, 
combustion efficiency and emissions controls are also 
improving in most parts of the world.

Results by selected sector
The updated inventory of emissions to air confirms 
coal burning as a continuing major source of 
emissions, responsible for some 475 tonnes of 
mercury emissions to air annually, compared with 
around 10 tonnes from combustion of other fossil 
fuels. According to the new inventory, more than 
85% of these emissions are from coal burning 
in power generation and industrial uses. In the 
previous assessment, emissions from domestic 
and residential coal burning were highlighted as 
a possible larger contribution. Better information 
on coal consumption for domestic and residential 
uses indicates that these activities are a smaller 
contribution to total emissions from coal burning 
than previously thought.

Emissions from the cement production industry 
are largely dependent on the fuels used. The new 

Sectors for which emissions are not currently quantified

biofuel production and combustion

vinyl-chloride monomer production, emissions during 

secondary metals production and ferro-alloys

oil and gas extraction, transport and processing other than refinery 
emissions

industrial / some hazardous waste incineration and disposal

sewage sludge incineration

preparation of dental amalgam fillings and disposal of removed 
fillings containing mercury

Emissions from various sectors, in tonnes per year with the range of 
the estimate, and as a percentage of total anthropogenic emissions.  
Note: These numbers cannot be compared directly with those 
presented in the 2008 assessment (see Chapter 4, Trends in 
mercury emissions to the atmosphere).

* Values rounded to 3 significant figures.
** To nearest percent

Sector Emission (range), 
tonnes*

%**

By-product or unintentional emissions

Fossil fuel burning

Coal burning (all uses) 474 (304 - 678) 24

Oil and natural gas burning 9.9 (4.5 – 16.3) 1

Mining, smelting, & production 
of metals

Primary production of 
ferrous metals

45.5 (20.5 – 241) 2

Primary production of non-
ferrous metals (Al, Cu, Pb, Zn)

193 (82 – 660) 10

Large-scale gold production 97.3 (0.7 – 247) 5

Mine production of mercury 11.7 (6.9 – 17.8) <1

Cement production 173 (65.5 - 646) 9

Oil refining 16 (7.3 - 26.4) 1

Contaminated sites 82.5 (70 - 95) 4

Intentional uses

Artisanal and small-scale 
gold mining

727 (410 – 1040) 37

Chlor-alkali industry 28.4 (10.2 – 54.7) 1

Consumer product waste 95.6 (23.7 – 330) 5

Cremation (dental amalgam) 3.6 (0.9 - 11.9) <1

Grand Total 1960 (1010 – 4070) 100
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inventory avoids double counting of emissions from 
conventional fuels (such as coal and oil) which are 
included under the industrial fossil fuel burning 
emissions. However, it does attempt to account for 
emissions from other fuels, including alternative 
fuels (such as old tyres and other wastes) and from 
raw materials. Increasing amounts of waste are being 
co-incinerated in the cement industry both as fuel 
but also, in some plants, as a means of disposing 
of hazardous wastes, some of which may contain 
mercury. In some regions, additional measures 
are being introduced to make sure that mercury 
emissions associated with waste co-incineration do 
not increase overall emissions from cement plants.

Increased application of air pollution control devices, 
including some mercury-specific technologies, 
together with more stringent regulations in several 
countries have the effect of reducing mercury 
emissions from coal burning sectors and thus 
offset some part of the emissions arising from 
increased activity.

Artisanal and small-scale gold mining emissions 
are, in the 2010 inventory, the major source of 
emissions to air, at 727 tonnes per year. The reasons 
for the large increase in the estimate compared 
to 2005 are discussed below. The global estimate 
for emissions from ASGM includes a significant 
contribution from China, although recent 

information on this sector in China is lacking. 
China prohibited ASGM in 1996 and therefore 
records no emissions from this sector.

Mercury-cell technology is becoming less common 
in the chlor-alkali industry as other, more cost-
effective processes are adopted. No new plants are 
being constructed, though many older plants remain 
to be converted. Old chlor-alkali plants and other 
decommissioned industrial sites may constitute 
contaminated sites that continue to release mercury to 
the environment for many years and emissions from 
contaminated sites are now part of the inventory. 

Global emissions from use of mercury in dental 
amalgam resulting from cremation of human 
remains are estimated at 3.6 (0.9 – 11.9) tonnes in 
2010. Some 340 tonnes of mercury is used per year 
in dentistry, of which about 70-100 tonnes (i.e. 20-
30%) likely enters the solid waste stream. 

In the production of vinyl chloride monomer, 
information is still lacking on the lifecycle and 
eventual fate of the mercury catalyst. Most of this 
production occurs in China, and about 800 tonnes of 
mercury is thought to have been used by this industry 
in China in 2012. Used mercury catalyst is recycled 
and reused by enterprises that hold permits for 
hazardous waste management. The amounts that may 
be emitted or released are unknown.

Oil 
re�ning

Coal combustion

Oil and natural
gas combustion

Artisanal and
small-scale
gold production

Primary ferrous
metal production

Primary
non-ferrous
metal
(Al, Cu, Pb, Zn)

Large-scale
gold production

Hg production
Cement 
production

Mercury-cell
chlor-alkali

industry

Disposal of waste from
mercury-containing

products

Contaminated
sites

Cremation

Relative contributions to estimated emissions to air from 
anthropogenic sources in 2010.

Artisanal and small-scale gold mining. Unlike most small-scale 
gold miners, the green gold miners of Oro Verde, shown here, 
employ an environmental way of mining gold that does not use 
mercury or other chemicals.
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Results by region
The greatest proportion of anthropogenic mercury 
emissions to the atmosphere comes from Asia, 
which contributes about 50% of the global total. The 
majority of Asian emissions come from East and 
Southeast Asia. China accounts for three-quarters 
of East and Southeast Asian emissions, or about one 
third of the global total.

New data on emissions from ASGM have increased 
the proportion of global emissions attributed to 
South America and Sub-Saharan Africa, largely due 
to increased estimates associated with improved 
information about ASGM activities in these areas. 

Emissions to air from other major source sectors are 
higher in Europe, North America, and Oceania.

Region* Emission (range), tonnes** %

Australia, New Zealand & Oceania 22.3 (5.4 - 52.7) 1.1

Central America and the Caribbean 47.2 (19.7 - 97.4) 2.4

CIS & other European countries 115 (42.6 - 289) 5.9

East and Southeast Asia 777 (395 - 1690) 39.7

European Union (EU27) 87.5 (44.5 - 226) 4.5

Middle Eastern States 37.0 (16.1 - 106) 1.9

North Africa 13.6 (4.8 - 41.2) 0.7

North America 60.7 (34.3 - 139) 3.1

South America 245 (128 - 465) 12.5

South Asia 154 (78.2 - 358) 7.9

Sub-Saharan Africa 316 (168 - 514) 16.1

Undefined (global total for emissions from 
contaminated sites)

82.5 (70.0 - 95.0) 4.2

Grand Total 1960 (1010 – 4070) 100

*  See figure on the following 
page for map with 
specification of regions.

** Values rounded to 3 
significant figures.

Emissions from various regions, in tonnes per year with the range of the estimate, and as a percentage of total global 
anthropogenic emissions. Note: These numbers cannot be compared directly with those presented in the 2008 assessment 
(see Chapter 4, Trends in mercury emissions to the atmosphere).

Mercury emission 2010, g/km2

10010520  1000

Global distribution of anthropogenic mercury emissions to air in 2010.
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Estimates of 2010 anthropogenic mercury emissions to air from different main sectors in different regions. ASGM is shown 
separately to highlight its geographic distribution and better allow regional comparisons to be made for other sectors.
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Compiling the 2010 inventory 
of anthropogenic mercury 
emissions to air
The inventories used in successive Global Mercury 
Assessments continue to improve as better data 
become available. The 2013 update presents an 
inventory of emissions for 2010 that has a number 
of improvements over the 2008 assessment and its 
inventory for 2005:

•	A more detailed analysis of emissions from some 
major source sectors. For example, fossil fuel 
consumption is now broken down into categories 
for combustion in power plants, industry, and 
other uses. The type of coal or oil used is also 
considered, providing a more accurate estimate of 
mercury emissions. 

•	A more detailed consideration of the mercury 
content of fuels and raw materials used in different 
countries and regions.

•	New and updated information on ASGM.
•	The use of different pollution control technologies 

in different countries and regions have been 
factored into the emissions estimate.

•	Emission estimates for sectors not previously 
included, such as aluminium production, oil 
refining, and contaminated sites.

•	More and better information on location of major 
point sources such as individual power plants, 
smelters and cement kilns.

•	New and updated information on ASGM.
•	Emission estimates for sectors not previously 

included, such as aluminium production, oil 
refining, and contaminated sites.

•	Better documentation and greater transparency 
with respect to the data and information behind 
the estimates.

The methods for estimating emissions from 
industrial sectors is complemented by other 
methods used for more dispersed emissions sources. 
For example, estimating emissions from some 
intentional-use sectors requires intensive work with 
those sectors. Relevant and accurate information 
about ASGM is generally not available through 
official channels. Estimating mercury emissions 
from its intentional use in lighting, batteries, and 
other products requires analysing the entire 
production, use, and waste stream to determine 
where mercury is likely to be released and in 

what quantities. The approach used in the 2013 
assessment addresses the emissions from breakages 
and wastes resulting from use of these mercury-
containing products in society, the majority of 
which are incinerated or end up in landfills. It does 
not, however, address industrial wastes or sewage 
sludge incineration.

Uncertainties in 
emission estimates
Estimates of mercury emissions are just that: 
estimates. To compile a global assessment 
requires making a number of assumptions and 
generalizations. Uncertainty associated with the 
2010 inventory arises from each of the factors used 
to estimate the emissions: the correctness of the 
activity data, the validity of the emission factors 
applied, and the validity of assumptions regarding 
the effectiveness and use of emission-control 
technologies. 

Based on an evaluation of these sources of 
uncertainty and the relative contributions of sectors 
with reliable information and those with less reliable 
data, uncertainty in the 2010 inventory assessment 
of total anthropogenic mercury emissions to 
air gives a range of emissions from 1010-4070 
tonnes. This range is greater than that reported 
in some previous assessments, reflecting a greater 
appreciation of the sources of uncertainty due to 
the improved estimation methods and perhaps a 
more realistic appraisal of the state of knowledge 
concerning some aspects of emissions. 

The best estimate, taking a conservative approach, 
is 1960 tonnes. If nationally produced estimates for 
2010 available from some countries (Canada, Japan, 
Korea, Mexico, the United States and European 
countries reporting to LRTAP) are introduced 
into the global inventory in place of the inventory 
estimates, the corresponding estimated total global 
anthropogenic emission to air is 1940 tonnes. As 
most national inventories do not include uncertainty 
ranges, it is not possible to assign a range to this 
number. The recognition of uncertainties is an 
important consideration and presenting single 
national estimates can convey a misleading picture 
of what is known and, more importantly, not known 
about emissions.

The numbers derived using the methods employed 
to produce the global inventory for 2010 were 
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compared with a number of national inventories and 
emissions reported under other systems covering the 
same period. In general, the level of agreement was 
good, in particular when the significant uncertainties 
involved in both global and national estimates are 
taken into account. It is important to note that there 
are good reasons why estimates of mercury emissions 
produced in the 2010 inventory may not fully agree 
with national inventories made by countries using 
other methodologies. These reasons include:

•	Reporting schemes may define and distinguish 
emissions source sectors in very different ways, 
and aligning these sectors may not be possible.

•	 Industry reporting to national government may be 
limited to sources with emissions above a certain 
threshold level so that emissions from smaller 
sources, below the threshold, are not reported. 

Where smaller sources make up a significant 
part of the source category, reported inventories 
may therefore significantly underestimate total 
mercury emissions.

•	National inventories in some countries are making 
increasing use of actual measurements of mercury 
emissions at individual facilities. At the global 
scale it is not yet feasible to base an inventory on 
individual site emissions. Furthermore, actual 
measurements of mercury emissions at a source 
may be taken only a few times during a year 
and may not be fully representative of normal 
operations. In the 2013 assessment, a mass-balance 
based approach was employed to be consistent, 
transparent, and replicable.

•	National reporting and monitoring schemes 
may provide information that is not available to 
externally produced inventories. 

Methods for estimating emissions
All global mercury emissions inventories to date have 
used the same basic approach for the major sectors 
emitting mercury to the atmosphere. For specific 
emission sectors, national emissions estimates are 
calculated by multiplying the amount of activity (i.e. 
amounts of fuels burned, raw materials consumed, or 
materials produced) by an emission factor that is an 
estimate of the mercury emitted per unit of activity. 
For example, emissions from coal-fired power 
generation are estimated by multiplying the tonnes 
of coal used by the amount of mercury estimated 
to be released per tonne of coal.  In most such 
inventories, “abated” emission factors have been 
employed to quantify both the emissions of mercury 
that occur during the processes and the effects of 
mercury emission controls. In the new methodology 
used to develop the 2013 report these components 
are split. “Unabated” emission factors are employed 
to quantify the emissions, and “technology profiles” 
have been developed to represent the effects of 
mercury emission controls.

Various methods are employed to estimate emissions 
of mercury at individual sources and at national, 
regional and global levels. In general, the methods fall 
under one of two main categories:

•	 Mass-balance/substance-flow based estimates, 
which are based on the principle that what goes in 
must come out. Amounts of mercury in fuels and 
raw materials constitute the inputs; and the outputs 
are the amounts of mercury emitted to air, released 
to water or land, retained in products or in wastes, 
or otherwise recovered and stored or disposed of. 

•	 Measurement-based estimates, which rely on 
measurements made at appropriate points in the 
industrial process or in the product/waste output 
streams. These measurements are used to estimate 
where the mercury goes, as in the method above. 

In principle the two approaches should produce 
the same results. In practice, mass-balance based 
approaches tend to result in higher emission 
estimates than most measurement-based estimates. 
Since future emissions reporting is likely to involve a 
combination of these two approaches, further work is 
required to understand why results may differ and to 
reconcile the two approaches.

Since the 2008 UNEP assessment was produced, the 
number of direct measurements of emissions from 
certain point sources (in particular power plants and 
some metal and cement production plants and waste 
incineration facilities) has increased considerably, 
resulting in a much improved knowledge base. 

A number of countries require regular reporting of 
emissions. Increasing use is being made in these 
reporting systems of measurement-based estimates 
and facility-level reporting, in particular for major point 
sources. In other countries, national mercury emissions 
are only being quantified for the first time.  Since 
2005 and the start of the UNEP negotiating process in 
2010, many countries have initiated work on national 
emission inventories which, in several cases, have 
yielded much improved information on activity data, 
sector characteristics and mercury emissions. Such 
inventories often make use of the UNEP Toolkit for 
identification and quantification of mercury emissions.
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Despite these considerations, most of the 
discrepancies noted between the 2010 inventory 
mass-balance-based estimates and national estimates 
based on measurement- approaches are modest 
and within the margins of error associated with the 
different approaches. In cases where the differences 
are larger, it is important to recognize that there 
are sources of error in all methods for estimating 
mercury emissions.

Sampling of mercury 
emissions at the Kendal coal-
fired power plant in South 
Africa, conducted under a 
UNEP project. A probe with 
mercury traps is inserted into 
a sampling port in the stack 
to collect mercury present 
in the flue gas. The mercury 
traps are subsequently 
analysed according to the US 
EPA Mercury Monitoring 
Toolkit sampling protocol.

G
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4Trends in mercury emissions 
to the atmosphere

Assessing global and 
sectoral trends
A key question in assessing anthropogenic 
mercury emissions worldwide is whether they 
are increasing or decreasing. While it is tempting 
simply to compare the 2010 inventory with its 
2005 counterpart, the results would mean little. 
As inventory methods develop and as additional 
sources are considered, the estimate of total 
anthropogenic mercury emissions worldwide also 
changes. While some changes reflect real trends, 
others reflect changes in methods or scope. Thus, 
comparing the results of previous assessments with 
the present update requires considerable care and 
involves an understanding of the way in which 
these inventories have been produced and the 
uncertainties associated with them.

It is possible, however, to compare certain sectors 
over time by attempting to compensate for any 
methodological changes between the various 
inventories since 1990. 

Emissions to air are thought to have peaked in the 
1970s. From 1990 to 2005, total anthropogenic 
emissions of mercury to the atmosphere appear to 

have been relatively stable, with decreases in Europe 
and North America being offset by increases in Asia. 
A reanalysis of the available inventories since 1990 
however, indicates that emissions from industrial 
sectors at least may be starting to increase again. 

The changes introduced in the 2010 inventory 
methodology prevent a straight-forward continuation 
of this analysis. However, an evaluation of trends for 
some sectors between 2005 and 2010 has been made 
by applying the new methodology to activity data 
for 2005. This comparison suggests a further slight 
increase in the combined amount of mercury emitted 
by industrial sectors (coal combustion, production of 
cement, pig iron and steel, and non-ferrous metals). 
The following paragraphs describe the trend results for 
three sectors, to illustrate some of the developments 
between 2005 and 2010, and some of the the 
difficulties in comparing emissions estimates between 
different years, made with different methods.

Coal burning for power generation and for 
industrial purposes continues to increase, especially 
in Asia. However increases in the application of 
air pollution controls, including some mercury 
specific technologies, together with more stringent 
regulations in a number of countries have reduced 
mercury emissions from coal burning in power 
plants in particular, and thus offset some part of the 
emissions arising from increased coal consumption.

In the United States, for example, emissions from coal 
burning at power plants have reportedly decreased 
from about 53 tonnes in 2005 to 27 tonnes in 2010. 
This decrease is largely due to new regulations that 
have resulted in changes in the sources of the coal that 
is burned in large power plants and the installation 
of mercury controls as well as controls on sulphur 
dioxide and particulates that have the co-benefit of 
further reducing mercury emissions.

In China, many of the new coal-fired power plants 
have state-of-the-art pollution controls installed.

Emissions of mercury from artisanal and small-
scale gold mining (ASGM) reported for 2010 are 
more than twice those reported for 2005. While the 
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rise in the price of gold (from USD 400 per ounce 
in 2005 to USD 1100 per ounce in 2010), along with 
increased rural poverty, may indeed have caused 
more activity in this sector, the increased estimate 
for mercury emissions is considered to be due 
primarily to some more and better data from many 
countries and regions. West Africa, for example, was 
regarded as having minimal ASGM in 2005, but is 
now recognized as a region with considerable activity. 
Thus, the baseline has improved, without necessarily 
any change in actual activity or emission levels. 

Waste from consumer products is affected by the 
amount of mercury used. For most products in 
which mercury is used, mercury-free alternatives 
exist. Consequently, many of these uses of mercury 
are declining, at least in some regions, as alternative 
products or processes are adopted. Compact 
fluorescent light bulbs are an exception. Even 
though the mercury content of individual light 
bulbs has decreased, use of this type of light bulb is 
increasing rapidly.

In order to make valid assessments of trends in 
emissions from global inventories, comparable 
data on activity levels are required, together with 
information on changes in fuel and raw material 
characteristics and applied air pollution control 
technology. One aim of the 2010 inventory methods 
is to create a firmer foundation for such future 
trend analysis.
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Emission scenarios and 
future trends
The 2008 Global Atmospheric Mercury Assessment 
included a first attempt at projecting future 
emissions inventories. These were based on three 
scenarios: continuing with the status quo, applying 
current emissions controls worldwide, and achieving 
maximum feasible technological reductions. At the 
time, this effort was regarded as highly provisional. 
Since then, additional studies have extended 
and improved this work, but the results are not 
markedly different from earlier projections of future 
mercury emissions.

Global mercury models have been used to evaluate 
future scenarios. Four global and hemispheric 
models projected mercury levels around the world 
in 2020, based on the three emission scenarios 
described earlier. In industrial regions, the status 
quo will cause an increase in mercury levels of 
2-25%, and in remote areas of 1.5-5%. The two 
emission control scenarios, on the other hand, yield 
a decrease in mercury in industrial areas of 25-35%, 
and in remote areas of 15-20%.

Another global model was coupled with estimates 
of surface reservoirs of mercury in order to quantify 
source-receptor relationships for the present and 
for 2050. Under the best-case scenario of maximum 
feasible reductions, projected estimates for 
deposition in 2050 is similar to estimates for today. 
In the other scenarios, increasing emissions lead 
to increasing deposition. A greater proportion of 
mercury emissions is expected to be in the oxidized 
form, so that a greater proportion will be deposited 
near the source instead of being transported far away.

The model results support the conclusion that 
reducing anthropogenic emissions will slowly reduce 
the amount of mercury in biologically available 
reservoirs. Over time, mercury in the environment 
will be taken out of circulation by natural processes, 
for example from ocean waters down into sediments, 
and biologically available mercury will decrease. 
Increased emissions, on the other hand, will 
continue to build up the amount of mercury in 
circulation. 

With new databases and methods, it may soon be 
possible to create scenarios that incorporate activity 
levels as well as technology use for each country. If 
this were done, it would allow countries to assess 
the effects of different mercury reduction strategies 
on their national emissions. For example, a country 
could determine the relative contributions of 
emission reduction technology as opposed to, for 
example, changes in raw materials.
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Forms of mercury in air
Mercury in the atmosphere is in three primary 
forms. Gaseous elemental mercury is the most 
common in anthropogenic and natural emissions 
to the atmosphere. Gaseous oxidized mercury and 
mercury bound to particulates are less common. 
Th e transport and deposition of atmospheric 
mercury depend greatly on whether the mercury 
is elemental or oxidized. Elemental mercury 
stays in the atmosphere long enough for it to be 
transported around the world, whereas oxidized 
and particulate mercury are more readily captured 
in existing pollution control systems or deposited 
relatively rapidly aft er their formation. As a 
result, most mercury in the air is in the gaseous 
elemental phase. Relatively little elemental 
mercury is deposited directly, but instead must 
fi rst be oxidized.

Although gaseous oxidized mercury is very 
important in mercury cycling between air and 
other environmental compartments, the process 
of oxidation in the air is poorly understood, with 
reactions and resulting compounds yet to be verifi ed 
in observations.

When mercury moves from air to water and land, 
it is generally in an oxidized gaseous or particulate 
form, whereas when it is re-emitted to air it 
has been converted back to gaseous elemental 

mercury. Sunlight appears to play a large role in 
both oxidation and reduction of mercury, but 
temperature and biological interactions are also 
likely to be involved to some degree. Here, too, much 
uncertainty remains. Nonetheless, the reactions are 
important in determining net deposition and fate 
of mercury. 

Monitoring of mercury in air
Monitoring of mercury in air focuses on the three 
primary forms of mercury. Th e measurement 
of gaseous elemental mercury is routine and 
robust. Measuring gaseous oxidized mercury and 
particulate-bound mercury, however, is challenging. 
Concentrations are typically very low, and these 
forms are chemically unstable, leading to high 
uncertainty in the measurements. Nonetheless, these 
forms are critical for defi ning and modelling the fate 
and transport of airborne mercury.

In the past two decades, coordinated mercury 
monitoring networks and long-term monitoring 
sites have been established in a number of regions, 
measuring mercury concentrations in the air as 
well as deposition of mercury in precipitation. 
In Europe and North America, high-quality, 
continuous monitoring has been going on for 
more than 15 years, especially in the Arctic. High-
quality monitoring has started more recently in 
East Asia and South Africa, as part of a global eff ort 
to expand the coverage provided by long-term 
monitoring sites.

Measurements and trends in 
atmospheric mercury
Monitoring stations around the world have provided 
information about trends in atmospheric mercury, 
though the time periods vary depending on how 
long the site has been active. Overall, a declining 
trend in background mercury levels over the past 
decade has been recorded from monitoring stations 

Atmospheric chemistry, 
monitoring, and trends 5

Particulate associated
mercury

Pole

Equator

Gaseous elemental
mercury

Global transport

Gaseous elemental mercury can be transported globally. 
Mercury emitted  in particulate form tends to deposit closer 
to sources.
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Monitoring networks
Mercury monitoring in Europe is carried out under 
the European Monitoring and Evaluation Programme 
(EMEP), one of the first international environmental 
measurement networks. Heavy metals such as 
mercury have been included in the EMEP program 
since 1999. Mercury measurements are available only 
from northern and northwestern Europe. 

Three monitoring networks currently operate in North 
America, providing good coverage of Canada and the 
United States: the Mercury Deposition Network, the 
Canadian Air and Precipitation Monitoring Network, 
and the Atmospheric Mercury Network. More recently, 
new sites have been established in Mexico, extending 
coverage on the continent. The stations monitor 
atmospheric mercury and mercury in precipitation, 
which has measured since the mid-1990s. Monitoring 
of mercury in the air and in precipitation has been 
underway in Asia for nearly a decade. 

The monitoring network of the Arctic Monitoring 
and Assessment Programme (AMAP) includes air and 
deposition monitoring sites located in Arctic regions 
of Canada, Greenland, Iceland, Norway, Russia, 
and Sweden.

Building on existing national and regional monitoring 
networks, the European Union-financed project 

“Global Mercury Observation System” (GMOS) 
started in November 2010. Its goal is to develop a 
coordinated global system for monitoring mercury, 
including a large network of ground-based monitoring 
stations. New sites are being installed in regions 
where few monitoring stations exist, especially in 
the Southern Hemisphere. Two sites have been 
established in Antarctica, one on the Antarctic 
Plateau and one on the coast. 
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Trends in atmospheric measurements of mercury

in many regions. Other regions, however, show an 
increase in mercury levels.

The sites also provide information about geographical 
patterns, reflecting both background levels of 

mercury and local and regional influences. Mercury 
concentrations at remote sites in Asia are higher 
than in other regions of the Northern Hemisphere. 
Coastal cities in China have lower levels than inland 
sites, likely due to the influence of relatively clean 
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air from over the ocean. Sites off the Asian coast, 
however, show higher levels of gaseous elemental 
mercury than the Northern Hemisphere background, 
suggesting an outflow from the Asian mainland.

Weather patterns have also been found to have a 
strong influence on seasonal patterns in mercury 
levels in the air at monitoring sites. At the Mount 
Waliguan Observatory on the Tibetan Plateau, for 
example, northeasterly and easterly winds produced 
the highest levels of mercury. 

Measurements at 
high altitudes
Measurements from ground-based stations above 2700 
meters suggest that there is an inverse relationship 
between gaseous elemental mercury and gaseous 
oxidized mercury at these elevations. In other words, 
when there is more elemental mercury, there is less 
oxidized mercury, and vice versa. These measurements 
are in good agreement with modelling results, which 
gives additional confidence in current understanding of 
the behaviour of mercury at high altitude.

An inverse relationship between total gaseous 
mercury and particulate concentration has also 
been observed in the high stratosphere. From the 
transformation rate of total gaseous mercury to 
particulate-bound mercury, it appears that gaseous 
mercury lasts about two years in the stratosphere.

John M
unthe

The mercury background air monitoring station at Zeppelin mountain, Svalbard.
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Atmospheric concentrations 
and deposition 6
Measurements and trends of 
mercury in precipitation
Mercury deposited by precipitation decreased from 
the 1990s into the 2000s at many, but not all, sites 
in North America and Western Europe where such 
measurements were taken. 

Regional patterns are also evident, including slightly 
higher levels in southern Europe than northern Europe, 
and higher levels in Asia than in North America. Total 
mercury concentrations in precipitation in China were 
much higher than those in Japan and South Korea. 
Th is was mostly attributed to higher levels of gaseous 
oxidized mercury and particulate-bound mercury, 
which are readily deposited by precipitation and thus 
not transported far. 

A comparison of data from Canadian and American 
monitoring sites found that deposition of mercury in 
precipitation was highest in summer.

Dry deposition of mercury, which is deposition 
not associated with precipitation, is diffi  cult to 
measure, and consequently there is little information 
on trends in mercury dry deposition. Th is lack of 
information means that it is also diffi  cult to validate 
model results for dry deposition.

Modelled mercury air 
concentrations and 
deposition patterns
Atmospheric mercury concentrations are highest 
in major industrial regions. Models examining 
global patterns show that East and South Asia, 
Europe, North America, and South Africa have 
the highest levels of elemental mercury in the air. 
Concentrations are generally lower in the Southern 
Hemisphere than the Northern Hemisphere because 
most industrial activity is in northern regions. Th ese 
model results are based on simulations using the 
2005 global mercury emission inventory because the 
2010 inventory has only recently become available.

Intercontinental transport of mercury in the air has 
been examined to determine its impact on regional 
mercury levels. Four models using diff erent parameters 
produced consistent results. Depending on the region, 
mercury emitted by distant sources contributes 
between 10% and 30% of annual mercury deposition. 
Where local sources are low, mercury transported 
from distant emission sources can account for more 
than half of the deposition. East Asia is the dominant 
source region, adding 10-14% to the deposition in 
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other regions of the world. Natural emissions and 
re-emissions account for 35-70% of total deposition 
in most regions. Deposition is generally greater in low 
and mid-latitudes, due to stronger sunlight, higher 
concentrations of oxidants, and higher precipitation.

Regional mercury models show patterns at the scales 
of continents or individual seas. The Mediterranean 
Sea, for example, is a net source of mercury, as it 
emits more than is deposited to it. In that region, dry 
deposition generally exceeds deposition of mercury 
in precipitation. In Central and Southern Europe, 
total gaseous mercury concentrations and deposition 
in precipitation were both consistently higher than 
the European average.

Across the United States, dry deposition accounts 
for two-thirds of total annual deposition, mainly 
from gaseous oxidized mercury. A study examining 
sources and deposition of mercury to assess the 

benefits of proposed emission control measures 
found that mercury transport from outside the 
country accounts for 68% of mercury deposition 
in the Northeast, and up to 91% in the west-central 
United States. Large point sources contribute up 
to three-quarters of nearby deposition and power 
plants contributed half of the deposition in the 
eastern part of the country. This suggests that new 
emissions standards would primarily benefit eastern 
regions of the U.S.

In Asia, studies show high seasonal variation 
in mercury concentration and deposition. 
Anthropogenic emissions are responsible for about 
75% of deposition in East Asia. In this region, 
there is a net removal of gaseous oxidized mercury 
from the atmosphere, and a net export of gaseous 
elemental mercury.

In the Arctic, gaseous elemental mercury levels 
in the atmosphere are depleted rapidly in spring 
when, after the long Arctic winters, sunlight returns. 
Ozone is depleted at the same time, and it is believed 
that bromine-containing compounds are the 
cause of the photo-chemical reactions that deplete 
ozone and mercury. During these events, gaseous 
oxidized mercury and particulate-bound mercury 
levels increase sharply, suggesting that the gaseous 
mercury is oxidized and deposited, enhancing 
mercury deposition in Arctic areas in springtime. 
Recent research, however, has found that 50-80% 
of the deposited mercury is re-emitted within a few 
days. Similar springtime mercury depletion events 
have been seen in Antarctica.

Modelling atmospheric transport 
and deposition
Global models reproduce the movement of mercury 
in the atmosphere, during which the mercury 
may move between continents. They have been 
effective in examining sources of mercury to 
the Arctic, and also for examining the outflow of 
pollution from South and Southeast Asia and its 
impact on western North America, as well as the 
flow from eastern North America to Europe. 

Regional models, on the scale of a continent or 
a basin such as the Mediterranean, can provide 
more detail about specific source areas, even to the 
level of individual industrial areas. Reliable results, 
however, require a detailed understanding of 
mercury oxidation in the atmosphere, about which 
there is considerably uncertainty. 

Most atmospheric transport models consider the 
full chain of mercury processes in the atmosphere. 
Some models also consider how mercury is cycled 
in other atmospheric compartments such as soil, 
vegetation, snow, freshwater, and seawater.

One of the largest sources of uncertainty in 
mercury models is the chemical mechanism used 
to determine how mercury changes forms in the 
air. Improved experimental data can help improve 
model performance by making sure that the 
correct reactions are simulated. The processes that 
lead from deposition to re-emission also need to 
be understood better. Advances in this area show 
promise, with model results becoming closer to 
estimates based on experimental data.
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7Anthropogenic releases to 
the aquatic environment

Global assessment 
Previous UNEP global mercury assessments only 
considered emissions to the atmosphere. The 2013 
Report presents the first attempt at compiling a global 
inventory of mercury releases to aquatic environments.  
Releases directly into the aquatic environment present 
a completely different chemistry, set of pathways, 
and fate to those released to air. They are also more 
directly linked to the risks posed by mercury to global 
environmental and human health. Unlike mercury 
releases to air, which are predominantly in the form 
of gaseous elemental mercury, releases to water are 
predominantly inorganic mercury and to a lesser 
extent liquid elemental mercury. 

At present, only some sources of aquatic releases 
can be quantified with any confidence. Thus, many 
sources that may be important are not included in 
this first assessment of global aquatic releases. For 
example, land management practices that expose 
new geological sources of mercury in rocks and 
mineral soils, or that re-mobilize previously deposited 
mercury, cannot yet be assessed. Two broad categories 
of current anthropogenic sources are considered 
here: point sources of mercury release to water, 
and diffuse releases of mercury as a result of its 
remobilisation from areas where it was previously 
deposited or accumulated due to human activity (i.e., 
contaminated sites). Artisanal and small-scale gold 
mining (ASGM), mercury-containing pesticides and 
fungicides used in agriculture, and deforestation are 
considered separately.

The global estimate of mercury release to water from 
point sources has been derived from the atmospheric 
emissions assessment and the approach employed 
in the UNEP Toolkit to partition total mercury 
releases between air, land, and water. This approach 
has considerable uncertainty and may omit sectors 
where releases to water are high but air emissions 
are unimportant and therefore not addressed in the 
inventory. Global releases from point sources were 
estimated to be 185 tonnes per year. 

For diffuse sources, evaluating the relative 
contribution of anthropogenic and natural sources 
to the aquatic environment requires determining 
considerations of the various mercury inputs. For 
some sectors, data exist that allow a preliminary 
assessment of the amounts of mercury re-mobilized 
into aquatic systems.

For mercury-contaminated sites, the range of 
average soil concentrations of mercury reported for 
sites where mercury was mined, used, or otherwise 
released by human activity was considered. The 
area of contamination is then used to determine 
how much mercury is available in soils and, when 
combined with a factor for how much mercury is 
released from those soils in a year, the total release 
can be estimated. Among identified contaminated 
sites, mercury mining is identified as the largest 
sector, followed by mining of precious metals. 
Total releases to aquatic environments from 
contaminated sites are estimated to be 8.3-33.5 
tonnes per year.

Sector Releases (range), tonnes

Non-ferrous metal production 92.5 (19.3 - 268)

Consumer product waste 89.4 (22.2 - 308)

Chlor-alkali production 2.8 (1.0 – 5.5)

Oil refining 0.6 (0.3 – 1)

Grand Total 185 (42.6 – 582)

Point source releases to water from various sectors, in tonnes 
per year with the range of the estimate, and as a percentage of 
total anthropogenic emissions. 

Sector Releases (range), tonnes

Primary mercury mining sites 6.7 – 26.6

Precious metal production sites 1.4 – 5.5

Non-ferrous metal production sites 0.1 – 0.5

Chlor-alkali production sites 0.1 – 0.5

Other industrial sites 0.1 – 0.3

Grand Total 8.3 – 33.5

Releases to water from contaminated sites, in tonnes per year 
with the range of the estimate.
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Much of the mercury released from artisanal and 
small-scale gold mining goes into rivers, lakes, 
soils and sediments, and tailings. From soils and 
tailings, it may be re-mobilized by leaching and 
erosion. In addition, mining may disturb mercury-
containing soils and sediments that may then erode 
more quickly, releasing more mercury than would 
otherwise have become available from natural 
erosion. A key factor in these processes is the local 
hydrological cycle of precipitation, evaporation, 
run-off, and river flow. To account for this in the 
assessment, countries were designated as dry, wet, or 
intermediate, to determine the relative importance 
of erosion. The tropical and subtropical countries 
which have the greatest activity in this sector also 
tend to experience high precipitation and run-off, 
exacerbating this source of mercury release and re-
mobilization. Total worldwide releases of mercury to 
land and water from ASGM were estimated at over 
800 tonnes per year. How much of this is released to 
water cannot yet be determined.

Mercury continues to be used in pesticides and 
fungicides. 2100 tonnes of mercury were released in 
the decade of the 1960s through such agrochemical 
uses. Current data are unavailable, although the use of 
mercury in these products has been greatly reduced.

Deforestation, especially in the Amazon Basin, can 
lead to extensive soil erosion and thus the release 
of mercury previously accumulated in soils. Using 
2010 figures for deforestation rates around the 
world, and an estimate of soil concentrations of 
mercury, as much as 260 tonnes of mercury may 
have been released into rivers in 2010 as a result of 
deforestation worldwide.

Because this is the first attempt to quantify global 
mercury releases to the aquatic environment, there 
is no previous measurement against which these 
results can be compared. Thus, it is not possible at 
this time to evaluate trends in releases.

Uncertainties in 
release estimates
Estimating global releases of mercury to aquatic 
environments is being done here for the first time. 
Many data are missing, and others are imprecise. 
A number of assumptions have been made, based 
on what measurements are available or on other 
grounds, to extrapolate from known quantities or to 
calculate aquatic releases in relation to atmospheric 

or other emissions. Thus, the results should be 
treated with great caution. It is nonetheless clear 
that anthropogenic sources and human activity 
contribute hundreds of tonnes of mercury to aquatic 
environments each year, a substantial amount 
relative to estimated natural releases 150-960 tonnes 
per year from terrestrial environments.

Contaminated sites (top), erosion following deforestation 
(middle) and a flooded store of mercury-contaminated waste 
(lower) illustrate potential sources of mercury releases to water.
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Aquatic pathways, 
transport, and fate 8
Mercury in aquatic 
environments
The pathways and fate of mercury in aquatic 
environments are important because it is in waters, 
sediments, and wetland soils that inorganic mercury 
is converted into methylmercury, which is toxic and 
concentrates in animals. The majority of human 
exposure to mercury, and the health risk that comes 
with mercury exposure, is from consumption of 
marine foods. Thus, this section focuses on the 
world’s oceans. Some freshwater systems, however, are 
important sources of fish for human consumption, 
especially for subsistence and recreational fisheries, 
often among indigenous peoples. Artisanal and small-
scale gold mining (ASGM) communities may also 
be affected through fish consumption and drinking 
water, if those are contaminated by local releases.

The major processes of mercury cycling are generally 
similar for all aquatic systems. Inorganic mercury in 
dissolved or particulate form is the dominant mercury 
type in most marine and fresh waters. Dissolved 
gaseous elemental mercury accounts for less than 
30% of total mercury in water. Methylmercury is 
often present at trace levels, but may in some settings 
reach 30% of total mercury. In freshwater and coastal 
environments, inorganic mercury is transformed 
into methylmercury primarily in sediments. In the 
open ocean, this conversion takes place largely at 
intermediate depths, between 200 and 1000 meters 
in the water column. Mercury is lost from aquatic 
systems in two ways. When inorganic mercury is 
reduced to elemental mercury, it can be re-emitted to 
the atmosphere. When inorganic mercury binds to 
particulates in water, it can settle out rapidly and be 
buried in sediments. Deep burial in ocean sediments 
is one of the major pathways by which mercury is 
removed from the biologically active environment.

The global mercury cycle is chemically and physically 
complex. Thus, it is necessary to use models to study, 
describe, and predict what happens and will happen 
to mercury in the aquatic environment. Until 
recently, only one model existed that incorporated 

air, land, and water into a unified whole. The model 
has been validated against observations of mercury, 
and represents the current scientific consensus. The 
largest potential errors in this model in terms of 
the aquatic cycle concern details of the exchange of 
mercury between air and water. 

Pathways and fate of mercury 
in the oceans
Model simulations suggest that anthropogenic impacts 
on mercury levels in the ocean are greatest in the 
surface waters, the top 100 meters or so of the water 
column. While model results vary, one recent estimate 
suggests that anthropogenic emissions over the last 
100 years have doubled the concentration of mercury 
in the surface layer of the ocean, and increased it by 
25% in intermediate waters, and by 10% in deep waters. 
The difference is due to the length of time it takes for 
surface waters to circulate to the depths.

Models and measurements agree that direct 
deposition from the atmosphere is the dominant 
pathway by which mercury reaches the oceans. The 
exceptions are smaller, semi-enclosed basins such as 
the Mediterranean Sea or the Arctic Ocean, where 
river runoff, coastal erosion, and ocean currents 
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account for about half of mercury inputs. The 
most recent modelling effort suggests that total 
deposition input of mercury to the oceans in 2008 
was 3700 tonnes.

Other mercury pathways appear less important on a 
global basis. Rivers are estimated to carry more than 
2800 tonnes of mercury each year, but only about 
380 tonnes of this is transported offshore. The rest 
is trapped by particles in estuaries. Groundwater 
and re-mobilization from sediments provide 100-
800 tonnes of mercury to the oceans each year. 
Undersea hydrothermal vents add less than 600 
tonnes of mercury to the oceans. There are high 
concentrations of mercury in vent fluids, but a great 
deal of the mercury is precipitated as solids once the 
vent fluids enter seawater. 

Models suggest that, globally, about 70% of the 
mercury deposited into the ocean is re-emitted 
to the atmosphere. Oxidized mercury in surface 
waters is reduced by biological and photochemical 
processes to the elemental form that is volatile and 
readily re-emitted. The removal of this mercury 
ultimately reduces the pool of mercury that could 
be converted to methylmercury and be accumulated 
by marine organisms. The re-emission process thus 
simultaneously prolongs the lifetime of mercury 
cycling through the atmosphere and upper ocean, 
and acts to reduce mercury availability for marine 
food webs.

Any changes in the efficiency of mercury reduction 
in surface waters or the rate of re-emission is likely 
to impact mercury concentrations in surface waters 
and the air. One example is the effect of sea ice in 
the Arctic Ocean, which blocks the re-emission 

of elemental mercury, leaving elevated levels in 
waters under ice. Changes in primary productivity 
could change the rate at which mercury is bound 
to particles, thus affecting re-emission to the 
atmosphere as well as rates of downward transport 
in the ocean. Changes in oxidant levels in the 
atmosphere, such as ozone and bromine, may also 
influence the rate of oxidation of gaseous elemental 
mercury and thus deposition rates to the ocean.

Methylmercury in the ocean
Natural bacterial processes in seawater, and in 
sediments in coastal environments, convert inorganic 
mercury to methylmercury. Methylmercury levels 
are highest in the subsurface waters of many oceans 
because it is formed at these intermediate depths, 
likely as a result of the decomposition of organic 
material falling from surface waters. Current 
understanding indicates that about 300 tonnes of 
methylmercury is produced in the upper ocean by 
this and related processes. By contrast, only about 
80 tonnes of methylmercury reaches the ocean from 
other sources such as atmospheric deposition, rivers, 
and diffusion from sediments. 

Current modelling indicates that methylmercury 
stays in the upper ocean for about 11 years. De-
methylation, by photochemical reaction or by 
microbial activity, is the major removal process for 
methylmercury in the ocean. About 240 tonnes of 
methylmercury is removed by this process from the 
surface waters of the ocean per year.

The other important pathway for methylmercury in 
seawater is uptake into marine food webs. Although 
only about 40 tonnes per year is taken up in this way, 
it is this fraction that poses risks to marine animals 
and human consumers of seafood. Methylmercury 
is a problem for several reasons. First, it is taken up 
by plankton much more efficiently than is inorganic 
mercury, resulting in concentrations in plankton 
that are as high as 10,000 times the concentration in 
seawater. Second, methylmercury is absorbed through 
the intestine of animals much more easily than is 
inorganic mercury. Third, methylmercury biomagnifies 
as it moves up the food web. Thus, methylmercury 
becomes an increasingly greater proportion of the 
mercury in organisms higher in the food web. This 
explains why some indigenous populations that 
consume top marine predators such as fish, seals, and 
whales have some of the world’s highest concentrations 
of methylmercury, giving rise to health concerns.

Tony M
agdaraog / Shutterstock.com

Mercury accumulated in marine food-webs can enter the 
human diet.
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Pathways and fate of mercury 
in freshwater
Observations and modelling both show that 
there are in general many similarities between 
mercury chemistry, pathways, and fate in lakes 
and in the oceans, but with obvious differences in 
scale and in the relative importance of different 
processes. Modelling of mercury dynamics was 
done for four lakes with a history of direct mercury 
inputs, from the largest freshwater lake in the 
world (Lake Superior) to small lakes in Ontario, 
Canada. Atmospheric deposition and river inflow 
were the main sources of inorganic mercury. 
Much of the mercury input from lake and river 
catchments was associated with dissolved and 
particulate organic matter. The dominant mercury 
removal mechanisms, as in saltwater, were burial 
in sediments and photochemical reduction of 
oxidized mercury to elemental mercury followed 
by re-emission to the air. In Lake Superior and 
Lake Michigan, there is evidence for methylation 
of mercury in the water column, as is seen in the 
open ocean. 

Methylmercury levels in freshwater fish vary 
with the level of deposition of mercury from the 
air, though other factors such as inputs from the 
watershed and the number of trophic levels within 
the lake’s food web are also important. Methylation 
predominantly occurred in lake sediments and 
wetlands and floodplain soils, where sulphate-
reducing bacteria are believed to be primarily 
responsible. Methylmercury is de-methylated in 
sediments and also taken away in the outlet river 
from each lake.

Some 400-1400 tonnes of mercury are estimated 
globally to be trapped behind dams and other 
man-made impoundments each year. This has 
in many cases led to significant increases in total 
mercury and methylmercury levels in water, and 
of methylmercury in fish and other aquatic species. 
When artificial lakes are created, plant material is 
submerged, leading to decay and anoxia. In these 
conditions, microbially driven methylation of 
inorganic mercury takes place. In some cases, the 
elevated mercury levels have also been observed 
downstream from the artificial lakes and reservoirs. 

Anthropogenic impacts on 
aquatic mercury levels
Two studies have reported that the Atlantic and 
Pacific Oceans have shown opposing trends over 
recent decades. While the influence of changing ocean 
currents and other oceanographic factors may be a 
factor, the trends do make sense in light of patterns of 
anthropogenic emissions. In the North Pacific Ocean, 
mercury concentrations appear to have increased at 
depths between 200 and 1000 meters over the last 
few decades. This increase coincides with the rapid 
industrialization of East Asia.

In the North Atlantic, however, results from near 
Bermuda suggest a substantial decrease in mercury 
concentration and a change in the mercury profile 
through the water column. The Mediterranean Sea, too, 
showed a decrease in mercury concentration between 
1990 and 2004. These findings are consistent with 
atmospheric data from around the North Atlantic. The 
conclusion is that mercury levels in seawater in the 
North Atlantic were elevated by human activity but 
may  now be declining, likely as a result of decreased 
emissions from North America and Europe.

A complementary approach to measuring mercury 
in seawater is to measure mercury in aquatic 
animals, which accumulate and integrate mercury 
over time. Teeth, hair, feathers, and eggshells are 
useful long-term archives of mercury concentrations, 
and can provide data from the pre-industrial period 
(i.e., before 1800) as well as more recent periods. 

Among marine animals, samples are available from 
several regions, particularly from the Arctic, where 
cold, dry conditions help preserve animal tissues. 
Mercury concentrations between the 13th and 16th 
centuries were relatively stable. From the mid- to late 
19th century to the end of the 20th century, mercury 
levels increased by an average of 12 times. On average, 
therefore, about 92% of the mercury in Arctic marine 
wildlife today is likely to be of anthropogenic origin. 

Similar findings were found for a 700-year sequence 
of seabird eggshells from the South China Sea. 
Mercury levels increased steadily between 1800 
and 2000, with a particularly rapid increase after 
1970. Concentrations since 2000 are about 10 
times higher than pre-industrial levels, with 91% 
of the mercury now likely to be of anthropogenic 
origin. In the Antarctic, studies of seal hairs show 
that pre-industrial mercury levels were only 60% 
of recent levels. The relatively small difference 
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between pre-industrial and modern mercury levels 
in Antarctic is consistent with lower mercury 
emissions and atmospheric concentrations in 
the Southern Hemisphere as compared with the 
Northern Hemisphere.

The timing of long-term increases of mercury in 
aquatic animals can shed light on the likely sources 
of mercury emissions that were responsible. The 
industrialization of Europe and North America appear 
responsible for the large increases in marine mercury 
levels that began in the 19th century, as these increases 
occurred prior to recent Asian industrialization. As 
with water concentrations in the Pacific Ocean, recent 
rapid increases in mercury in seabird eggs in the South 
China Sea coincide with industrialization in Asia.

The time lag in aquatic 
ecosystem response
One important conclusion from air-ocean modeling 
is that the oceans have not yet reached equilibrium 
with current atmospheric levels of mercury. This 
lag is due to several factors. First, mercury stays 
in the upper ocean, above 200 meters depth, for 
about 30 years, and for centuries in intermediate 
and deep waters. This is much longer than the one 
year residence time in the lower atmosphere. Thus, 
removal from the ocean takes much longer than 
does removal from the air, and so concentrations 
will change more slowly.

Second, because of the long lifetime of mercury in 
deeper ocean waters, a great deal of natural mercury 
is present in the ocean already, about 100,000 tonnes 
out of a total of 135,000 tonnes in intermediate waters, 
and 200,000 out of 220,000 tonnes in deep waters. 

Third, vertical transport of mercury from 
intermediate depths back to the surface returns a 
substantial amount of mercury to the biologically 
active zone each year. As a result, average mercury 
concentrations in seawater and marine animals are 
likely to increase slowly for decades if not centuries, 
even if atmospheric levels stabilize at present levels. 
In short, the effects of historical anthropogenic 
emissions from Europe and North America are still 
being observed in the oceans, at the same time that 
the effects of the recent rise in emissions from Asia 
are being seen.

Regionally, different trends can be expected 
depending on distance from sources and ocean 
circulation patterns. In the North Atlantic, north 
of 55° N, it will take 50-600 years to achieve 
equilibrium between atmospheric and seawater 
mercury levels. In the North Pacific, this process is 
estimated to take 500-700 years, and in the Antarctic, 
700-1000 years. The Arctic Ocean, by contrast, is 
smaller and will only take about 35 years to reflect 
changes in atmospheric mercury levels. Surface 
waters of the Mediterranean Sea should show also 
changes within 10-50 years.

Time lags in the responses of many freshwaters 
and their food-webs to changes in atmospheric 
mercury levels are also expected. Although some 
immediate recovery following reductions in 
atmospheric mercury deposition rates is likely, full 
recovery may take decades, centuries, or longer 
depending on the characteristics of the area.  Highly 
polluted freshwaters with catchments and sediments 
containing large amounts of anthropogenic mercury 
will recover most slowly, as is already observed 
around point sources such as smelters that have 
closed down.

Analysis of museum samples reflects the increase in mercury 
emissions and releases since the mid-19th century associated 
with anthropogenic activities.

Rune D
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9Major gaps in knowledge

Large uncertainties remain in global estimates 
of mercury emissions to the air. These stem from 
various sources, including the availability of 
information on activity levels, but mainly from 
the lack of information concerning the mercury 
content of some raw materials and the validity of 
assumptions regarding processes and technologies 
employed to reduce mercury emissions, including 
their rates of application and effectiveness. The 
accuracy and precision of measurement-based 
estimates can depend on the validity of extrapolating 
measurements made at infrequent intervals to longer 
periods, or measurements made at one plant to other 
facilities with similar operations. 

Potentially important emissions sectors that are still 
not quantified in the emissions inventory include 
the use of mercury in vinyl-chloride monomer 
production; secondary metals production; oil and 
gas extraction, transport, and processing; industrial 
and hazardous waste incineration and disposal; 
sewage sludge incineration; and dental fillings 
preparation and removal.

Current measurements and their evaluation 
are inadequate for determining spatial and 
temporal trends. Improved, more extensive, and 
better coordinated measurements are needed. A 
permanent global integrated monitoring network 
for atmospheric mercury and mercury deposition 
is needed to achieve this goal. The atmospheric 
network sites should be closely integrated with water, 
soil, and biological monitoring networks. The results 
can be used for model testing and evaluation as 
well as for more accurately detailing the geographic 
impact of anthropogenic emissions. Monitoring of 
mercury concentrations in the important marine 
food species is essential to understanding possible 
human health impacts and the effects of future 
emissions changes.

Better data on mercury distribution in the 
troposphere is needed to improve understanding 
of long-range transport and source-receptor 
relationships. Coordinated studies at high altitudes 
and by aircraft are needed. This information will 

also help validate regional and global scale models, 
improving their prediction capabilities with regard 
to different policy scenarios. 

Key processes related to global transport and cycling 
of mercury remain inadequately understood. The 
chemical form of gaseous oxidized mercury is 
unknown. Reduction and oxidation rates for 
mercury in the presence of atmospheric oxidants 
need further study, including determining which 
oxidants are important. New measurements and 
modelling studies are needed to examine key 
chemical and physical processes that affect global 
transport and cycling.

Few data are available for reporting mercury releases 
to aquatic systems. Systematic and consistent 
monitoring of mercury releases to the air is required, 
especially for contaminated systems. Releases of 
mercury from soils into waters depend greatly on 
climate and topography, and these parameters need 
to be better accounted for. Consistent approaches 
for measuring and reporting releases from point 
sources are needed to ensure comparability of data 
from around the world. In particular, the actual role 
of artisanal and small-scale gold mining (ASGM) 
in emissions to air and releases to water needs to be 
more accurately estimated.

The link between mercury deposition, methylation, 
and uptake by living organisms needs further study. 
The parameters that determine the rates of exchange 
of mercury compounds between air and sea, air and 
soil, and air and vegetation are not fully understood. 
Whole-ecosystem studies of mercury are needed 
to better understand biogeochemical cycling. 
Methylation/demethylation rates, and their spatial 
and temporal variations and relationship to climatic 
factors, need to be determined in most of world’s 
major ocean basins, as well as in representative 
freshwaters.
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Atmosphere
Total anthropogenic emissions of mercury to the 
atmosphere in 2010 are estimated at 1960 (1010-
4070) tonnes which is about 30% of the total 
mercury that was emitted and re-emitted from 
anthropogenic and natural sources in that year. The 
largest anthropogenic sources are associated with 
artisanal and small-scale gold mining (ASGM) and 
coal burning, which together account for about 62% 
of the annual total anthropogenic emissions to air. 
Other major sectors include ferrous and non-ferrous 
metal production and cement production. 

East and Southeast Asia are responsible for about 
40% of global anthropogenic emissions. About 
75% of the mercury from this region comes from 
China, which is about one-third of the global 
total. Increased estimates for emissions from 
ASGM, largely a result of newly obtained data and 
improved information, mean that South America 
and Sub-Saharan Africa are also responsible for a 
greater proportion of global emissions than was 
previously assumed. 

Anthropogenic emissions over time have increased 
mercury loads present in the environment. This 
leads to higher rates of re-emission, and also means 
that there will be a time lag of years or decades 
between emissions reductions and lower mercury 
levels in the food web, including pathways of human 
exposure. 

Mercury emissions to the atmosphere likely peaked 
in the 1950s to 1970s and subsequently declined 
because of reductions in Europe, Russia, and North 
America. Emission trends are unclear due to changes 
in methods employed to produce inventories and 
differences in the sectors that have been accounted at 
different times. There are, however, some indications 
that emissions may be rising again, with increases 
from East Asia offsetting continuing reductions in 
Europe and North America.

Aquatic environments
Natural processes in aquatic systems convert 
less toxic elemental and inorganic mercury into 
much more toxic methylmercury. Methylmercury 
concentrates and accumulates in the food web, 
leading to high concentrations in some species of 
seafood and fish that many people eat.

Anthropogenic releases of mercury to aquatic 
environments contribute hundreds of tonnes to 
the amount of mercury cycling in the environment. 
Diffuse releases and point sources appear equally 
important. Atmospheric deposition, however, 
remains the most important input of mercury to 
land and oceans, and has increased the amount of 
mercury in many environmental compartments by a 
factor of two or three since the start of the industrial 
age. On land, mercury that is deposited is largely 
retained in soils and vegetation, increasing the 
available pool for re-mobilisation to adjacent aquatic 
systems. Re-emission from soils, however, is a major 
addition to atmospheric mercury. 

Hydrology is the most important factor in 
the transport of mercury from catchments to 
downstream environments. Relatively little of this 
mercury reaches the open ocean, as most is captured 
in sediments behind dams, in estuaries, and near the 
coast. Changes in land cover and land use can have 
a large effect on mercury mobilisation, as exposed 
soils erode and mercury leaches into the water table.

Concentrations of mercury in Arctic marine animals 
today are about 10-12 times higher than in pre-
industrial times (i.e., prior to about 1800). This 
means that on average about 92% of the mercury 
in marine predators such as seabirds, seals, and 
whales is anthropogenic in origin. The timing of 
the increase suggest that 19th and early 20th century 
emissions from Europe, North America, and Russia 
were responsible. Increases mercury concentrations 
in seabirds in the South China Sea appear to be 
more recent than the Arctic increases, coinciding 
with increasing industrialisation in East and 
Southeast Asia.

10Key findings of the 
2013 assessment
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The upper 100 meters of the oceans have twice the 
mercury that they did a century ago. Intermediate 
and deeper waters have 10-25% more mercury on 
average, reflecting the slow transport of mercury 
downwards in the oceans. Seawater concentrations 
will thus be especially slow in responding to changes 
in mercury inputs from atmospheric deposition 
and river flow. As a result, mercury concentrations 
in marine biota are likely to increase slowly for 
decades to centuries, even without an increase in 
atmospheric emissions.

In freshwater ecosystems, atmospheric deposition 
and re-mobilisation from soils slow the reduction 
of mercury levels, even in regions where 
atmospheric concentrations have decreased due to 
emission controls.

Further increases in atmospheric emissions will have 
long-term consequences for commercial fisheries 
and all consumers of marine and freshwater foods.

It is likely to be years or decades before reductions 
in anthropogenic emissions and releases of mercury 
have a demonstrable effect on mercury levels 
throughout the environment and in the fish and 
marine mammals which are part of the human 
food-chain. This only reinforces the need to act now 
to continue and strengthen international efforts 
to reduce current mercury emissions and releases. 
Delays in action now will inevitably lead to slower 
recovery of the world’s ecosystems in future from 
mercury contamination, leaving an even greater 
legacy of pollution for future generations.
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Recovered mercury is being stockpiled at long-term storage sites above- and, as shown here, below ground.
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1g: Mercury through time – Reconstructing 
Hg-deposition using natural archives

MO-001

FIRST MILLENIAL RECORD OF ATMOSPHERIC 
GASEOUS HG
enrICo, Maxime1; le rouX, Gael2; heIMbÜrGer, lars-eric3; Van beeK, 
Pieter4; souhauT, Marc4; ChMeleff, Jérôme1; sonKe, Jeroen1; 
(1) GET/OMP, Toulouse, France; (2) EcoLab/OMP, Toulouse, France; 
(3) Mediterranean Institute of Oceanography, Marseille, France; (4) LEGOS/
OMP, Toulouse, France

maxenrico@orange.fr

environmental regulations on mercury (hg) emissions and associated 
ecosystem restoration are closely linked to what hg levels we consider 
natural. It is widely accepted that atmospheric hg deposition has 
increased by a factor 3 ± 1 since pre-industrial times. however, no 
long-term historical records of actual atmospheric gaseous elemental 
hg (GeM) concentrations exist. In this study we report hg stable isotope 
signatures in two Pyrenean peat records (southwestern europe) that 
are used as tracers of hg deposition pathway (Δ200hg, wet vs dry hg 
deposition) and atmospheric hg sources and cycling (δ202hg, Δ199hg). 
Three cores from the Pinet peat bog (880m asl) were used to reconstruct 
hg deposition for the past 10,000 years. a comparison with estibere 
(2100m asl) peat record reveals both similarities and differences in 
terms of hg deposition. by anchoring peat-derived GeM dry deposition 
to modern atmospheric GeM levels we are able to reconstruct the first 
millennial-scale atmospheric GeM concentration record, which is in 
good agreement with post-1970 monitoring data and a reconstruction 
based on polar firn air from 1940 to 2005. historical variations in peat 
hg stable isotope signatures reveal different periods of anthropogenic 
influence over the past millenniums. We suggest that deforestation 
and associated biomass burning hg emissions caused a first shift in 
δ202hg during the medieval and renaissance periods. The maximum 
GeM concentration found during the 20th Century and exceeds by a 
factor of 15 the natural holocene background. our findings suggest 
therefore that human impacts on the global mercury cycle are subtler 
and substantially larger than currently thought.

MO-002

USING TREE-RINGS TO RECONSTRUCT MERCURY 
EMISSIONS ASSOCIATED WITH GOLD MINING IN 
THE KLONDIKE (YUKON TERRITORY)
ClaCKeTT, sydney1; PorTer, Trevor1; lehnherr, Igor1; 
(1) University of Toronto Mississauga, Mississauga, Canada

sydney.clackett@mail.utoronto.ca

atmospherically mobile hg(0) can be converted, post-deposition, to 
toxic methylmercury in terrestrial and aquatic environments posing 

significant risks to human and ecosystem health in regions far from 
emission sources. accurate projections of future hg exposure and 
impacts will partly depend on our ability to understand changes in the 
atmospheric hg pool, but long-term knowledge of atmospheric hg 
variability is limited to ~2 decades of instrumental monitoring. natural 
hg archives such as ice cores, tree-rings and lake sediments have the 
potential to fill this knowledge gap. Tree-rings are ideal since they are 
annually resolved, span multiple centuries, and cover large areas of 
earth’s surface. few studies concerning a small number of species 
have shown the potential of tree-rings to record local hg emissions, 
but additional proof-of-concept is needed. We present an annually 
resolved tree-ring hg record from a stand of white spruce ~100 m from 
the bear Creek Gold room site, Klondike Goldfields, where the au-hg 
amalgam method was used to recover fine gold from placer ore. bear 
Creek operations began in 1905, but were greatly expanded in 1930 
when most Klondike recovery operations were consolidated  to the bear 
Creek site. results from 15 trees reveal a common pattern in tree-ring 
hg over the last ~150 years (mean r = 0.60, p<0.01), extending into 
the pre-mining era. The lowest hg concentrations occur prior to the 
Klondike Gold rush (1896-1899). Initial bear Creek operations mark a 
rise in tree-ring hg concentrations, but this signal is small compared to 
a major step to peak values in the 1930s coinciding with consolidated 
operations. Tree-ring hg declines rapidly after the cessation of bear 
Creek operations in ca. 1966. This result suggests the principle hg intake 
pathway is likely air-leaf assimilation rather than root uptake from 
contaminated soil, as there is no delayed decline in tree-ring hg after 
the cessation of bear Creek operations, despite a legacy of elevated 
soil hg concentrations to this day. finally, we observe that post-1966 
hg concentrations are slightly higher than pre-industrial values, likely 
reflecting higher global atmospheric hg(0) concentrations. This is the 
first study of white spruce tree-ring hg, and only the second to measure 
this variable at annual resolution. These results demonstrate that this 
species is a reliable recorder of local emissions, and offers great promise 
for longer-term reconstructions of atmospheric hg at potentially 
broader spatial scales.

MO-003

LATE CRETACEOUS VOLCANISM AND ASSOCIATED 
CLIMATE CHANGE INFERRED FROM ELEVATED THG 
IN MARINE INVERTEBRATE FOSSILS
Meyer, Kyle1; PeTersen, sierra1; lohMann, Kyger1; bluM, Joel1; 
Washburn, spencer1; WInKelsTern, Ian1; 
(1) University of Michigan, Ann Arbor, United States

meyerkw@umich.edu

large-scale, semi-continuous volcanism in India produced the Deccan 
Traps and is coincident with the Chicxulub impactor and extensive 
end-Cretaceous extinction, including the demise of dinosaurs. linking 
the timing of volcanism and impact events with local records of climate 
change and extinction has proven difficult with existing methods. 
We present total mercury concentrations (Thg) derived from the 
biogenic carbonate of marine mollusks at intervals spanning before, 
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during, and after the period of active Deccan volcanism. Thg values 
were determined by cold vapor atomic fluorescence spectroscopy 
after digesting sample carbonate material in 4n hno3 at 70°C. The 
same shells were measured for their clumped isotopic composition 
(Ca13C18o16o2 abundance), an isotopic quantity directly related 
to the water temperature where the bivalves lived. We document a 
pattern of increased temperatures co-occurring with Thg anomalies 
of 10 to 43 ng/g relative to a background of 0.5 to 4 ng/g in shells 
from numerous localities proximal to and distal from the proposed 
volcanic source. The beginning of the warm interval (~100 to 250 ka 
prior to the end Cretaceous boundary) coincides with the onset of 
Deccan Traps volcanism. at one locality, with the highest temporal 
sample resolution (seymour Island, antarctica), we find evidence for 
multiple Thg anomalies (~10 to 17 ng/g), potentially corresponding to 
separate phases of Deccan Traps activity. Taken together, measuring 
paleotemperature and Thg in the same material allows for direct 
comparison between indicators of volcanism and records of climate 
change. These data strongly suggest volcanic forcing caused end-
Cretaceous climate change, and shed new light on concurrent extinction 
patterns. The combined Thg and paleotemperature records also 
provide new insight into long-standing questions regarding the role of 
volcanism as opposed to bolide impact on observed extinction patterns 
at the end of the Cretaceous. This method could similarly be applied to 
other past volcanic events to further constrain links between climate 
change and volcanism through earth history.

MO-004

TESTING THE EFFECT OF AIR HG EXPOSURES ON 
FOLIAGE AND TREE RING CONCENTRATIONS AT  
3 LOCATIONS
PeCKhaM, Matthew1; WeIsberG, Peter1; WeIss-PenZIas, Peter2;  
GusTIn, Mae1; 
(1) University of Nevada, Reno, United States; (2) University of California, 
Santa Cruz, California, USA

peckham.matthew@gmail.com

Concentrations of atmospheric mercury (hg) in the past are not known. 
as part of a larger project, our team is investigating whether tree rings 
are reliable archives of changing atmospheric hg concentrations over 
time on local, regional, and/or global scales. In general it is thought that 
trees take up gaseous elemental mercury (GeM) through their foliage 
(via the stomatal openings and through the cuticle). Gaseous oxidized 
mercury (GoM) is not thought to be taken up by the foliage. additionally, 
the effect of different atmospheric GoM composition ontree ring 
hg is uncertain. We tested the hypothesis that hg concentrations of 
tree growth rings and needles of coniferous tree species would be 
influenced by air chemistry, hg concentration, and field conditions at 
different locations.

To do this, 5-6 year old austrian pines (Pinus nigra) purchased from a 
farm in rural oregon, usa, were moved in 25 gallon pots in their original 
soil to 3 locations: an urbanized site in reno, nevada (approximately 
1370 m), experiencing proximate effects of petroleum-based 
combustion along a busy interstate; a mountaintop site at Peavine 
Peak (approximately 2518 m), 12 km west of reno, influenced by the 
free troposphere; and an oceanside site at the uCsC arboretum, santa 
Cruz California (approximately 140 m), interacting directly with maritime 
fog thought to carry relatively high concentrations of methylmercury. 
each location has been identified as having different compounds of 
GoM (hgCl2, hgbr2, hg-nitrogen and sulfur compounds, hg-organic 
compounds). needle data collected from the first year (n=5 trees from 
each site) showed significant increases at all sites relative to those from 
trees as originally received. highest concentrations were measured at 
the coastal location (p<0.05). We also tested for whorl age and effect 
of tree orientation at the mountaintop and urban location on hg 
concentration in foliage. after a year there was no influence of whorl age 
or orientation on needle concentration. The wood of the trees showed 
an increase in hg in the most recent year of growth at 2 locations 
(Peavine Peak and santa Cruz) and no increase at the urban reno 
location. Tree orientation does not appear to be a factor in the radial 
distribution of hg within the annual growth rings for any location.

MO-005

RECONSTRUCTING CURRENT AND HISTORICAL 
HG DEPOSITION FROM A BELUKHA ICE CORE: ARE 
REGIONAL OR GLOBAL CHANGES OF MERCURY 
EMISSIONS RECORDED?
eyrIKh, stella1; eIChler, anja2; PaPIna, Tatyana1; " 
sChWIKoWsKI, Margit2; 
(1) Institute for Water and Environmental Problems of SB RAS, Barnaul, 
Россия; (2) Paul Scherrer Institut, Villigen PSI, Switzerland

steyrikh@gmail.com

high mountain intercontinental glaciers are very suitable natural 
archives to reconstruct current and historical hg deposition reflecting 
changes of atmospheric hg concentrations both on the global and 
regional scale. belukha glacier in the siberian altai provided a 300 years 
high-resolution record of hg concentrations allowing to consider not 
only the long-term trend (based on an average of 5-10 year period 
values), but also the dynamics of current changes (1-2 years), as well 
as to fix the short-term events, both natural and anthropogenic. hg 
concentrations in ice core range from < 0,04 to 3,87 and from 0,07 to 
8,89 ng/l for hg reactive and hg total, respectively, and reflect seasonal, 
intra- and inter-annual variations and long-term trend of concentrations 
in the period 1700-2001. large variability of hg concentrations is 
observed partly due high resolution and seasonality. short-term hg 
changes in ice-core mostly related to dust or volcanic input, while 
long-term changes of hg levels in the altai are mainly determined by 
global hg sources. although the hg concentration in the ice core from 
1740 to 1850 apparently increased also due to the contribution of the 
regional component, i.e. mining and metallurgical industry of rudny 
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altai, as evidenced by correlation between hg concentrations and 
volumes of ore smelting and silver production. since 1850 regional 
contribution decreased and the global one increased, and after 1880 
mercury concentrations in ice core reflected in a greater extent the 
global atmospheric mercury changes. The most significant increasing 
of hg concentrations observed from 1940 with maximum in 1970th 
and decline during the 1980s that is in agreement with general trends 
of other environmental archives. Concentration levels are in the 
same order of magnitude as values from firn and ice cores of the 
Tibetan Plateau, Canada, Canadian arctic, and Greenland. high hg 
concentrations at the end of the 20th century founded in belukha ice 
core can be explained by rising emissions from coal combustion in asia. 
hg concentrations in ice core change synchronously with modelled 
global atmospheric mercury emissions over the past 150 years. average 
Thg fluxes in belukha ice core changed from 0,30 (preindustrial) to 0,84 
(industrial) μg/m2y, hence atmospheric hg deposition in industrial time 
has been enriched by a factor of 2.8.

MO-006

INFLUENCE OF WILDFIRES ON MERCURY LOADING 
TO NORTHERN LAKES AND PEATLANDS
PelleTIer, nicolas1; CheTelaT, John2; VerMaIre, Jesse1; blaCK, 
Johanne3; PellIsey, Jody4; TraCZ, boyan4; Van Der WIelen, sjoerd5; 
PoMeroy, Carrington1; 
(1) Carleton University, ON, Canada; (2) Environment Canada, ON, Canada; 
(3) Yellowknives Dene First Nation, NWT, Canada; (4) Wek'èezhìi Renewable 
Resources Board, NWT, Canada; (5) Tłı̨chǫ Government, NWT, Canada

nicolas.pelletier2@canada.ca

heavy metals previously accumulated in soils and biomass can be 
remobilized by wildfires and deposited in aquatic environments 
by atmospheric transport or subsequent catchment erosion. 
because wildfire frequency and intensity are predicted to increase in 
northwestern Canada in response to climate change, understanding 
the impact of wildfires on freshwater ecosystems is important to better 
plan for and manage the potential consequences of climate change. 
Increasing concentrations of mercury have recently been reported 
in fishes in the northwest Territories (Canada) and this rise could be 
attributed to increased atmospheric mercury deposition from long-
range sources, changes in bioavailability of mercury from climate 
warming or remobilisation of previously deposited mercury. We explore 
the hypothesis that forest fires are a significant source of mercury to 
northwest Territory lakes using a paleoenvironmental approach. We 
reconstructed mercury deposition history and forest fire history in 3 
dated lake sediments cores and 2 dated peatland cores from the Great 
slave lake region in the southern northwest Territories. radioisotope 
dating methods (210Pb and 14C) were used in combination to build an 
age-depth model for each core. Wildfire history was inferred through 
macroscopic charcoal analysis and trace mercury concentrations in 
the sediments and peat were measured in laboratory. Time series 
analysis will be used to determine the potential contribution of wildfire 
to mercury deposition. Whereas ombrotrophic peatlands solely record 

the influence of atmospheric depositions, lake sediments also record 
the effect of increased catchment erosion that usually follows a wildfire. 
Therefore, these complementary records of deposition (lake and 
ombrotrophic peatland) will be used in a single analysis to distinguish 
the relative influence of different mercury transportation pathways to 
aquatic ecosystems through time.

MO-007

HIGH-RESOLUTION CHRONOLOGY OF MERCURY 
AND ITS ASSOCIATION WITH POLYCYCLIC 
AROMATIC HYDROCARBONS AND LEAD IN A 
VARVED ESTUARINE SEDIMENT CORE
fITZGeralD, William1; haMMersChMIDT, Chad2; enGsTroM, Daniel3; 
laMborG, Carl4; balCoM, Prentiss5; reDDy, Christopher6; 
(1) Department of Marine Sciences, University of Connecticut, Groton, 
United States; (2) Department of Earth & Environmental Sciences, Wright 
State University , Dayton, OH, USA; (3) St Croix Watershed Research Station, 
Science Museum of Minnesota, Marine on St. Croix, USA; (4) Department 
of Ocean Sciences, University of California, Santa Cruz, CA, USA; (5) School 
of Engineering & Applied Science, Harvard University, Cambridge, MA, 
USA; (6) Department of Marine Chemistry and Geochemistry, Woods Hole 
Oceanographic Institution, Woods Hole, MA, USA

william.fitzgerald@uconn.edu

Contemporary and historical information obtained from examination 
of natural archives has been critically important to the assessment and 
understanding of the biogeochemical cycling of hg and influence of 
human activities. few archival studies of hg, however, include other 
geochemical indices that can aid and constrain the interpretation. here 
we present a high-resolution chronology of hg accumulation between 
1727 and 1996 as determined in a well-studied sediment core from 
the Pettaquamscutt river estuary in rhode Island, northeast u.s. The 
hg accumulation in this scrupulously dated, varved repository (1-3 y 
resolution) provides a quantitative means for assessing the magnitude, 
timing, and relative source strengths of human-related hg emissions 
and deposition over three centuries. The significance of these findings is 
examined relative to (1) other temporal reconstructions of hg deposition 
in urban, regional, and remote settings, and (2) historical depositional 
patterns of pyrogenic polycyclic aromatic hydrocarbons (Pahs), lead 
(Pb) and its isotopes (206Pb/207Pb) that have been determined in the 
same core.broadly, hg deposition in Pettaquamscutt sediment parallels 
the temporal patterns of Pahs, which track growth in industrialization 
and decentralized regional coal use between 1850 and 1950, as well 
as increased use of petroleum after 1950. There is little suggestion of 
a north american hg signal predicted to be associated with extensive 
silver and gold mining in the western u.s. between 1850 and 1900 
suggesting such releases have been slow to participate in global cycling. 
a broad maximum in sedimentary hg accumulation is evident during 
the 1926-1990 time period. The largest flux ratios for hg, which occurred 
during 1949-1976, are consistent with the predicted influence of 
additional sources and commercial products. In contrast, the temporal 
patterns for the sedimentary accumulation of hg reported for remote 
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lakes show a gradually increasing trend from about 1850 to modern 
times. The question of whether hg accumulating in the estuary is 
derived primarily from either local or more regional sources is explored 
given the importance of atmospheric deposition in the environmental 
cycling of Pahs, hg, and Pb.

MO-008

ANTHROPOGENIC MERCURY DEPOSITION IN 
FLIN FLON MANITOBA AND THE EXPERIMENTAL 
LAKES AREA ONTARIO (CANADA): A MULTI-LAKE 
SEDIMENT CORE RECONSTRUCTION
WIKlunD, Johan1; KIrK, Jane1; MuIr, Derek1; eVans, Marlene2; yanG, 
fan1; KeaTInG, Jonathan2; Parsons, Matthew3; 
(1) Environment and Climate Change Canada, Burlington Ontario, Canada; 
(2) Environment and Climate Change Canada, Saskatoon Saskatchewan, 
Canada; (3) Environment and Climate Change Canada, Edmonton 
Alberta, Canada

johan.wiklund@canada.ca

high-resolution records of anthropogenic mercury (hg) deposition 
were constructed from dated sediment cores from nine lakes located 
5-75 km from the flin flon, Manitoba Cu-Zn smelter (formerly one of 
north america’s largest atmospheric hg point sources) and five lakes 
in experimental lakes area (ela), ontario; a region remote from hg 
point sources.  for the flin flon lake records we have taken a novel 
approach integrating the relation between hg inventories (minus that 
contributed from long-range transport [i.e. that observed at the ela] 
and the residual normalized for prevailing wind direction) and distance 
from the smelter to scale up the measurements to get a landscape 
scale picture of hg deposition over time. To our knowledge this is 
the first time such a quantitative spatial-temporal reconstruction of 
contaminant deposition and inventory with respect to a point source 
has been performed. The sediment records of anthropogenic hg flux 
and inventory were remarkably consistent among the ela lakes and are 
also in good quantitative agreement with monitoring data (post-1992) 
supporting the veracity of our record. The anthropogenic hg flux to the 
ela was 0.6 µg m-2 year-1 in the late 1800s increasing to 2.0 circa 1900 
rising steadily till late-1930s thereafter rising sharply and peaking in the 
early-1950s at 6.1, followed by a slight decline in the 1960s and 70s (5.3 
µg m-2 year-1). a trend similar to long-term hg emissions estimates 
for the Great lakes region over the last century. That is until sediment 
recorded anthropogenic hg deposition began rising post-1990, reaching 
a maximum of 6.5 µg m-2 year-1 in the most recent time interval (2005-
2010), suggesting that increasing hg emission from very distant sources 
is offsetting reductions of hg emissions in the Great lakes region and 
north america. In contrast to the ela, the anthropogenic hg deposition 
and inventories of the flin flon region lakes varied by 2 orders of 
magnitude. The relation between hg inventories and distance from the 
smelter was used to estimate the total smelter sourced hg fallout within 
a 50-km radius (64 tonnes) and in five-year time-steps for the same. The 
propensity for hg to undergo long-range, even global transport explains 
why hg deposition within 50 km was ~11% of estimated releases. That 

is until smelter releases were reduced >10-fold (post-2000), after which 
observed deposition equaled or exceeded smelter releases, suggesting 
landscape re-emission /remobilization of legacy hg is a major ongoing 
regional source of hg.

2c-1: Sources and cycling of mercury in 
terrestrial ecosystems

MO-009

THE ROLE OF THE AMAZON RAINFOREST IN 
REMOVING ATMOSPHERIC MERCURY
rIChTer, larissa1; MelenDeZ-PÉreZ, Jose1; Dos sanTos, Jose2; 
CarValho Jr., João3; fosTIer, anne-hélène1; 
(1) University of Campinas/Institute of Chemistry, Campinas/SP, Brazil; 
(2) National Institute for Space Research, Cachoeira Paulista/SP, Brazil; 
(3) São Paulo State University, Guaratinguetá/SP, Brazil

larissa.richter@iqm.unicamp.br

atmospheric mercury is effectively trapped in forest canopies by 
deposition on leaves surface. Mercury compounds that accumulate 
on foliage are then transferred to the soil through litterfall and its 
decomposition, and via throughfall. The amazon rainforest covers 
approximately 5.5 million km2, representing over half of the planet's 
remaining rainforests. nevertheless, the role of the amazon in the 
balance between hg emissions and depositions is still a field of research 
with high uncertainties evolved. The aim of this work was to quantify the 
amount of hg removed from the atmosphere and stocked in this forest 
every year. The impact of deforestation on the deposition/emission 
mass balance is also discussed.

Total hg deposition was calculated as the sum of hg deposited by 
litterfall (hglitterfall) and by throughfall (hgThroughfall). Calculations 
were performed based on a large set of data obtained from the 
literature. The removing rate of atmospheric hg would be of 121 
g km-2 y-1, with 49 g km-2 y-1 due to hglitterfall. Dry deposition 
was also estimated to 103 g km-2 y-1. Combining this data with the 
amazon rainforest area (5,475,737 km2), results in a total rate of 
mercury immobilization of ~662 ton y-1. In a global scale, the total 
atmospheric hg deposition to land has been estimated to 3,200 ton 
y-1. The amazonian rainforest would therefore be responsible for the 
immobilization of, at least, ~21% of the total atmospheric hg deposited 
to land. This high efficiency to remove atmospheric hg can be related to 
many parameters, such as: large forest area, high wet deposition, high 
leaf area index and high leaf lifetime (both increasing hg concentration 
in foliage/litter) and high litterfall rate.

on the other hand, the amazonian forest suffers constant deforestation, 
which is mainly conducted by forest burning. This process results in hg 
volatilization stocked in vegetation and superficial soil; we also showed 
that it also significantly enhances soil hg emissions in deforested area. 
Considering the annual rate of deforestation of the brazilian amazonian 
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forest (11,075 ± 7,177 km2 y-1 for the 2004-2014 period) we estimated 
that ~6 ton hg can be reemitted to the atmosphere each year due to 
deforestation. one aspect that has never been included in this mass 
balance is that deforestation also results in a loss of the forest capacity 
to remove atmospheric hg. When considering the deforestation area 
for the 10 last years and the dry deposition rate, we estimated that the 
removing loss was ~97 ton hg.

MO-010

EXCHANGE PROCESSES OF GASEOUS MERCURY 
WITH THE CLOSED ECOLOGICAL SYSTEM OF THE 
MASOALA RAINFOREST, ZOO ZURICH
DenZler, basil1; boGDal, Christian1; ClerC, baptiste1; euGsTer, 
Werner2; hunGerbÜhler, Konrad1; 
(1) ETH Zurich, Institute for Chemical and Bioengineering, Zurich, Switzerland; 
(2) ETH Zurich, Institute of Agricultural Sciences, Zurich, Switzerland

basil.denzler@chem.ethz.ch

The nature and relative importance of exchange processes of elemental 
mercury (GeM)) between the terrestrial ecosystem and the atmosphere 
is still subject to debate in the research comunity. even on the question, 
whether the global terrestrial ecosystem serves as a net sink or 
source to the atmosphere, one has not yet agreed upon. Thereby the 
uncertainty regarding the leaf-atmosphere exchange of GeM plays a 
pivotal point. Two measurement techniques have primarily been used 
to study GeM fluxes: dynamic flux chambers and micro-meteorological 
measurements. While both methods have their benefits, their 
shortcomings introduce substantial uncertainties. a novel approach has 
been used in this study to overcome some of the deficiencies. as a study 
site, we used the closed ecological system of the Masoala rainforest, 
Zoo Zurich, a project within the framework of the zoo's conservation 
strategy. on an area of 10’856 m² a dense plantation reproduces a piece 
of Madagascan rainforest. a hall constructed from transparent ethylene 
tetrafluoroethylene foil provides a tropical climate, which is regulated by 
a ventilation system. This setup, resembling a scaled-up flux chamber, 
presents a unique opportunity to study the exchange processes of a 
terrestrial ecosystem with the atmosphere. Gaseous elemental mercury 
was therefore measured in the ventilation system of the Masoala 
rainforest. Depending on the ventilation regime different situations 
could be studied. Generally, we observed GeM concentrations inside 
the Masoala hall to be lower by about 30% compared to outdoor air. 
During periods where the air was merely recirculating inside the hall (i.e. 
with no influx of fresh outdoor air), GeM levels indoors steadily declined, 
indicating that the Masoala hall is a net sink for GeM. The analysis of our 
time series allowed the derivation of an uptake rate of mercury within 
this rainforest ecosystem. ongoing work includes the analysis of plant 
material, soil, and water from the Masoala rainforest. We believe our 
work can provide a new approach to assess mercury fluxes between 
terrestrial ecosystems and the overlying atmosphere. With our study, we 
contribute to the existing knowledge gap regarding mercury exchange 
fluxes and help to improve the global mercury mass balance.

MO-011

MERCURY EMISSION TO THE ATMOSPHERE 
DOMINATES ANNUAL MASS BALANCE OF A 
BOREAL PEATLAND: TIME TO RETHINK TIMELINES 
FOR RECOVERY?
osTerWalDer, stefan1; bIshoP, Kevin2; aleWell, Christine1; frITsChe, 
Johannes1; lauDon, hjalmar3; ÅKerbloM, staffan2; nIlsson, Mats3; 
(1) University of Basel, Department of Environmental Sciences, Basel, 
Switzerland; (2) Swedish University of Agricultural Sciences, Uppsala, Sweden; 
(3) Swedish University of Agricultural Sciences, Umeå, Sweden

stefan.osterwalder@unibas.ch

To estimate the potential of different ecosystems as sinks or sources for 
atmospheric hg, reliable quantification of land-atmosphere exchange of 
gaseous elemental hg (GeM) is crucial. We have made the first annual 
hg budget based on continuous measurements of peat-atmosphere 
exchange of GeM using a novel relaxed eddy accumulation (rea) system. 
The annual hg mass balance was dominated by net GeM emission 
(10.2 µg m-2) due to substantial evasion between May and october. 
The annual wet bulk deposition of hg was 3.9 µg m-2. The annual 
discharge export of hg from the peatland area (1.9 km2) amounted to 
1.3 µg m-2. The GeM evasion rate, a factor of 2.6 higher than wet bulk 
deposition, can be explained by the recent reduction in the atmospheric 
hg concentration to a value below the compensation point for this 
peatland, turning it from a sink into a source of hg emission back to 
the atmosphere after decades of hg accumulation. This is consistent 
with the hg concentration gradients in the superficial peat which 
decline from a hg concentration peak at about 30 cm depth (110 ng 
g-1, corresponding to hg emission peaks during the 1950s) towards 
the surface (24 ng g-1). under the assumptions that environmental 
conditions remain stable and that catchment runoff is dominated by hg 
from the uppermost peat layers, it will take around 80 years to deplete 
the entire pool of legacy hg in the uppermost 34 cm to a background 
concentration level of 20 ng Thg g-1. We suggest that the strong hg 
evasion demonstrated in this study means that open boreal peatlands 
and thus downstream ecosystems may recover more rapidly from past 
atmospheric hg deposition than previously assumed.

Given the current international efforts to protect human health and the 
environment from the adverse effects of mercury in accordance with 
the united nation’s 2013 Minamata Convention on Mercury, we believe 
our findings contribute to a better understanding of how emission 
reductions will influence mercury cycling in northern peatlands and 
their role for the mercury status of fresh water fish in the northern 
hemisphere. our findings also raise the question as to whether recent 
reductions of atmospheric mercury concentrations have led to net 
evasion from other ecosystems as well, such as forests and oceans. 
We believe that the rea technique could be applied more widely 
to define the balance between new emissions and re-emission for 
different ecosystems.
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EFFECT OF PH AND DOC ON PARTITIONING OF 
MERCURY ON MINERAL FORESTED SOIL SURFACE
faKhraeI, habibollah1; DrIsColl, Charles1; lIanG, bingyi1; 
(1) Syracuse University, Syracuse, NY, United States

hfakhrae@syr.edu

acid deposition has acidified northeastern forest ecosystems. regulation 
of emissions and subsequent decreases in acid deposition are reversing 
acidification. however, recent studies indicate that concentrations of 
dissolved organic carbon (DoC) have increased, apparently in response 
to decreases in acid deposition and/or changing climate. This study was 
conducted to evaluate how changes in acidity and concentrations of 
DoC can affect soil adsorption/desorption of mercury (hg). We initiated 
a series of adsorption experiments using soil collected from mineral 
horizon at honnedaga lake-watershed a forested site in the adirondack 
region, ny. The DoC stock solution for this experiment was obtained 
by soaking freeze-dried oa horizon in deionized water for 3 days and 
the suspension was filtered and stored at 4C. We equilibrated 50 ml of 
either 0, 3.5, 8.1, 25.2, 41.9 and 56.4 mg/l solutions of DoC with 1 g of 
sieved, freeze-dry mineral soil on a shaker for 24 hr. either nitric acid 
or sodium hydroxide was added to the initial experimental solutions to 
adjust ph. Particulate matter was removed from the final solutions by 
centrifugation and filtration. The supernatant was measured for hg and 
DoC concentration and ph. The results of the adsorption experiment 
demonstrated that changes in solution ph have a large effect on hg and 
DoC release from forest mineral soil. note the mass of total hg in soil 
was much greater than the mass of initial hg in solution (approximately 
230 ng on soil vs 0 to 1.3 ng in solution in each trial tube), therefore we 
were not able to accurately evaluate the adsorption behavior of hg, 
rather desorption behavior of soil was examined. In the ph range 4-4.5, 
there was adsorption of hg and minimal desorption of DoC, but as the 
ph increased above 4.5 there was a gradual increase in desorption in 
both DoC and hg. hg in solution reached a maximum percentage of soil 
hg of approximately 2% at ph 5.9. a strong correlation was observed 
between desorbed DoC and hg over the ph range of our experiment 
(r2 = 0.91) which suggests that functional groups of dissolved organic 
matter strongly complex hg. Consequently hg desorption is driven 
by the release of dissolved organic matter from soil. results of this 
experiment can be applied in characterization of a complexation model 
of hg, organic compound, and soil surface.

MO-013

QUANTIFYING MERCURY IN LEAVES, BARK AND 
WOOD OF EIGHT TREE SPECIES ACROSS FOUR 
NORTHEASTERN FORESTS USING APPROPRIATE 
METHODS FOR SAMPLE PREPARATION 
AND ANALYSIS
yanG, yang1; yanaI, ruth1; MonTesDeoCa, Mario2; DrIsColl, Charles2; 
(1) SUNY-Environmental Science and Forestry, Syracuse, USA; (2) Syracuse 
University, Syracuse, USA

yangy48@gmail.com

Mercury deposition affects remote areas such as forests, but the 
amount of hg in trees is not well known, in part because concentrations 
of hg in wood are below detection limits of some methods. for 
example, ICP-oes requires a liquid sample, which in the case of wood, 
might be 1/100th of the concentration of the tissue sample prior 
to digestion and dilution. solid samples can be directly analyzed by 
thermal decomposition, catalytic conversion, amalgamation, and atomic 
absorption spectrophotometry through a Total Mercury analyzer, 
giving much lower detection limits, but questions remain about sample 
preparation, such as whether air-dried samples would be suitable for 
analysis. We examined the effects of drying temperature during sample 
preparation using wood samples at the hubbard brook experimental 
forest, new hampshire, usa. samples that were freeze-dried or oven-
dried at 65 ˚C were suitable for analysis of hg, whereas oven-drying 
at 103 ˚C resulted in hg losses, and air-drying resulted in hg gains, 
presumably due to sorption from the indoor atmosphere. having 
established suitable methods, we analyzed hg in wood, bark, and foliage 
of eight tree species across four sites (huntington forest, ny; sleepers 
river, VT; hubbard brook, nh; bear brook, Me) in the northeastern usa 
to determine the importance of hg in trees. foliar concentrations of hg 
averaged 16.3 ng g-1 among the hardwood species, namely american 
beech (fagus grandifolia ehrh.), white ash (fraxinus americana l.), 
yellow birch (betula alleghaniensis britt.), sugar maple (acer saccharum 
Marshall.), and red maple (acer rubrum l.). foliage of conifers, namely 
red spruce (Picea rubens sarg.), balsam fir (abies balsamea (l.) Mill.) 
and white pine (Pinus strobus l.) averaged 28.6 ng hg g-1), significantly 
higher than the hardwoods (p < 0.001). similarly, bark concentrations 
of hg were lower (p < 0.001) in hardwoods (7.7 ng g-1) than conifers 
(22.5 ng g-1). species also differed significantly in hg concentration of 
foliage (p = 0.02) and bark (p < 0.001). for wood, concentrations of hg 
were highest in yellow birch (2.5 ng g-1) compared with all the other 
species (mean of 1.4 ng g-1) (p < 0.0001). sites differed significantly in hg 
concentrations of foliage and bark (p = 0.02) but not wood (p = 0.60). The 
hg content of trees, estimated from modeled biomass and measured 
concentrations at each site, was higher in wood than foliage. Wood is 
important to hg budgets in spite of low concentrations, because of its 
large mass.
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LANDSCAPE INFLUENCES ON MERCURY CYCLING 
AND BIOAVAILABILITY IN VERNAL POOLS
Taylor, Vivien1; buCKMan, Kate1; faCCIo, steve2; 
(1) Dartmouth College, Hanover, NH, United States; (2) Vermont Center for 
Ecostudies, Norwich, VT, USA

vivien.f.taylor@dartmouth.edu

Vernal pools are temporary seasonal water bodies found in 
northeastern forests. They are subject to mercury (hg) contamination 
via throughfall, leaf litter and snowmelt, and to conditions of high 
organic matter and low ph which support methylation of hg to the 
more toxic and bioavailable species, methylmercury (Mehg). Currently, 
few studies have reported hg and Mehg in vernal pools, but levels of 
hg in the forest floor and streams have been shown to vary widely with 
landscape characteristics such as forest type, canopy cover, and land-
use over small spatial scales. a suite of 21 pools were examined for hg 
and Mehg levels and bioavailability across different canopy covers, with 
additional temporal sampling at six of the pools. Water column dissolved 
Mehg concentrations ranged between 0.02 to 2.76 ng/l, and from 
5 - 52% of total hg. Concentrations of total hg in pools were correlated 
to dissolved organic carbon (DoC) across sites, whereas Mehg had a 
temporal relationship with water temperature between snow melt and 
drying. While coniferous sites had lower ph, canopy type alone did not 
predict Mehg concentrations. Wood frog and salamander embryos 
from pools surrounded by deciduous forest had higher concentrations 
of Mehg than those from coniferous sites, suggesting forest type 
affects bioavailability.

MO-015

ELEVATIONAL AND SEASONAL PATTERNS 
IN METHYLMERCURY INPUTS AND 
PRODUCTION FORESTS ACROSS A MONTANE 
ELEVATION GRADIENT
Gerson, Jacqueline1; DrIsColl, Charles2; DeMers, Jason3; sauer, amy4; 
blaCKWell, bradley5; shanley, James6; ross, Donald7; 
(1) Duke University, Durham, NC, United States; (2) Syracuse University, 
Syracuse, NY, United States; (3) University of Michigan, Ann Arbor, MI, 
United States; (4) Biodiversity Research Institute, New York, United States; 
(5) Environmental Protection Agency, Gulf Breeze, FL, United States; (6) United 
States Geological Survey, Montpelier, Vermont, United States; (7) University of 
Vermont, Burlington, VT, United States

jacqueline.gerson@duke.edu

Mercury contamination in remote regions is generally derived from 
atmospheric deposition. While many studies have examined patterns 
in mercury deposition and processing in aquatic ecosystems, less is 
known about the fate of mercury in terrestrial systems and particularly 
in montane environments. We examined soil samples collected across 
an elevational gradient on Whiteface Mountain in the adirondack 
region of new york to determine spatial patterns of methylmercury 

concentrations across the forested montane landscape. We also 
investigated sources of total and methylmercury inputs (throughfall, 
precipitation, and litterfall), as well as mercury uptake into avian species. 
We found that soil methylmercury concentrations were highest in the 
mid-elevation coniferous zone (0.39 ± 0.58 ng/g), compared to the 
alpine (0.28 ± 0.36 ng/g) and deciduous zones (0.17 ± 0.19 ng/g), while 
the percent mercury as methylmercury in soils decreased linearly with 
elevation. additionally, methylmercury concentrations and percent 
mercury as methylmercury were highest in the oa layer (0.30 ± 0.30 
ng/g, 0.12 ± 0.16%) compared to the oe/oi layer (0.18 ± 0.27 ng/g, 0.07 ± 
0.10%). finally, we found litterfall mercury inputs to exhibit relationships 
with soil methylmercury concentrations and percent mercury as 
methylmercury, with the highest concentrations found in the coniferous 
zone (0.052 ± 0.017 ng/g, 0.10 ± 0.018%) compared to the alpine (0.039 
± 0.014 ng/g, 0.061 ± 0.023%) and deciduous zones (0.031 ± 0.020 ng/g, 
0.10 ± 0.060%). soil methylmercury concentrations and fluxes vary 
seasonally and appear to be driven by internal processing of ionic hg, 
as opposed to atmospheric deposition of methylmercury to the forest 
floor. These findings are consistent with methylmercury patterns in 
terrestrial bird species and suggest that future declines in mercury 
emissions could be important in reducing litterfall mercury inputs to 
terrestrial systems and thus concentrations of mercury in montane 
avian species.

MO-016

MERCURY CYCLING AND ISOTOPIC 
FRACTIONATION IN FOREST ECOSYSTEMS:  
A MODELING STUDY
bao, Zhengduo1; lIn, Che-Jen1; WanG, Xun2; shanG, lihai2;  
fenG, Xinbin2; 
(1) Lamar University, Beaumont/Texas, United States; (2) Institute of 
Geochemistry, Chinese Academy of Sciences, Guiyang/Guizhou, China

zbao@lamar.edu

Mercury (hg) is subject to long-range atmospheric transport. forest 
ecosystems cover >30% of the earths land surface and are considered 
as an important hg reservoir on a global scale. recent assessments 
on hg removal through vegetative hg uptake followed by litterfall 
and accumulation in soil, in addition to wet deposition, suggest that 
global forests are a major sink of atmospheric mercury. however, the 
processes driving hg cycling in forest ecosystems have not been fully 
understood. forest characteristics, meteorological conditions, and 
surface terrain are important drivers of hg deposition in forested area. 
In the past few years, data of stable hg isotope measurement for the 
air, soil, biomass, and litter samples at multiple forest sites offer new 
insights to hg cycling processes in forest ecosystem. In this study, 
we build a hybrid mass balance and isotopic fractionation model for 
simulating hg transformation, translocation and isotopic composition 
changes in forest ecosystems. The model parameterizes mercury 
exchanges between forest and atmosphere, the transformation 
processes of deposited hg through litterfall on forest floor, and the 
isotopic massdependent and independent fractionations involved in 
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these processes. The model results are verified with the measurements 
of hg concentrations and isotopic compositions of air, biomass, litter 
(fresh and degraded) and soil samples, as well as air-surface (air-soil and 
air-foliage) exchanges of elemental hg vapor at a subtropical evergreen 
forest site located in Mt. ailao nature reserve in yunnan Province, 
southwest China. based on the model results, the mass budget, cycling 
and the forcing of hg isotopic compositions of at the experimental forest 
site will be elucidated. Implications of the modeling assessment will be 
discussed in terms of the role of forest ecosystems in global hg budget 
and its impact on the isotopic composition of atmospheric hg.

2f-1: Mercury methylation: microbial and 
geochemical constraints

MO-017

MOLECULAR COMPOSITION OF ORGANIC 
MATTER CONTROLS THE ACTIVITY OF MERCURY 
METHYLATING MICROBIAL COMMUNITIES
braVo, andrea1; bouCheT, sylvain2; Tolu, Julie2; MaTeos-rIVera, 
alejandro1; Peura, sari1; buCK, Moritz1; sChaefer, Jeffra3; bJÖrn, erik2; 
berTIlsson, stefan1; 
(1) Uppsala University, Uppsala, Sweden; (2) Umeå University, Umeå, Sweden; 
(3) Rutgers University, New Jersey, USA

andrea.garcia@ebc.uu.se

It is crucial to identify factors controlling the formation of the potent 
neurotoxic methylmercury (Mehg). In lakes, the methylation of 
inorganic-hg to Mehg is biotically mediated and occurs mainly in 
oxygen-deficient sediments or water columns. organic matter (oM) 
interacts strongly with hg, affecting its chemical speciation, and thus 
its solubility, mobility, and toxicity. In aquatic ecosystems, oM is an 
extremely heterogeneous mixture derived from terrigenous and 
planktonic sources. In this study we test whether planktonic derived oM 
compounds control hg methylation rates in sediments of ten boreal 
lakes of different trophic status (total phosphorus, TP: 8–198 μg/l) and 
receiving different amounts of dissolved organic carbon inputs (DoC: 
3.8–33.1 mg/l). We characterized the molecular composition of the 
sediment oM by a pyrolysis–gas chromatography/mass spectrometry 
(Py-GCMs) method. high-throughput sequencing of amplified taxonomic 
marker genes (16s rrna) and genes specific for hg methylators (hgca) 
were used to characterize microbial communities. The highest hg 
methylation rate constants (km) were found in lakes dominated by 
planktonic derived oM (km = 0.038–0.075 in 1/day, n=4). lower values 
were observed in lake sediments enriched in terrigenous oM (0.0095–
0.013, n=5) or in invertebrate chitin associated compounds (0.013, 
n=1). bacterial production rate in sediments dominated by planktonic 
and chitin derived oM was significantly higher than in sediments 
characterized by terrigenous oM (p-value<0.001). The most abundant 
organisms with potential for hg methylation were methanogens 
together with sulphate- and iron-reducing bacteria. bacterial community 

composition and hg methylating bacteria composition varied among 
lakes independently of km. In contrast, the abundance of planktonic-
derived oM compounds (chlorophyll, protein, and cell wall lipids) 
predicted the variability in both the km and bP. We conducted additional 
laboratory incubation experiments to assess the relative importance 
of three oM sources, with differentiated molecular oM composition, 
on the km of two lakes with low in situ km. The substrates consisted 
of an algae, a cyanobacteria and a humic soil extract. The results of 
lake sediment amendments suggested that cyanobacterial-derived 
oM enhanced hg methylation processes by boosting bacterial activity 
whereas algal and soil derived oM increased hg methylation by 
augmenting hg availability. our findings provide additional mechanistic 
understanding of the effect of oM molecular composition in hg 
methylation processes and shed light on the diversity of hg methylating 
microbial communities in boreal lake sediments.

MO-018

THIOL FUNCTIONAL GROUPS OF NATURAL 
ORGANIC MATTER AND BACTERIA 
MEMBRANES AND THEIR CONTROL OF HG(II) 
CHEMICAL SPECIATION
sonG, yu1; aDeDIran, Gbotemi2; sKyllberG, ulf1; bJÖrn, erik2; 
sParrMan, Tobias2; Van, liem-nguyen2; JIanG, Tao1; 
(1) Department of Forest Ecology and Management, Swedish University of 
Agricultural Sciences, Umeå, Sweden; (2) Department of Chemistry, Umeå 
University, Umeå, Sweden

yu.song@slu.se

Characterizing the strong binding of hg to thiol functional groups 
(rsh) of natural organic matter (noM) and membranes of methylating 
bacteria, is essential to understand hg speciation and availability for 
cellular uptake and methylation. In this study, the concentration of rsh 
functional groups in noM and at the membranes of methylating bacteria 
(Geobacter sulfurreducens PCa and Desulfovibrio desulfuricans nD132) 
was determined by combined synchrotron based s Xanes and hg eXafs. 
furthermore, cysteine (Cys) was used as a competitive ligand to determine 
the conditional stability constant for the binding of hg(II) to rsh groups by 
directly measuring the equilibrium concentration of hg(Cys)2 using liquid 
chromatography inductively coupled plasma mass spectrometry. The 
interactions of Cys with noM/membranes and the potential formation 
of hetero-ligand complexes, i.e. (rs)hg(Cys), were examined by isotope 
tracing of 13C labeled Cys. The equilibrium concentrations of Cys, hg(Cys)2 
and (rs)hg(Cys) were also determined by 1h-nuclear magnetic resonance 
spectroscopy (1h nMr). The results show that the conditional stability 
constant (log K) is similar for hg(II) bond to rsh groups in both noM and 
at membrane surfaces, with a log K in the range of 39-41 for hg(rs)2, 
hg2+ + 2rs- = hg(rs)2. The study further provides the first evidence of 
potential hetero-ligand complex, with a log K of 38-40 for (rs)hg(Cys), 
hg2+ + rs- + Cys = (rs)hg(Cys). our results provide the fundamental 
thermodynamic data to model the hg(II) speciation in complex systems 
with Cys, noM-thiols and membrane-thiols of Geobacter sulfurreducens 
and Desulfovibrio desulfuricans. This ability is decisive to advance our 
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fundamental understanding of how hg(II) interactions with such different 
thiols control hg(II) bioavailability and rates of methylation.

MO-019

IMPACT OF ORGANIC MATTER AND 
ENVIRONMENTAL VARIABLES ON THE 
DISTRIBUTION OF HG AND MEHG AND NET 
METHYLATION IN COASTAL SEDIMENTS ALONG 
THE US EAST COAST.
MaZruI, nashaat1; Jonsson, sofi1; balCoM, Prentiss2; TanGuay, 
Veronica3; seelen, emily1; DIMenTo, brian1; Gosnell, Kathleen1; 
buCKMan, Kate4; Taylor, Vivien4; Chen, Celia4; Mason, robert1; 
(1) University of Connecticut, CT, USA; (2) Harvard John A. Paulson School 
of Engineering and Applied Sciences, MA, USA; (3) Katherine A. Kelley Public 
Health Laboratory, CT, USA; (4) Dartmouth College, NH, USA

mzrnash@gmail.com

The role of organic matter in controlling the methylation of mercury (hg) 
in sediments is not fully understood. The binding of hg to organic matter 
(oM) in the sediment has been suggested to limit the bioavailability 
of hg to methylating bacteria, and thus its methylation. labile organic 
matter, on the other hand, could stimulate the activity of hg methylating 
bacteria and mercury methylation. also, hg complexed to dissolved 
organic molecules has been shown to be directly available for uptake by 
hg methylating bacteria in pure culture studies but has not been shown 
in natural systems. We therefore studied the role of particulate and 
dissolved organic matter (PoM and DoM, respectively) in influencing 
the methylation of hg in two separate field campaigns on the east coast 
of the us. In 2013, bulk and porewater hg and Mehg and ancillary 
parameters were determined and methylation assays were conducted 
using intact sediment cores sampled at 6 locations with sub-sites of 
high and low organic matter content. The DoM in the porewater was 
also characterized with fluorescence spectroscopy. In 2015, another 12 
sites were sampled for similar parameters and methylation assays were 
conducted using sediment slurries with tracers added as different solid 
(micro and nanoparticulate β-hgs and PoM) and dissolved inorganic 
hg complexes. for the sediments, the concentration and log KD for 
hgT correlated positively with %loI while %Mehg was negatively 
correlated. Though these results support the notion that binding of 
hg to sediment with high oM inhibits methylation, the species-specific 
tracers used in the 2015 study demonstrate that the binding of hg to 
high and low oM sediments limits hgII methylation similarly. Thus, the 
higher methylation typically seen in low oM sites may be related to 
the influence of oM quality on bacterial methylating activity. using the 
species-specific tracers, we show for the first time that hgII complexed 
to DoM under natural conditions was directly available for uptake 
by methylating bacteria in the sediment. In addition to assessing the 
role of oM on mercury methylation, we will also discuss the impact of 
environmental variables on the distribution of hg and Mehg across the 
estuaries. These results are critical for understanding and modelling the 
impact of changing anthropogenic inputs and climate change on the 
concentrations of hg and Mehg in the environment.

MO-020

EFFECTS OF THIOL LIGANDS ON MERCURY 
CELLULAR SORPTION, BIOAVAILABILITY, AND 
METHYLATION BY ANAEROBIC BACTERIA
Gu, baohua1; lIu, yurong1; lu, Xia1; Zhao, linduo1; an, Jing1;  
Johs, alexander1; PIerCe, eric1; 
(1) Oak Ridge National Laboratory, Oak Ridge, United States

gub1@ornl.gov

Microbial conversion of inorganic mercury (hg) to methylmercury 
(Mehg) is a significant environmental concern because of the 
bioaccumulation and biomagnification of toxic Mehg in the food 
web. recent genetic discoveries have identified that only a small 
group of microorganisms is capable of producing Mehg in anaerobic 
environments, but factors affecting hg bioavailability and thus Mehg 
production remain unresolved. In this presentation, we systematically 
evaluate hg uptake and methylation by representative hg methylators 
such as Desulfovibrio desulfuricans nD132 and Geobacter 
sulfurreducens PCa and the roles of complexing organic ligands on hg 
sorption and methylation. Cell sorption or complexation, reduction, 
oxidation, and methylation of hg are found to occur concurrently but 
vary greatly, depending on specific microbial strains and their relative 
binding affinities with hg. strong cellular sorption results in a large 
fraction of the hg unavailable for methylation. The presence of thiol 
ligands such as cysteine competes with cells for hg uptake but, over 
time, promotes hg methylation by increasing hg bioavailability or 
decreasing cellular hg sorption. D. desulfuricans nD132 cells show a 
higher binding affinity with hg than G. sulfurreducens PCa cells, and 
all thiols (i.e., cysteine, glutathione, and penicillamine), added either 
simultaneously with hg or after cells have been incubated with hg, 
substantially increase Mehg production. however, for G. sulfurreducens 
PCa cells, only cysteine results in increased Mehg production over time. 
Cells do not appear to preferentially take up hg-thiol complexes, but 
hg-ligand exchange between thiol complexes and the cell-associated 
proteins likely constrains hg uptake and methylation. We suggest that, 
aside from aqueous chemical speciation of hg, binding and exchange 
of hg between cells and complexing ligands such as thiols and naturally 
dissolved organics in solution are important controlling mechanisms of 
hg bioavailability, which should be considered when predicting Mehg 
production in the environment.
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MO-021

LINKING MICROBIAL ACTIVITY AND HG 
BIOAVAILABILITY TO HG METHYLATION IN LAKE 
TITICACA HYDROSYSTEM (BOLIVIAN ALTIPLANO)
bouCheT, sylvain1; aMourouX, David2; GonI, Maria1; MonPerrus, 
Mathilde1; GuyoneauD, rémy1; fernanDeZ, Pablo3; hereDIa, Carlos3; 
TessIer, emmanuel1; PoInT, David4; GueDron, stephane5;  
aCha, Dario3; 
(1) UPPA, Pau, France; (2) CNRS, Pau, France; (3) UMSA, La Paz, Bolivia; 
(4) IRD, Toulouse, France; (5) IRD, Grenoble, France

s_bouchet@outlook.com

In aquatic ecosystems, the neurotoxic hg compound, 
monomethylmercury (MMhg), can be produced in many places 
including sediments, water columns, biofilms and periphytons but their 
respective production rates are barely compared within one ecosystem. 
In this work, we concomitantly investigated the transformations of hg 
species (methylation and demethylation) in various compartments from 
high altitude tropical lakes located in the Titicaca hydrosystem (bolivian 
altiplano, 3600-3800 m a.s.l.). five sites representative of the different 
settings of these lakes (shallow vs deep, pristine vs eutrophicated 
or contaminated) were selected to constrain the role of sediments, 
periphyton associated to aquatic plants (Totoras) or green algae 
(Charace) and benthic biofilms in MMhg production, degradation and 
accumulation. Incubation experiments with enriched isotopic tracers 
were carried out during two field campaigns at the end of the rainy and 
dry seasons in 2014. organisms involved in hg transformations were 
first constrained by using inhibitors targeting specific biological activities 
(sulfate-reduction, photosynthesis and methanogenesis). The bacterial 
diversity of present and active communities was also evaluated along 
time-course experiments together with extracellular sulfides and low 
molecular weight thiols acting as ligands regulating hg transformations. 
Intense MMhg production was found in benthic biofilm and green 
algaes periphyton with methylation rate constants (Km) up to 0.2 and 0.1 
d-1, respectively. on the contrary, Km in sediments and plant periphyton 
remains low (0.01 and 0.001 d-1, respectively). Demethylation rate 
constants (Kd) were found to vary between the compartments and 
according to the conditions but remained overall in the same range (0.2 - 
0.6 d-1). sulfate reducers were clearly identified as the main methylators 
in these lakes and the variability in Km observed between the different 
compartments is first explained by the presence or absence of bacterial 
genera for which methylating strains have been identified. secondly, a 
great diversity of extracellular low molecular weight thiols was found 
to be produced by both benthic biofilms and green algaes periphyton, 
which also explain the high methylation extents observed owing to their 
influence on hg bioavailability. This study provides a first assessment 
of the relative importance of each compartment for MMhg production 
and release into such freshwater ecosystems and demonstrates the 
combined influence of bacterial diversity and activities and extracellular 
ligands on the transformations of hg species.

MO-022

DIFFUSIVE GRADIENT IN THIN-FILM PASSIVE 
SAMPLERS AS INDICATORS OF MERCURY 
BIOAVAILABILITY FOR BIOMETHYLATION 
IN SEDIMENTS
nDu, udonna1; rIVera, nelson1; Deshusses, Marc1; elIas, Dwayne2; 
ChrIsTensen, Geoff2; hsu-KIM, heileen1; 
(1) Duke University, Durham, NC, United States; (2) Oak Ridge National 
Laboratory, Oak Ridge, TN, United States

un5@duke.edu

Mercury (hg)-contaminated sediments comprise a variety of chemical 
hg species, yet only a small fraction of the total hg is generally 
bioavailable to microorganisms that produce monomethylmercury 
(Mehg), a potent neurotoxin. Diffusive gradient in thin-film (DGT) 
passive samplers are widely used for in-situ quantification of trace metal 
concentrations in surface waters and metal bioavailability to benthic 
invertebrates, but DGTs have not been tested for their ability to predict 
hg bioavailability to methylating microbial communities. The objective 
of this study was to test the efficacy of DGT samplers with a series of 
anaerobic estuarine sediment slurry microcosms. The microcosms were 
amended with multiple, isotopically labelled endmembers of inorganic 
hg (⁰⁴hg+, ⁹⁶hg-humic acid, ⁹⁹hg-sorbed to fes, ⁰⁰hgs nanoparticles) 
with a known range of bioavailability and methylation potentials. The 
net production of Mehg from each endmember was quantified as the 
slurries were incubated from 0.5 to 5 days. We also employed various 
measures of hg reactivity, including cumulative uptake into the DGT 
sampler, the 0.2-mm filter passing fraction of hg, and the extractable 
fraction of hg (as determined by selective extraction with glutathione). 
The net production of Mehg (as a % of the total hg of each endmember 
added) was generally greater for the dissolved endmembers than 
the particulate endmembers, as expected. for each time point in 
the incubation, the percentage of hg uptake in the DGT from each 
endmember correlated with the %Mehg. In contrast, the concentrations 
of filter-passing hg and the extractable fraction of hg (as determined by 
a glutathione selective extraction) did not correlate with %Mehg values. 
These results indicate that the data provided by DGT samplers could be 
used to assess microbial hg bioavailability in sediments. furthermore, 
polymerase chain reactions performed with Dna extracted from slurries 
and with primers developed for the quantification of the gene hgca 
responsible for the methylation of hg in Deltaproteobacteria, indicated 
the presence of these organisms in the slurries.
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MO-023

QUANTUM CHEMICAL INSIGHTS INTO 
DIMETHYLMERCURY FORMATION ON REDUCED 
SULFUR REVEAL COMMON THEMES IN MERCURY 
METHYLATION AND DEMETHYLATION
ParKs, Jerry1; JohnsTon, ryne1; olsen, Todd1; brooKs, scott1; 
(1) Oak Ridge National Laboratory, Oak Ridge, TN, United States

parksjm@ornl.gov

unlike monomethylmercury (Mehg+), which is produced primarily by 
anaerobic microorganisms, the origin of dimethylmercury (Me2hg) in 
the environment remains a mystery largely because its extreme toxicity 
understandably deters experimental efforts. recent, careful experiments 
have shown that Mehg+ adsorbed onto surfaces bearing reduced sulfur 
(sred) groups, e.g., sulfide minerals and thiol-rich cell membranes, can 
be converted to Me2hg (Jonsson, s. et al. sci. rep. 2016, 6, 27958). here, 
we circumvent hazards associated with working with toxic hg species 
by using density functional theory calculations to investigate the roles 
of sulfide and mono- and dithiols in mediating transmethylation of two 
Mehg+ to form Me2hg and inorganic hg(II). We find that the binding 
of two Mehgsred units at adjacent sred sites facilitates methyl ligand 
exchange, which, depending on the hg:sred ratio, molecularity and 
conformational flexibility, may be either concerted or stepwise via an 
unusual dinuclear hg(II) complex. We also quantify the strength of the 
hgC bond under different thiolate coordination environments. We 
compare and contrast these findings with the proposed mechanisms of 
Mehg+ demethylation by Merb and hg methylation by hgca.

MO-024

SUBMERGED VEGETATION AFFECTING 
BIOAVAILABILITY OF MERCURY IN SEDIMENTS
olsen, Marianne1; sChaannInG, Morten1; braaTen, hans1; eeK, 
espen2; Moy, frithjof3; lyDersen, espen4; sØrensen, Cecilie4; 
(1) Norwegian Institute for Water Research, Oslo, Norway; (2) NGI, Oslo, 
Norway; (3) IMR, Arendal, Norway; (4) USN, Bø, Norway

mao@niva.no

background/objectives: submerged macrophytes are suggested to 
create a microenvironment favorable for bacterial activity in aquatic 
sediments and subsequently for methylation of inorganic mercury 
(hg) into the bioavailable and bioaccumulating organic species methyl 
hg (met-hg). The aim of the study was to investigate how presence 
of submerged macrophytes affects sediment methylation and 
bioavailability of met-hg in a brackish, land-locked fjord in the temperate 
zone of southeast norway. The fjord has received substantial amounts 
of hg since the early 1900s due to industrial discharges. Despite heavily 
contaminated sediments, the fjord hosts a large submerged meadow 
of macrophytes.

approach/activities: We sampled sediment cores within and outside a 
submerged meadow and grab samples were collected along a 150 m 

transect reaching from shallow vegetated waters (approx. 2 meters) 
into deeper non-vegetated waters (approx. 4 meters). Total hg (tot-
hg) and met-hg were measured in sediment core profiles and in grab 
samples, as well as in pore water extracted from the sediment grab 
samples. In addition, profiles of supporting sediment characteristics 
were investigated in the cores. flux of hg from sediments to water 
were investigated in box core samples collected within and outside the 
meadow. finally, macrophytes were sampled monthly from May until 
september 2015, and concentrations of hg were measured in different 
sections of the macrophytes.

results/lessons learned: our results revealed higher methylation 
rates (expressed as met-hg to hg ratio) in sediments and higher 
flux of met-hg within the meadow compared to outside. favourable 
conditions for methylation and peak met-hg concentrations coincided 
with the rhizosphere within the meadow. In macrophytes, higher 
hg-concentrations were found in roots and leaves compared to stem, 
indicating uptake in roots and bioaccumulation in roots and leaves. 
hence, the study is in support of the hypothesis that macrophytes 
influence the bioavailability of hg in sediments, due to improved 
conditions for bacterial activity, whereas macrophytes may act as 
vectors for hg into aquatic food webs due to uptake and accumulation 
of hg from sediments.

3c-1: Risk assessment of mercury exposure 
to fish, birds, and wildlife

MO-025

CURRENT RESEARCH STRATEGIES WILL PRODUCE 
MERCURY TOXICITY REFERENCE VALUES THAT DO 
NOT PROTECT AVIAN POPULATIONS FROM HARM
CrIsTol, Daniel1; 
(1) College of William & Mary, Williamsburg, VA, USA

dacris@wm.edu

assessing risk to a wildlife population from a toxicant is generally 
done in one of two ways. researchers may compare the tissue 
concentrations, health, or reproductive success of populations at 
contaminated and reference sites. alternately, dosing may be carried 
out on a model species in captivity to measure effects on reproductive 
success or physiological condition. both methods have generated a 
wealth of knowledge on the mechanisms through which mercury harms 
wildlife, and the scale of this global problem. however, both research 
strategies are likely to underestimate the effects of the contaminant 
and to suggest toxicity reference values that are not protective of 
typical populations. This is because when studying natural populations 
exposed to environmental contaminants, researchers are studying only 
the surviving lineages, which likely have experienced strong natural 
selection for contaminant resistance. This problem can be eliminated by 
experimentally exposing naïve subjects in the laboratory. however, the 
lives of laboratory animals lack many of the stressors facing their wild 
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counterparts, such as predation, competition, weather, and challenges 
that require cognition to overcome (e.g., the need to remember spatial 
locations). Thus, contaminant exposure in captivity may fail to cause 
harm at levels that would be deleterious in the wild. using data from 
recent studies on mercury-exposed songbirds illustrates these points. 
avian mercury toxicity reference values, recently argued by some to 
be too low, are likely too high if they are derived from resistant wild 
populations or captive animals with unchallenging lives. for more 
accurate results, dosing studies on captive animals should provide 
housing conditions with multiple challenges such as temperature 
fluctuations, competition for mates and hidden food. Dosing could 
also be attempted on free-living animals at uncontaminated sites, 
which circumvents the problem of studying resistant populations. at 
contaminated sites, new populations of non-resistant individuals can 
be recruited, for example by using nestboxes to attract tree swallows to 
habitats that did not support them beforehand. all of these techniques 
are more difficult and expensive than current methods, but if we are 
interested in identifying meaningful effects thresholds, continuing with 
the current strategy is imprudent.

MO-026

SONG SPARROWS AS RIPARIAN BIOSENTINELS OF 
MERCURY POLLUTION AND METHYLATION IN THE 
SAN FRANCISCO BAY AREA (USA)
ausTIn, Carrie1; robInson, april2; 
(1) Cal/EPA SF Bay Water Board, Oakland, United States; (2) San Francisco 
Estuary Institute, Richmond, United States

carrie.austin@waterboards.ca.gov

high levels of mercury in the san francisco bay region pose a threat 
to local wildlife. recent studies have documented unexpectedly high 
concentrations of methylmercury in terrestrial invertivores indicating 
possible risk from exposure via the food web. such discoveries 
prompted interest in developing a biosentinel for methylmercury 
in stream riparian food webs of the bay area. The song sparrow 
(Melospiza melodia) was determined to be the best riparian biosentinel 
candidate on the basis of its natural history, sampling feasibility, and 
sensitivity to mercury. The ability of song sparrows to reflect a wide 
range of mercury concentration in their blood, and thereby reflect 
differences in methylmercury risk between areas, was assessed 
by sampling individuals from riparian sites across the region. The 
sampling design was based on a conceptual model in which the key 
drivers of biosentinel exposure were Total Mercury Contamination 
of sediment (Total Mercury Contamination) and physicochemical 
environmental conditions associated with production of methylmercury 
(net Methylation environment). net Methylation environment was 
assumed based on landscape-level indicators. both Total Mercury 
Contamination and net Methylation environment were found to 
influence biosentinel mercury concentrations. results of this study 
confirmed the appropriateness of the song sparrow as a riparian 
mercury biosentinel species.

MO-027

MONITORING SPATIAL GRADIENTS AND 
TEMPORAL TRENDS OF MERCURY IN SONGBIRDS 
OF NEW YORK STATE
sauer, amy1; aDaMs, evan1; eVers, David1; lane, oksana1;  
reGan, Kevin1; 
(1) Biodiversity Research Institute, Portland, ME, United States

amy.sauer@briloon.org

Mercury (hg) contamination in aquatic and terrestrial ecosystems is 
a widespread issue that poses considerable reproductive, behavioral 
and physiological risks to wildlife populations. songbirds are now 
recognized as indicators of mercury in terrestrial ecosystems, where 
invertivore foodwebs biomagnify methylmercury (Mehg) to levels that 
can adversely affect reproductive success. With upcoming changes to hg 
emissions regulations, understanding how Mehg bioavailability currently 
varies across the landscape is important for quantifying the effects of 
these changes. building upon 13 years of mercury research in new 
york state, a five-year project was initiated in 2013, to identify at-risk 
songbird species, classify sensitive habitat types, and to assess spatial 
and temporal trends of mercury across a variety of ecosystems. To date, 
approximately 1,900 blood and feather samples have been collected 
and analyzed from songbirds across the state. This project focuses 
on: (1) annual sampling and monitoring at established study sites to 
evaluate temporal patterns in songbird mercury exposure; (2) sampling 
selected sites statewide to identify mercury hotspots for inclusion into 
a predictive map documenting spatial gradients of methylmercury 
availability; and (3) analysis of museum specimens to quantify trends in 
hg exposure over the 20th Century.

MO-028

ENDURANCE FLIGHT ABILITY IN A MIGRATORY 
SONGBIRD IS REDUCED BY EXPOSURE TO 
DIETARY METHYL-MERCURY
Ma, yanju1; PereZ, Cristina2; branfIreun, brian3;  
GuGlIelMo, Christopher3; 
(1) University of Western Ontario, London, ON, Canada; (2) University of 
Nevada, Reno, USA; (3) University of Western Ontario, London, Canada

yma286@uwo.ca

There is ample evidence that methylmercury (Mehg) exposure can 
cause reductions in avian fitness, particularly in aquatic species during 
breeding. however, recent work indicates that terrestrial songbirds 
that live in association with Mehg contaminated environments can 
bioaccumulate Mehg to high levels in body tissues . how elevated Mehg 
levels in migratory songbirds affect flight performance and migration 
is still unknown. We conducted a Mehg dosing experiment (target 
concentration: 0.5 ppm and 1 ppm (w.w.) actual concentration: 0.38 
± 0.04 ppm and 0.73 ± 0.08 ppm, w.w.)with yellow-rumped warblers 
(setophaga coronata) while they were in a hyperphagic, migratory state. 
Warblers rapidly bioaccumulated dietary Mehg by 20-fold in blood 
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(w.w.), 40-fold in brain and muscle (d.w.), 60 fold in liver (d.w.), and 
over 100 fold in kidneys (d.w.) after 2 weeks. These increases in Mehg 
concentrations did not affect vertical takeoff, but in two-hour wind 
tunnel flights, Mehg treated warblers had a greater median of numbers 
of strikes (landing or losing control) in the first 30 minutes, longer strike 
duration, and shorter flight duration than control birds. In Mehg treated 
warblers, the number of strikes in first 30 minutes was related to blood 
hg concentration in a sigmoid, dose-dependent fashion with threshold 
near 11 ppm. from our results, we conclude that hyperphagic migratory 
birds rapidly accumulate Mehg from the diet, which can subsequently 
lead to decreased flight performance and migratory endurance.

MO-029

MERCURY AS AN ALTERNATE FOR GENETIC SPECIES 
IDENTIFICATION OF ALBATROSS (PHOEBASTRIA 
SPP.) EGGS FROM MIDWAY ATOLL
bryan, Colleen1; eDWarDs, scott2; raGlanD, Jared1; sIn, yung2; 
VanDer Pol, stacy1; 
(1) Chemical Sciences Division, National Institute of Standards and 
Technology, Charleston, SC, USA; (2) Department of Organismic and 
Evolutionary Biology and Museum of Comparative Zoology, Harvard 
University, Cambridge, MA, USA

colleen.bryan@nist.gov

The national Institute of standards and Technology (nIsT) seabird Tissue 
archival and Monitoring Project (sTaMP) expanded to the Pacific Islands 
region in 2010 and began collecting laysan albatross (Phoebastria 
immutabilis) and black-footed albatross (Phoebastria nigripes) eggs from 
the northwestern hawaiian Islands (nWhI) on Midway atoll in 2011. 
laysan albatross and black-footed albatross are sympatric, synchronous 
breeders that nest in dense colonies on Midway atoll. abandoned, 
non-viable eggs were collected by usfWs staff and volunteers. Definitive 
species identification of abandoned albatross eggs can be difficult 
on nWhI due to close nesting colonies and visually indistinguishable 
eggs between species resulting in some uncertainty of the egg species 
by field collectors. The original intent of this study was to determine 
mercury concentrations in eggs of albatross species for Midway atoll. 
Total mercury was measured by atomic absorption spectrometry (aas) 
in an aliquot of the homogenized egg content from each albatross 
egg collected (n = 57) from 2011 to 2013. Mercury analysis showed 
significantly (p <0.001 anoVa) greater concentrations in black-footed 
albatross eggs compared with laysan albatross eggs, with some notable 
exceptions, raising questions about the accuracy of species identification 
in the field. since species identification of some eggs was questionable 
and the species for several eggs were not identified, genetic analysis 
was performed on eggshell membranes where Dna was recoverable 
(n = 50). Genetic species identification matched suspected species 
based on mercury concentrations with 100 % accuracy. Trace element 
concentrations have been used as an alternate for genetics in other 
species such as fish for population structure delineation. Mercury may 
therefore serve as an alternate method of species identification for 
sympatric breeding albatross species that have significantly different 

concentrations due to prey and foraging grounds differences when 
genetic material is not available. since mercury is routinely measured 
in sTaMP eggs, this would be an attractive alternative to expensive 
genotyping. To test whether mercury can serve as an alternative to 
genotyping for nWhI albatross eggs, albatross eggs collected (n = 
41) on Midway atoll in 2014 and 2015 are currently being measured 
for mercury.

MO-030

MERCURY EXPOSURE AND IMPACTS IN 
BALD EAGLES IN THE PENOBSCOT RIVER 
WATERSHED, MAINE.
Desorbo, Chris1; Gray, rick1; ToDD, Charles2; Massey, blake3; reGan, 
Kevin1; hanson, William1; PersICo, Christopher1; MIerZyKoWsKI, 
steven4; boDaly, Drew5; eVers, David1; 
(1) Biodiversity Research Institute, Portland, ME, United States; (2) Maine 
Department of Inland Fisheries and Wildlife, Bangor, ME, USA; (3) University 
of Massachusetts, Amherst, MA, USA; (4) U.S. Fish and Wildlife Service, Orono, 
ME, USA; (5) Penobscot River Mercury Study, Salt Spring Island, BC, Canada

chris.desorbo@briloon.org

We evaluated dietary hg exposure in bald eagle (haliaeetus 
leucocephalus) nestlings throughout Maine’s Penobscot river watershed 
in 2004 – 2015, focusing particularly on exposure relative to the location 
of a significant hg point source (holtraChem) located in a brackish 
portion of the Penobscot river. The Penobscot river watershed 
encompasses more than one-quarter of the state, stretching over 150 
km from northern lakes to an estuary and Penobscot bay. Geometric 
mean hg concentrations in nestling blood (range 0.06 – 1.51 µg/g) and 
feathers (range 2.9 – 46.8 µg/g) varied significantly across the four major 
habitat types in the study area (p < 0.05). Means generally followed 
the pattern: lakes > freshwater rivers > brackish rivers > marine. The 
overarching influence of habitat type on hg exposure in bald eagle 
nestlings masked detection of the possible influence of hg exposure 
attributable to holtraChem. We also compared reproductive measures 
(productivity, young fledged / occupied nest; nest success, proportion of 
nests successfully fledging ≥1 young) to eagle tissue hg concentrations 
and will discuss those relationships and influential factors. bald eagle 
tissue hg concentrations found in lakes and freshwater rivers in the 
Penobscot river watershed are similar or higher than virtually all 
comparably sampled bald eagle populations elsewhere. eagles at lakes 
in the Penobscot river Watershed were most similar to a site in bC 
Canada associated with a hg mine. In contrast, eagle sampling sites 
below holtraChem, one of the most substantial hg pollution point 
sources in the country, exhibited relatively low concentrations of hg due 
to the predominant influence of factors associated with habitat type. 
We attribute the notable exposure of hg in lake- and freshwater river-
dwelling bald eagles in the Penobscot river watershed upstream from 
holtraChem to the combined influences of atmospheric deposition, 
other point sources, and site-specific biogeochemical factors. bald eagles 
have been repeatedly proven to be valuable contaminant bioindicators 
at site-specific and watershed scales in both freshwater and marine 
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ecosystems; however, eagles’ large home range and dietary plasticity 
limits their use in smaller scale, traditional ‘upstream vs. downstream’ 
contaminant risk evaluations, particularly those spanning multiple 
habitat types.

MO-031

MODELLING FUR AS A NON-INVASIVE BIOMARKER 
FOR ENVIRONMENTAL MERCURY EXPOSURE
eCCles, Kristin1; ThoMas, Philippe2; Chan, laurie1; 
(1) University of Ottawa, Ottawa, Canada; (2) Environment and Climate 
Change Canada, Ottawa, Canada

kristin.eccles@uottawa.ca

Mercury (Thg) is a pollutant of global concern. sentinel species, such 
as river otter and mink, are often used to monitor environmental 
concentrations. Tissue Thg concentrations are often used as biomarkers 
of exposure. however, there is no comprehensive model relating 
mercury tissue concentrations in different tissues, making inter-
study comparisons challenging. our objective is to establish universal 
conversion factors relating fur, brain, liver, kidney, and muscle Thg 
tissue concentrations using mean concentrations and standard errors 
reported in literature. Data from over 6000 samples, pooled across 
16 studies, and 96 sampling sites in north america and europe were 
used. a total of 16 regressions were derived for the river otter and mink 
models which were statistically significant at a 95% confidence interval 
and yielded high explained variance. The models were validated using 
an external data set of individually measured Thg tissue concentrations. 
The validated conversions were used to evaluate the current 20 μg/g 
and 30 μg/g fur mercury screening guideline. at both of these fur 
concentrations, brain concentrations are of concern for altering brain 
neurochemistry. We suggest a more conservative 15 μg/g fur mercury 
screening guideline to protect more sensitive furbearers. The model 
conversion factors can be used to predict internal organs from fur, thus 
eliminating the need to collect invasive tissue samples (e.g. brain or liver) 
for future monitoring programs.

MO-032

METHYLMERCURY TOXICITY REFERENCE VALUES 
FOR MAMMALIAN WILDLIFE POPULATIONS: 
CRITICAL REVIEW AND ANALYSIS
fuChsMan, Phyllis1; broWn, lauren2; MaGar, Victor3;  
hennInG, Miranda2; 
(1) Ramboll Environ, Cleveland, OH, USA; (2) Ramboll Environ, Portland, ME, 
USA; (3) Ramboll Environ, Chicago, IL, USA

pfuchsman@ramboll.com

We reviewed effects of chronic methylmercury exposure on non-
primate mammals, with the goal of identifying toxicity reference 
values for the ecological risk assessment of mammalian wildlife 
populations. The review focused on dietary exposures in which effects 

on reproductive success or survival were investigated. Issues related 
to applying toxicity study results in ecological risk assessments were 
also reviewed. relevant toxicity data were available primarily for mink 
and rats. Dose-response relationships and effect thresholds will be 
summarized. In contrast to birds, mink exhibited little difference in 
sensitivity between survival and reproductive endpoints, suggesting 
that methylmercury effects on reproductive success may be secondary 
to more general systemic toxicity. Important considerations in 
applying the available mammalian toxicity data include interspecies 
differences in mercury tolerance adaptations, mercury-selenium 
interactions, methylmercury bioaccessibility, and effects of body weight 
differences on dose extrapolation. Marine mammals are well adapted 
to demethylate, sequester, and eliminate mercury; data to quantify 
methylmercury exposure levels that would overwhelm these tolerance 
mechanisms remain elusive. susceptibility of bats to methylmercury 
toxicity is a matter of increasing interest, and uncertainties in dose 
extrapolation are particularly significant for bats due to their small body 
sizes and high food ingestion rates.

3e-1: Human exposure and health  
effects of mercury: epidemiology and 
population studies

MO-033

GENE-MERCURY INTERACTIONS AND 
METHYLMERCURY NEUROTOXICITY
lloP, sabrina1; loVe, Tanzy2; ballesTer, ferran1; sofIanou-
KaTsoulIs, aikaterini3; barbone, fabio4; shaMlaye, Conrad5; Van 
WIJnGaarDen, edwin2; DaVIDson, Philip2; Myers, Gary2; ranD, 
Matthew2; broberG, Karin6; 
(1) Epidemiology and Environmental Health Joint Research Unit, FISABIO−
Universitat Jaume I−Universitat de València, Valencia, Spain; (2) School 
of Medicine and Dentistry, University of Rochester, Rochester, USA; 
(3) epartment of Social and Developmental Paediatrics Institute of Child 
Health, Athens, Greece; (4) Department of Medical and Biological Sciences, 
University of Udine, Udine, Italy; (5) The Child Development Centre, Ministry of 
Health, Mahé, Seychelles; (6) Institute of Environmental Medicine, Karolinska 
Institutet, Stockholm, Sweden

llop_sab@gav.se

Individuals differ in susceptibility to methylmercury neurotoxicity, in part, 
due to underlying genetic differences. This presentation aims to evaluate 
the state-of-the-art evidence of the role of gene-mercury interactions 
for neurodevelopment and neurotoxicity. Genes frequently studied 
for influence on methylmercury neurotoxicity are mainly related to the 
metabolism of glutathione (a key factor for methylmercury transport 
and excretion), selenium metabolism (which binds to methylmercury), 
and nervous system maintenance (which can alter the response to 
methylmercury toxicity), but the results have been inconclusive for most 
of the genes. We have recently investigated the role of another group of 
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genes, belonging to the cytochrome P450, family 3, subfamily a (CyP3a) 
family, in relation to mercury neurotoxicity early in life. The CyP3a genes 
encode liver enzymes that perform the initial chemically-modifying steps 
of metabolism of a number of drugs and xenobiotic compounds. our 
results, based on four different mother-child cohorts (n=2639) in europe 
and republic of seychelles with different ethnic background and varying 
exposure to methylmercury, suggest that functional polymorphisms in 
CyP3a genes may in some of the populations modify the response to 
Mehg exposure during early life development. so far, candidate gene 
approaches have not identified a major gene modifying the toxicity of 
mercury, suggesting that genetic susceptibility to methylmercury might 
be a polygenic trait and the genes involved may differ depending on 
population. further research should also consider interactions between 
genes and interactions with nutrients to help identify subgroups that are 
vulnerable to mercury neurotoxicity.

MO-034

ASSOCIATIONS BETWEEN METHYLMERCURY 
EXPOSURE, POLYUNSATURATED FATTY ACID 
STATUS AND INFLAMMATION IN PREGNANCY
yeaTes, alison1; MCsorley, emeir1; Mulhern, Maria1;  
GrZesIK, Katherine2; ThursTon, sally2; shaMlaye, Conrad3;  
WaTson, Gene2; sTraIn, JJ4; Myers, Gary2; DaVIDson, Philip2;  
Van WIJnGaarDen, edwin2; 
(1) Ulster University, Coleraine/County Londondery, Northern Ireland; 
(2) University of Rochester, New York/ NY, USA; (3) Ministry of Health, Mahe, 
Republic of Seychelles; (4) Ulster University, Coleraine/County Londonderry, 
Northern Ireland

a.yeates@ulster.ac.uk

Pro and anti-inflammatory cytokines have been studied in several 
human conditions. The differentiation of T cells into either T-helper type 
1 (Th1; pro-inflammatory) or T-helper type 2 (Th2; anti-inflammatory) 
cells determines the type of immune response that is required. The 
Th1/Th2 balance has been used to characterize dominating cytokine 
patterns and in normal pregnancy this is thought to favor a more anti-
inflammatory Th2 response to allow tolerance of the fetus. Disruption 
to the Th1/Th2 balance and resulting immune response may result in an 
increased susceptibility to inflammatory disease and adverse pregnancy 
outcome. however, there is a paucity of observational human data on 
the immunotoxic effects of methylmercury (Mehg) exposure during 
pregnancy. fish consumption is the primary source of human exposure 
to Mehg and also the richest dietary source of n-3 polyunsaturated fatty 
acids (Pufa). Previous findings from the seychelles Child Development 
study suggest that the maternal biological ratio of n-6/n-3 Pufa, 
another indicator of the inflammatory milieu, may modify the effects 
of Mehg on child development. This suggests that the immune system 
plays an important role in mediating potential Mehg toxicity. In order 
to better understand the immunomodulatory mechanisms of Mehg 
and their potential regulation by Pufa, we characterized an extensive 
panel of inflammatory markers, including cytokines from the Th1 
and Th2 subsets, in maternal blood samples collected at 28 weeks 

gestation (n=1474) in the seychelles nutrition Cohort 2. The current 
study undertakes a novel analysis using this rich dataset to investigate 
associations between blood Mehg concentrations and serum Pufa 
status (both measured at 28 weeks of gestation) and inflammatory 
markers. We used linear regression analysis with both main and 
interactive effect models that included Mehg, Pufa and relevant 
covariates. Preliminary analyses indicated that the maternal n-6/n-3 
ratio is positively associated, and n-3 Pufa status negatively associated, 
with concentrations of the pro-inflammatory marker C-reactive protein 
(CrP). one explanation would be the anti-inflammatory effects of n-3 
Pufa in our high fish-eating cohort. We hypothesized that maternal 
Mehg exposure would be associated with increased pro-inflammatory 
markers (Th2 dominance and lower Th1/Th2 ratios) and that Pufa 
status would modify these associations. These results will be important 
to future research on how the maternal immune response might 
be influenced by both Mehg and Pufa and how this impacts on 
child development.

MO-035

THE INVERSE ASSOCIATION BETWEEN 
METHYLMERCURY AND DISEASE ACTIVITY IN 
SYSTEMIC LUPUS ERYTHEMATOSUS IS EXPLAINED 
BY N-3 POLYUNSATURATED FATTY ACIDS FROM 
FISH CONSUMPTION: AN OBSERVATIONAL STUDY
CroWe, William1; allsoPP, Philip1; DoherTy, leanne1; ball, elisabeth2; 
arMsTronG, David3; rIDDell, Claire2; WaTson, Gene4; MaGee, 
Pamela1; sTraIn, JJ1; MCsorley, emeir1; 
(1) Northern Ireland Centre for Food & Health (NICHE), Ulster University, 
Coleraine, Northern Ireland; (2) Department of Rheumatology, Musgrave 
Park Hospital, Belfast, Northern Ireland; (3) Department of Rheumatology, 
Altnagelvin Area Hospital, Londonderry, Northern Ireland; (4) Departments 
of Dentistry, Environmental Medicine, and Pharmacology and Physiology, 
University of Rochester School of Medicine and Dentistry, Rochester, NY, USA

crowe-w@email.ulster.ac.uk

systemic lupus erythematosus (sle) is a prototypic autoimmune 
disease with an unknown pathogenesis and a variable presentation. It 
is proposed that genetic predisposition and exposure to environmental 
factors are responsible for both the initiation of disease and the 
exacerbation of existing disease. one environmental factor that 
has been implicated in the pathogenesis of sle is mercury (hg) 
exposure. humans are exposed to Mehg through fish consumption, 
and hg0 through dental amalgams. fish also contain n-3 long chain 
polyunsaturated fatty acids (lCPufa), which have been shown to be 
beneficial in the management of sle. hair and urine samples were 
collected from 99 sle patients to assess exposure to Mehg and hg0, 
respectively. Patients were assessed for disease activity and disease 
associated damage using 4 indices; the british Isles lupus assessment 
Group (bIlaG) index, the systemic lupus activity Measure (slaM), 
the safety of estrogens in lupus erythematosus national assessment 
systemic lupus erythematosus Disease activity Index (selena sleDaI), 
and the systemic lupus International Collaborating Clinics/american 
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College of rheumatology (slICC/aCr) damage index. standard multiple 
regression identified a significant inverse relationship between hair 
hg and bIlaG (β= -0.231, p= 0.046, 95% confidence interval (CI): -0.422, 
-0.004) albeit, controlling for total serum n-3 lCPufa negated this finding 
(β= -0.222, p= 0.059, 95% CI: -0.416, 0.008). furthermore, slaM was 
inversely correlated with serum ePa status (r= -0.247, p= 0.016), Dha 
status (r= -0.262, p= 0.011), total n3 (r=-0.302, p=0.003) and fish intake 
(r= -0.335, p= 0.032). There was no association between urinary hg and 
any measure of disease activity or disease associated damage. The 
findings from this study suggest that low level Mehg and hg0 exposure 
is not adversely associated with disease activity or damage in sle. The 
inverse association of hair hg with bIlaG in sle patients appears to be 
explained by the co-exposure to n-3 lCPufa present in fish.

MO-036

FISH CONSUMPTION, MERCURY LEVELS, AND 
AMYOTROPHIC LATERAL SCLEROSIS (ALS).
anDreW, angeline1; Chen, Celia2; Caller, Tracie3; TanDan, rup4; 
heneGan, Patricia2; braDley, Walter5; sToMMel, elijah2; 
(1) Dartmouth, Lebanon, United States; (2) Dartmouth, Hanover, NH, United 
States; (3) Cheyenne Regional Medical Center, Cheyenne, WY, United States; 
(4) University of Vermont Medical Center, Burlington, VT, United States; 
(5) University of Miami, Miami, FL, United States

angeline.andrew@dartmouth.edu

background: Mercury is a neurotoxic metal that has been found in 
some studies to be a risk factor for amyotrophic lateral sclerosis (als). 
The primary source of u.s. population exposure to mercury is via 
consumption of methylmercury-contaminated fish.

objective: To assess in a case-control study the risk of als associated 
with mercury intake via fish / seafood consumption, and with mercury 
intake measured as concentration in nails.

Methods: We used questionnaires to assess fish and seafood 
consumption in a case-control study of als (n=294 cases, 224 controls). 
We estimated annual methylmercury exposure among fish / seafood 
consumers by cross-referencing self-reported consumption with the 
corresponding fish fillet mean methylmercury concentrations. We used 
inductively coupled plasma mass spectrometry to measure levels of 
mercury in toenail samples obtained from als patients, compared to 
those of controls without neurodegenerative illness. odds ratios (or) 
were adjusted for age and gender.

results: Consumption of the fish caught was associated with increased 
risk of als (or 2.2 95%CI 1.1-5.0), though angling per se was not (or 
1.1 95%CI 0.7-1.7). among patients regularly consuming fish, those in 
the top quartile for estimated annual methylmercury intake were at a 
2-fold increased risk of als, compared to those with lower levels. using 
toenail mercury concentrations as a biomarker of exposure, there was a 
statistically significant increased als risk associated with toenail mercury 
level (P=0.036).

Conclusions: These data demonstrate that the risk of als is associated 

with fish and seafood consumption. both estimated fish-related 
mercury intake and biomarker data suggest mercury exposure is a risk 
factor for als.

MO-038

PRENATAL EXPOSURE TO MERCURY AND 
EPIGENOMIC MODIFICATIONS ASSOCIATED 
WITH NEURODEVELOPMENT
CarDenas, andres1; rIfas-shIMan, sheryl1; aGha, Golareh2; 
hIVerT, Marie-france1; lITonJua, augusto3; DeMeo, Dawn3; 
aMarasIrIWarDena, Chitra4; GIllMan, Matthew5; baCCarellI, 
andrea2; oKen, emily1; 
(1) Department of Population Medicine, Harvard Medical School and 
Harvard Pilgrim Health Care Institute, Boston, MA, USA; (2) Columbia 
University Mailman School of Public Health, New York, USA; (3) Channing 
Division of Network Medicine, Department of Medicine, Boston, MA, USA; 
(4) Department of Preventive Medicine, Icahn School of Medicine at Mount 
Sinai, New York, USA; (5) Environmental Influences on Child Health Outcomes 
(ECHO) Program, Office of the Director, Bethesda, Maryland, USA

andres_cardenas@harvardpilgrim.org

background: Mercury is a worldwide environmental contaminant that 
persists and bioaccumulates as methylmercury in the food chain. 
Prenatal exposure to mercury, typical of regular fish consumption, is 
associated with lower cognitive performance in childhood. Disruption of 
fetal epigenetic programming could explain mercurys neurotoxicity.

Methods: Within Project Viva, a us pre-birth cohort, we examined 
associations of maternal 2nd trimester red blood cell mercury 
concentrations and epigenome-wide Dna methylation differences 
in 321 cord blood samples at a single nucleotide resolution using 
the Infinium humanMethylation450 beadChip, and evaluated the 
persistence of the associations during early (2.9 to 4.9 years) and mid-
childhood (6.7 to 10.5 years). additionally, we examined the association 
of prenatal mercury with blood global 5-hydroxymethylcytosine (%-
5hmC) and global 5-methylcytosine (%-5mC) Dna content at birth, early 
childhood and mid-childhood.

results: among males, a doubling in prenatal mercury concentration 
was associated with 2.4% lower regional cord blood Dna methylation 
(95% CI: -3.8, -1.0) at nine CpG loci within the Paraoxonase 1 gene 
(Pon1). Cord blood methylation at the Pon1 locus predicted lower 
cognitive test scores measured during early childhood. The association 
between prenatal mercury exposure and Dna methylation at the Pon1 
region was persistent in early but not mid-childhood blood. similarly, 
a doubling in prenatal mercury exposure was associated with 0.015% 
lower 5hmC global genomic content of cord blood for all infants 
(95% CI: -0.03, -0.0002) and this association persisted in early but not 
mid-childhood blood.

Conclusions: Prenatal mercury exposure was associated with lower 
regional Pon1 Dna methylation as well as lower global 5hmC Dna 
content at birth. These associations were persistent in early but not mid 
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childhood blood. our results highlight the potential role of epigenetic 
programming as a target of prenatal mercury exposure and suggests 
that effects of prenatal exposure might be malleable during childhood.

MO-039

POSTNATAL METHYLMERCURY EXPOSURE AND 
NEURODEVELOPMENT IN THE SEYCHELLES CHILD 
DEVELOPMENT STUDY MAIN COHORT
ThursTon, sally1; Myers, Gary1; harrInGTon, Donald1; Zareba, 
Grazyna1; WaTson, Gene1; shaMlaye, Conrad2; Cory-sleChTa, 
Deborah1; DaVIDson, Phil1; Van WIJnGaarDen, edwin1; 
(1) University of Rochester, Rochester, NY, United States; (2) Seychelles 
Ministry of Health, Victoria, Republic of Seychelles

sally_thurston@urmc.rochester.edu

fish consumption guidelines have relied on studies of prenatal 
methylmercury (Mehg) exposure from a high seafood diet during 
pregnancy and childrens outcomes but they do not adequately 
consider evidence specific to fish intake in children and adolescents. 
The brain is not fully developed until halfway through the third decade 
of life and is therefore potentially susceptible to Mehg exposure well 
beyond the fetal period. It is therefore critical to determine whether 
childrens exposure to Mehg from eating fish is associated with adverse 
developmental consequences. Mehg exposure from fish consumption 
during childhood has not been well studied to date; studies have not 
been specifically designed to study postnatal Mehg exposure. Thus, 
it is currently not known if there are adverse neurodevelopmental 
consequences associated with Mehg exposure when children consume 
fish. for nearly three decades the seychelles Child Development study 
(sCDs) has investigated the impact of prenatal Mehg exposure from fish 
consumption during pregnancy on child development. In 1989-1990, 
we recruited a cohort of 779 mother-child pairs (Main cohort). Cohort 
children were examined ten times for developmental outcomes from 
6 months to 24 years of age and no consistent adverse associations 
were found with prenatal Mehg exposure. In contrast, recent postnatal 
Mehg exposure measured in concurrent hair samples at eight of the 
ten examinations was adversely associated with some developmental 
outcomes. Concurrent postnatal exposure was specifically associated 
with measures of psychomotor and executive function, attention, and 
general intelligence at 9 years of age and older. These cognitive domains 
have their greatest development postnatally and therefore may be the 
most susceptible to effects of postnatal Mehg exposure. We hypothesize 
that greater accumulated postnatal exposure is adversely associated 
with neurodevelopmental outcomes in later childhood, adolescence 
and young adulthood. We leverage the archived data to examine three 
cumulative postnatal Mehg exposure metrics (early life, late adolescent, 
and lifetime) in relation to cognitive domains that have shown adverse 
associations in cross-sectional analyses. longitudinal models evaluate 
the consistency of associations with neurodevelopmental outcomes 
over time. studying the association between postnatal Mehg exposure 
and neurodevelopmental outcomes is of substantial public health 
significance because billions of people, including children, depend 

daily on the nutritional properties of fish. This study provides the most 
comprehensive scientific assessment to date of the risks or safety of fish 
consumption in childhood.

MO-040

STRUCTURAL EQUATION MODEL APPLIED 
TO COGNITIVE ASSESSMENT OF RIPARIAN 
SCHOOLCHILDREN FROM THE WESTERN 
BRAZILIAN AMAZON.
JaCobson, ludmilla1; haCon, sandra2; CosTa, ranah1; MourÃo, 
Dennys2; CarValho, Chrissie2; lIMa, Cassio2; 
(1) Fluminense Federal University, Niterói/Rio de Janeiro, Brazil; (2) Fiocruz, 
Rio de Janeiro, Brazil

ludmillaviana@yahoo.com.br

several studies suggest that exposure to Methilmercury may affect 
children’s cognitive development. brazilian amazon riparian population 
are exposed to Mehg through fish consumption. The main aim of 
this study is to evaluate the relationship of exposure to Mehg and 
children cognitive status. This study is part of the Mercury health Impact 
Project, in an region where two hydroelectric Power Plant were built in 
amazon. This is a cross-sectional study with a sample of 165 riparian 
schoolchildren, living along the Madeira river, in the amazon basin. 
several cognitive tests were performed by psychologists to measure 
children’s abilities on the following cognitive domain: intelligence, 
memory, motor function, attention and executive function. an interview 
questionnaire was used to collect information on socio demographic 
characteristics, fish-eating habits, neurological symptoms and other 
relevant information. The multivariate technique structural equation 
modeling was used to construct a cognition’s latent variable as well 
as to estimate its relationship with hair mercury (hg) levels, health 
indicators, nutritional habits and socioeconomic characteristics. The 
majority of children presented hg concentration in hair higher than 
2µg/g. The average concentration was 3.3µg/g and the maximum value 
was 21.8µg/g. The domains that most contributed to the cognition 
response were memory, motor function, attention and executive 
function. The results showed negative effect between hg concentration 
in hair and children cognition. Variables associated (p-value<0.10) with 
cognition status were hair hg levels, family income, fish and brazil nuts 
intake, parents degree of relatedness, and neurological symptoms. In 
conclusion, these results suggest that the higher children hg levels, the 
worse is its cognitive performance, taking into account nutritional habits 
and individual characteristics.
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4e: Understanding implications of  
the Minamata Convention:  
Now and in the future

MO-041

THE MINAMATA CONVENTION ON MERCURY – 
WORKING FOR A SAFER WORLD
loGan, sheila1; Duer, Jacob1; 
(1) UN Environment Programme, Geneva, Switzerland

sheila.logan@unep.org

The Minamata Convention on Mercury was adopted in october 2013 
and has been signed by 128 countries. The Convention is expected 
to enter into force early in 2017 after 50 countries commit to follow 
the obligations of the Convention. obligations under the Convention 
include restrictions on the export of mercury by Parties, phasing out 
certain mercury-added products and stopping the use of certain 
processes that use mercury. emissions of mercury to air from specified 
sources, and releases of mercury to land and soil are controlled under 
the Convention. There are obligations in relation to storing mercury 
prior to its use, on how mercury waste is managed and also on the 
management of contaminated sites. The Convention includes provisions 
for financial resources, capacity building, technical assistance and 
technology transfer, as well as the establishment of a compliance and 
implementation committee which will consider cases where countries 
may not be following the Convention requirements.

as Governments implement the Convention, their actions will decrease 
the anthropogenic emissions and releases of mercury. supporting 
Governments in these actions require not only financial support but also 
expert guidance. This is being provided through the development and 
agreement of guidance documents, which can assist countries in taking 
decisions on the best actions at the national level. experts have worked 
on these guidance documents, which will be formally adopted by the 
Conference of the Parties. The contributions of the scientific community 
to such documents, as well as to other implementation support 
activities, ensures that recommendations have scientific validity, while 
the involvement of the relevant industry assists with ensuring practicality 
and a rapid take-up of measures.

over time, the actions will reduce the environmental burden of mercury; 
however the timeframes involved may be very long. Direct effects 
on human health may be seen more rapidly in communities such as 
those involved in mining activities, or those affected by point sources 
of pollution, where local pollution levels may be high and effects may 
be seen more immediately. Tracking the levels of mercury in the 
environment and in populations will contribute to an assessment of the 
effectiveness of the Convention in addressing the mercury challenge, as 
well as assisting to have a safer world. The scientific community will have 
a role to play in these activities, and, working with government, industry 
and the environmental community will have the best opportunity to 
save the world from mercury.

MO-042

THE GLOBAL MERCURY PARTNERSHIP AS A TOOL 
FOR SUPPORTING IMPLEMENTATION OF THE 
MINAMATA CONVENTION THROUGH ARTISANAL 
AND SMALL-SCALE GOLD MINING NATIONAL 
ACTION PLANS
DaVIs, Kenneth1; bernauDaT, ludovic1; ToDa, eisaku1; fuTsaeTer, 
Gunnar1; narVaeZ, Desiree1; 
(1) UN Environment Programme, Geneva, Switzerland

kennneth.davis@unep.org

The Global Mercury Partnership is a voluntary, multi-stakeholder 
organization dedicated to the protection of human health and the 
environment by reducing mercury pollution. established by the united 
nations environment Programme Governing Council, the Partnership 
consists of seven areas which correspond to the major industrial sectors 
where mercury is used or released into the environment. an eighth 
partnership area focuses on the environmental fate and transport 
of mercury. by bringing together scientists and policymakers, and 
by generating objective science-based assessments, the Partnership 
played a critical role in the negotiations of the Minamata Convention on 
Mercury. The activities of the Partnership are now focused on assisting 
countries ratify and implement the Minamata Convention through 
data sharing, awareness-raising, information exchange, and capacity 
building. In response to calls from governments and other stakeholders, 
the Partnership will continue its focus on bringing together scientists, 
experts, and policymakers, and is seeking additional ways to keep 
the policy community abreast of the latest scientific research and its 
implications for the Minamata Convention. The Partnership also seeks to 
forge closer ties with the scientific community to help direct researchers 
to policy-relevant questions and methods of effectively communicating 
results to policymakers.The Global Mercury Partnership is a voluntary, 
multi-stakeholder organization dedicated to the protection of human 
health and the environment by reducing mercury pollution. established 
by the united nations environment Programme Governing Council, 
the Partnership consists of seven areas which correspond to the 
major industrial sectors where mercury is used or released into the 
environment. an eighth partnership area focuses on the environmental 
fate and transport of mercury. by bringing together scientists and 
policymakers, and by generating objective science-based assessments, 
the Partnership played a critical role in the negotiations of the Minamata 
Convention on Mercury. The activities of the Partnership are now 
focused on assisting countries ratify and implement the Minamata 
Convention through data sharing, awareness-raising, information 
exchange, and capacity building. In response to calls from governments 
and other stakeholders, the Partnership will continue its focus on 
bringing together scientists, experts, and policymakers, and is seeking 
additional ways to keep the policy community abreast of the latest 
scientific research and its implications for the Minamata Convention. The 
Partnership also seeks to forge closer ties with the scientific community 
to help direct researchers to policy-relevant questions and methods of 
effectively communicating results to policymakers.
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MO-043

PRELIMINARY RESULTS AND LESSONS LEARNT OF 
THE IMPLEMENTATION OF MINAMATA INITIAL 
ASSESSMENT PROJECTS
bernauDaT, ludovic1; KaPaDIa, Monica2; sTuCKI, Jerome3;  
noZaWa, Takuma1; 
(1) UNEP, Geneva, Switzerland; (2) UNDP, New York, USA; (3) UNIDO, 
Vienna, Austria

ludovic.bernaudat@unep.org

The Minamata Convention on Mercury is expected to enter into force 
in 2017. In order to facilitate the ratification of developing countries and 
countries with economies in transition, the Global environment facility, 
the main financial mechanism for the Convention, provided financial 
support through Minamata Initial assessment projects. so far, over 90 
countries have benefitted from this assistance with the earlier projects 
now in their finalisation stages. The un Development Programme, 
the un environment Programme and the un Industrial Development 
organization are the agencies through which countries have accessed 
these funds. out of the current 35 parties to the Convention (January 3 
2016), 19 are implementing MIas.

With the ultimate objective to ensure countries early ratification, 
these projects usually have four main components, 1) establishing 
a multi-stakeholder national mercury team, 2) undertaking a legal 
review to assess the implications and changes to be considered 
from the Conventions obligations, 3) establishing a national mercury 
inventory, and 4) raising awareness of the public on the dangers of 
mercury exposure.

for the legal assessment, a checklist was developed by the national 
resources Defence Council to ensure that issues would not be 
overlooked. for the inventories, the un environment Mercury Toolkit 
for Identification and Quantification of Mercury releases is being used. 
furthermore, a common template was developed by unDP to ensure 
consistent reporting of MIas results across countries.

a survey on the implementation of MIas was designed by the concerned 
agencies and distributed to all the executing partners. The results 
show interesting trends, which include: - The establishment of a multi-
stakeholder mercury task force in the countries has been generally 
facilitated by the transformation or revival of existing chemicals 
management teams. - In countries with unintentional emission sources 
(coal-fired power plants, smelters, cement kilns, etc), specific emission 
factors have to be developed instead of using the default ones in the 
toolkit in order to better reflect local conditions. - The difficulty to control 
and monitor mercury and mercury-containing products import and 
exports increases the uncertainty of the scale of the issue nationally, 
especially for countries where mercury is used in artisanal and small-
scale gold mining. - Mercury-containing waste has emerged as a key 
issue and will require clear technical guidance for its management.

In conclusion, the survey provided information on the common issues 
faced by the countries when preparing for ratification of the Convention 

but also highlighted emerging trends, which will be useful for the 
development of future initiatives.

MO-044

GLOBAL MERCURY SUPPLY, TRADE  
AND DEMAND - 2015
MaXson, Peter1; 
(1) Concorde East/West Sprl, Brussels, Belgium

peter.maxson@gmail.com

In response to uneP Governing Council decision 23/9 IV, this author 
prepared a report with the uninspiring title, summary of supply, 
trade and demand information on mercury, which was published in 
november 2006. That report was a valuable resource in support of the 
negotiations leading up to the Minamata Convention in 2013.

since 2006 there is enhanced awareness of mercury supply, demand 
and trade, there are increased resources available to support the 
Convention and related actions, mercury export bans have been 
imposed by the eu and the us, there are more and stricter regulations 
regarding mercury-added products, etc. however, because of all of 
these developments, as well as to help establish a baseline as the 
Minamata Convention takes effect in 2017, we need an update of the 
global situation. uneP has therefore contracted this author to research 
and publish (for the base-year 2015) an update of global supply, trade 
and demand information on mercury. The research will be summarized 
in the proposed paper, which will include the following main elements, 
among others.

sources and supply: main sources come from recovery, recycling, by-
product, primary mining; in addition, major stocks of mercury (e.g., from 
russia) are still available periodically; export bans shut off key mercury 
supply sources and caused an increase in the free market price of 
mercury; however, continued demand (esp. asGM) has stimulated new 
mining; etc.

Global and regional trade: since the export bans were implemented, 
mercury trading hubs have shifted from the u.s., rotterdam and 
almadn to singapore, Turkey and hong Kong; there is now a free market 
price of mercury and a closed market price in regions with export 
bans, which has provided an incentive for illegal exports; measures are 
needed to improve the available data; etc.

Global and regional demand: other than asGM, which is relatively 
insensitive to the mercury price, mercury demand for most applications 
is declining; however, VCM and chlor-alkali have been slow in converting 
to mercury-free processes; the transition away from dental amalgam 
has met some roadblocks; former mercury recyclers are developing 
mercury disposal businesses; measures are needed to improve the 
available data; etc.

observations and recommendations: through MIas and naPs, countries 
are improving their understanding of their mercury challenges and how 
to deal with them; meanwhile they need also a better understanding 
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of Minamata restrictions, e.g., restrictions on mercury mining, not 
permitting mined and chlor-alkali mercury to go to asGM; etc.

MO-045

DEVELOPING MERCURY USE BASELINES AND 
MERCURY REDUCTION TARGETS IN NATIONAL 
ACTION PLANS FOR ARTISANAL AND SMALL SCALE 
GOLD MINING
TelMer, Kevin1; Keane, susan2; neGulIC, eric1; o'neIll, Jennifer1; 
(1) Artisanal Gold Council, Victoria, BC, Canada; (2) Natural Resources 
Defense Council, Washington, DC, United States

ktelmer@artisanalgold.org

artisanal and small scale gold mining (asGM) is the largest source of mer-
cury pollution in the world. under the Minamata Convention, countries 
with asGM are obligated to create a national action Plan (naP) to reduce, 
and where feasible, eliminate the use of mercury in the sector. over 25 
countries have already begun to create their naPs and are now grappling 
with the practical challenges of the development of these plans for the 
complex asGM sector. Despite these challenges, countries must robustly 
develop two elements that are critical to creating effective naPs: (i) a mer-
cury use baseline for the sector, and (ii) mercury use reduction targets.

The development of a mercury use baseline requires both quantitative 
and qualitative approaches to field data collection, coupled with extrapo-
lation methods, to create a national-level estimate of a mercury use in 
asGM. because some production practices can be mercury intensive and 
others not, the baseline needs a description of the type, prevalence and 
geographic distribution of various asGM production practices. These, 
combined with gold production estimates, are a principle element in creat-
ing a national mercury use estimate.

Mercury use baselines are fundamental for many of the other elements 
required in the naPs, and in particular can be used as the basis for 
establishing mercury use reduction targets. With a good mercury use and 
practices baseline, countries can create realistic, quantitative, time-bound 
reduction targets that are built upon planned interventions to transition 
miners away from mercury-based practices. a practical challenge is that 
these reduction targets must also incorporate the political dimensions of 
government policy toward the asGM sector.

MO-046

PUBLIC HEALTH IN ARTISANAL AND SMALL 
SCALE GOLD MINING COMMUNITIES: WHO 
GUIDANCE DOCUMENTS
boIsChIo, ana1; VauGhT, elida1; PfeIffer, Michaela2; VICKers, Carolyn2; 
(1) PAHO/WHO, Washington, US; (2) WHO, Geneva, Switzerland

boischioa@paho.org

Public health strategies are required to be included in national action 
plans, aiming to eliminate or reduce the use of mercury in artisanal 

and small scale gold mining, when member states declare asGM to 
be significant.

Who with Paho, regional offices, and collaborating centers experts 
have been developing a set of guidance documents to address public 
health in asGM communities and to promote good practice with respect 
to research conducted on health impacts of asGM. The proposed 
model for public health strategies includes assessment of institutional 
capacity and health conditions among asGM communities; and 
institutional capacity to plan and implement health programs for asGM 
communities exposed to a large number of different hazards, including 
different forms of mercury and its compounds. an overview of health 
hazards associated with asGM has been developed by Who to inform 
on the identification of health priorities in asGM communities, which 
is recommended to be conducted as a health situation assessment. 
Developing public health strategies on asGM (forthcoming 2017) 
provides a model process and suggested areas for intervention, as 
a reference to support development of public health strategies, to 
complement guidance for the national action Plans being developed 
through the united nation environment Program Global Mercury 
Partnership area on asGM.

recommended interventions to strengthen health systems in asGM 
communities include facilitating access to public health services units 
as well as strengthening of core public health capacities to detect and 
respond to asGM related health issues, including mercury exposures 
and health effects. In addition, training material for health care 
providers under development by Who will include occupational and 
environmental health risks, targeting mercury exposures and health 
effects, with attention to special groups such as children, elderly and 
women of reproductive age - health promotion activities for exposure 
prevention are a key element for capacity building.

The health sector will be involved on awareness raising and information 
exchange among different audiences, such as the general public, local 
authorities and national agencies. Information systems to support the 
integration of clinical and laboratory data are recommended to be 
implemented, targeting mercury exposure reduction in the environment 
and humans, and including human biomonitoring activities.

MO-047

HEALTH SECTOR PROGRESS 
TOWARDS IMPLEMENTATION OF THE 
MINAMATA CONVENTION
baGayoKo, Magaran1; boIsChIo, ana2; elMI, Mohamed3; hassan, 
Mohd4; onyon, lesley5; VICKers, Carolyn6; ZasTensKaya, Irina7; 
(1) WHO, Brazzaville, Congo; (2) PAHO/WHO, Washington, US; (3) WHO, 
Amman, Jordan; (4) WHO, Manila, Philipines; (5) WHO, New Delhi, India; 
(6) WHO, Geneva, Switzerland; (7) WHO, Bonn, German

bagayokom@who.int

In May 2014, the World health assembly adopted resolution 
Wha67.11on the role of Who and ministries of health in the 
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implementation of the Minamata Convention. Who has already 
developed extensive resources to assist countries in the implementation 
of the health-related activities in the Minamata Convention, such as the 
preparation of short information documents, tools for action, norms and 
guidance, as well as documents for education and training, burden of 
disease estimates, fact sheets and question and answer sheets. Two in 
particular are guidance and technical materials to facilitate the phasing-
out of materials containing mercury in the health sector, and support 
for the phasing-down of mercury use in dentistry. In cooperation 
with other international agencies, Who supports implementation of 
mercury-related projects in 24 countries globally including 15 countries 
in african region. health is also an important component of Minamata 
Initial assessment project in Central america. In addition, development 
of new sub-regional project involving six countries in Who europe is 
in process. Projects are aimed at protection of human health and the 
environment on artisanal and small scale Gold Mining , health care 
waste and mercury containing wastes management; some of the 
projects, such as the Minamata Initial assessment, provide development 
of global mercury human biomonitoring scheme, and development of 
implementation framework for phasing down dental amalgam use, and 
phasing-out of mercury-containing devices from the health sector. To 
identify countries needs and priorities and organize trainings, a number 
of meetings were implemented at regional and country level: Who 
europe (2015), Who Paho (2015, 2016), Who eMro (2016), Who afro 
for six countries (2016), and armenia (2016).

To ensure further progress scientific support is necessary for developing 
guidance on article 16; for national laboratories capacity building 
for mercury human biomonitoring; and for preparing and updating 
training materials, including protocols for diagnosis and clinical support 
for ill-health associated with exposure to mercury and other hazards. 
other perceived needs for technical support from national scientific 
communities include exchange of epidemiological information, 
awareness-raising, capacity-building and the development of guidance 
documents, especially as regards exposure assessment, hbM and the 
development of strategy and policy, scientific research on low-level 
exposure and indicators of occupational exposure effects, e.g. kidney 
functions impairments.

MO-048

ENVIRONMENTAL BENEFITS FROM 
IMPLEMENTATION OF THE MINAMATA 
CONVENTION IN CHINA
WanG, shuxiao1; Wu, Qingru1; 
(1) Tsinghua University, Beijing, China

shxwang@tsinghua.edu.cn

articles in the Minamata Convention have restricted almost all aspects 
of anthropogenic activities involving mercury pollution. Considering 
the links between different activities, comprehensive assessment of 
environmental benefits towards the implementation of convention 
will be based on mercury flow studies. We have found that embedded 

hg transfers across production sectors via waste/byproduct flows 
reduce hg releases to land, but lead tosecondary hg emissions to air. 
In 2010, China’s hginput reached 2643 t and approximately 1368 t of 
hg was emitted/released tothe environment (to air, 633 t; water, 84 t; 
and land, 651 t). by using the scenarios analysis method, we forecasted 
that hg input in 2030 will be reduced to 1570 t under the accelerated 
control technology scenario. The forbidden of primary mercury mining, 
submission of mercury containing products, and improvement of 
mercury recycle will be the main drivers to reduce mercury input, which 
also contribute to the decrease of mercury emissions and releases. 
Mercury emissions/releases to air, water, and land will reach 282 t, 40 
t, and 254 t in 2030. The application of best available technologies in 
convention-related sources will contribute to the largest proportion of 
mercury reduction of atmospheric mercury emissions. although these 
technologies will increase mercury input to water and land, mercury 
releases to water and land will still be less than that in 2010 mainly due 
to stricter water pollution control and wastes disposal measures. The 
results and conclusions will provide valuable insights and perspectives 
for Parties to make national action plan and implement the convention.

2c-2: Sources and cycling of mercury in 
terrestrial ecosystems

MO-049

MERCURY EMISSION IN TIBETAN PLATEAU FROM 
YAK DUNG COMBUSTION
lIn, huiming1; bu, Xiaoge2; lI, Jinglin1; TonG, yindong2; ZhanG, 
Qianggong3; ZhanG, Wei4; WanG, Xuejun1; 
(1) Peking University, Beijing, China; (2) Tianjin University, Tianjin, China; 
(3) Institute of Tibetan Plateau Research, Chinese Academy of Sciences, 
Beijing, China; (4) Renmin University of China, Beijing, China

linhm@pku.edu.cn

Tibetan Plateau (TP) is generally known as the third pole of the world. 
Due to the sparse population and minimal industries, TP is considered 
as one of the cleanest regions of the world. since the atmospheric 
environment monitoring in TP has been used for long-range transported 
pollutants assessment widely, the study of local atmospheric pollution 
sources in TP has raised a great deal of concern. yak Dung is an 
important residential energy wildly used as the biomass fuel in TP 
for cooking and heating, which might contribute to the accumulation 
of pollutants in the air of the region. In order to evaluate yak Dungs 
influences on mercury emission and air concentration, in this study, 
burning experiments were designed under local conditions. yak dung 
samples were collected in a large area, ranging from southwest (Tingri) 
to northeast (nagqu) TP and were analyzed under the local utilization 
condition. The vegetation atlas and population density are used to 
estimate the amount and distribution of yak, which in turn can be used 
to estimate the quantity of local yak dung. The result shows that the 
concentration of total mercury in yak dung and total gaseous mercury in 
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flue gas varies from place to place. Different pre-treatment technologies 
and dung source influence the water content, furnace temperature 
and the combustion process, and resulted in the differences in final 
mercury speciation and emission. The total amount and distribution of 
mercury emitted from yak dung to atmosphere in TP were estimated. 
More mercury is emitted from south central and east regions than 
other regions. although TP is considered as ideal region representing 
atmospheric background, the influence of local emission from the 
burning of yak dung on atmospheric environment cannot be ignored.

MO-050

MECHANISM OF TRITICALE ROOT (TRITICOSECALE) 
UPTAKE OF HG2+: RESULT FROM A 
HYDROPONIC EXPERIMENT
lIu, Ting1; WanG, Jianxu2; fenG, Xinbin2; ZhanG, hua2; Zhu, Zongqiang2; 
(1) Institute of Hydrobiology, Chinese Academy of Sciences, Wuhan, China; 
(2) Institute of Geochemistry, Chinese Academy of Sciences, Guiyang, China

liuting@ihb.ac.cn

accumulation of mercury in crops threats the safety of terrestrial 
food chain. understanding the mechanism of plant uptake of hg is a 
crucial step for managing mercury accumulation in crop. In this study, 
a series of hydroponic experiment was conducted in a plant growth 
cabinet to investigate the hg uptake kinetic, as well as endogenous 
Zn2+ supply on hg uptake by Triticale which is a major staple food 
crop in asian. results showed that the environmental temperature 
greatly affects the kinetic of hg uptake into the root in a short term (20 
min) hg2+ exposure experiment. at ice-cold (<2°C) condition, a linear 
relationship between hydroponic hg (Maximum hg: ) and root hg was 
observed, showing a nonsaturable type of root uptake of hg, probably 
corresponding to the bind of hg2+ to cell wall. at 25°C, both linear and 
hyperbolic relationships were obtained where the form was shown at 
low endogenous hg concentration (<5 M), the latter was shown at high 
hg concentration, indicating both a nonsaturable (linear) and saturable 
(hyperbolic) type of root uptake of hg, corresponding to both the bind 
of hg2+ to cell wall and carrier-mediated hg2+ across root-cell plasma 
membranes. The Michaelis-Menten equation was fit for the saturable 
data (r2=0.95), calculating the Michaelis constant (Km) of 7.7M and 
Maximum initial velocity (Vm) of 406 mgkg-1 DW. The effect of Zn2+ on 
root uptake of hg2+ was variable. With increasing endogenous Zn2+ 
concentration, hg concentration in roots decreased at low hg level (<10 
M) but increased at high hg level (>20 M), suggesting that the increase 
of Zn2+ might competitively bind to cell wall against hg2+ at low hg 
level and might enhance the enzyme activities at plasma membranes by 
which increasing carrier-mediated hg2+ uptake.

MO-051

MECHANISM OF THE ABIOTIC REDUCTION OF 
MERCURY (II) CHLORIDE ON SURFACES
Mann, erin1; KhusIal, richard1; CarPI, anthony1; 
(1) John Jay College, New York, NY, USA

emann@jjay.cuny.edu

Mercury (hg) is a ubiquitous, toxic and bioaccumulative environmental 
contaminant that undergoes reaction to change speciation and 
environmental fate. some areas, like the oakridge national laboratory 
y-12 national security Complex (Tn, usa), have experienced historical 
contamination of surrounding soils with hg, and remediation of such 
sites has been complicated by poor mechanistic understanding of 
hg reactions. specifically, non-volatile hg species in soil can undergo 
reduction to volatile hg(0), which can then be lost to the atmosphere; 
however, the mechanism of this reaction is not known. This work 
used a computational study, coupled with laboratory experiments to 
identify a mechanism for the reduction of one environmentally relevant 
hg species, mercury (II) chloride (hgCl2), in soil-like environments. 
Computational modelling using Gaussian software suggests that 
hgCl2 reduction might include a unimolecular dissociation driven by 
scissoring of the chlorine bonds to form hg(0). based on the energy of 
excitation suggested in these computational results, we hypothesized 
that ultraviolet-b (uVb; 280 320 nm) radiation would provide the energy 
necessary to cause the dissociation of hgCl2 to hg(0), in the absence of a 
secondary electron donor. To test this, clean silica sand was spiked with 
an aqueous solution of hgCl2, and exposed to full spectrum radiation, 
while the flux of hg(0) from this sand was quantified over time. filters 
were applied to remove ultraviolet radiation, and preliminary results 
align with the molecular modeling data, suggesting that uVb radiation 
is particularly important in the reduction of hgCl2 in sand, and that this 
reduction will proceed with no secondary electron donor. Mechanistic 
understanding of these complex processes will assist in global mercury 
transport modelling, and may also contribute to the creation of effective 
remediation strategies for mercury contaminated soils.

MO-052

DIRECT MEASUREMENTS OF REACTIVE MERCURY 
AND GASEOUS ELEMENTAL MERCURY FLUXES 
FROM BACKGROUND AND CONTAMINATED SOILS
MIller, Matthieu1; GusTIn, Mae2; eDWarDs, Grant1; 
(1) Macquarie University, Macquarie Park, Australia; (2) University of Nevada 
at Reno, Reno, Nevada, USA

matthieu.b.miller@gmail.com

a filter-based dynamic flux chamber method was used to measure 
gaseous reactive mercury (rM) and elemental (GeM) air-soil exchange. 
The soil materials used in this study include waste rock, heap leach ore, 
and tailings waste collected from industrial scale open pit gold mines 
in central nevada, usa. substrate concentrations ranged between 0.1 
to 40 µg g-1 Thg. Gaseous elemental mercury flux was quantified with 
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a Tekran 2537 mercury analyzer, while cation exchange membrane 
(CeM) and nylon filters were used to capture rM from the flux 
chamber sample lines. The CeM filters were used to quantify absolute 
rM concentrations, while nylon filters were used to determine rM 
speciation by thermal desorption. flux measurements were conducted 
for each material under wet and dry substrate conditions. The 
magnitude of rM flux was correlated with substrate hg concentration, 
with lower hg substrates showing negative or very small rM fluxes. Wet 
materials consistently showed higher positive rM fluxes compared to 
their dry counterparts. high substrate hg tailings material showed rM 
fluxes up to 48 ng m-2 hr-1 under when wet. Initial thermal desorption 
analysis indicates a distinct difference in rM species deposited to lower 
hg substrates and that emitted from tailings material.

MO-053

MERCURY MIGRATION AND OUTPUT FLUXES IN 
TYPICAL AGRICULTURAL CATCHMENT IN THREE 
GORGES RESERVOIR
WanG, yongmin1; Xue, Jinping1; WanG, Dingyong1; ZhanG, Cheng1; 
sun, Tao1; yIn, Deliang1; 
(1) College of Resources and Environment, Southwest University, Beibei/
Chongqing, China

wangym.540@163.com

agricultural catchment is an important component around Three 
Gorges reservoir. frequent human activities in this area make soil 
subject to erosion, and produced surface runoff can carry large amounts 
of soil with mercury (hg) into reservoir, resulting in increase of hg output 
from agricultural catchment and hg load in reservoir. however, limited 
data were published about the hg transportation in this area, and the 
runoff output fluxes from such watershed and caused contribution to 
hg load in aquatic system were still unclear. Therefore, a typical small 
agricultural catchment in Wangjiagou, Chongqing was chosen to be the 
study area, aiming to: 1) study the hg distribution in soil and analyze 
the effect of human activities on hg distribution; 2) understand the 
characteristics of hg migration; 3) calculate the hg outputs from this 
agricultural catchment. The results showed that the hg concentrations 
in soil ranged 9.47-94.57 μg kg-1 with an average of 34.23 ± 16.23 μg 
kg-1. significant spatial and vertical distributions of hg were detected 
with higher Thg level in forest land and in surface soil (0-5 cm). soil 
erosion rate was in the range of 0-904.16 t hm-2 yr-1, and the annual 
soil erosion amount was 5632.68 t. surface related with very slight and 
extremely severe erosion occupied about 50% and 23% of entire land, 
respectively. hg migration fluxes in different landscape types were 
estimated to be 1.5952 (garden plot), 0.9040 (forest land), 0.1648 (dry 
land) and 0.0032 (paddy land) kg km-2 yr-1, and the total hg surface 
erosion load was predicted to be 276 g yr-1. The erosion load of hg from 
forest land located in steep zones was 238 g yr-1 accounting for 86% of 
total hg load. While hg migrated from upland (garden plot, forest land 
and dry land) could be intercepted by wetland (paddy soil) in flat bottom 
of this catchment, and the erosion load was just 0.7 g yr-1 which was 
comparable with the measured migration fluxes (0.8 g yr-1) from the 

only exit situated in paddy land, suggesting that the project of terracing 
of sloping land around the Three Gorges reservoir could decrease the 
hg output from agricultural catchment to water of reservoir.

MO-054

MERCURY ACCUMULATION IN TOPSOIL 
RELATING TO ATMOSPHERIC DEPOSITION IN 
SEMI-ARID TEMPERATE GRASSLAND IN INNER 
MONGOLIA, CHINA
ChenG, Zhenglin1; Duan, lei1; WanG, shuxiao1; huanG, yongmei2; lI, 
engui2; WanG, long1; 
(1) Tsinghua University, Beijing, China; (2) Beijing Normal University, 
Beijing, China

chengzl103@126.com

Mercury (hg), as a toxic and persistent pollutant, has a long-term impact 
on ecological system and human health. To briefly assess the effect of 
atmospheric deposition on semi-arid temperate grassland, contents of 
hg and organic matter (ToC) in the topsoil and subsoil was analyzed for 
samples collected from 80 sites in central Inner Mongolia, China during 
2012-2015. results indicated that the hg contents of topsoil varied from 
1.08 to 46.0 µg/kg, while those of subsoil was in 0.74-29.7 µg/kg. The 
topsoil hg content was positively correlated with ToC, with lower hg to 
ToC ratio for topsoil with higher ToC. The hg to ToC ratio of topsoil also 
showed significant positive correlation with atmospheric hg deposition, 
modeled by the improved Geos-Chem model on the bases of emission 
inventory including both anthropogenic and natural sources. although 
114 large coal-fired power plants (CfPPs), most of which were installed in 
recent years, were located surrounding the sampling sites in this region, 
they may not the main cause of increasing hg content of topsoil in this 
region, because the hg to ToC ratio of topsoil did not show significant 
correlation with the “power plant impact factor”, which is related to the 
installed capacity and the distance between CfPP and the sampling 
site within 150 km. It may be concluded that atmospheric deposition 
was the main source of hg in topsoil instead of geological sources, and 
power plants is not the only source of soil hg content. Great attention on 
other and the potential anthropogenic sources such as residential coal 
combustion should also be paid for hg emission control in this region.
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MO-055

HG STORAGE AND MOBILITY IN ARCTIC TUNDRA 
ECOSYSTEMS OF NORTHERN ALASKA
heDGe, Christine1; aGnan, yannick2; JIsKra, Martin3; Moore, Chris4; 
bIesTer, harald5; obrIsT, Daniel6; 
(1) Desert Research Institute, Reno, NV, USA; (2) Sorbonne University, Paris, 
France; (3) CNRS, Toulouse, France; (4) Gas Technology Institute, Des Plaines, 
Illinois, USA; (5) TU Braunschweig, Braunschweig, Germany; (6) Desert 
Research Institute; Department of Environmental, Earth, and Atmospheric 
Sciences, University of Massachusetts, Reno, NV, USA

christine.hedge@dri.edu

The main goal of this study is to constrain terrestrial hg cycling in the 
arctic tundra which covers 4% of the global land surface. We present 
results on pool sizes and concentrations of hg in tundra soils, vegetation, 
and runoff samples obtained from the northern alaskan slope. samples 
were mainly collected at Toolik field station (68˚ 38’ n, 149˚ 36’ W) and 
along a 200km transect extending north from Toolik field station to 
the Coastal Plains near Prudhoe bay. Collected samples were analyzed 
for total hg concentration, ph, bulk density, organic and total carbon, 
nitrogen, and major and trace elements. runoff samples were analyzed 
for total hg concentration and dissolved organic carbon. additionally, 
we will present results of soil extraction experiments to assess the 
relevant factors related to mobility of hg from tundra soils and transfer 
to aquatic systems.

results from the Toolik field station show that tundra vegetation 
concentrations (average 112±15 µg kg-1) were 3 to 5 times higher 
than hg levels generally measured at many temperate sites and are 
attributable to a high representation of lichen and mosses in bulk 
vegetation. Tundra soil hg concentrations were 151±7 µg kg-1 in organic 
soils and 98±6 µg kg-1 in mineral soils, and much higher than the 
range of 20-50 µg kg-1 reported from upper soils in temperate areas. 
Permafrost soil hg concentrations were lower than upper soils (average 
40±0.2 µg kg-1) and methyl-hg was generally 3% of total hg. Vertical 
concentration patterns were relatively constant, in contrast to temperate 
sites showing strong declines with depth that follow the distribution 
of organic carbon. Mass calculations show that hg mass in the upper 
40-100 cm of the soil profile (200-500 g ha-1) was primarily stored in 
mineral soil layers (over 90%). hg mass showed substantial spatial 
variability, particularly along an upland-wetland gradient where wetland 
hg pools were much lower due to an absence of mineral soil layer. 
average hg concentrations in runoff were relatively low (4±0.4 ng l-1).

Principle component analyses including major and trace elements 
showed that soil hg in surface organic layers was largely unassociated 
with geogenic soil elements indicating that surface soil hg was not of 
lithogenic origin but derived from atmospheric sources. C-14 age-dating 
of deeper, mineral soil layers (14C age: 7,307 years) suggested that high 
concentrations of hg present in these layers may be caused by a long 
legacy of atmospheric deposition and retention in soils.

MO-056

INTEGRATION OF HG FATE AND TRANSPORT 
IN WATERSHED TO SWAT (SOIL AND WATER 
ASSESSMENT TOOL)
JeonG, Jaehak1; yanG, Jisook2; han, senghee2; honG, yongseok3; 
(1) Blackland Research & Extension Center, Texas A&M AgriLife Research, 
Temple, Texas, United States; (2) Gwangju Institute of Science and Technology 
(GIST), Gwangju, South Korea; (3) Daegu University, Gyeongsan-si, 
Gyeongsanbuk-do, South Korea

jjeong@brc.tamus.edu

Computational algorithms for simulating terrestrial and aquatic 
biogeochemical processes of hg were developed for simulation in the 
soil and Water assessment Tool (sWaT), a watershed scale hydrologic 
model developed by u.s. Department of agriculture. The sWaT-hg 
model integrates wet/dry deposited hg species into the watershed 
hydrological system and estimates the transport and fate of hg in the 
landscape and through stream network. The output can be used to 
predict the hg levels in the fish tissue in response to climate change 
and variability in atmospheric mercury deposition rates. The sWaT-hg 
considers three hg species, hg(II), hg(0) and Mehg, in various domains 
of a watershed such as soils, water bodies, and vegetation. atmospheric 
hg is deposited on leaf, surficial soils (litter), or snow pack, depending 
on the condition of the land cover. The accumulated hg on leaf can be 
washed off to surficial soil via through fall or litter fall and the hg on 
snow pack can leach into soil via snow melting. after hg partitioning 
between dissolved and solid phase, dissolved hg can percolate to 
deeper soils, such as organic, mineral soil, and to aquifer, and can be 
further transported to surface water by lateral flow and return flow. 
solid phase hg in surficial soil can be released to surface water by soil 
erosion. In each domain, mercury can be transformed to each other 
via various biogeochemical reactions, such as reduction/oxidation, 
methylation/demthylation, and etc. These complex mercury transport 
and transformation behaviors are simulated in hrus (hydrologic 
response units). The integration of individual hg species behaviors in 
hrus provides the hg fate and transport in a watershed. The newly 
developed sWaT-hg was calibrated and validated in the Jangsung Dam 
(JsD) watershed which is a headwater subbasin of the youngsan river 
basin located in the south-western end of the Korean peninsula. The 
watershed covers a 105 km2 area, mostly pristine forests, draining 
into Jangsung Dam. The dam has storage capacity of 8,480 tons. The 
sWaT-hg has been calibrated and validated with the data obtained in 
the watershed and is being applied to simulate fish mercury levels in 
response to environmental perturbations. The updated sWaT-hg can 
be applied to other watersheds and countries to study the hg fate and 
transport, because of the proven robustness of sWaT applicability to 
various geophysical settings.
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2f-2: Mercury methylation: microbial and 
geochemical constraints

MO-057

METHYLATION OF INORGANIC HG CAN 
OCCUR IN OXIC PORTION OF OCEAN’S WATER 
COLUMN IN COINCIDENCE WITH PRESENCE OF 
ANAEROBIC BACTERIA
bauMann, Zofia1; rubIn, ewelina2; seelen, emily1; PIerCe, Melissa3; 
buCK, Moritz4; braVo, andrea4; Mason, robert1; berTIllson, stefan4; 
(1) University of Connecticut, Groton, USA; (2) University of Rhode Island, 
Narragansett, USA; (3) University of Illinois, Chicago, USA; (4) Uppsala 
University, Uppsala, Sweden

zofia.baumann@uconn.edu

In surface oceans, the euphotic zone harbors phytoplankton who 
facilitate oxic environment and who serve as the entry point of 
methylmercury (Mehg) to pelagic food webs. Production of Mehg 
in ocean’s oxygenated euphotic zone could provide a source of new 
Mehg, readily available for phytoplankton uptake. recent research 
points to the possibility of Mehg formation in oxic layer in the ocean 
and in lakes. Thus far, the mechanisms of this formation have not 
been identified. 2013 publication of the hgcab gene cluster involved 
in methylation of inorganic hg in sulfate reducing bacteria (srb) has 
enabled searches for these genes in prokaryotic microorganisms from 
diverse environments. In fact, hg methylating genes appear as rather 
ubiquitous and have been found in diverse environments, except for the 
oxic seawater. other pathway(s) of Mehg formation in the oxic layer in 
the ocean have been speculated about. We argue that hg methylation 
is possible in oxic seawater and that the anaerobic microorganisms 
could mediate this process. This argument relies on a well-supported 
assumption that anaerobic microorganism thrive in microscopic 
zones of anoxia persisting within particle aggregates. To support our 
hypothesis we have collected seawater from nearshore and offshore 
of the eastern long Island sound from 2 and 18 m below surface, 
respectively. Particle aggregates (>300 micormeters) were settled out of 
the water in the laboratory immediately upon the return from the field. 
aggregate Dna was extracted, preserved at -80°C and later processed 
by Illumina, a platform designed for high-throughput next generation 
sequencing. Metagenomic analysis has revealed several prokaryotic 
microorganisms equipped with hgcab genes, including novel bacteria 
related to Desulfotignum and Desulfovibrio genera, within these settled 
aggregates. Moreover, unfiltered seawater was incubated at room 
temperature with 200hg(II) and Me199hg tracers for up to 24 hours 
to determine the rates of Mehg formation and degradation. Mehg 
daily rates of production were found to range from 0.1 to 0.3% and 
of degradation from 9 to 100%. 16s rrna sequencing of aggregates 
sampled around the year from coastal long Island sound revealed 
persistence of srb, Desulfobacterales order, identified in previous 
studies as capable of hg methylation. Whereas seasonal abundance and 
composition of aggregates-associated srb species shift, we suggest that 

hg methylation has the potential to occur in microscopic zones of anoxia 
within organic matter rich particles suspended in oxic waters.

MO-058

MERCURY METHYLATION IN SETTLING PARTICLES 
IN THE OXIC WATER COLUMN OF A LACUSTRINE 
ENVIRONMENT (LAKE GENEVA, SWITZERLAND)
GasCÓn DÍeZ, elena1; loIZeau, Jean-luc1; CosIo, Claudia1; bouCheT, 
sylvain2; aDaTTe, Thierry3; aMourouX, David2; braVo, andrea4; 
(1) University of Geneva, Geneva, Switzerland; (2) IPREM UMR 5254 CNRS-
UPPA, Pau, France; (3) University of Lausanne, Lausanne, Switzerland; 
(4) Uppsala University, Uppsala, Sweden

elena.gascon@unige.ch

Methylmercury (Mehg) formation has been shown for decades to 
be a process that occurs in anoxic environments. The methylation of 
inorganic mercury (Ihg) into the hazardous neurotoxin is carried out 
by anaerobic microorganisms such as sulfate-reducing bacteria (srb), 
iron-reducing bacteria (Irb), and methanogens. however, it has been 
recently demonstrated that Ihg methylation occurs in particulate organic 
matter of the oxic water column in marine environments, and in the 
anoxic hypolimnion of freshwater bodies. We thus hypothesized that 
Mehg can also be formed in settling particles of oxic water column of 
freshwater ecosytems.

In this work, we measured total mercury (Thg) and Mehg concentrations 
in settling particles and sediments collected during two years on a 
monthly basis from the largest oxic freshwater lake in Western europe 
(lake Geneva). Thg concentrations ranged between 174 and 270 ngg-1 
in sediments and from 73.4 to 257 ng g-1 in settling particles. In contrast, 
Mehg concentrations were significantly higher in settling particles than 
in sediments, ranging from 0.62 to 11.38 ng g-1 and from 0.31 to 1.67 
ng g-1, respectively. hg methylation rate constants (km) measured by 
species-specific isotope dilution were about 10-fold higher in settling 
particles than in sediments and ranged between 3.0 and 12.7 % by day. 
Mehg demethylation rate constants (kd) were similar in settling particles 
than in sediments. accordingly, net Mehg formation increased over 
summer and was one order of magnitude higher in settling particles 
than in sediments. for a better understanding of mechanisms driving 
Mehg formation in settling particles of oxic water column, we amended 
setting particles with Moo42-, a specific inhibitor of the sulfate-reducing 
metabolism. Molybdate amendments reduced by 80% hg-methylation 
rates in sediments and between 60% and 90% in settling particles. 
Moreover, positive correlation between hg methylation rates and sulfate 
consumption was observed, indicating that sulphate-reduction, typically 
occurring in oxygen depleted zones, is an important pathway involved 
in Mehg in oxic lake water columns. In addition, the 16s rrna gene was 
sequenced to gain insight in the biodiversity of the bacterial community 
and showed significant differences in abundance and richness of 
bacteria between settling particles and surface sediments.

This study conclusively demonstrated that Mehg can be formed 
within the lake oxic water column of freshwater systems, showed the 
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role of srb in the process, and pointed to the availability of algal-
derived organic as the main driver of the process. We suggest that the 
contribution of this process has so far been underestimated.

MO-059

MERCURY GENOMICS IN THE ARCTIC OCEAN
boWMan, Katlin1; laMborG, Carl1; haMMersChMIDT, Chad2; 
aGaTher, alison2; 
(1) University of California, Santa Cruz, Santa Cruz, CA , United States; 
(2) Wright State University, Dayton, OH, United States

klbowman@ucsc.edu

Methyl-mercury production in the ocean is likely dependent on 
microbial activity, however, methylation pathways remain elusive. In the 
arctic, high concentrations of methyl-mercury are found in top predator 
marine mammals and seabirds. as a result of seafood consumption, 
pregnant women and women of child-bearing age in the arctic often 
have blood hg concentrations that exceed u.s. and Canadian safety 
guidelines. To understand the chemical cycling of mercury in the arctic 
ocean we participated in the 2015 u.s. GeoTraCes arctic expedition 
(Gn01) to measure hg speciation in the water column of the bering sea, 
Makarov basin, and Canada basin between Dutch harbor, alaska and 
the north Pole. at select stations, seawater was filtered through 0.22 
µm sterivex filters and genomic Dna was collected using a phenol-
chloroform extraction. broad-range degenerate PCr primers were 
used to detect the presence of hgcab, a gene cluster associated with hg 
methylation, and mera, a gene that encodes for a mercuric reductase 
enzyme. Clade specific degenerate quantitative PCr primers were used 
to determine the abundance of hgca where the hgcab gene cluster was 
found. finally, sequencing was used to identify microbial populations at 
depths where hgcab and mera were detected.

MO-060

VALIDATION OF COST-EFFECTIVE MOLECULAR 
PROBES TO ASSESS MERCURY METHYLATION 
IN THE ENVIRONMENT: AN EFFORT TO LINK 
HGCA ABUNDANCE TO METHYL- AND TOTAL 
MERCURY CONCENTRATIONS
ChrIsTensen, Geoff1; WyMore, ann1; KInG, andrew1; PoDar, Mircea1; 
broWn, steven1; PaluMbo, anthony1; GIlMour, Cynthia2; Wall, Judy3; 
brooKs, scott1; elIas, Dwayne1; 
(1) Oak Ridge National Laboratory, Oak Ridge TN, USA; (2) Smithsonian 
Environmental Research Center, Edgewater MD, USA; (3) University of 
Missouri, Columbia MO, USA

christensega@ornl.gov

Methylmercury (Mehg) is a common toxic contaminant in many 
ecosystems but the relationship between the microorganism that produce 
Mehg and its concentration in the environment is poorly understood. 
Two genes, hgca and hgcb, are essential for microbial mercury (hg) 

methylation. Detection and estimation of their abundance, in conjunction 
with hg concentration, bioavailability, and biogeochemistry, are critical 
in determining potential hot spots of Mehg generation in at-risk 
environments. equally important is the utilization of valid methods for 
quantifying the diversity and abundance of hgcab. We recently developed 
universal qualitative PCr probes for hgcab as well as quantitative probes 
that select for hgca+ organisms from the three dominant hg-methylating 
clades: Deltaproteobacteria, firmicutes, and methanogenic archaea. While 
the latter were validated using pure cultures from ~30 hg-methylating 
microorganisms and environmental samples, assay sensitivity varied 
among species based on sequence conservation.

In an effort to link hgcab abundance and diversity with Mehg 
concentrations, we used sediments from eight diverse locations and 
compared hgca abundance and diversity from hgcab PCr and hgca 
quantitative PCr to 16s rrna sequencing directly from the samples and 
after clone library constructions as well as to metagenomic shotgun 
sequencing. Currently, metagenome sequencing is regarded as the gold 
standard since every gene in the sample is sequenced and gene counts 
would yield gene abundance. The sites studied included hg contaminated 
creek sediments from oak ridge, Tn, tidal marsh samples from a 
Chesapeake bay sub-estuary, Ma, and permafrost from the seward 
Peninsula, aK. These samples possessed hg and Mehg concentrations 
over a broad range so as to encompass concentrations most likely to be 
observed in nature (total hg; 0.03-14 mg hg/kg soil) and Mehg (0.05-27 
µg hg/kg soil). The Deltaproteobacteria dominated in both metagenome 
and amplicon sequencing of hgcab diversity. The data collected from 16s 
pyrosequencing did not identify hgcab microorganisms well. furthermore, 
qPCr estimates of hg-methylator abundance agreed well with 
metagenomics estimates and displayed similar correlations with sediment 
hgT and Mehg concentrations.

Therefore, our PCr-based methods using hgcab for hg-methylator 
diversity and abundance is a valid means to study the relationship 
between hg methylators and soil hg concentrations. This more cost-
effective and simpler approach as compared to metagenomics, will 
allow for more widespread use among laboratories. utilization of this 
validated technique could be performed on-site or at mobile laboratories 
to provide rapid and accurate estimates of hg-methylator abundance 
thereby quickly informing risk assessment and management as well as for 
remediation strategies.

MO-061

DETERMINING THE NATIVE FUNCTION OF THE 
MERCURY-METHYLATING GENES HGCAB: WHAT DO 
THEY DO WHEN MERCURY ISN’T AROUND?
elIas, Dwayne1; Crable, bryan1; ChrIsTensen, Geoff1; WyMore, ann1; 
KInG, andrew1; PoDar, Mircea1; broWn, steven1; GIlMour, Cynthia2; 
sMITh, steven3; PaluMbo, anthony1; Wall, Judy3; 
(1) ORNL, Oak Ridge, TN, USA; (2) SERC, Edgewater, MD, USA; (3) University of 
Missouri, Columbia, MO, USA

eliasda@ornl.gov
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The recently described gene pair, hgcab, is predictive for the ability of 
an organism to methylate mercury (hg). The abundance of this gene 
pair in microbial communities where hg is limiting, and the widespread 
diversity of hgcab, suggests that this gene pair may code for an enzyme 
with a native physiological function beyond hg-methylation. The hgca 
gene was originally annotated as a carbon monoxide dehydrogenase 
(CoDh) in Desulfovibrio desulfuricans strain nD132 but has a high 
sequence homology to the corrinoid iron-sulfur protein (CfesP). These 
proteins act as methyl group carriers to facilitate the generation of 
acetyl-Coa in some anaerobic bacteria as part of the Wood-ljungdahl 
carbon fixation pathway for acetate production. a similar action is 
performed by the methionine synthase, converting homocysteine to 
methionine. These activities both use single carbon molecules in the 
form of a methyl group and so such a mechanism for hg-methylation is 
plausible, particularly since chloroform inhibits both CoDh activity and 
hg-methylation. Taken together, we hypothesize that hgcab codes for 
a membrane protein complex involved in single-carbon metabolism; 
specifically the formation of acetate from Co2 for biosynthesis. We 
assayed organic acid metabolite and amino acid production from the 
model hg-methylating bacterium D. desulfuricans nD132 wild-type, 
a mutant with the genes deleted (Δhgcab) and a compliment where 
the genes were re-introduced into the genome (Δhgcab::hgcab). all 
cultures were batch grown in triplicate. using pyruvate as the carbon 
and electron donor and fumarate as acceptor no differences in growth 
or Co2 production were observed but acetate production was ~1/3 of 
wild type yields in Δhgcab. With either h2/Co2 or formate the carbon 
and electron donor and sulfate as the acceptor, growth and acetate 
production was far less robust in Δhgcab, but amendment with acetate 
restored growth to wild type levels. In the pyruvate/fumarate cultures, 
Δhgcab produced 0.90 ± 0.08 mmoles acetate which is consistent 
with acetate production from a single decarboxylation of pyruvate. 
Conversely, nD132 and Δhgcab::hgcab cultures produced 2.25 ± 0.07 
and 2.09 ± 0.10 mmoles acetate, respectively which is not consistent 
with acetate production solely from pyruvate decarboxylation. Taken 
together, these observations support a role for hgcab in the C1 
metabolic cycle of D. desulfuricans nD132 for acetate production from 
several carbon sources and perhaps for methionine production  
and/or regulation.

MO-062

BIOGEOCHEMICAL FACTORS REGULATING 
MERCURY CYCLING IN BERRY’S CREEK STUDY AREA, 
NEW JERSEY
VlassoPoulos, Dimitri1; henry, elizabeth2; Glaser, David3; Kelsall, 
nate4; broWn, steven5; 
(1) Anchor QEA, Portland, OR, United States; (2) Anchor QEA, Saratoga 
Springs, NY, United States; (3) Anchor QEA, Woodcliff Lake, NJ, United States; 
(4) Anchor QEA, Boston, MA, United States; (5) The Dow Chemical Company, 
Midland, MI, United States

dvlassopoulos@anchorqea.com

berrys Creek is a tidal tributary of the hackensack river with a long 
history of human impacts. PCbs and mercury (hg) have been identified 
as primary contaminants of interest. The berrys Creek watershed 
includes approximately 750 acres of Phragmites-dominated marshland 
in a highly industrialized area, and is currently the focus of remedial 
investigation by a group of private companies and public agencies 
under the purview of usePa. as part of this process, a conceptual 
biogeochemical framework was developed to provide a basis for 
understanding hg bioavailability, comparing exposure risks in different 
parts of the berrys Creek system, and ultimately informing decisions on 
appropriate remedial action.

a biogeochemical conceptual model was developed to account for 
key aspects of hg partitioning (aqueous speciation, precipitation of 
mercuric sulfide, and binding to organic matter), and methylmercury 
(Mehg) formation, demethylation, and partitioning (net accumulation) 
to sediment. a thermodynamic reaction path model was constructed 
based on the conceptual model to simulate and explore relationships 
between total hg and Mehg concentrations over a range of sediment 
conditions. Theoretical upper limiting values for Mehg concentrations 
in sediment are predicted by the model as a function of total hg load 
and inorganic hg partitioning mechanisms (sorption versus solubility 
controlled) in sediment. The universal nature of the theoretical upper 
limiting Mehg levels was confirmed by comparison of model predictions 
with an extensive compilation of site-specific data for sediments 
covering a wide range of hg concentrations and environments from 
freshwater to marine. sequential extraction analysis and Xanes 
spectroscopy were also used to directly determine hg availability and 
solid-phase speciation in berrys Creek marsh and waterway sediments.

Theoretical maximum Mehg concentrations in sediments are largely 
a function of inorganic mercury partitioning mechanisms, which are 
dominated by sorption to organic matter at concentrations below 
approximately 1 mg/kg total mercury, and shift to a combination of 
sorption and precipitation of hgs at higher total mercury concentrations. 
The latter regime is characteristic of most of the berrys Creek system, 
and Xanes and sequential extraction data confirm the widespread 
occurrence of hgs in the form of metacinnabar in sediments. Measured 
Mehg levels in berrys Creek sediments are commonly 2 to 3 orders 
of magnitude lower than the theoretical upper limit values, revealing 
the essential role of demethylation processes in limiting net Mehg 
accumulation within sediments. lower Mehg levels correlate with 
oxic or suboxic redox regimes buffered by manganese(IV) oxides. 
The biogeochemical model provides a quantitative theoretically 
grounded framework for interpreting relationships between total hg 
and Mehg levels, and understanding factors regulating hg and Mehg 
cycling and bioavailability in berrys Creek. This understanding has 
important implications for risk assessment and the consideration of 
remedial alternatives.
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SEASONAL CHANGES IN THE ROLE OF 
METHANOGENIC AND SULFATE REDUCING 
BACTERIA IN NET METHYLMERCURY PRODUCTION
lÁZaro, Wilkinson1; DÍeZ, sergi2; GuIMarÃes, Jean3; 
(1) Universidade do Estado de Mato Grosso, Cáceres-MT, Brazil; (2) Institute 
of Environmental Assessment and Water Research IDAEA/CSIC, Barcelona, 
Spain; (3) Laboratório de Traçadores, IBCCF, Universidade Federal do Rio de 
Janeiro (UFRJ), Rio de Janeiro-RJ, Brazil

wilkinsonlopes@gmail.com

Mercury methylation is a key process in understanding the 
biogeochemical cycle of hg, mainly attributed to sulfate-reducing 
bacteria (srb) and methanogenic archeas . however, environmental 
regulation on these groups has not yet been ascertained in tropical 
environments, specially in respect to the flood pulse. This work aims 
to evaluate the variation of the net Mehg production potential in 
relation to biological characteristics of the periphyton, environmental 
characteristics, phases of the flood pulse, and how these attributes 
may affect the bacterial formation of methylmercury (Mehg) in a 
tropical wetland (Guapor river, amazonia, brazil). We tested net 
mercury methylation potentials in incubations with local water and 
eichhornia crassipes periphyton/rhizomes complexes, using 203hgCl2 
as tracer. Physical, biological and chemical data of the water were 
collected and incubations batteries with specific metabolic (algae and 
bacterial groups) inhibitors were performed. our results point to a 
seasonal change between metabolic groups as major hg methylators, 
srb in the dry period and methanogenic archeas during the flood 
period. This apparent regulation can be understood by the alteration 
of water chemistry between flood pulse periods, mainly by sulphate 
compounds, and by changes in the periphytic algae composition and 
production. There is a positive relationship between DoC, phosphorus, 
cyanobacteria biovolume and methylation rates in the periphyton. 
These results shed new light on the plasticity of Mehg production 
mediated by the flood pulse in tropical flood areas as well as on 
ecological relationships within the periphyton.

MO-064

UNDERSTANDING THE MERCURY 
TRANSFORMATIONS IN SULFATE-REDUCING 
BACTERIAL CELLS
alberTellI, Marine1 2; Isaure, Marie-Pierre2; KIeffer, Isabelle3 4; 
TuCoulou, rémi5; TessIer, emmanuel2; MonPerrus, Mathilde2; 
GoÑI-urrIZa, Maria-soledad1; 
(1) Institut des Sciences Analytiques et de Physico-Chimie pour 
l'Environnement et les Matériaux (IPREM), UMR 5254 CNRS & Université 
de Pau et des Pays de l'Adour, Equipe Environnement et Microbiologie, 
Pau, France; (2) Institut des Sciences Analytiques et de Physico-Chimie pour 
l'Environnement et les Matériaux (IPREM), UMR 5254 CNRS & Université 
de Pau et des Pays de l'Adour, Laboratoire de Chimie Analytique Bio-
inorganique et Environnement, Pau, France; (3) BM30B/FAME beamline, 

European Synchrotron Radiation Facility (ESRF), Grenoble, France; 
(4) Observatoire des Sciences de l’Univers de Grenoble, UMS 832 CNRS & 
Université Joseph Fourier, Grenoble, France; (5) ID16B beamline, European 
Synchrotron Radiation Facility (ESRF), Grenoble, France

marine.albertelli@univ-pau.fr

sulfate-reducing bacteria (srb) play a key role in methylmercury (Mehg) 
production, which depends on bacterial strain (physiology and biomass) 
and on physical-chemical conditions (chemical environment of the cell). 
hg behavior in cells is little known because of the difficulty in measuring 
intracellular hg. In this study, we used a combination of techniques to 
clarify location and speciation of mercury during methylation at cellular 
level and at various concentrations of inorganic mercury (Ihg) exposure, 
in order to better understand the mercury methylation process. We 
investigated Mehg production, Ihg and Mehg distribution in cell cultures 
by Gaz Chromatography-ICP-Ms, cell mercury location by synchrotron 
X-ray nano-fluorescence (nano-Xrf) and transmission electron 
microscopy combined to X analysis (TeM-eDX), and hg species by high 
resolution X-ray absorption-near-edge-structure spectroscopy at hg 
lIII-edge (hr-Xanes).

Two srb were compared, a mercury methylating Desulfovibrio sp. beroc1 
strain and a non-methylating strain (D. desulfuricans G200). bacterial 
cultures growing in fumarate medium were spiked at exponential 
growth phase with 0.5, 5 and 50micromolar hgCl2 and incubated up 
to 24h. While lower Ihg concentrations did not affect bacterial growth, 
50micromolar completely inhibited it and represented a killed control.

3b: Rice and other foods as sources of 
methylmercury exposure to humans

MO-065

QUANTIFYING PRESENT AND FUTURE 
ATMOSPHERIC MERCURY DEPOSITION AND FATE 
TO RICE IN CHINA
KWon, saeyun1; selIn, noelle1; GIanG, amanda1; KarPlus, Valerie1; 
ZhanG, Da1; 
(1) Massachusetts Institute of Technology, Cambridge, Massachusetts, 
United States

saeyunk@mit.edu

Consuming methylmercury (Mehg) contaminated rice is a more 
important Mehg exposure pathway to certain Chinese populations 
compared to exposure from fish. however, little is known about the 
sources and biogeochemical processes governing rice Mehg levels. 
We use modeling approaches to 1) identify locations in China where 
atmospheric mercury deposition to rice paddies are high, 2) understand 
biogeochemical processes governing Mehg sources and fate to rice, and 
3) project future changes in rice Mehg levels in response to actions that 
implement the Minamata Convention on Mercury. We use Geos-Chem, 
a global atmospheric-chemistry-transport model, to simulate present 
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and future anthropogenic mercury emissions and deposition to China 
rice paddies. future emission scenarios are implemented based on 
technologies and policies consistent with the Minamata Convention to 
regulate mercury emissions from Chinese coal-fired power plants. a 
rice paddy box model (flooded water, porewater, topsoil, subsoil, rice) 
is constructed to simulate sources, biogeochemical processes, and fate 
of inorganic mercury (Ihg) and Mehg. Model simulations of present 
day atmospheric mercury deposition show that the locations where 
atmospheric mercury deposition to rice paddies are high are prevalent 
in central China (anhui, Chongqing, hunan, hubei, Jiangxi). These regions 
demonstrate the highest rice production, consumption, and average 
rice total mercury concentration (49 ng/g) those that exceed the China 
national limit (20 ng/g). using Geos-Chem simulated atmospheric 
mercury deposition and irrigation as input, the box model adequately 
reproduces average China Ihg and Mehg levels in the rice paddy 
reservoirs. using the box model, we find that infiltration of atmospheric 
mercury and desorption of soil mercury into porewater are the most 
important processes governing the relative contribution of atmospheric 
mercury to rice. sensitivity simulations show that rice Ihg and Mehg 
levels are more sensitive to changes in infiltration, rice root absorption, 
and methylation compared to direct atmospheric deposition, suggesting 
that atmospheric deposition alone cannot explain the observed 
spatial variability in rice mercury levels across China. for Mehg, we 
estimate that a 10% change in methylation rate leads to a 9% change 
in rice Mehg levels. using the future atmospheric mercury deposition 
scenarios, we estimate that rice Mehg levels can increase as much as 
24% and decrease as much as 17% under absence and presence of 
stringent policy to regulate mercury emissions from Chinese coal-fired 
power plants, respectively. by combining these scientific measures, 
our future work will evaluate the present and future public health and 
socioeconomic costs of rice Mehg contamination in China.

MO-066

METHYLMERCURY (MEHG) IN RICE-BASED 
INFANT CEREALS
lIu, Guangliang1; CuI, Wenbin1; CaI, yong1; 
(1) Florida International University, Miami, United States

liug@fiu.edu

Consumption of marine and freshwater fish and shellfish has 
long been regarded as the major pathway of human exposure to 
methylmercury (Mehg), as Mehg can be bioaccumulated along the 
aquatic food chain and elevated levels of Mehg may be present in fish 
and shellfish. however, recent studies have suggested that rice may 
contain considerable levels of mercury (hg) including Mehg and that 
rice consumption could another pathway for human to be exposed 
to Mehg in some areas where fish consumption is limited, e.g., in hg 
mining mountain areas and in certain inland areas. The occurrence of 
elevated levels of Mehg in rice may suggest that rice products, such 
as infant rice cereals, could contain the Mehg being transferred from 
the rice used during manufacture processes, resulting in rice cereals 
acting as a potential pathway of infant exposure to Mehg. In this study, 

more than one hundred samples of common brand infant cereals 
marketed in the united states and China were sampled and analyzed 
for the concentrations of total mercury (Thg) and Mehg using cold vapor 
atomic fluorescence spectrometry (CVafs) and gas chromatography 
(GC) coupled to afs, respectively. The concentrations of Thg and Mehg 
in the cereal samples ranged from 0.35 to 15.9 ng/g and from 0.07 to 
13.9 ng/g, respectively, with the means being 2.86 ng/g for Thg and 1.61 
ng/g for Mehg. Comparisons between rice-based and non-rice cereals 
revealed that Thg and Mehg concentrations in rice cereal samples 
were significantly higher than those in non-rice cereals. The results 
suggest that rice-based infant cereals do contain considerable levels 
of Mehg and rice is the primary source of Mehg in the cereals. The 
bioaccessibility of Mehg in the rice cereals was preliminarily assessed 
using physiologically based extraction methods and the potential 
exposure of infants to Mehg through consumption of rice cereals 
was evaluated. More studies are warranted to address the potential 
health risks of infant diet Mehg exposure through rice cereals and the 
regulatory implications on Mehg levels in infant rice products.

MO-067

ESTIMATING HUMAN EXPOSURE TO MERCURY 
THROUGH U.S. FRESHWATER FISH CONSUMPTION 
BY APPLYING PROBABILITY-BASED SURVEYS
sTahl, leanne1; WaThen, John1; MCCarTy, harry2; snyDer, blaine3; 
Cohen, Tara3; 
(1) U.S. Environmental Protection Agency, Washington, DC, USA; 
(2) eComputer Sciences Government Solutions, LLC, a CSRA company, 
Alexandria, VA, USA; (3) Tetra Tech, Inc., Owings Mills, MD, USA

stahl.leanne@epa.gov

The u.s. environmental Protection agency (ePa) has conducted a 
series of national and regional screening-level studies of freshwater 
fish contamination since 1998. The studies are unique in that sampling 
locations are selected according to an unequal probability (random) 
sampling design, affording the first opportunity to develop statistically 
representative estimates of contaminants in u.s. fish relative to human 
health. The objectives of the probability-based studies are to: a) estimate 
the national distribution of selected persistent, bioaccumulative, and 
toxic (PbT) chemicals in fish from lakes and rivers in the conterminous 
u.s. and from u.s. nearshore waters of the Great lakes; b) estimate 
the percentage of the sampled population of waters with contaminant 
concentrations above human health protection thresholds; and c) 
define national baselines for tracking temporal changes in PbT chemical 
concentrations in freshwater fish. Mercury is included as a PbT chemical 
because mercury fish consumption advisories are widespread in the u.s. 
ePa conducted the first national probabilistic study of freshwater fish 
contamination, i.e., the national lake fish Tissue study, in 2000-2003. 
In 2008-2009 and again in 2013-2014, ePa conducted a comprehensive 
national characterization of river fish contamination during the agencys 
national rivers and streams assessment (nrsa). The Great lakes 
human health fish Tissue study was included as a component of ePas 
national Coastal Condition assessments in 2010 and 2015.
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fillets from common sport fish species were prepared as composite 
samples and analyzed for total mercury, based on the conservative 
assumption that most mercury is present in fish fillets as 
methylmercury. Mercury was detected at quantifiable levels in every 
fish sample collected for each study. The mean weighted mercury 
concentrations in fish fillets from u.s. lakes in 2000-2003, rivers in 
2008-2009, rivers in 2013-2014, and from the nearshore Great lakes in 
2010 were 352, 229, 230, and 171 ppb, respectively. nearly 49% of the 
sampled population representing 76,559 lakes; 25-26% of the sampled 
population for the rivers studies (representing 51,663 river miles for the 
2008-2009 study and 44,338 river miles for the 2013-2014 study); and 
11% of the nearshore Great lakes sampled population representing 
4,282 square miles exceeded ePas 300 ppb tissue-based water quality 
criterion for methylmercury. These exceedances indicate that the 
potential risk of human health impacts due to mercury exposure from 
fish consumption varies by waterbody type.

MO-068

EFFECTS OF HUMAN ACTIVITIES ON THE RISK  
OF HG IN SOIL-RICE
GonG, yu1; bu, Wen-bo2; huanG, lei1; ZhonG, huan1; 
(1) Nanjing University, Nanjing, China; (2) Institute of Dermatology, Chinese 
Academy of Medical Sciences & Peking Union Medical College, Nanjing & 
Beijing, China

704348460@qq.com

Developing indicators for human exposure to methylmercury (Mehg) 
is critical in assessing health risk of Mehg. a number of indicators, 
including hair, blood, urine, and nail, have been commonly used to 
assess human exposure to Mehg during short (e.g., days) or mid-
term (e.g., months) period, while indicators for long-term (e.g., years) 
exposure to Mehg are generally lacking. here, we tried to validate a 
new indictor, i.e., dermal tissue, to assess long-term dietary exposure to 
Mehg. The validity of the indicator was examined by correlating Mehg 
levels in tissue samples collected from a hospital and dietary exposure 
to Mehg in nanjing, a typical city in eastern China. Dietary exposure 
to Mehg was assessed by questionnaire survey (to obtain ingestion 
rates for fish and rice, the two principle dietary sources of Mehg for 
Chinese), determination of Mehg levels in fish and rice in nanjing, 
and quantification of Mehg bioaccessibilities in cooked food samples. 
Meanwhile, relative contributions of fish and rice to nanjing residents 
were assessed: in addition to fish, rice could contribute significantly to 
dietary exposure to Mehg for nanjing residents. The indicator validated 
in this study would help indicate long-term dietary exposure to Mehg, 
and especially identify sources of Mehg exposure for human beings.
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METHYLMERCURY EXPOSURE IN CHINA
ZhanG, hua1; fenG, Xinbin2; larssen, Thorjørn3; 
(1) Institute of Geochemistry, Chinese Academy of Sciences, Guiyang/

Giuzhou, China; (2) Institute of Geochemistry, Chinese Academy of Sciences, 
Guiyang/Guizhou, China; (3) Norwegian Institute for Water Research (NIVA), 
Oslo, Norway

zhanghua@mail.gyig.ac.cn

human exposure to methylmercury (Mehg) is often attributed to 
the consumption of fish. however, in our recent studies, rice, rather 
than fish, has been identified to be the primary pathway (>90%) for 
methylmercury exposure for local population in Guizhou Province, 
southeastern China. since then, several questions have been raised: 
are the Mehg exposure pathways in other provinces/areas of China 
the same as in Guizhou? What is the level of exposure risk through 
consumption of fish and rice? are there any age differences? Gender 
differences? or urban-rural differences? and so on. To answer 
these questions and providing related advice and solutions to the 
environmental policymakers and the general public, in the present 
study, a comprehensive meta-analysis based on over 300 literatures 
has been conducted, covering >11,000 rice samples and >19,000 fish 
samples collected from 34 different administrative provinces/regions 
in China over the past decades from 1981 to 2015. Data analyses also 
included intake rates of rice and fish, body weights, and other related 
parameters for urban/rural (male/female) residents with different 
age spans. The preliminary conclusions are: 1) in the regions in inland 
areas of China, the main human exposure routes for methylmercury 
is rice (rather than fish), while in the coastal areas the major pathway 
is fish (instead of rice); 2) on the contribution rate of methylmercury 
exposure from rice, for the same province/region, the rural areas are 
generally higher than that in the cities (in contrast, on the contribution 
rate of methylmercury exposure from fish, rural areas are generally 
lower than that in cities) due to different dietary habits (no significant 
gender differences was observed); 3) The risk level of methyl mercury 
exposure in China has three significant characteristics: age differences 
(the younger, the greater the risk; and vice versa), regional differences 
(coastal higher than inland; cities higher than rural areas), and gender 
characteristics (male are generally higher than female); 4) The level of 
exposure to methyl mercury in China is generally low, but risk levels in 
coastal areas are significantly higher than in inland regions; especially, 
residents in hongkong, Taiwan, Macao, and hainan may face a certain 
health risks for methylmercury exposure through fish consumption.

MO-070

MERCURY IN CANNED TUNA COMMERCIALLY 
AVAILABLE IN CARTAGENA, COLOMBIA
alCala-oroZCo, Maria1; MorIllo-GarCIa, yenifer1; Caballero-
GallarDo, Karina1; olIVero-Verbel, Jesus1; 
(1) School of Pharmaceutical Sciences, University of Cartagena, 
Cartagena, Colombia

malcalao@unicartagena.edu.co

Mercury (hg) is a complex and multifaceted pollutant. Its presence 
in tuna as a result of bioaccumulation, transformation and 
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biomagnification processes is ubiquitous. as international and 
local agencies have done efforts to address hg contamination, 
and have provided concentrations limits for this metal, countries 
should guarantee canned tuna available in markets may respect the 
regulations. In Colombia there are few studies assessing the current 
situation regarding hg content in canned tuna, which is widely 
consumed. The objective of this research was to assess total mercury 
(T-hg) levels in selected brands of canned tuna marketed in Cartagena, 
Colombia, determining fish consumption-based risks for ingestion. for 
that purpose, 252 cans of tuna were collected, representing six brands 
(a-f) in two mediums (water and oil). The overall mean T-hg levels for 
all samples analyzed were 0.66±0.05 and 0.61±0.05 ppm, fresh weight, 
for water and oil, respectively. high T-hg concentrations were detected 
in brands b and D. only brands e and f offer guarantee of low risk for 
hg-related health problems, as their T-hg level was below the detection 
limit (0.001 ppm). according to the Colombia’s Maximum Permitted 
Mercury level in tuna (1.0 ppm), 15.5% of the samples exceeded this 
concentration, and 18.3% were greater than those recommended by 
the joint food and agriculture organization of the united nations/
World health organization (fao/Who) (0.5 ppm). This work is the first 
to estimate the risk of eating canned tuna marketed in Cartagena city, 
and confirms the potential health effects to the general population; 
particularly vulnerable groups, such as children, pregnant women and 
people with heart-related problems. Government agencies should carry 
out tighter controls in the industry before the products hit the market, as 
well as random monitoring campaigns in retail chains, as a guarantee to 
protect human health from hg exposure.

MO-071

MERCURY CONTAMINATION OF LARGEMOUTH 
BASS IN THE SOUTHEASTERN UNITED STATES
Drenner, ray1; ChuMChal, Matthew1; aDaMs, Kimberly1; Gay, David2; 
(1) Texas Christian University, Fort Worth/Texas, United States; (2) National 
Atmospheric Deposition Program, Urbana-Champaign/Illinois, United States

r.drenner@tcu.edu

Mercury (hg) is a toxic metal that is found in aquatic food webs and 
is hazardous to human health. Consumption of methyl mercury 
(Mehg)-contaminated fish is the primary source of Mehg to humans. 
Methyl mercury concentrations in fish vary across the landscape and 
fish from most water bodies in the u.s. are not monitored for Mehg 
contamination. Therefore, it is critical that we develop the ability 
to predict regions that may have fish with high concentrations of 
Mehg. We examined the relationship between mercury deposition, 
landscape cover and average Mehg concentrations in 35.6-cm total 
length (Tl) largemouth bass (Micropterus salmoides) in 24 usePa 
level III ecoregions located within 15 states in the southeastern u.s. 
(from Texas to Maryland). The national Descriptive Model of Mercury 
in fish was utilized to estimate concentrations of Mehg in largemouth 
bass. Mercury deposition was estimated using wet hg deposition data 
from the Mercury Deposition network. To determine landscape cover, 
we used the national land Cover Database. We used ecoregions as 

the unit of analysis because they are well-suited for spatial studies. 
In 20 ecoregions, the average Mehg concentrations in largemouth 
bass were above 300 ng/g ww, the threshold concentration of Mehg 
recommended by the usePa for the issuance of fish consumption 
advisories. six ecoregions had average Mehg concentrations in 
largemouth bass 600 ng/g. Mercury deposition adjusted for conifers 
and wetland coverage accounted for 76% of the variance in average 
Mehg concentrations in largemouth bass in ecoregions. To estimate 
the risk to humans, we computed the percentage of water bodies in 
each ecoregion with Mehg in largemouth bass above 300 ng/g ww. The 
percentage of water bodies increased as a sigmoid function of average 
Mehg in largemouth bass in ecoregions, with 13 of 24 ecoregions having 
50% of the waterbodies with 35.6 cm Tl largemouth bass having Mehg 
concentrations > 300 ng/g ww. We estimate that 58.6% of the 3 million 
lentic waterbodies in the southeastern u.s. may contain largemouth 
bass with concentrations of Mehg that are hazardous to humans. 
because it is not possible to sample all water bodies in ecoregions with 
hazardous levels of Mehg in gamefish, we recommend county-level fish 
advisories be issued to warn citizens about the hazards of consuming 
gamefish from public and private water bodies.
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DECLINING MERCURY CONCENTRATIONS IN 
BLUEFIN TUNA
lee, Cheng-shiuan1; luTCaVaGe, Molly2; ChanDler, emily2; MaDIGan, 
Daniel3; CerraTo, robert1; fIsher, nicholas1; 
(1) Stony Brook University, Stony Brook, NY, USA; (2) University of 
Massachusetts, Boston, Gloucester, MA, USA; (3) Harvard University, 
Cambridge, MA, USA

cheng-shiuan.lee@stonybrook.edu

Tunas are apex predators in marine food webs that accumulate 
mercury (hg) to higher concentrations than most other fish. high 
human consumption and moderate to high species-dependent hg 
concentrations cause tunas to provide more hg (~40%) to the u.s. 
population than any other source. reduced hg emissions in north 
america in recent years have decreased hg concentrations in north 
atlantic waters and investigating whether changes propagate up to 
top predators is a key to evaluating the benefits of emission reduction 
efforts. To investigate recent temporal hg trends in the largest and 
longest-lived tuna species, we measured total hg concentrations in 1,292 
atlantic bluefin tuna (abfT, Thunnus thynnus) captured in the northwest 
atlantic from 2004 to 2012. Mean hg concentrations in abfT muscle 
tissue were 0.76 ± 0.33 ppm; concentrations increased nonlinearly with 
length, weight, and estimated age, ranging from 0.25 ppm in fish <100 
cm in length to 3.15 ppm in fish >250 cm (14-15 years old). no significant 
differences in hg concentrations were noted between male and female 
abfT. for six size classes of abfT corresponding to 9-14 year old fish, the 
hg concentrations declined significantly over time of capture, at a rate of 
0.018 ± 0.003 ppm per year or around 2% per year. The decline rate of 
19% over an 8-year period from the 1990s to the early 2000s paralleled 
comparable declines in anthropogenic hg emission rates in n. america, 
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n. atlantic atmospheric hg0 concentrations, and n. atlantic seawater 
concentrations during this period. because of their pronounced 
migratory behavior, hg concentrations in abfT are presumed to reflect 
ocean basin-wide exposures (through forage fish) rather than local 
exposures at one particular location. It thus appears that reductions in 
atmospheric hg loading have rapidly propagated up marine food webs 
to a commercially important species, suggesting that emission reduction 
efforts have resulted in lower hg concentrations in large, long-lived fish.

3c-2: Risk assessment of mercury exposure 
to fish, birds, and wildlife

MO-073

CONTROLS ON VARIATION IN FISH HG 
CONCENTRATIONS IN STREAMS OF THE 
ADIRONDACK REGION, NEW YORK: DEVELOPMENT 
OF A SIMPLIFIED SCREENING APPROACH TO 
IDENTIFY HOT SPOTS
burns, Douglas1; Murray, Karen1; 
(1) U.S. Geological Survey, Troy, NY, USA

daburns@usgs.gov

simplified screening approaches for the neurotoxin mercury (hg) may be 
helpful in risk assessments of natural resources in aquatic ecosystems. 
We explored the development of a simple screening approach in 
the adirondack region of new york, usa, a known hg hot spot with 
previously demonstrated high levels of bioaccumulation. Thirty-six small, 
perennial streams were sampled and analyzed for major solutes and hg 
concentrations in fish tissue. These streams were broadly representative 
of a population of 391 adirondack streams derived from previous 
investigations. Data analyses were based on length-normalized site 
median hg concentrations in juvenile and adult brook Trout, Creek Chub, 
blacknose Dace, and Central Mudminnow and on median multi-species 
z-scores. several landscape and chemical metrics known to be strongly 
related to methyl hg concentrations in aquatic biota were explored for 
their strength of association with fish hg concentrations. surprisingly, 
none of the landscape metrics, including percent wetland area and 
mean basin slope, were significantly related to regional variation in fish 
hg concentrations across the 36 streams. In contrast, several chemical 
metrics including dissolved organic carbon (DoC) concentrations, 
sulfate concentrations (so4), ph, ultra-violet absorbance at 254 nm. 
(uV254), and specific ultra-violet absorbance were significantly related to 
regional variation in fish hg concentrations. a cluster analysis based on 
the chemical metrics identified three distinct groups of streams, but all 
three groups were significantly different only for ph and not the other 
measures. further analysis combined the data into two clusters that 
were most self-similar for further analysis. among these two clusters, 
DoC, so4, ph, uV254, and fish z-scores were all significantly different 
(p<0.05). screening values of DoC>6.9 mg/l, so4<2.8 mg/l, ph<6.6, and 
uV254>0.31/cm were suggested as thresholds to identify adirondack 

stream sites likely to have the highest fish hg concentrations. These 
values were especially effective predictors of high hg streams likely to 
have at least one fish species with fish hg concentrations greater than 
100 ng/g, a level of concern for fish consumption by wildlife. a projection 
of hg risk based on DoC concentrations to the larger population of 
391 streams showed that about 28% were likely to have high wildlife 
risk, and these streams were located mainly in the western part of the 
adirondacks. finally, fish hg/DoC ratios in this data set suggest less 
efficient uptake of hg as stream DoC concentrations increase, consistent 
with the results of several recent studies.

MO-074

CONCENTRATIONS OF METHYLMERCURY AND 
SELENIUM IN FISH IN NATIONAL PARKS OF THE 
NORTHWESTERN LAURENTIAN GREAT LAKES 
REGION (USA).
sanDheInrICh, Mark1; baIley, sean1; haro, roger1; rolfhus, 
Kristofer1; WIener, James1; haMMersChMIDT, Chad2; 
(1) University of Wisconsin-La Crosse, La Crosse, WI, USA; (2) Wright State 
University, Dayton, OH, USA

msandheinrich@uwlax.edu

Multiple studies have reported that fish in the laurentian Great 
lakes region are contaminated with elevated concentrations of 
methylmercury. however, little is known of concomitant levels of 
seleniuman element that binds with mercury and may ameliorate 
mercury toxicity when molar concentrations of selenium exceed those 
of mercury (i.e., molar ratios greater than 1.0). We measured mercury 
and selenium in axial muscle and liver of northern Pike (esox lucius), 
smallmouth bass (Micropterus dolomieu), and largemouth bass 
(Micropterus salmoides) sampled in spring 2008 2012 from lakes in 
Indiana Dunes national lakeshore, Voyageurs national Park, Isle royale 
national Park, sleeping bear Dunes national lakeshore, and Pictured 
rocks national lakeshore. not all species were obtained at all locations 
in all parks. Concentrations of mercury in axial muscle tissue of some 
predatory fish in all lakes exceeded the usePa tissue residue criterion 
of 300 ng/g wet weight for methylmercury, a criterion established 
to protect the health of humans who eat noncommercial, wild fish. 
selenium concentrations were negatively correlated with mercury in 
axial muscle of northern Pike, but not smallmouth or largemouth bass. 
Molar ratios of selenium to mercury ranged from 0.18 to 25, but were 
less than 1.0 in approximately 50% of fish with mercury concentrations 
greater than 300 ng/g wet weight. Concentrations of selenium and 
mercury in livers were positively correlated and molar ratios of selenium 
to mercury always exceeded 1.0, ranging from 1.8 to 85. however, there 
was evidence of cellular damage in livers with increasing concentrations 
of mercury. lipofuscin, a pigment that accumulates in the liver of fish as 
a result of cell damage, can be measured spectrophotometrically and 
was positively correlated with liver mercury. In addition to predatory fish, 
prey fish were sampled in these five parks and from three streams in 
Grand Portage national Monument to assess the risk of methylmercury 
to fish-eating birds. Maximum concentrations of mercury exceeded 
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180 ng/g in whole body of prey fish--threshold effects levels associated 
with reduced reproduction in fish-eating birdsin nine of twenty-three 
water bodies in the six national park. Whole body molar concentrations 
of selenium exceeded mercury in all prey fish sampled. These results 
suggest that fish, humans who eat fish, and piscivorous birds are at risk 
from methylmercury exposure at a substantive number of locations 
within these parks and this risk may not be ameliorated by selenium.

MO-075

MERCURY-SELENIUM MOLAR RATIOS IN FISH 
ACROSS GRADIENTS OF METAL EXPOSURE IN THE 
WESTERN UNITED STATES
sTeWarT, robin1; eaGles-sMITh, Collin2; aCKerMan, Josh3; WIllaCKer, 
James2; DreVnICK, Paul4; 
(1) U.S. Geological Survey, Menlo Park, CA, USA; (2) U.S. Geological Survey, 
Corvallis, OR, USA; (3) U.S. Geological Survey, Dixon, CA, USA; (4) Alberta 
Monitoring and Parks, Calgary, Alberta, Canada

arstewar@usgs.gov

Mercury (hg) and selenium (se) can threaten wildlife and impede 
ecosystem restoration efforts across a range of habitats. selenium 
also interacts with hg by impacting both biogeochemical processes 
in the environment and physiological processes within organisms. In 
particular, when se in tissues is present in molar quantities that equal 
or exceed hg, it may bind the methylmercury rendering it unavailable, 
thereby reducing its toxicity. Total hg (Thg) concentrations in fish from 
streams across the western united states have shown to inversely 
correlate with se concentrations in tissues, with most fish having a 
molar Thg:se ratio <1 (excess se), indicating that these fish may be 
less at risk for hg toxicity than previously thought. yet, the specific 
mechanisms controlling molar Thg:se ratios in nature are far from 
clear and we lack understanding of the importance of physiology, food 
web energetics, aquatic biogeochemistry and underlying geology in 
driving these ratios. We evaluated the relationships between hg and 
se concentrations in fish from across western north america to better 
understand the spatial variability in these relationships. Importantly, 
the expansive dataset compiled in this synthesis effort spans large 
gradients in both hg and se exposure, includes measurements in both 
muscle and whole body tissues, and includes a large number of species 
representing many feeding guilds. Molar hg:se ratios in more than 
8,000 whole body fish samples ranged from 0.003 to 42 with a mean 
molar ratio of 0.54 (median = 0.24). similar to prior published studies, 
more than 97% of the fish sampled had Thg:se molar ratios <1 (excess 
se). Molar ratios in tissues varied among foraging guilds and to a lesser 
degree, geographical regions. Piscivores tended to have higher Thg:se 
molar ratios than benthivore or generalist species, possibly due to 
them feeding higher in the food chain where hg biomagnifies. Mercury 
concentrations did not appear to influence the slope of the relationship 
between molar Thg:se and Thg concentrations in muscle tissues when 
individuals were grouped into high (>1.5 µg/g dry weight) and low 
Thg concentrations. but, a higher slope was observed between molar 
Thg:se ratio and Thg concentrations in whole body samples (all foraging 

groups). selenium excess over Thg was greater in whole body samples 
compared to muscle tissues in all foraging groups. These results indicate 
that molar Thg:se ratios are affected by multiple interdependent factors 
that should be considered when assessing the potential protective role 
of se in mitigating the toxic effects of methylmercury.

MO-076

INVESTIGATION OF MERCURY TOXICITY IN 
LANDLOCKED ARCTIC CHAR IN HIGH ARCTIC LAKES
barsT, benjamin1; DreVnICK, Paul2; rosabal, Maikel3; CaMPbell, 
Peter4; haDraVa, Justine1; MuIr, Derek5; KÖCK, Günter6; basu, niladri1; 
(1) Department of Natural Resource Sciences, McGill University, Ste Anne 
de Bellevue, Canada; (2) Environmental Monitoring and Science Division, 
Alberta Environment and Parks, Calgary, AB, Canada; (3) Département des 
sciences biologiques, Université du Québec à Montréal (UQAM), Montreal, 
QC, Canada; (4) INRS-ETE, Quebec, QC, Canada; (5) Environment and Climate 
Change Canada, Burlington, ON, Canada; (6) Institute for Interdisciplinary 
Mountain Studies, Innsbruck, Austria

benjamin.barst@mcgill.ca

In the Canadian arctic, mercury (hg) concentrations in the tissues of 
non-anadromous (landlocked) arctic char are elevated with ~30% of 
the sampled populations exceeding toxicity thresholds. In 2011, 2012, 
2015, and 2016 we collected tissues (liver, muscle, brain) from arctic 
char (n=227) from four lakes (small, north, 9-Mile, and amituk) on 
Cornwallis Island, nunavut. The lakes sampled span a gradient of hg 
contamination, allowing for the comparison of biological endpoints in 
char with low hg concentrations to char with high hg concentrations. 
The objectives of this research were to (1) measure total hg and hg 
speciation in arctic char livers, brains and subcellular components, (2) 
determine correlations between hg concentrations and biomarkers of 
oxidative stress in livers and brains, and (3) assess potential histological 
changes in livers and brains in relation to hg exposure. results thus 
far show a wide range in total hg concentrations in arctic char among 
lakes (0.04 to 2.6 parts-per-million wet weight in muscle), with about 36 
% of individuals exceeding a toxicity threshold of 0.5 parts-per-million 
wet weight. Methylmercury was the predominate form of total hg in 
liver (~80 %), where concentrations were two to three times higher than 
in muscle (to a maximum concentration of 6.5 parts-per-million wet 
weight). Total hg was predominately found in the sensitive subcellular 
pools (mitochondria, microsomes and lysosomes, and heat-denatured 
proteins, including enzymes) of low- and high-hg char, suggesting that 
increasing hg exposure does not result in an activation of detoxification 
mechanisms in the liver. This may explain histological changes in 
the livers of fish from the most contaminated lake. furthermore, a 
significant fraction of hg may exit the liver and reach the brain, as 
concentrations in the two organs were similar. This research goes 
beyond documenting hg concentrations in fish and will provide critical 
knowledge concerning fish health status.
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MO-077

IMPACTS OF METHYLMERCURY 
BIOACCUMULATION IN MARINE FOOD WEBS 
ON THE HEALTH AND SUSTAINABILITY OF TUNA 
FISHERIES IN THE PACIFIC OCEAN
ThaCKray, Colin1; sCharTuP, amina1; ZhanG, yanxu1; CheunG, 
William2; sunDerlanD, elsie1; 
(1) Harvard University, Cambridge, MA, USA; (2) University of British 
Columbia, Vancouver, BC, Canada

thackray@seas.harvard.edu

The toxic effects of methylmercury (Mehg) on wildlife are well known, but 
impacts on the health and sustainability of global fisheries have not been 
well-characterized. Global tuna fisheries account for a large fraction of human 
exposure to methylmercury in many countries but are also an important 
food source of protein and essential nutrients for many populations. We 
have developed a framework for connecting our existing knowledge of 
mercury emissions and biogeochemistry to its impact on fisheries. In prior 
work, we have developed a modeling framework for simulating the global 
fate and transport of mercury in the atmosphere, terrestrial ecosystems 
and the oceans, including conversion to the bioaccumulative species 
methylmercury and uptake at the base of the oceanic food web. here we link 
this simulation to a dynamic model of growth, reproduction and biomass of 
fish stocks and their interactions with the environment and fishing (Dynamic 
bioclimate envelope Model). We use a food-web bioaccumulation model to 
provide information on both the magnitude and timing of changes in fish 
Mehg levels relative to seawater. We specify dose-response relationships 
for methylmercury based on a review of the ecotoxicological literature on 
exposure impacts on growth, reproduction and body size of fish. When 
forced by the all-time historical emissions and future emissions scenarios 
developed by argonne national laboratory, we project a 30-50% increase 
from present day in seawater Mehg concentrations under business-as-usual 
future emissions and a 0-10% decrease under future mercury controls. 
Pacific tuna concentration changes show small lags (less than a decade) 
relative to seawater concentrations, with the lag depending on the size/age of 
the fish. We find that the long-term fish-specific Mehg trends are significantly 
affected by inter-annual variability in water temperature. We will discuss 
the impact of Mehg on maximum sustainable yields for fisheries of these 
commercially important species.

MO-078

LINKS BETWEEN MERCURY CONTENT AND 
SUSTAINABILITY OF FISHERIES: ECOLOGICAL 
EXPLANATIONS AND IMPLICATIONS
KarIMI, roxanne1; fIsher, nick1; Chen, Celia2; 
(1) Stony Brook University, Stony Brook/NY, USA; (2) Dartmouth College, 
Hanover/NH, USA

roxanne.karimi@stonybrook.edu

Differences in the impacts of stressors such as mercury toxicity and 
overfishing among fish species are not adequately understood, but 

are likely to have important consequences on the quality and supply of 
commercial fish for human consumption. Mercury can bioaccumulate to 
potentially toxic levels in fish, and fishing pressure driven by global fish 
consumption is on a steady rise. both factors can increase stress on wild 
fish populations. however, the demographic impacts of these stressors 
will vary across fish species due to differences in their resilience, or 
ability to withstand stress. here we examine relationships between 
fish mercury concentrations and resilience across a broad range of 
fish species. We hypothesized that fish with the lowest resilience, 
indicated by multiple measures of population productivity, are also at 
greater risk of having elevated, potentially toxic mercury content due 
to shared, underlying relationships with larger body size, and slower 
growth. We combined and analyzed existing data on total mercury 
concentrations from the seafood Mercury Database, and life history 
characteristics from fishbase, for approximately 400 species of finfish. 
We found that 83 (21%) species had total mercury levels exceeding 
the conservative toxicity threshold of 0.5 ppm (w.w.) associated with 
suppressed reproduction, growth, and behavior in freshwater fish. 
These species were dominated by large-bodied, marine pelagics, such as 
tunas and sharks. of the 83 species with elevated mercury content, 34 
(42%) are currently classified as vulnerable, near threatened, threatened, 
endangered, or critically endangered by the IuCn. across all species 
in the analysis, both mercury content and resilience were strongly, 
positively related to body size, length at first maturity, maximum age, 
and negatively related to growth rate (measured as the Von bertalanffy 
rate to reach asymptotic length). Thus, large, slow growing fish species 
are both at higher risk of having elevated, potentially toxic mercury 
levels, and are less likely to recover from population decreases due 
to stressors in general. future studies should examine the combined 
and relative risks of mercury toxicity, overfishing, and other pressures, 
and prioritize their relevance to large, slow growing, commercially 
important fish.

MO-079

LONG-TERM MONITORING AT THE FORMER PINCHI 
LAKE, BC MERCURY MINE – RESULTS OF THE 
2016 EVENT AND RISK IMPLICATIONS FOR FISH 
AND WILDLIFE
baKer, randy1; Mann, Gary1; unGer, Michelle2; 
(1) Azimuth Consulting Group, Vancouver BC, Canada; (2) Teck Metals, 
Kimberley BC, Canada

rbaker@azimuthgroup.ca

The Pinchi lake Mercury Mine in northern british Columbia, Canada 
produced elemental mercury (hg) from 1940 to 1944 (historical 
operation) and from 1968 to 1975 (modern operation). During historical 
operations, mercury-contaminated calcines (primarily as cinnabar 
[hgs]) were deposited directly into Pinchi lake (55 km2). Investigations 
conducted over the last two decades focused on characterizing 
the extent and magnitude of mercury (and other contaminants) 
contamination and associated environmental risks on the mine site and 
throughout the Pinchi lake aquatic receiving environment. results of 
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these efforts informed the development of a closure plan for the upland 
mine site (implemented in 2010 to 2012) as well as a long-term aquatic 
monitoring program for Pinchi lake. as part of continued monitoring, a 
comprehensive study was conducted in 2016 to document the current 
status of hg in the Pinchi lake ecosystem relative to a nearby reference 
lake (Tezzeron). In addition, a detailed sediment coring program 
was conducted, repeating a 1997 investigation, to provide updated 
information on natural recovery.

The 2016 results provide an updated context to the long-term 
monitoring data set. Pinchi lake fish mercury concentrations remain 
elevated relative to nearby reference lakes and are attributable 
to historical mine operations, nearly 60 years earlier. Mercury 
concentrations in sediment cores remain high and show measurable, 
but slow natural recovery due to burial. While hg/Mehg concentrations 
in water and zooplankton are low and similar historically and to many 
lakes elsewhere in Canada, they are still elevated relative to nearby 
Tezzeron lake. although fish mercury concentrations in lake trout 
standardized to 55 cm have declined significantly since the 1970s (~5 
ppm), the trend in declining concentrations is quite slow (~1 ppm in 
2016). Despite reductions in fish mercury concentrations, they are 
sufficiently elevated to potentially cause effects to fish and fish-eating 
wildlife based on literature studies. however, field investigations have 
not detected adverse ecological effects on fish, nor to local piscivorous 
birds (red-necked grebe, bald eagle) and mammals (river otter).

MO-080

A WATERSHED-LEVEL RISK-BASED APPROACH TO 
ADDRESS LEGACY MERCURY IN THE SOUTH RIVER 
(VIRGINIA, USA): BASELINE ECOLOGICAL RISK 
ASSESSMENT (BERA) AND ITS IMPLICATIONS
ThaKalI, sagar1; flanDers, Jr1; ManCInI, Ceil1; sTahl Jr, ralph2; 
Grosso, nancy2; 
(1) AECOM, Conshohocken, PA, United States; (2) DuPont, Wilmington, 
DE, USA

sagar.thakali@aecom.com

legacy mercury (hg) contamination is a complex environmental 
challenge in river systems, requiring substantial resource to adequately 
understand the problem and collaboration among multiple stakeholders 
for a meaningful and pragmatic solution. a regulatory-driven, 
watershed-level baseline ecological risk assessment (bera) for the south 
river (Virginia, usa) provides a unique example of the scale, complexity, 
and collaboration involved to address legacy hg contamination in a river 
system. Mercury release to the south river occurred from a former 
DuPont plant between 1929 and 1950 when it was used in acetate 
flake and yarn production. This caused potential impacts to the aquatic 
and riparian terrestrial systems (including the areas within the 62-year 
floodplain) along approximately 25 miles of the river downstream of 
the former plant. legacy hg in the potentially impacted areas has been 
the subject of numerous studies over the last four decades. The south 
river science Team (srsT), a multi-stakeholder collaborative program, 

was established in 2001 to investigate the hg issue in the study area. 
The bera integrated extensive chemical, physical, and biological data to 
assess the potential ecological risk and was performed as a part of the 
us resource Conservation and recovery act (rCra) facility Investigation 
(rfI). This presentation will focus on the collaborative approach to 
the bera process and the implications of the bera results on the 
remedial approach.

3e-2: Human exposure and health effects 
of mercury: epidemiology and population 
studies

MO-081

TRENDS IN SPECIATED AND TOTAL BLOOD 
MERCURY CONCENTRATIONS IN THE U.S. 
POPULATION, SURVEY YEARS 2003 - 2014
WarD, Cynthia1; CalDWell, Kathleen1; ChenG, Po-yung1; Jones, 
robert1; 
(1) Centers for Disease Control and Prevention, Atlanta, GA, United States

cward@cdc.gov

The Centers for Disease Control and Preventions Inorganic and 
radiation analytical Toxicology laboratory measures total mercury, 
inorganic mercury, ethyl mercury, and methyl mercury in people age 
one and older in the u.s. population as part of the national health and 
nutrition examination survey (nhanes). analysis of specific mercury 
species began in 2011 and has allowed us to determine baseline levels 
of inorganic, methyl, and ethyl mercury for the united states population. 
a number of studies have looked at either total mercury or total and 
inorganic mercury in specific demographic groups, but we have four 
years of data that looks at those forms of mercury and additional forms 
across several demographic groups. We evaluated all available nhanes 
data for total, methyl mercury, and inorganic mercury for survey years 
2003 through 2014. With new data from nhanes 2013-14, we have 
a more comprehensive picture of the trends of mercury in the u.s 
population over time.

We were able to statistically evaluate the data for the 95th percentile 
of the population and identify the key demographic characteristics 
including gender, ethnicity, education and household income that 
have an impact on the likelihood of an individual being placed into 
the 95th percentile. This statistical evaluation was completed for total, 
inorganic, and methyl mercury to further assess the differences that 
exist. beginning in survey year 2011, the survey started oversampling 
asians which affords us the opportunity to provide estimates of asians 
in addition to non-hispanic White, non-hispanic black and all hispanic 
race/ethnicity groups. There is a statistically significant difference in 
the prevalence of mercury in the asian segment of the population 
that was surveyed as opposed to other ethnic groups. This correlates 
to dietary trends (i.e. higher fish consumption). household income is 
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another demographic variable in survey years 2011 through 2014 where 
an increase in income has led to an increase in mercury exposure, 
possibly through higher seafood consumption. nhanes mercury data 
provides a unique opportunity to evaluate mercury trends over time 
in a representative sampling of the u.s. population. an overview and 
trends of the nhanes speciated mercury results from 2003 to 2014 will 
be presented along with highlights of significant findings of different 
demographic characteristics.

MO-082

HUMAN MERCURY LEVELS IN URBAN SOUTH INDIA 
AND EVALUATION OF EXPOSURE PATHWAYS 
THROUGH STABLE ISOTOPE ANALYSIS
subhaVana, K l1; QureshI, asif1; 
(1) IIT Hyderabad, Telangana, India

ce13m15p000002@iith.ac.in

India is a major consumer of coal. There are 132 coal-fired power plants 
(431 units) in India, which meet >51% of India’s commercial energy 
demand. In this work, we investigated the possible role of power plants 
in increasing the local exposure to mercury. We also develop baseline 
for several demographics. a new category, oldsmiths, different to asGM 
workers, is also included.

We analysed mercury in hair from 668 volunteers in three cities in south 
India (hyderabad (n = 103) in interior, Vasco da Gama (n = 326) on the 
west coast and nellore (n = 239) on the east coast that has 4 active coal-
fired power plants). baseline hg levels in some demographic categories 
were: subsistence fishermen/women (n = 66) [Geometric Mean (GM): 
0.38 μg/g (95% CI: 0.34-0.42 μg/g)], goldsmiths (n = 21) [GM: 0.22 μg/g 
(95% CI: 0.18-0.28 μg/g)]. Women of child-bearing age had hg levels of 
(0.14 µg/g (95% CI: 0.12-0.16 µg/g), similar to us nhanes and european 
DeMoCoPhes studies after accounting for diet and age.

The GM of hair hg levels of people from nellore (n = 239) [0.19 μg/g (95% 
Confidence Interval (CI): 0.09-0.37 μg/g)] are statistically (p < 0.05) higher 
compared to both Vasco da Gama (n = 326) [0.13 μg/g (95% CI: 0.05-0.37 
μg/g)] and hyderabad (n = 103) [0.08 μg/g (95% CI: 0.04-0.15 μg/g)]. This was 
true for different fish consumption frequencies (rare, once a week, thrice 
a week), even though fishes consumed were from similar trophic levels. 
Majority of volunteers consumed rice and which was primarily locally grown. 
Vegetarians (who never ever consumed fish) from nellore (n = 37) [0.09 μg/g 
(95% CI: 0.03-0.13 μg/g)] had higher (p < 0.05) GM hair hg values compared 
to vegetarians from Vasco da Gama (n = 47) [0.03 μg/g (95% CI: 0.01-0.06 
μg/g)]. Preliminary results indicate that rice samples from nellore appear to 
have higher concentration of hg than rice samples from other sites.

our results suggest that exposure to mercury may be higher in Indian 
regions that have active mercury sources in their vicinity. since there 
are more than 100 power plants in India, the implications to mercury 
exposure may be substantial. We are now studying mercury isotopes 
in hair samples from our study population to further investigate this 
hypothesis, and results will be presented in the conference.

MO-083

LOW MERCURY LEVELS IN HUMANS AND FISH 
FROM THE CIÉNAGA GRANDE DE SANTA MARTA, 
CARIBBEAN COAST OF COLOMBIA
sIerra-MarQueZ, lucellys1; sIerra-MarQueZ, Juan1; olIVero-Verbel, 
Jesus1; 
(1) School of Pharmaceutical Sciences, University of Cartagena, 
Cartagena, Colombia

lsierram@unicartagena.edu.co

Mercury (hg) is a heavy metal pollutant with high toxicity. It is being 
released into aquatic ecosystems of Colombia by gold mining activities, 
where it is used to extract the precious metal. one of these ecosystems 
is the Magdalena river, which near the Caribbean Coast, it provides 
freshwater to the Ciénaga Grande de santa Marta (CGsM), the largest 
and most productive coastal lagoon complex in Colombia. To evaluate 
mercury pollution status in the CGsM, total mercury (T-hg, fresh weight) 
was measured in the hair of 158 habitants from two stilt-house towns, 
nueva Venecia and buena Vista.  Total hg was also measured in the 
muscle and liver of several common fish species. The measurements 
were performed using a direct mercury analyzer, DMa-80. low T-hg 
levels were detected in hair from humans, with average concentrations 
of 0.71±0.04 and 0.70±0.08 ppm, for nueva Venecia and buena Vista, 
respectively.  Males had greater T-hg concentrations (0.81±0.05 
ppm) than females (0.63±0.04 ppm).  occupation is also a factor that 
determines T-hg in hair, with the largest average detected in fishermen 
(0.87±0.06 ppm), when compared to other examined groups, such 
as housewives or students.  low levels of T-hg were found in fish 
muscle, although there were significant inter-species differences in 
hg content: Cathorops mapale (0.094±0.003 ppm, n=36) > notarius 
bonillai (0.083±0.001 ppm, n=2) > Megalops atlanticus (0.081±0.002 
ppm, n=22) > Mugil incilis (0.079±0.003 ppm, n=34) > elops saurus 
(0.078±0.003 ppm, n=17).  Total hg in liver showed not significant 
differences between Mugil incilis (0.082±0.004 ppm, n=13) and Megalops 
atlanticus (0.088±0.004 ppm, n=22).  These results indicate that 
consumption of fish from CGsM is not resulting in hg accumulation in 
humans. Therefore, the risk of developing hg-related health problems 
is considered negligible.  Much more important is the fact that in some 
places of Colombia, it is still possible to find aquatic habitats where hg is 
not a concern for human health and welfare.
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MATERNAL PRENATAL BLOOD MERCURY 
AND OFFSPRING IQ AT 8 YEARS IN A TYPICAL 
UK POPULATION
GolDInG, Jean1; GreGory, steven1; Iles-CaVen, yasmin1; eMonD, 
alan1; Taylor, Caroline1; hIbbeln, Joseph2; 
(1) Centre for Child and Adolescent Health, University of Bristol, Bristol, UK; 
(2) NIAAAA, NIH, Rockville, MD
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background. World-wide current recommendations for pregnant 
women are to eat fish with caveats to avoid species with high levels 
of mercury resulting in a reduction in seafood consumption in some 
pregnant women. There is conflicting evidence concerning the harm 
from mercury in regard to offspring cognitive outcomes if the woman 
eats fish.

Methods. This study uses the alsPaC study of pregnancies in 1990   –92. 
Mercury levels were measured in whole blood in early pregnancy, and 
outcomes for 2062 children were the verbal, performance and total IQ 
measured at age 8 treated as (a) continuous and (b) as the lowest 25% of 
the distribution. Multiple and logistic regression analyses took account 
of social and demographic variables, and stratified analyses considered 
children of fish eaters separately.

findings. before adjustment, the mean IQs increased with increasing 
mercury (change with 1sD of mercury = +2·02; 95%CI +1·40, +2·64 IQ 
points); after adjustment the effect size was reduced although still 
positive (+0·61: -0·06, +1·29 IQ points). however when mothers who 
ate fish were considered separately, the adjusted positive relationship 
was stronger (+0·84: +0·13, +1·56 IQ points), in comparison with the 
outcomes for the women who did not eat fish where the adjusted 
relationship was negative (-2·22: -5·00, +0·56 IQ points). results for the 
binary outcome showed a similar pattern with the adjusted or for non-
fish-eaters 1.79[95%CI 1.10,2.93], significantly different from that for the 
fish consumers [0.94; 95%CI 1.10,2.93].

Interpretation. This suggests that the relationship between intrauterine 
exposure to mercury is benign in regard to offspring IQ provided the 
mother consumed fish. on the present evidence, pregnant women 
should be assured that consumption of fish is likely to be more 
beneficial than harmful to the developing child.

MO-085

GLOBAL BURDEN OF DISEASE DUE TO MODERATE 
CHRONIC METALLIC MERCURY VAPOR 
INTOXICATION RESULTING FROM MERCURY USE IN 
ARTISANAL SMALL-SCALE GOLD MINING
sTeCKlInG, nadine1; TobollIK, Myriam2; Plass, Dietrich2; hornberG, 
Claudia3; erICson, bret4; fuller, richard4; bose-o'reIlly, stephan1; 
(1) Institute and Outpatient Clinic for Occupational, Social and Environmental 
Medicine, University Hospital Munich, Munich, Germany; (2) German 
Environment Agency, Section Exposure Assessment and Environmental 
Health Indicators, Berlin, Germany; (3) Bielefeld University, School of Public 
Health, Department Environment & Health, Bielefeld, Germany; (4) Pure 
Earth, formerly Blacksmith Institute, New York, USA

nadine.steckling@med.uni-muenchen.de

background: artisanal and small-scale gold mining (asGM) is the major 
source for mercury emissions globally. Toxic mercury causes negative 
health effects especially for miners working directly with mercury such 
as panners and amalgam smelters. Good and reliable data is difficult to 
obtain, because asGM activities are largely informal and take place in 

remote mining areas. Thus, the global burden of disease due to mercury 
used in asGM is unknown.

objective: To calculate a first rough estimate of disability-adjusted life 
years (Dalys) caused by chronic metallic mercury vapor intoxication 
(CMMVI) in miners worldwide resulting from the use of mercury 
in asGM.

Methods: a primary data set was set up including all obtainable studies 
where data was sufficient to determine the prevalence rate of CMMVI 
with a diagnostic tool. further studies reporting only mercury levels 
in urine were reanalyzed using the primary dataset to obtain a valid 
prevalence rate. The prevalence rate was multiplied with the number 
of miners for each country taken from a literature search which 
supplemented available reviews and the disability weight (DW) for 
moderate CMMVI. The DW contains information about the severity of 
the intoxication in comparison to other diseases. Mortality was ruled 
out as outcome. uncertainty intervals (uI) were quantified to account for 
uncertainties in the input data (number of miners, DW).

results: Concentrating on moderate CMMVI, the burden of 14 to 19 
million gold miners ranges from 1.22 (uI 0.87-1.61) to 2.39 (uI 1.69-
3.14) million Dalys due to moderate CMMVI. This estimate is based 
on human biomonitoring data from 3,194 gold miners. a number of 
62 countries were taken into account of which most countries with 
available data belong to the african region. subject to the quantification, 
nearly every fourth up to every third miner is expected to be 
mercury intoxicated.

Conclusions: our results give a first rough estimate of global 
Dalys, based on country estimates of the use of mercury in asGM. 
a major limiting factor is the limited data availability regarding 
human biomonitoring data, health assessments, and the number of 
affected miners. We estimate the disease burden of about 3.3 to 6.5 
million intoxicated miners. our results show, that asGM is a global 
environmental health hazard. further research is needed to improve the 
model input parameters.

This work has received funding from Pure earth and the european 
unions seventh Programme for research, technological development 
and demonstration under grant agreement no 603946 (heals).

Conflict of interest: The authors declare no competing financial interests.
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MERCURY EXPOSURE BIOMARKERS DIFFER 
BETWEEN LICENSED AND UN-LICENSED ASGM 
MINERS IN TARKWA, GHANA
Calys-TaGoe, benedict1; ClarKe, edith2; robIns, Thomas3;  
basu, niladri4; 
(1) University of Ghana, Accra, Ghana; (2) Ghana Health Service, Accra, 
Ghana; (3) University of Michigan, Ann Arbor, USA; (4) McGill University, 
Montreal, Canada

calys75@hotmail.com

Workers within artisanal and small-scale gold mining (asGM) 
communities are amongst the highest hg-exposed groups worldwide. 
While formalization of this sector has been suggested as a means to 
reduce exposures and improve health and safety, we are unaware of 
empirical evidence that supports this notion. The objective of this study 
was to compare mercury exposure profiles among miners working in 
licensed versus un-licensed asGM sites. To achieve this, 404 small-scale 
miners were recruited in 2014 from 9 mining sites in Tarkwa (Ghana), of 
which 5 were licensed and 4 were not licensed. Miners were interviewed, 
and urine and hair samples were taken for measurements of total 
hg content in a subset (n=316). sociodemographic characteristics of 
miners from the two groups were relatively similar (33.8 yrs old, 92% 
male, 29% completed high school, 66% living with a partner). Those 
currently working in an un-licensed mine have higher mean levels of 
total hg in urine (110.7 vs 16.0 ug/l; p<0.001) and hair (4.5 vs. 2.0 ug/g; 
p=0.09) compared to workers from the licensed mines. a range of other 
information was collected showing differences between these groups 
of miners such as work history and injury episodes, and these will 
be discussed. These findings advance our understanding of mercury 
exposure (and other differences) amongst asGM workers especially 
important differences between miners working in a licensed versus and 
un-licensed site.

MO-087

MERCURY ENVIRONMENTAL AND HUMAN HEALTH 
RISK ASSESSMENT PROVIDES SCIENCE BASE FOR 
PERU’S STATE OF EMERGENCY IN MADRE DE DIOS
Pan, William1; feInGolD, beth2; WeInhouse, Caren1; orTIZ, ernesto1; 
berKy, axel1; DIrInGer, sarah1; WyaTT, lauren1; lana, Justin1; 
Morales, ana3; roJas, elvis4; MeIer, Paige1; frIsChTaK, helena5; 
roGers, laura6; hare-GroGG, John1; Meyer, Joel1; hsu-KIM, heileen1; 
(1) Duke University, Durham, NC, United States; (2) SUNY-Albany, Albany, NY, 
USA; (3) CENSAP, Puerto Maldonado, Madre de Dios, Peru; (4) Peru Ministry 
of Health, Puerto Maldonado, Madre de Dios, Peru; (5) University of Virginia, 
Charlottesville, VA, USA; (6) Mercer University, Macon, GA, USA

william.pan@duke.edu

In May 2016, the Peruvian Ministry of health (MInsa) declared a 
state of emergency due to high mercury levels reported in Madre de 
Dios (MDD), Peru. This declaration stemmed from three interrelated 

projects studying the impacts of road construction, gold mining, and 
gas extraction on human and environmental health that recorded 
elevated mercury levels in human and environmental samples. here, 
study designs, exposure assessments, and preliminary findings 
associated health outcomes to mercury exposure are reported. The 
studies include: (1) Interoceanic highway study (Ioh); (2) rio MDD 
study (rIo); and (3) amarkaeri Cohort study (amCs). The Ioh and rIo 
studies were population-based samples (a 2-stage selection design 
and a stratified sampling design, respectively), while the amCs was a 
census of rural communities and a 50-75% sample of three peri-urban 
communities all surrounding the amarakaeri reserve. Total mercury 
contents in hair were evaluated in all household members for the Ioh 
and rIo studies, but only in sentinel groups for the amCs (women of 
child-bearing age, their children and spouse). In total, hair mercury was 
evaluated in 724, 231, and 2308 persons from the Ioh, rIo and amCs, 
respectively. among all samples, median mercury levels were high 
(1.47 ug/g, IQr: 0.71-3.01), with 57.5% and 39.2% exceeding the usePa 
(1.2ug/g) and Peru/Who (2.0 ug/g) exposure thresholds, respectively. 
high hair mercury was correlated with increased fish consumption in 
rIo participants, particularly high trophic level fish, negatively correlated 
with quinoa and kiwicha consumption (Wyatt et.al in-review). spatial 
interpolation of mercury levels identified the highest exposures in 
communities 90-120 km upstream of asGM (n=216), where 96.8% and 
90.7% exceeded the usePa and Peru/Who guidelines (20% exceeded 
9.0 ug/g). In addition, fish, sediment, and water were obtained from 
river sections near, upstream and downstream of asGM (Diringer et.al 
2015): The highest total hg in fish and total hg and methylmercury 
in sediments were observed within and downstream from asGM 
concession areas. river sites upstream of mining did not have high hg 
in sediment or fish. These two findingslow environmental mercury, 
but high human exposureare in direct contrast that may be due to 
river transport of hg-containing sediment, behavioral differences in 
diet, or ecosystem services affecting methylation.Preliminary analyses 
evaluating health impacts suggest significant associations between 
mercury levels and mitochondrial Dna copy number (rIo), anemia 
risk (amCs), impaired neurocognitive function in children (amCs) and 
impaired kidney function (amCs).
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CHARACTERISTICS AND INFLUENCING FACTORS OF 
INHABITANTS DUE TO MERCURY EXPOSURE IN THE 
SMELTING AREA, NORTHEAST OF CHINA
ZhenG, na1; lIanG, Zhongzhu2; lIanG, Jingqiu2; WanG, Weibiao2; 
(1) Northeast Institute of Geography and Agricultural Ecology, Chinese 
Academy of Sciences, Changchun, Jilin, China; (2) State Key Laboratory of 
Applied Optics, Changchun Institute of Optics, Fine Mechanics and Physics, 
Chinese Academy of Sciences, Changchun, Jilin, China

zhengnalzz@iga.ac.cn

The aim of this work was to study mercury accumulation in inhabitants 
from smelting area, and their health risk due to mercury exposure. 
The investigation included the: (a) distributions of hg in diet, dust and 
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water, (b) mercury accumulation and influencing factors in hair and 
blood of inhabitants, and (c) assessment of health risks due to mercury 
exposure. smelting activities from huludao zinc plant in liaoning 
province, northeast China had seriously contaminated the surrounding 
environment. In the smelting district of huludao, Thg contents of the 
seeds of maize, soybean, and broomcorn are 0.008, 0.006, and 0.057 
mg/kg, respectively, exceeding the maximum level of contaminant in 
food (Gb2762-2005) by 4.7 times. The edible parts of vegetables are also 
contaminated with a range of mercury contents of 0.001–0.147 mg/
kg (dry weight). The average and maximum mercury daily intake (DI) 
of adult around the huludao zinc plant via consuming vegetables are 
0.015 and 0.051 lg/kg/d, respectively, and those of children are 0.02 and 
0.07 lg/kg/d, respectively. The average and maximum weekly intakes of 
total mercury for adult are 2.1 and 7.1%, respectively, of the provisional 
tolerable weekly intake (PTWI), and 2.8 and 9.7%, respectively, of the 
PTWI for children. The maximum hg, contents in dust were 5.324 
mg/kg, and were 144 times as high as the background values in soil. 
Children were also experiencing the potential health risk from Cd and 
Pb exposure from dust near hZP, not include hg. The average mercury 
content in hair of huludao city inhabitants were 0.43 mg/kg. effect 
of different age, occupation, gender, and living area of huludao city 
residents was different to mercury in hair. The concentrations of hg in 
different age groups decreased in the following order: young and middle 
aged > youth >adolescent > the elderly (hg). The gradual degradation 
of the digestive system of the elderly may make contribution to the 
reduction of heavy metals content in the hair. The average content of hg 
in male resident’s hair was roughly equal to that of female residents, but 
the content of male dispersion range was less than that of women. The 
average mercury content in blood of women was 1.75µg/l while these 
of children was 3.26 µg/l. Moreover, effect from hg was much less than 
Pb and Cd for women and children.

4f: Science, policy, regulation:  
Global to local
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SCIENCE-BASED METRICS FOR GLOBAL  
MERCURY POLICY EVALUATION
selIn, noelle1; GIanG, amanda1; sonG, shaojie2; anGoT, helene1; 
fenG, Tao1; 
(1) MIT, Cambridge MA, USA; (2) Harvard University, Cambridge MA, USA
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as the Minamata Convention enters into force and begins to be 
implemented, article 22 requires evaluation of the effectiveness of 
the Convention beginning no later than six years after its entry into 
force and periodically thereafter at intervals to be decided. at the 
first Conference of Parties, the parties are tasked with establishing 
arrangements for providing comparable monitoring data on the 
presence and movement of mercury in the environment, as well as 

trends in biotic media and vulnerable populations. based on analysis of 
scientific input into existing international environmental agreements, 
as well as literature on science-policy interactions, we review lessons 
learned in the area of effectiveness evaluation from scientific 
assessment processes at global scale. We recommend best practices 
for the design of assessments and institutions for scientific advice on 
mercury in the context of the Minamata Convention.

building on this analysis, we explore how coordinated global-scale 
metrics might inform Convention decision-making on issues of long-
range transport. as mercury poses both local and global pollution 
challenges, monitoring data reflects influences from a combination 
of sources, as well as environmental variability and the influence of 
global climate and other changes. from this perspective, we assess 
both science-based and policy-driven advantages and disadvantages of 
upstream metrics such as emissions, and downstream exposure-based 
measures (e.g. concentrations in biota), at various scales. While upstream 
metrics are characterized by less uncertainty and variability, downstream 
metrics are more directly relevant to stakeholder interests. Drawing 
upon lessons from global ozone and climate negotiations, we propose 
the development of a new global-scale metric to inform Minamata 
Convention implementation based on global mean mercury atmospheric 
concentration. using an ensemble of simulations with the Geos-Chem 
chemical transport model under differing climatic conditions and 
emission scenarios, we explore the statistical properties of such a metric, 
and its relationship with upstream and downstream alternatives. In 
comparison with existing data on atmospheric concentrations, we assess 
whether the current global monitoring network is sufficient to calculate 
a global mean concentration metric, and identify areas for improvement. 
We further assess the robustness of global-scale trends calculated with 
our metric relative to previous approaches.
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PROGRAM – MONITORING CHANGES IN ARCTIC 
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for the past twenty-five years Canadas northern Contaminants Program 
(nCP) has coordinated research and monitoring on transboundary 
pollutants in the Canadian north. These pollutants, including mercury, 
are present at relatively high concentrations in arctic wildlife that are 
important food sources for arctic Indigenous peoples, raising concern for 
their health and well-being. The primary objectives of the program have 
therefore been to a) inform and influence the development of policies and 
regulations that reduce sources of long-range pollutants; and b) provide 
information to health authorities for the development of public health 
advice and to arctic Indigenous people so they can make informed dietary 
choices. research and monitoring has addressed questions related to all 
aspects of contaminant cycling and impacts in northern ecosystems, from 
long-range sources and transport, to ecosystem and human health risks. 
results are routinely published in peer reviewed journals, synthesized and 
published in comprehensive assessments, and communicated to national 
and international stakeholders.

since 2004 the nCP has maintained a contaminant monitoring program 
that incorporates a variety of abiotic and biotic media that are sampled 
annually, or in the case of air, continuously, at prescribed locations. a 
primary objective for the program is to evaluate the effectiveness of 
international emissions regulations, such as those enshrined in the 
Minamata Convention. With few exceptions all monitoring is carried out in 
partnership with Indigenous communities, who in many cases take the lead 
on all aspects of field sampling. In the case of wildlife monitoring, data from 
annual sampling carried out since 2004 is augmented by data collected on 
a periodic basis from the 1990s, and in some cases the 1980s and 1970s. 
With the adoption of annual monitoring, the statistical power of these 
timeseries has recently improved to the point where relatively subtle trends 
are being measured with a reasonable degree of statistical significance.

The influence that global emissions have on mercury levels in wildlife must 
be assessed in the context of a changing environment. Climate related 
environmental change in the arctic can affect all aspects of mercury cycling, 
including levels in wildlife. It is therefore important that monitoring be 
complemented by research that provides insights into how environmental 
processes are being affected by climate change. With the combined 
knowledge of both research and monitoring, it is possible to draw some 
conclusions on the relative impact that both changing emissions and a 
changing climate are having on wildlife exposure and trends.
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IMPLEMENTATION OF THE ENVIRONMENTAL 
QUALITY STANDARD (EQSBIOTA) UNDER THE 
EUROPEAN WATER FRAMEWORK DIRECTIVE IN 
FRENCH GUIANA FISH
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Mercury (hg) is a toxic metal classified as a dangerous priority substance 
to be monitored in aquatic ecosystems by the european Water 
framework Directive (WfD), due to its characteristics of bioaccumulation 
and biomagnification in food webs. an environmental Quality standard 
for biota (eQsbiota) has been defined for hg in order to classify water 
bodies and was set at 0.02 mg hg.kg-1 fresh weight. The application of 
such a standard requires defining one or more species of fish that is able 
to integrate the mercury contamination of the river in which they live. for 
this purpose, the WfD emphasizes the importance to choose species with 
a high trophic level (Tl≥3) which corresponds to fish with the highest hg 
concentrations (carnivorous and piscivorous species). even considering 
an aquatic environment not exposed to direct inputs of hg, fish with high 
trophic level are generally above the eQsbiota.

In french Guiana, we are faced with the difficulty of implementing this 
standard without downgrading all the aquatic ecosystems. Indeed, this 
region presents a great contamination of mercury due to the lithology of 
its soils and its history related to goldmining.

The aim of this study was to help designing appropriate monitoring 
program of hg in fish for the implementation of eQs biota in this particular 
context. a database was created based on the mercury concentrations 
analyzed in fish muscle during 8 research programs carried out by the 
university of bordeaux and the hyDreCo laboratory since 1990. several 
difficulties have been encountered, particularly due to the difficulty to 
identify true reference sites and the high biodiversity of the ichtyofauna 
(416 known species). Two types of water bodies must be differentiated 
in french Guiana, due to their distinct hydrographic functioning: creeks 
(80% of the water system, very little studied) and rivers (20% of the water 
system). The database counts approximately 3000 fishes distributed 
over 50 creeks and 6000 fishes caught at about 200 stations located on 
the rivers of french Guiana; it includes also various information for each 
fish (hg concentration in muscle, standard length, weight, family, species, 
trophic level, sample station location, anthropic or natural pressure for 
each station, etc.). The first results show that fish species in creeks are 
different from those present in rivers. after statistical and geographical 
data processing, 6 to 8 bioindicators species were proposed for creeks 
and 3 for rivers. The identification of reference sites, however, remains 
a very delicate task, due to the history associated with goldmining: just 
7 potential reference sites for creeks and 4 for rivers. results on hg 
contamination of indicator fish species at reference and contaminated 
sites will be presented and discussed according to anthropogenic 
pressure. a first evaluation of reference concentrations is proposed.
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DEVELOPMENT, IMPLEMENTATION, AND 
CULTURAL IMPACT OF FISH CONSUMPTION 
ADVISORIES ON NATIVE AMERICAN TRIBES IN THE 
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fishing and fish consumption are a vital component of the anishinaabe 
bimaadiziwin, or tribal lifeway, of the ojibwe tribes in the lake superior 
region. The presence of environmental contaminants in fish threatens 
both the continuation of this lifeway and the exercise of their treaty 
reserved rights to hunt, fish and gather off-reservation throughout the 
Ceded Territories in Mn, WI, and MI. here we describe the development 
of GlIfWCs mercury-based tribal fish consumption advisories which 
present culturally appropriate advice in the form of lake-specific, 
color-coded maps. We will also discuss our tribal outreach program 
for communicating safe fish consumption information, the efficacy 
of the consumption advisory maps, and the cultural impacts of fish 
consumption advisories on tribes.
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MERCURY CO-BENEFITS OF CLIMATE POLICY 
IN CHINA: ACHIEVING ENVIRONMENTAL AND 
SUSTAINABLE DEVELOPMENT GOALS
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Program on the Science and Policy of Global Change, Massachusetts Institute 
of Technology, Cambridge, MA, United States; (5) Department of Earth, 
Atmospheric, and Planetary Sciences, Massachusetts Institute of Technology, 
Cambridge, MA, United States; (6) Joint Program on the Science and Policy 
of Global Change, Massachusetts Institute of Technology; and Institute of 
Energy, Economy, and Environment, Tsinghua University, Cambridge, MA; 
and Beijing, United States; and China; (7) Joint Program on the Science and 
Policy of Global Change and Sloan School of Management, Massachusetts 
Institute of Technology, Cambridge, MA, United States

mulvaney@mit.edu

national commitments on the Minamata Convention interact with 
other global environment and sustainability objectives, such as 
the Paris agreement on climate change and the global sustainable 
Development Goals. understanding the interactions between mercury 
and other policy interventions can help decision-makers identify more 
effective policies that can address environmental and economic issues 
simultaneously. here, we examine: 1) how Chinas national climate 
policy focused on decarbonization affects the countrys ability to meet its 
environmental goals related to mercury, and 2) how mercury reductions 
can contribute to overall national-level sustainability metrics. To address 
environmental goals, we assess how mercury co-benefits (positive side 
effects that are peripheral to a policys main goal) of a national climate 
policy in China could contribute to the countrys commitments under 
the Minamata Convention on Mercury. We examine climate policy 
scenarios in 2030 corresponding to various levels of carbon intensity 
reductions in addition to a business-as-usual scenario. economic 

analysis from a computable general equilibrium model of Chinas 
economy (C-reM) provides information on changes in economic activity 
resulting from the climate policy scenarios. using this economic data, 
we scale 2007 mercury emissions from the emissions Database for 
Global atmospheric research (eDGar) in a variety of sectors to 2030. We 
then use a global atmospheric transport model (Geos-Chem) to project 
changes in mercury deposition at the regional scale in China for each 
policy scenario, and evaluate the resulting spatial distribution of mercury 
co-benefits. We compare our results to previous literature that considers 
end-of-pipe controls only for meeting Chinas commitments under the 
Minamata Convention on Mercury. To address sustainable development 
goals, we investigate the use of the Inclusive Wealth Index for evaluating 
the sustainability of climate policy in China on the basis of produced 
capital, natural capital, and human capital. We discuss the inclusion of 
mercury impacts in the natural capital and human capital components 
of the Inclusive Wealth Index by considering cropland, IQ impacts on 
labor and educational attainment, and other health effects (such as 
cardiovascular impacts) when data eventually become available.

MO-096

GOVERNING FORESTRY EFFECTS ON MERCURY - 
WHO OWNS THE PROBLEM?
eKlÖf, Karin1; lIDsKoG, rolf2; sanDsTrÖM, Camilla3; ÅKerbloM, 
staffan1; rInG, eva4; bIshoP, Kevin1; 
(1) Swedish University of Agricultural Sciences, Uppsala, Sweden; (2) 
Örebro University, Örebro, Sweden; (3) Umeå University, Umeå, Sweden; 
(4) Skogforsk, Uppsala, Sweden

karin.eklof@slu.se

fish hg concentrations well above the environmental quality standard set 
by the water framework directive (0.02 mg g-1 ww) are a major concern in 
large parts of fennoscandia. apart from anthropogenic hg emissions to 
the atmosphere that deposits to forests far from the source of emissions 
there are catchment and lake characteristics that make hg biomagnify 
effectively in aquatic food chains. forestry operations can mobilize hg 
from the soil, increasing hg concentrations and loads in surface waters. 
forestry activities might also cause waterlogged soils that make good 
habitats for hg methylating microorganisms, increasing the formation of 
bioavailable methylmercury (Mehg). however, available forestry effect 
studies reveal considerable variation in treatment effects on Mehg at 
different sites, varying from no effect up to manifold concentration 
increases. also, most available forestry effect studies focus on Mehg 
in low-order streams. When evaluating the effect of forestry on fish 
hg concentrations it adds several layers of uncertainty associated with 
bioaccumulation. for management practices, it is hard to find solutions 
when the knowledge about different management strategies is complex.

hg is not originally delivered by forestry itself, but from other human 
activities as well as natural sources. The forestry sector nevertheless has 
a responsibility to minimize the negative impact of harvest operations 
on the forests capacity to buffer and mitigate the pollution originating 
from other sectors. The issue of climate change has put additional 
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demands on the forests to provide biomass as a substitute for fossil 
fuel. Thus, decision-makers are facing a wicked problem: how to reduce 
forestrys impact on hg in aquatic ecosystems while securing other 
ecosystem services across the entire forestry cycle.

In order to explore forestrys responsibility and possible solutions to this 
problem in sweden, a transdisciplinary approach has been used where 
actors from relevant governmental agencies, forest companies and 
forest associations have been involved. Through structured dialogue 
based in a risk governance approach, the character of the problem and 
possible ways to handled it were explored. The analysis shows that there 
are ways to handle the issue, but the complex character of the problem 
makes a need to include not only management practices for forestry but 
also the need to discuss regulatory goals and environmental objectives. 
The hg-problem represents a class of difficult issues for forestry 
where the direct impact of forestry needs to be weighed against the 
contribution which that regulation can have on the overall issue.

1i: Comparable measurement results for 
mercury analysis and speciation

TO-001

A NOVEL GRAVIMETRIC PRIMARY MERCURY 
VAPOUR STANDARD
enT, hugo1; Van osselen, Deborah1; De KroM, Iris1; Van oTTerloo, 
Peter1; heeMsKerK, Maurice1; baVIus, Wijnand1; ZIel, ruben1;  
Van anDel, Inge1; 
(1) VSL, Delft, Netherlands

hent@vsl.nl

Within the “Traceability for mercury measurements” project (MeTra; 
european Metrology research Programme) a mercury vapour 
generator is being developed to establish traceability of mercury vapour 
measurement results, based upon a gravimetric approach, for ambient 
air levels as well as higher concentrations.

Current measurement capabilities are maintained at levels of 0,25 – 350 
μg hg/m3, whereas the aim of the novel gravimetric primary standard 
is to realize metrological traceability for the range 5 ng hg/m3 - 60 μg 
hg/m3, with a target measurement uncertainty of 1 %. This to cover key 
requirements for ambient air monitoring (1 - 2 ng hg/m3), health-based 
exposure standards (50 ng hg/m3), concentrations relevant to stationary 
source emissions (upwards of 1 μg hg/m3) and the minimum alveolar 
concentration value (20 μg hg/m3).

The development and characterization of the primary vapour generator 
will be presented. furthermore the results will be presented of two 
comparisons held to demonstrate the robustness and comparability of 
the novel primary standard. one comparison was performed against 
the Dumarey vapour pressure equation, while another comparison 
was performed against current calibration facilities present at national 
metrology institutes.

The newly developed mercury vapour generator will contribute to 
comparable measurement results of mercury vapour at ambient and 
background air levels, and also to higher safety standards and cost 
reductions in e.g. the lnG field, where aluminium main cryogenic heat 
exchangers are used which are particular prone to corrosion caused 
by mercury.

TO-002

DEVELOPMENT AND TESTING OF A GEM 
STANDARD ADDITION SYSTEM TO A SPECIATED 
MERCURY ANALYZER
Kelley, Paul1; luKe, Winston1; ren, Xinrong1; olson, Mark2; PresTbo, 
eric3; haWKIns, lucas3; Cohen, Mark1; arTZ, richard1; 
(1) NOAA/Air Resources Laboratory, College Park, United States; (2) Illinois 
State Water Survey, University of Illinois at Urbana-Champaign, Champaign, 
IL, USA; (3) Tekran Instruments Corporation, Toronto, ON, CA

paul.kelley@noaa.gov

a standard addition system was developed that utilizes the Gaseous 
elemental Mercury (GeM) output from a Tekran(r) 2537X permeation 
source and ports it to the entry glassware of a speciated mercury 
system. Valve timing and control is performed using national 
Instruments labVIeW(r) software. at our atmospheric Mercury network 
(aMnet) site in beltsville, MD standard addition spikes are made into 
the inlet sample flow at points upstream and downstream of the inlet 
impactor frit during both GeM sampling and desorption periods. This 
allows ambient and zero-air matrix effects to be investigated, and 
provides a measure of any losses of GeM in the complete sampling train. 
from these spikes an effective response factor is derived and compared 
to that obtained using calibrations through the internal flow path of the 
2537X analyzer. applying interpolated effective response factors to each 
five-minute integrated ambient GeM sample reduces the within-hour 
standard deviation by correcting matrix-effect trap bias, and also results 
in an increase in hourly-averaged GeM measurements. Changes in 
standard addition instrument response are correlated with meteorology 
and trace gas measurements.

TO-003

ADVANCE ON MERCURY ISOTOPES METROLOGY
barre, Julien1; bÉraIl, sylvain1; CaValheIro, Joana1; TessIer, 
emmanuel1; reneDo, Marina1; aMourouX, David1; DonarD, olivier1; 
(1) IPREM/LCABIE, Pau, France

julien.barre@univ-pau.fr

The assessement of Mercury impact on ecosystems and human health 
is of major concern and european Directives are waiting for a real 
traceability procedure on its measurement as well as the reduction of 
the associated uncertainties. reliability and comparability of mercury 
measurements are essential to assess concentrations and trends of this 
highly toxic element. The european Project JrP enV51 MeTra Traceability 
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for Mercury Measurements aims to meet these needs in the different 
environmental compartments.

recently, the exploration of mercury isotopes allows the discrimination 
of hg sources for a better understanding of its biogeochemical cycle in 
the environment. Many factors control hg isotopes fractionation in the 
environment such as biological or photoreduction processes leading to 
a specific isotopic fingerprint in the final product. To ensure the quality 
and validate these measurements, it is necessary to understand and 
control all the fractionation processes which can occur during each steps 
of the analytical chain (sampling, storage, sample prep) but also during 
the sample introduction (CVG/GC) and the analysis on the MC-ICP-Ms.

To evaluate of all these potential sources of fractionation, we have 
controled in detail the whole analytical chain for hg factionation in 
environmental samples. at first, we have studied the storage condition 
of the sample by measuring several nIsT 3133 solution over a long time 
period. The accuracy and precision of different sample preparation 
(digestion/derivatization) and different sample introduction (several 
CVG, GC) were assessed by comparing hotblock, Microwave and high 
Pressure asher digestion as well as derivatization step which is critical 
for compound specific isotopic analysis which can lead to inaccuracy on 
total mercury budgets. further, depending on digestion methods used 
or reactives introduced, matrix effects can occur during the hg isotopes 
analysis. We have therefore investigated several compounds added to 
standard solution such as oxydant (h2o2, brCl) or organic matter in order 
to understand the potential fractionation induced during measurements. 
finally, mass discrimination in the MC-ICP-Ms can play a major role on 
isotopic fractionation and mass bias correction by Tl internal standard, 
which can be also mass discriminated, can lead to an underestimation of 
the analytical uncertainty. This implies that different mass bias correction 
methods were explored by comparing sample-standard bracketing and 
internal standard correction method. We will present and discuss all the 
potential biais that may be introduced during hg isotopic fractionation 
measurements in environmental samples all along the analytical chain.

TO-004

YES, YOU CAN MEASURE MERCURY IN THE FIELD 
WITH ACCURACY, PRECISION, AND SENSITIVITY
brenT, robert1; WInes, hunter1; luTher, Joseph1; 
(1) James Madison University, Harrisonburg, Virginia, United States

brentrn@jmu.edu

field techniques for measuring hg in contaminated soils have always 
been an appealing prospect. In situ field measurements have the 
potential to provide significant savings in sampling, shipping, and 
laboratory costs. More importantly, the real-time reporting of field 
instruments can greatly increase the efficiency of monitoring efforts by 
quickly locating hotspots, making real-time decisions to develop more 
targeted sampling strategies, and efficiently delineating contaminated 
areas in the field.

handheld X-ray fluorescence spectrometers (Xrf) provide a rugged and 

portable style that is ideal for in situ monitoring. Many researchers have 
successfully used Xrf for field screening of Pb, as, and other metals at 
contaminated sites, however, previous attempts at using handheld Xrf 
for hg analysis have been disappointing. Devices have typically provided 
insufficient sensitivity or poor accuracy and precision.

In this study, we demonstrated that handheld Xrf can be successfully 
used in the field to measure hg in soils with accuracy, precision, 
and sensitivity. rather than using manufacturer configurations and 
calibrations, this study developed a hg-specific calibration set and 
used hg-specific configurations to optimize sensitivity and increase the 
accuracy of hg detection. This study measured 239 bank soil samples 
in the field at the south river remediation site in Waynesboro, Virginia. 
after field analysis using the handheld Xrf, samples were shipped to a 
laboratory for confirmatory hg analysis using ePa Method 7471a.

The handheld Xrf was able to achieve a method detection limit of 7.4 
mg/kg hg with a 60-second analysis time, sufficient for comparison to 
most risk-based soil screening levels. accuracy of the Xrf method was 
determined by analysis of spiked hg samples and by comparison of 
field results to laboratory Method 7471a results for the 239 collected 
samples. Percent recovery for spiked samples averaged 102%, and the 
regression of spiked hg levels to Xrf reported values achieved an r2 
value of 0.999. Xrf and Method 7471a results were highly correlated 
with an r2 value of 0.934. Precision of the method was determined by 
the analysis of field triplicates. The median CV (coefficient of variation) 
for Xrf field triplicates was 18%, compared to a median CV of 19% 
for field duplicates measured using Method 7471a. These findings 
demonstrate that the Xrf method, if calibrated and optimized properly 
for hg, can be used to quickly and reliably analyze the hg content of soils 
in the field with sufficient accuracy, precision, and sensitivity.

TO-005

COMPARABLE MEASUREMENT RESULTS FOR 
GLOBAL MERCURY MONITORING IN THE 
MARINE ENVIRONMENT
VasIleVa-VeleVa, emiliya1; 
(1) IAEA Environmental laboratories, Monaco

e.vasileva-veleva@iaea.org

The launch of the united nations environment Programme Global 
legally binding Treaty on Mercury, will lead to the establishment/
strengthening of Mercury monitoring efforts of the countries in different 
environmental compartments, in order to assess environmental 
mercury contamination, as well as to control the efficiency of the control 
measures undertaken. Therefore, Mercury monitoring will become 
an integral part of all marine monitoring programmes implemented 
at national or/and regional level around the world. because of the 
expected proliferation of the generated Mercury monitoring data, and 
taking into consideration the difficulties related to the accurate analysis 
of Mercury and its species in marine samples, the use of recommended 
analytical methods by the laboratories involved in this effort, as well as 
the strengthening of the quality assurance of their data, is a necessity for 



ORAL ABSTRACTS ICMGP2017 The 13Th InTernaTIonal ConferenCe on MerCury as a Global PolluTanT InTeGRATInG MeRCuRy ReSeARCh And POLICy In A ChAnGInG WORLd July 16 – 21, 2017 · ProVIDenCe, rhoDe IslanD, usa 44

the effective use of the generated data for environmental assessments 
and decision making. Therefore, many developing countries will need 
assistance to build their capacity for accurate and representative 
mercury analysis in the marine environment.

To assist countries in the strengthening of their Mercury data quality 
assurance, the Marine environmental studies laboratory of Iaea is 
developing fit-for-purpose recommended analytical methods for 
Mercury and Methyl Mercury in marine sediment and biota, organises 
Inter-laboratory Comparison (IlC) exercises and produces relevant 
Certified reference Materials to be used by laboratories involved in 
mercury monitoring in the marine environment. recently Mesl has 
produced one new CrM for Mercury and Methyl Mercury in marine 
sediment and two CrMs in biota samples (clam and scallop). The 
recommended Methods for Mercury and Methyl Mercury, as well as 
the relevant CrMs in marine sediment and biota, will be outlined in 
the presentation.

TO-007

LOW UNCERTAINTY MEASUREMENTS TO 
CHARACTERIZE THE ACCURACY OF COMMERCIAL, 
NIST-TRACEABLE HG0 AND HGCL2 REFERENCE 
GAS STANDARDS.
lonG, stephen1; ryan, Jeffrey2; 
(1) NIST, Charleston, SC, USA; (2) US EPA, Research Triangle Park, NC, USA

selong@nist.gov

Gaseous elemental mercury (hg0) and oxidized mercury (hgCl2) 
reference standards are integral to the use of mercury continuous 
emissions monitoring systems (hg CeMs) for regulatory compliance 
emissions monitoring. ePa and nIsT have collaborated to establish the 
necessary procedures for establishing the required nIsT traceability of 
commercially-provided hg0 and hgCl2 reference generators. however, 
a quantitative disparity of approximately 7-10% has been observed 
between commercial hg0 and hgCl2 reference gases which currently 
limits the use of (hgCl2) reference gas standards. The source of this 
disparity is the focus of considerable debate. Moreover, the actual 
disparity has not been accurately quantified. This presentation will 
highlight the approach and results of a joint nIsT/ePa study to accurately 
quantify the true concentrations of hg0 and hgCl2 reference gases 
produced from high quality, nIsT-traceable, commercial hg0 and hgCl2 
generators. The results of this study will not only quantify the disparity, 
but will help provide an understanding of the source of this disparity, 
if confirmed.

TO-008

EVALUATION OF MERCURY POREWATER 
CONCENTRATION MEASUREMENT 
APPROACHES AND THEIR SIGNIFICANCE AND 
BIOLOGICAL RELEVANCE
reIble, Danny1; VrTlar, Tea1; beJar, Michelle1; rao, balaji1; bIreTa, 

Paul2; sChIerZ, ariette3; nDu, udonna4; hsu-KIM, helen4; 
(1) Department of Civil, Environmental and Construction Engineering, Texas 
Tech University, Lubbock, TX, USA; (2) Department of Civil, Environmental 
and Construction Engineering, Texas Tech University; Department of Civil, 
Architectural and Environmental Engineering, University of Texas, Lubbock, 
TX , USA; (3) Exponent, Inc, Maynard, MA, USA; (4) Department of Civil and 
Environmental Engineering, Duke University, Durham, NC, USA

danny.reible@ttu.edu

Mercury porewater measurements are an important indicator of 
mobility and availability of mercury in natural systems. Mercury 
associated with the solid phase is typically not as available for uptake 
or methylation as mercury present in porewater in either dissolved 
or suspended phase. Techniques for evaluating porewater mercury 
concentrations include direct withdrawal of porewater, collection of 
minimally disturbed sediment cores for processing via porewater 
displacement or centrifugation, as well as passive sampling techniques 
including dialysis membrane sampling devices (peepers), and flux 
based diffusive gradient in thin film samplers (DGTs). Direct withdrawal 
is difficult in fine-grained low permeability media and often difficult to 
ensure that only porewater is collected. Porewater expression from 
cores can be effective but care must be taken to avoid disturbance 
of the core. Centrifugation is often used but resuspend colloidal and 
suspended particles that can then scavenge dissolved mercury during 
filtration. all of these methods suffer from sensitivity to the filtration 
approach (e.g. sensitivity to filtration size).

as compared to previous techniques, passive samplers have advantage 
of greatly reducing the disturbance of the physical and chemical 
conditions present at the site. Dialysis membrane passive samplers 
typically require collection of relatively large volumes potentially limiting 
vertical resolution and lengthening sampling time. Diffusive Gradient in 
Thin-film (DGT) samplers require relatively short exposure times and 
exhibit low detection limits by concentrating mercury or methyl mercury 
on a sorbing resin. a concern with both methods is the question of the 
relationship of mercury speciation and the measurement obtained 
by the sampler. In our research, we have investigated the mercury 
species and complexes most likely to be measured by DGTs and used a 
combination of microbial and macrobenthic assays to show that these 
species and complexes are the most likely to be biologically relevant.

This paper compares these various approaches to the measurement of 
mercury in porewater. The relative strengths and weaknesses of each 
approach and their biological relevance will be identified. The specific 
advantages of DGTs for the assessment of mobile and bioavailable 
mercury will be emphasized and the rationale behind expanding use of 
DGTs identified.
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2b-1: Sources and cycling of mercury in 
freshwater ecosystems

TO-009

EVALUATING THE INFLUENCE OF SEASONAL 
STRATIFICATION ON MERCURY METHYLATION 
RATES IN THE WATER COLUMN AND SEDIMENT OF 
A WESTERN US RESERVOIR
eCKley, Chris1; luXTon, Todd2; GoeTZ, Jenny2; KrabbenhofT, Dave3; 
MCKernan, John2; DeWIlD, John3; 
(1) EPA, Seattle WA, USA; (2) EPA, Cincinnati, OH, USA; (3) USGS, Middleton, 
WI, USA

eckley.chris@epa.gov

Mercury (hg) methylation often occurs at the active redox boundary 
between oxic and anoxic conditions in sediment and the water column 
of lakes. Previous studies have suggested that sediment methylation 
rates are highest when the overlying water is oxygenated and that during 
periods of stratification the predominant zone of methylation activity 
switches from the sediment to the water column. however, studies that 
simultaneously measured methylmercury (Mehg) production in the 
water column and sediment remain limited. understanding the relative 
importance of sediment versus water column methylation and how this 
changes in response to seasonal stratification has important implications 
for management strategies aimed at reducing Mehg production, such 
as hypolimnion oxygenation. our study measured hg methylation and 
demethylation rates using inorganic hg and Mehg stable isotope tracers 
in sediments and water of the littoral zones and deeper central waters 
of a reservoir in Californias central coastal range. Measurements were 
conducted during well-mixed/oxygenated conditions (winter) as well as 
at the beginning (spring) and end of thermal stratification (late-summer). 
We also evaluated how variations in the isotope spike solution (using DI 
water, ambient water, carbon enriched water) affected the methylation 
rates. These results found the lowest methylation rates were associated 
with the DI isotope spike solution, suggesting that microbial community 
prefers hg bound to a carbon source. The results from the field sampling 
showed that the ambient Mehg concentrations were very high in the 
hypolimnetic waters (up to 7.5 ng/l representing up to 79% Mehg/Thg) 
during periods of stratification. During the late summer, the sediment 
in the littoral zones underlying oxic water had significantly higher 
methylation rates (2.4 %/day) compared to the sediments underlying 
anoxic water in the hypolimnion (1.3 %/day). sediment demethylation 
rates were much higher in sites under the anoxic hypolimnetic waters 
(9.8%/day), compared to the littoral sediments with overlying oxic water 
(2.2 %/d). These results highlight the importance of net Mehg production 
in the littoral zones. following turnover, methylation rates in this deep 
section of the reservoir did not increase when the overlying water 
became oxygenated. under anoxic conditions, water-column methylation 
rates were of similar magnitude to the sediment (3.0 %/day) and were 
insignificant in oxygenated water. Taken together, these results suggest 
that methylation in the water column provides a significant source of 

Mehg to the reservoir, and that following turnover when water-column 
methylation ceases, there is not a concomitant shift towards higher 
production in the sediments.

TO-010

RESPONSES OF MONOMETHYLMERCURY 
ACCUMULATION IN FISH TO THE TROPHIC STATES 
OF ARTIFICIAL TEMPERATE RESERVOIRS
noh, seam1; KIM, Chan-Kook2; KIM, young-hee1; ParK, Kwang-su1; yu, 
seok-min1; KIM, hyuk1; seoK, Kwang-seol1; lee, Jong-hyeon2;  
han, seunghee3; 
(1) National Institute of Environmental Research (NIER), Incheon, Republic 
of Korea; (2) Environmental Health & Safety Research Institute (EH R&C) , 
Bucheon, Republic of Korea; (3) Gwangju Institute of Science and Technology 
(GIST), Gwangju, Republic of Korea

seamnier@gmail.com

The aim of this study is to understand the correlation between MMhg 
concentrations in fish and trophic states of different reservoirs. for this 
purpose, we investigated MMhg concentrations in 466 samples of four 
common fish species (barbel steed, largemouth bass, leopard mandarin, 
and bluegill) and trophic states of 14 artificial reservoirs in south 
Korea. The trophic state index (TsI) of each reservoir was determined 
using empirical equations based on the monthly chlorophyll-a, total 
phosphorus, and secchi depth collected over a three-year period. The 
length-normalized MMhg concentrations in fish (MMhgadj) showed a 
negative correlation with the TsI based on total phosphorus (r2 =0.75), 
which might be a result of particle dilution of MMhg in surface waters. 
a log-normal correlation was found between the fish MMhgadj and the 
TsI based on chlorophyll-a (r2 =0.76), attributable to low chlorophyll-a 
concentrations, despite of the high particle densities, in the oligotrophic 
reservoirs. This study is the first to reveal MMhg accumulation in fish via 
the relationship with TsI of the lakes, suggesting that the measurement 
of TsI based on chlorophyll-a and total phosphorus is an effective way to 
predict MMhg bioaccumulation across diverse reservoirs.

TO-011

MERCURY METHYLATION IN THE WATER LEVEL 
FLUCTUATION ZONE OF CHINA’S LARGEST 
HYDROELECTRIC RESERVOIR: THE ROLE OF 
INORGANIC SULFUR REDOX CYCLING
lIu, Jiang1 2; JIanG, Tao3; WanG, Dingyong1; WanG, feiyue2;  
ZhanG, Jinzhong1; 
(1) College of Resources and Environment, Southwest University, Chongqing, 
P.R.China; (2) Centre for Earth Observation Science, University of Manitoba, 
Winnipeg, Manitoba, Canada; (3) Department of Forest Ecology and 
Management, Swedish University of Agricultural Sciences, Umeå, Sweden

lj891024@gmail.com

The Three Gorges reservoir (TGr) is the largest hydroelectric reservoir in 
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China, with a total water surface area of 1080 km2 and a storage capacity 
of 39.3 billion m3. hydroelectric regulation results in a water-level 
fluctuation zone (WlfZ) with a total area of 306.3 km2 that undergoes 
annual flooding and drying alternating cycles. The alternating redox 
conditions in this WlfZ make it a very interesting area for the cycling 
of mercury (hg) and sulfur (s), although the effect of the s redox cycle 
on hg methylation is not clear. sulfide may reduce the availability of hg 
through immobilizing mercuric ions as sparingly soluble hgs(s). on the 
other hand, the dissolved mercury-sulfide (hg-s) complexes formed in a 
sulfidic environment may facilitate hg methylation. here we present the 
results from a year-long monitoring of the WlfZ, as well as a flooding and 
drying simulation experiment with elemental sulfur (s0) addition. field 
studies showed that the concentrations of both methylmercury (Mehg) 
and reduced s in the WlfZ were significantly higher than that in non-
flooded soils. significant positive correlations were found between Mehg 
and s0 (p < 0.01), acid volatile sulfide (aVs) (p < 0.01), ph (p < 0.05) and 
soil organic matter (p < 0.01) in soil/sediment of the WlfZ. In the flooding 
and drying simulation experiment, s0, which is an intermediate product 
of sulfate reduction and sulfide re-oxidation, showed a higher correlation 
(r = 0.74, p < 0.05) with Mehg when compared to field samples. In the s0 
added anaerobic sediment, the correlation coefficient of s0 and Mehg 
was even higher (r = 0.86, p < 0.01) when the content of dissolved organic 
matter was held constant. These relationships indicate that s0 in the 
redox alternating WlfZ environment could promote Mehg production 
especially under reducing conditions. This could be due to the formation 
of polysulfides from reactions of s0 and sulfide, which are known to 
increase the concentrations of dissolved hg from the solid hgs pool in 
the soil. The periodic regulation of the water level in the TGr and the 
resulting redox cycling of inorganic sulfur in the WlfZ may thus enhance 
the production of Mehg in both aquatic and terrestrial ecosystems.

TO-012

A REVIEW OF MERCURY RESEARCH IN FRESHWATER 
ECOSYSTEMS ACROSS THE GLOBAL BOREAL ZONE
lesCorD, Gretchen1; JohnsTon, Tom2; branfIreun, brian3; PosTe, 
amanda4; braaTen, hans4; Gunn, John1; sWanson, Dr5; 
(1) Laurentian University, Sudbury ON, Canada; (2) Ontario Ministry of 
Natural Resources and Forestry, Sudbury ON, Canada; (3) Western University, 
London ON, Canada; (4) Norwegian Institute for Water Research, Oslo, 
Norway; (5) University of Waterloo, Waterloo, ON, Canada

glescord@laurentian.ca

Mercury (hg), a neurotoxin with a global atmospheric distribution, has 
been shown to readily deposit onto northern landscapes where it can 
enter freshwater systems and bioaccumulate in sport and subsistence 
fish. however, the biogeochemical cycle of hg, including bioaccumulation, 
is complex and influenced by many physicochemical and ecological 
factors. While several recent reviews have been published on the factors 
that affect aquatic hg cycling in the arctic, reviews on hg research in 
the global boreal zone are lacking. The main goal of this review was to 
assess which physicochemical parameters (e.g., DoC, ph, lake size) 
significantly affect hg concentrations in boreal waters, sediments, 

peatlands, invertebrates, and/or fish in 5 key boreal regions: north 
america, fennoscandia, russia, China, and other countries (e.g., estonia). 
a total of 673 correlative relationships were found between various 
physicochemical parameters and abiotic and biotic hg concentrations 
in freshwater systems across these regions. no major spatial 
differences were found in the direction of the relationships reported 
between hg concentrations and a given physicochemical parameter. 
Consistent positive relationships were frequently reported between 
hg concentrations in water, sediments, and biota and aqueous organic 
matter (oM) content as well as certain watershed characteristics (e.g., 
% forested or wetland area) of freshwater boreal systems, suggesting 
that terrestrial hg is transported into freshwater systems by oM 
complexes. Conversely, base cations were negatively correlated with hg 
concentrations in boreal sediments, invertebrates, and fish, potentially 
due to an inhibition of hg methylation and increased competition for 
binding sites on oM complexes. In addition to assessing these correlative 
relationships, we compiled data on hg in fish muscle from 92 studies 
across the boreal region and found that perch (Perca flavescens in n. 
america and Perca fluviatilis in fennoscandia/russia) had significantly 
lower length-standardized (at 14 cm) total hg concentrations in 
fennoscandian lakes (0.176±1.097 ppm, wet weight) compared to north 
american (0.356±1.108 ppm, wet weight) and russian (0.471±1.320 ppm, 
wet weight) lakes. results from this review will provide valuable insight 
into which physical and chemical factors control hg cycling across the 
boreal zone. We also discuss the implications of these results in the 
context of anticipated changes to boreal landscapes due to various types 
of industrial development (e.g., forestry, mining, and hydropower), which 
are expanding across the boreal.

TO-013

VARIABILITY IN AND TIMES TO RECOVERY FROM 
MERCURY POLLUTION FOR MICHIGAN LAKES
urban, noel1; PerlInGer, Judith1; henDrICKs, ashley1; PrIyaDarshInI, 
Mugdha1; WanG, hang1; ZhanG, huanxin1; 
(1) Michigan Technological University, Houghton, United States

nurban@mtu.edu

anthropogenic emissions combined with long-range transport and 
atmospheric deposition have contributed to a state-wide fish consumption 
advisory for mercury (hg) in Michigan. lake sediment cores in Michigans 
upper Peninsula (uP) indicate that hg accumulation increased 
approximately 3-fold above background rates. There are conflicting 
predictions as to the future trajectory for hg deposition and for the 
recovery of lakes from that deposition. Concentrations of hg in Michigan 
rivers and lakes increased over the past two decades during which time 
atmospheric deposition declined. furthermore, the geographic pattern of 
concentrations in lakes and fish does not match the pattern of atmospheric 
deposition. accurate prediction of the future recovery of lakes requires 
an understanding of the magnitude and timing of mercury runoff from 
terrestrial catchments as well as understanding of the rate of cycling of 
mercury within the lake and food web.
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This study applied both a statistical and a mechanistic modeling approach 
to meet the two objectives: 1) to determine the causes of variability for 
mercury in lakes of the uP, and 2) to predict the time required for fish from 
uP lakes to be safe for unlimited consumption. We examined the spatial 
distribution of mercury in lakes, fish, rivers and atmospheric deposition 
across the upper Peninsula (uP) of Michigan. Multiple data bases were 
combined to estimate the magnitude of mercury runoff from catchments, 
the best predictor variables for mercury concentrations in lakes, and the 
factors best explaining methyl mercury (Mehg) concentrations in fish. The 
statistical analyses enabled us to create categories of lakes having similar 
fish mercury, and to apply a hg cycling model to predict the timeline for 
recovery under different scenarios for hg deposition.

This study indicates that the magnitude of mercury runoff from catchments 
has been much less (5-15% of atmospheric deposition) than estimated by 
previous studies (~25%). large variations in dissolved hg concentrations as 
well as mercury content in fish among lakes in Michigans upper Peninsula 
(uP) suggest that runoff may be highly variable among catchments, but the 
major rivers in the uP show remarkable uniformity in runoff. While DoC is 
an important explanatory variable for dissolved mercury in lakes, the DoC 
is not well predicted by wetland areas. for mercury in fish, lake ph is the 
most significant predictor variable, but lake size is also important. The time 
to recovery depends primarily on the regulations imposed on emissions 
and on the timescale for run-off from catchments.

TO-014

RECYCLING OF MARINE MERCURY IN 
MOUNTAIN LAKES
hansson, sophia1; sonKe, Jeroen2; GaloP, Didier3; Jean, séverine4; 
bareIlle, Gilles5; le rouX, Gaël4; 
(1) Department of Bioscience, Aarhus University, Roskilde, Denmark; 
(2) Observatoire Midi-Pyrénées, Laboratoire Géosciences Environnement 
Toulouse, CNRS; IRD; Université de Toulouse, Toulouse, France; (3) CNRS : 
UMR 5602, Géographie de l’Environnement, Université du Mirail, Toulouse, 
France; (4) EcoLab, Université de Toulouse, CNRS, INPT, UPS, Toulouse, 
France; (5) IPREM UMR 5254, Université de Pau, Pau, France

sophia.hansson@ensat.fr

over the last decade, a rapidly evolving interest in mercury’s (hg) 
isotopic composition have shed light on the pathways and chemical 
forms hg undertakes, along with identification of contributing sources 
to the complex global hg-cycle, yet many questions remain regarding 
source and trophic transfer of hg in natural systems. Marine and 
fresh-water food webs, and the hg isotopic composition within them, 
are often investigated separately and treated as two distinctly different 
ecosystems with little overlap between them. an exception to this is fish 
farms, where fresh-water fish is bred and raised on a man-made and 
atypical high energy diet, which main protein source is based on fishery 
products of marine origin. yet, the effect on natural ecosystems of 
non-native fish, raised on a marine protein based diet, in a geochemical 
perspective in general, and in the scope biomagnification of hg and hg-
isotopes specifically, is still unknown. using a combined geochemistry 

(Thg) and stable isotope (n, C, sr and hg) approach, we here show 
that the introduction of farmed brown trout (salmo Trutta fario) to a 
high-altitude catchment leads to a small, yet relevant, input of directly 
bioavailable Mehg and to a recycling of marine hg, which potentially 
clouds the isotopic signature of hg in the natural system. We found 
that farmed trout show hg-isotopic signatures directly comparable 
to that of marine and off-coastal biota whereas wild trout indicated 
hg-isotopic signatures related to atmospherically derived hg and 
photochemical processes. The stocked, farm-rearing fish, showed hg-
isotopic signatures more similar to the marine and coastal biota, but as 
the trout evolved and shifted its diet to a higher trophic level, gaining an 
overall higher Thg-concentration, the marine farmed rearing signature 
was diluted by the atmospherically derived hg, rendering in lower 
MDf (mass dependent fractionation, δ202hg) and higher MIf (mass 
independent fractionation, Δ199hg). In contrast to the current status 
quo on global hg-cycle, i.e. that bioaccumulated Mehg biomagnifies up 
the food chain we here claim that in watersheds subject to stocking of 
farmed fish, hg does not only bioaccumulate and biomagnify, but also 
re-biomagnifies, thus leading to inherent difficulties when deciphering 
the ecological pathway of hg transfer on global scales, but also locally i.e. 
through the food web within an aquatic system.

TO-015

MERCURY TEMPORAL TRENDS IN TOP PREDATOR 
FISH OF THE LAURENTIAN GREAT LAKES FROM 
2004 TO 2015: ARE CONCENTRATIONS STILL 
DECREASING?
Zhou, Chuanlong1; Cohen, Mark D.2; CrIMMIns, bernard a.1; Zhou, 
hao3; Johnson, Timothy a.3; hoPKe, Philip K.3; holsen, Thomas M.1; 
(1) Department of Civil and Environmental Engineering, Clarkson University, 
Potsdam, New York, United States; (2) Air Resources Laboratory, United States 
National Oceanic and Atmospheric Administration, College Park, Maryland, 
United States; (3) Institute for a Sustainable Environment, Clarkson University, 
Potsdam, New York, United States

zhouc@clarkson.edu

Mercury (hg) concentration trends in top predator fish (lake trout and 
walleye) of the Great lakes (Gl) from 2004 to 2015 were determined by 
Kendall−Theil robust regression with a cluster-based age normalization 
method to control for the effect of changes in lake trophic status. 
When data from the Gls (except lake erie) are combined, a significant 
decreasing trend in the lake trout hg concentrations was found between 
2004 and 2015 with an annual decrease of 4.1% per year, consistent 
with the decline in regional atmospheric hg emissions and water hg 
concentrations. however, a breakpoint was detected with a significant 
decreasing slope (−8.1% per year) before the breakpoint (2010), and no 
trend after the breakpoint. When the lakes are examined individually, 
lakes superior and huron, which are dominated by atmospheric hg 
inputs and are more likely than the lower lakes to respond to declining 
emissions from areas surrounding the Gl, have significant decreasing 
trends with rates between 5.2 and 7.8% per year from 2004 to 2015. 
These declining trends appear to be driven by decreasing regional 
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atmospheric hg emissions although they may be partly counterbalanced 
by other factors, including increasing local emissions, food web changes, 
eutrophication, and responses to global climate change. lakes Michigan, 
erie and ontario may have been more impacted by these other factors 
and their trends changed from decreasing to non-decreasing or 
increasing in recent years.

TO-016

MERCURY PHOTO-REDUCTION AND TOTAL 
PHOTOREDUCIBLE MERCURY DYNAMICS IN 
THE LAKES OF KEJIMKUJIK NATIONAL PARK, 
NOVA SCOTIA
o'DrIsColl, nelson1; VosT, emma1; ChrIsTensen, Thora1; KlaPsTeIn, 
sara1; Mann, erin2; 
(1) Acadia University, Wolfville, Canada; (2) Acadia Univerity, 
Wolfville, Canada

nelson.odriscoll@acadiau.ca

Photo-reduction and photo-oxidation are fundamental mechanisms 
controlling mercury volatilization and accumulation in freshwaters. In 
all surface waters dissolved gaseous mercury (DGM) is produced as a 
net result of the reduction of reducible mercury, which is believed to 
be primarily divalent mercury (hg(II)) bound to specific carbon-based 
ligands, and the oxidation of elemental mercury (hg(0)). These two 
processes control the amount of DGM available for evasion across 
the water-air interface; however, determination of the fundamental 
rate constants and mechanisms of these reactions in freshwaters are 
still areas that require more research. In particular, the total amount 
of photoreducible mercury is emerging as a key variable that requires 
more exploration.

here, we review the progress our group has made in this field over the 
past 10 years; we present rate constants as well as temporal dynamics 
in total reducible mercury derived from two recent projects that 
examined water samples from a series of freshwater lakes in Kejimkujik 
national Park, nova scotia, Canada. We examined the hypothesis that 
gross photoreduction and photooxidation rates would be significantly 
different in lake water. another hypotheses was that the amount of 
mercury available for reaction with solar radiation (i.e. reduction of hg(II) 
to gaseous hg(0)) in surface waters would significantly change over a 
summer. a luzchem photo-reactor was used to irradiate 200 ml water 
samples in quartz beakers continuously exposed to ultraviolet radiation 
for 24 h with concurrent hg(0) analysis to derive pseudo-first order gross 
reduction rate constants and batch experiments were used to derive net 
reduction rates (and gross photooxidation by difference).

results showed that the net photo-oxidation rates for freshwaters 
were low, with mercury reduction and oxidation reactions very 
close to being in balance. We also found that the amount of total 
reducible hg(II) changed significantly in three of the lakes over several 
sampling months. Dissolved organic carbon concentration was a key 
factor positively correlated with these results. This research provides 
the first quantitative measurements of gross photooxidation and 

photoreduction rates as well as total photo-reducible mercury over a 
season in surface freshwater lakes.

2f-3: Mercury methylation: microbial and 
geochemical constraints

TO-017

MERCURY BIOMETHYLATION IN BIOMINING-
AFFECTED SULFIDE-RICH AND NATURAL SEDIMENTS 
RETRIEVED FROM BOREAL DYSTROPHIC LAKES
KarJalaInen, anna1; KuKKonen, Jussi1; 
(1) University of Jyväskylä, Jyväskylä, Finland

anna.k.karjalainen@jyu.fi

freshwaters throughout the Globe are contaminated by mercury 
(hg) due to anthropogenic activities. Considerable part of the global 
atmospheric hg deposition takes place in boreal regions. biomining that 
exploits bacterial leaching on-site is suggested as a clean technology 
to recover metals from low-grain ores. however, biomining effluents 
have been shown to cause salting and multi-metal contamination of 
the effluent-receiving waterways. risk assessors are challenged by the 
multitude of adverse effects biomining effluents are suggested to have 
towards freshwater ecosystems. of those the potential enhancement 
of hg biomethylation to methylmercury (Mehg) is surely not the least 
in importance. Mercury biomethylation in surficial sediments can 
become enhanced due to sulfate-containing effluents that enhance 
hypoxic and anoxic conditions in the lake bottoms that again favor 
activity of sulfate reducing bacteria besides of the sulfate addition itself. 
These bacteria can methylate hg to Mehg that biomagnifies in the 
food web. We sampled surficial sediments from biomining-affected 
lake Kalliojärvi and lake Jormasjärvi, the sedimentary basin of the 
latter being mixed on the spot, and from one non-mining-affected 
lake ukonjärvi. The sediments showed hg accumulation at 106.9 (l. 
Kalliojärvi), 293.1 (l. Jormasjärvi) and 372.1 (l. ukonjärvi) ng Total hg 
g-1 dw with Mehg proportions being 3.8, 0.6 and 1.2 % of Total hg 
(Thg), respectively. We incubated the sediments at laboratory set-ups 
for 14 days with their natural bacteria present with two treatments: 1) 
normoxia and 2) hypoxia in the sediment overlaying water, measured 
the Thg-Mehg proportions in the sediments thereafter and compared 
them to various water and sediment characteristics. The results 
indicated our hypotheses that 1) hypoxia enhances hg biomethylation 
compared to normoxia in the non-mining-affected sediment, and that 
2) the mining-affected anomaly-sediments likely show deviation from 
this phenomenon, were true. In the heavily contaminated l. Kalliojärvi 
sediment the highest proportions of Mehg were measured at 14-d 
with some but not as evident hypoxia effect as in the non-mining-
affected l. ukonjärvi sediment. In the moderately mining-affected l. 
Jormasjärvi sediment there was no difference between the treatments 
in hg biomethylation. Methylmercury in sediment correlated negatively 
with redox potential in the overlaying water, sediment dry matter 
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content and iron concentration (Pearson’s r-values: -0.31 - -0.55), and 
positively with water sulfate and iron concentrations (0.59-0.69). Mercury 
biomethylation can be enhanced in mining-affected sediments. yet the 
conditions favorable for hg methylation are complex, and enhancement 
of hg biomethylation will probably not always be the prevailing case in 
mining-affected freshwaters.

TO-018

EFFECTS OF MERCURY ADDITION ON 
MICROBIAL COMMUNITY COMPOSITION AND 
MERCURY METHYLATION INSIDE PERMEABLE 
REACTIVE BARRIERS
hIller, Kenly1; foreMan, Kenneth2; bulseCo-MCKIM, ashley3; benoIT, 
Janina4; boWen, Jennifer3; 
(1) University of Massachusetts Boston, Boston MA, United States; (2) Marine 
Biological Laboratory, Woods Hole, MA, USA; (3) Northeastern University 
Marine Science Center, Nahant, MA, USA; (4) Wheaton College, Norton, 
MA, USA

kenlyhiller@gmail.com

Permeable reactive barriers (Prbs) remove nitrogen from groundwater 
by enhancing denitrification. The Prbs consist of woodchips that 
provide a virtually unlimited carbon source for heterotrophic denitrifiers. 
This carbon also supports other anaerobic bacteria, some of which, 
including sulfate-reducing bacteria (srb), have the ability to methylate 
inorganic mercury that occurs in groundwater in industrialized areas. 
We examined microbial community composition and geochemistry in 
flow-through Prb mesocosms, half of which were spiked with sulfate 
throughout the experiment to simulate a salt water environment. 
halfway through the experiment, we began spiking all replicates daily 
with mercuric chloride. We hypothesized that mercury addition would 
alter community composition to favor higher abundances of known 
methylating taxa, and that the sulfate mesocosms would produce 
more methylmercury than the non-sulfate mesocosms due mainly to 
an increase in abundance of srb. We found that taxa of srb, including 
desulfobacterales, were more abundant after spiking with mercury, 
while taxa inhibited by hg, like arcobacter, decreased. We also found a 
period of adjustment after the start of hg spiking, where nitrate removal 
became incomplete and methylmercury production was low, but after 
two days, nitrate removal became complete again and methylmercury 
production rose. overall, however, there was no net increase in 
methylmercury production over the course of the experiment, and no 
significant difference in production between sulfate and non-sulfate 
treatments. This could be due to inhibition of methylation from high 
sulfide concentrations, or demethylation by microbes possessing 
the mer operon, which were also more abundant after spiking with 
mercuric chloride.

TO-019

MICROBIAL DEMETHYLATION IN THE 
ENVIRONMENT: ROLES OF IRON-REDUCING 
BACTERIA AND METHANOTROPHS
lu, Xia1; Zhao, linduo1; Gu, Wenyu2; lIu, yurong1; Johs, alexander1; 
seMrau, Jeremy2; boahua, Gu1; 
(1) Oak Ridge National Laboratory, Oak Ridge, TN, USA; (2) University of 
Michigan, Ann Arbor, MI, USA

lux2@ornl.gov

Microbial methylation and demethylation are two competing 
processes controlling the net production and bioaccumulation of 
neurotoxic methylmercury (Mehg) in natural aquatic environments. 
although mercury (hg) methylation by anaerobic microorganisms 
and demethylation by aerobic hg-resistant bacteria have both been 
extensively studied, little attention has been given to microbial 
degradation of Mehg, particularly by anaerobic iron reducers and aerobic 
methanotrophs, despite their ubiquitous presence in the environment. 
We report that the iron-reducing bacterium Geobacter bemidjiensis 
bem can both methylate inorganic hg and degrade Mehg concurrently 
under anoxic conditions. a reductive demethylation pathway is likely 
utilized by G. bemidjiensis to degrade Mehg, with elemental hg(0) as 
the major reaction product, possibly due to the presence of homologs 
encoding both organo-mercurial lyase (Merb) and mercuric reductase 
(Mera) in this organism. additionally, G. bemidjiensis bem cells can 
mediate multiple reactions including hg sorption, reduction and 
oxidation, resulting in both time and concentration dependent hg 
species transformations. for the first time, we also demonstrate that 
some methanotrophs (e.g., Methylosinus trichosporium ob3b) can 
take up and degrade Mehg rapidly despite they do not possess merb 
or mera in their genome. Demethylation by M. trichosporium ob3b 
increased with increasing Mehg concentrations (up to ~75 nM), but a 
high Mehg concentration (125 nM) decreased demethylation due to 
Mehg toxicity. unlike many known hg-methylators, all methanotrophs 
are found to take up substantial amounts of Mehg, likely as a one-carbon 
(C1) growth substrate and energy source. These findings indicate a 
cycle of methylation and demethylation among anaerobic and aerobic 
bacteria, and suggest that both anaerobic iron reducers and aerobic 
methanotrophs may play an important role in the net balance of Mehg 
production in the environment.

TO-020

SUPPRESSION OF METHYLMERCURY PRODUCTION 
AND TRANSPORT IN SEDIMENT USING IRON 
(FERRIC) OXIDE
KleIn, stephen1; 
(1) Benthica, Elizabeth, Colorado, USA

steve@benthica.com

Tests on natural sediments were performed to measure the effect 
of ferric oxide on mercury methylation and mobility, by shifting the 
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microbial community and increasing the sorption capacity of the 
sediment. Iron oxide treatment was tested on replicate chambers having 
either oxic or anoxic overlying water, and untreated controls were tested 
on replicate chambers simultaneously. a single treatment of slurried 
ferric oxide was injected into the top 2 cm of sediment at a density of 
0.50 moles/m2 (28 grams as fe+3), and the chambers allowed to run for 
6 months. overlying water and sediment were periodically sampled to 
track the evolution of the chambers.

after 6 months, the mass of methylmercury in the top 2 cm of iron-
treated sediment decreased by an average of 40% compared to 
controls, while the mass increased in the 3-5 cm interval by an average 
of 20%. The center of mercury methylation deepened from 1 to 4 cm, 
which decreased the availability of sulfate to srb and increased the 
upward diffusion distance of methylmercury to the overlying water by 
a factor of four. The concentration of methylmercury in the top 3 cm 
of porewater of iron-treated sediment was below detection (<20 pg/l), 
while the untreated anoxic control averaged 350 pg/l. The concentration 
of methylmercury in overlying water of both oxic and anoxic iron-
treated sediments was below 20 pg/l, while the anoxic control was 270 
pg/l. upward transport and release of methylmercury to the overlying 
water was limited by sorption onto the iron oxide, which increased the 
bulk partition coefficient from 3,000 in the anoxic control to 30,000 
in the anoxic iron-treated sediment. The results show that iron oxide 
treatment can be effective in suppressing mercury methylation and 
release even in systems with anoxic water columns.

TO-021

IDENTIFYING DRIVERS OF MERCURY METHYLATION 
AROUND GIANT MINE, YELLOWKNIFE
aZDaJIC, Mija1; PoulaIn, alexandre1; blaIs, Jules1; 
(1) University of Ottawa, Ottawa, Canada

mazda030@uottawa.ca

Mercury (hg) is a global pollutant and potent neurotoxin 
that bioaccumulates in aquatic and terrestrial foodwebs as 
monomethylmercury (MMhg). Microbial activity is the main driver of 
MMhg production, with sulfate reducing bacteria being important 
contributors. as such, predicting MMhgs fate in the environment is 
important for addressing ecosystem and human health concerns. 
The roasting of arsenopyrite at Giant Mine in yellowknife, Canada, 
has created strong environmental gradients of sulfate in lakes in the 
surrounding area with distance from the mine. Whereas total hg levels 
remain constant with increasing distance from the mine, the ratio of 
MMhg relative to total hg increases with proximity to the stack. We 
hypothesized that the sulfate gradient is responsible for the pattern of 
MMhg concentrations around Giant Mine. as such, a factorial sampling 
design was developed to resolve whether sulfate or other environmental 
variables were affecting the production of MMhg in the lakes 
surrounding Giant Mine. To test our hypothesis, we sampled water and 
sediments from various lakes around Giant Mine. using stable isotope 
analysis we determined simultaneous methylation and demethylation 

potentials, and defined the environmental variables affecting these 
rates of mercury cycling. furthermore, we characterized the sediment 
microbial community structure using high throughput sequencing of 
16s rrna genes and physical chemical variables of the lakes sampled.

TO-022

MERCURY METHYLATORS AND METHYLATION 
RATES IN SULFATE-IMPACTED FRESHWATER 
ECOSYSTEMS DOWNSTREAM FROM IRON MINES IN 
NORTHERN MINNESOTA
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We are using an integrative geochemical and molecular approach to 
characterize microbial communities associated with methylmercury 
(Mehg) production in freshwater sediments impacted by sulfate from 
mine water discharges on Minnesota's Iron range. Prior research in 
the region has shown that Mehg does not accumulate significantly 
more rapidly in systems heavily impacted by sulfate, but the microbial 
processes responsible methylation in sulfate-impacted and sulfate-
unimpacted ecosystems are presently unknown. both methylation 
rates (enriched stable isotopes) and culture-independent techniques 
(hgca gene and transcript sequencing, full-cycle rrna methods, and 
metagenomics) were applied to the water column and sediment of two 
sulfate-impacted lakes in northern Minnesota, and to sulfate-amended 
wetland sediment mesocosms.

Methylation rates and Mehg accumulation were not clearly related 
to sulfate concentration or sulfide accumulation in either the lakes or 
the sulfate-amended mesocosm sediment. In the lakes, hgca gene 
cloning shows that while the potential methylating communities differ 
among the sites, more than 50% of the hgca gene sequences at all 
locations are affiliated with the Geobacteraceae (Deltaproteobacteria), 
Methanomicrobia (euryarchaeota), or unknown populations. hgca 
transcripts affiliated with methanogenic archaea, iron-reducing 
Deltaproteobacteria, and unknown populations indicate that these 
organisms in addition to sulfate reducers may be important contributors 
to methylmercury production in the least sulfate-impacted sediments 
studied. Metagenomic analysis, in progress, will be used to determine 
the taxonomy and metabolic potential of the unknown hgca-expressing 
populations in the lakes.

In the sulfate-amended mesocosm sediment, methylmercury 
production rates vary over two orders of magnitude across the 
experiment but do not show a clear relationship with sulfate 
amendment level. both Mehg and inorganic hg increased in the 
overlying water of mesocosms with increasing sulfate amendment, 
though this increase was not related to an increase in Mehg or 
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methylation potential in the sediment, and may be related to the 
influence of sulfide accumulation on hg partitioning. Microbial diversity 
decreases with elevated sulfate concentration, but cell counts indicate 
approximately similar cell densities across all sulfate amendments. 
based on 16s rrna gene amplicon sequencing, certain groups of 
sulfate-reducing Deltaproteobacteria increase with increasing sulfate 
concentration, other sulfate-reducers show no change, and iron-
reducers (Geobacteraceae) and methanogens (Methanomicrobia) 
decrease. We will also report hgcab and dsrb amplicon libraries 
from across the experiment that will reveal relationships between 
the methylating communities and mercury biogeochemistry. 
These collective results expand our knowledge of the clades and 
environmental influences important for understanding mercury 
methylation in sulfate-impacted freshwater ecosystems.

TO-023

BIOGEOCHEMICAL CONTROLS ON MERCURY 
METHYLATION IN ALASKAN PEATLANDS 
SPANNING A LARGE RANGE OF TROPHIC STATUS
KrabbenhofT, David1; DeWIlD, John1; oGoreK, Jacob1; aIKen, George2; 
PoulIn, brett2; hInes, Mark3; barKay, Tamar4; sChaefer, Jeffra4; 
(1) U.S. Geological Survey, Middleton, WI, USA; (2) U.S. Geological Survey, 
Boulder, CO, USA; (3) University of Massachusetts Lowell, Lowell, MA, USA; 
(4) Rutgers University, New Brunswick, NJ, USA

dpkrabbe@usgs.gov

Mercury (hg) methylation is as a key area of research necessary to 
understand spatial and temporal variability of toxic methylmercury 
(Mehg) on the landscape. numerous factors affect Mehg production, 
the most important being those that affect inorganic hg(II) bioavailability 
(e.g., hg(II) concentration and ligand composition), and those that 
affect microbial community composition and activity. The principal 
goal of this project is to decipher the relative importance of aqueous 
biogeochemistry versus microbial community on Mehg production in 
alaskan peatlands exhibiting a range of trophic status, including those 
lacking electron acceptors that support the traditional respiratory 
pathway of Mehg production (e.g., sulfate reduction). Mehg production 
is carried out by different groups of microorganisms that possess the 
hgcab gene cluster, including the well-studied sulfate- and iron-reducing 
bacteria (srb and ferb). however, less well known bacteria also possess 
the hgcab genes, including: syntrophs, methanogens, acetogens, and 
fermenters. field sites for this study (ombrotrophic bogs to mineral-
rich fens) were purposely chosen to encounter this full range microbial 
community assemblage.

our experimental approach employed intact peat cores, site porewater, 
and enriched isotopes of inorganic hg(II) and Mehg tracers (198hg and 
Me204hg). The tracers were added to anoxic porewater from each site 
and allowed to equilibrate for four hours. next, amended porewater 
solutions were injected into peat cores, held at room temperature for 
24 hours and then frozen. In addition, several other well-known and 
characterized dissolved organic matter (DoM) solutions (two from the 

florida everglades, Williams lake in Minnesota, and cysteine) that have 
been shown to increase bioavailability of inorganic hg for methylation 
in pure culture, as well as a no-DoM control, were also equilibrated 
with the enriched hg isotope solution and injected into peat cores. our 
results show that ambient Mehg concentrations in peat and porewater 
are significantly greater (15-30x) in fens compared to bogs. likewise, 
methylation rates using site-specific porewater were also greater at fen 
sites. Interestingly, however, when bog porewater containing the 198hg 
tracer was injected into fen peat cores, a 3-5x increase in methylation 
rate was observed when compared to replicate cores injected with 
198hg amended fen porewater. our overall results suggest that the 
intact microbial community is of paramount importance for controlling 
Mehg differences among wetland types. Paradoxically, bog water 
DoM serves to enhance the bioavailability of hg(II) for methylation 
better than fen water, however, bogs are consistently the lowest Mehg 
containing sites.

TO-024

PLANT TRIMMING ON MICROBIAL HG 
METHYLATION IN A CHRONOSEQUENCE OF 
BOREAL WETLANDS
WanG, baolin1; hu, haiyan2; braVo, andrea2; ÅKebloM, staffan1; 
sKyllberG, ulf3; nIlsson, Mats3; berTIlsson, stefan2; bIshoP, Kevin1; 
(1) Swedish University of Agricultural Sciences, Uppsala, Sweden; (2) Uppsala 
University, Uppsala, Sweden; (3) Swedish University of Agricultural Sciences, 
Umeå, Sweden

baolin.wang@slu.se

Wetlands, which are anoxic and rich in organic matter, have been 
recognized as globally important sources of methylmercury (Mehg). 
Mehg can then be transferred to their hydrologically coupled lakes and 
streams, resulting in risk of human exposure to this potent neurotoxin. 
The formation of Mehg is mediated by different groups of anaerobic 
microorganisms. The main groups are believed to be sulfate-reducing 
bacteria (srb), iron-reducing bacteria (ferb) and methanogens. 
however, the specific roles of these different groups with regards to 
methylation in wetlands are incomplete and there is a paucity of data 
on distribution patterns, diversity and interactions. In this study, we 
explore biogeochemical processes controlling Mehg formation in a 
chronosequence of boreal wetlands, with a focus on the interaction 
between electron acceptors (e.g. sulfate), and electron donors in the 
form of labile carbon provided by vascular plants. The chronosequence 
was formed by post-glacial land uplift along the bothnian bay in 
northern scandinavia. This has created a unique natural age gradient 
that spans around 4000 years within < 10 km, with large variations in 
catchment hydrogeochemistry and nutrient availability that alter the 
presence of electron acceptors under the same climatic conditions. for 
this purpose, we sampled 5 wetlands in each of three age groups. for 
each wetland, we subjected 5 sampling sites with samples collected 
at two soil depths to Dna- and rna-based analyses to determine the 
combined microbial community composition, potential methylators and 
active methylators. To experimentally influence the electron donors, 
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we trimmed vascular plants to see how a reduction in root exudates 
would impact the formation of Mehg and corresponding changes in 
microbial community composition. The older wetlands had the highest 
total mercury (Thg) concentrations but also the lowest net Mehg 
production and ratio of (Mehg/Thg), which is an indicator of net mercury 
methylation. The microbial analyses support the findings that the 
amount of hg is not the main factor controlling net Mehg production, 
but rather the interplay between microbes and the availability of 
electron donors and acceptors.

acknowledgements: This work was supported by the sino-swedish 
Mercury Management research framework (sMaref: Vr2013-6978) 
and China scholarship council.

3e-3: Human exposure and health  
effects of mercury: epidemiology and 
population studies

TO-025

IS OCEAN FISH CONSUMPTION ASSOCIATED WITH 
CAUSING MERCURY TOXICITY OR PREVENTING IT?
rayMonD, laura1; ralsTon, nicholas2; 
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ND, USA; (2) University of North Dakota, Grand Forks, ND, UND
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selenium (se), is an essential trace nutrient that is required for 
synthesis of selenocysteine, the 21st genetically encoded amino acid. 
selenocysteine is required for the functions of ~25 genetically and 
functionally unique enzymes (selenoenzymes) that are expressed in 
human tissues; many with activities vital for brain function, health, and 
development. Mercury (hg) is the only environmental insult known 
to cross placental and blood brain barriers and irreversibly inhibit 
selenoenzyme activities. Maternal exposures to methyl-hg, (Mehg) 
can be especially harmful because Mehg can sequester se in maternal 
tissues, thus limiting se transport to the fetus. studies indicate that the 
toxic effects of high Mehg exposures can be prevented by increasing 
dietary se intakes, including those from eating se-rich ocean fish. Mehg 
exposure from fish consumption is proportional to risk only in cases 
where Mehg concentration occurs in molar excess of selenium (se). 
In this study, weanling male long evans rats were fed 0.2 µmol se/kg 
diets for 5 weeks to deplete their se body stores, making them highly 
dependent on dietary se to support growth and brain selenoenzyme 
synthesis. following the depletion period, rats were weighed and 
pseudo-randomly assigned to diets that contained either 0.2, 1.0, or 
10 µmol se/kg or similar amounts of se from delipidated fish protein 
and were supplemented with either 0 or 40 µmol Mehg/kg and fed ab 
libitum for 5 weeks. During the course of the study, neurotoxicity was 
only noted in rats fed diets containing 0.2 µmol se with 40 µmol Mehg. 
at the end of the study, brain hg, se, and selenoenzyme activities of 

thioredoxin reductase (Trx) glutathione peroxidase (GPx) were assessed 
along with f2-isoprostane (an indicator of oxidative damage). In animals 
with low dietary se intakes, brain Trx and GPx activities were severely 
impaired by Mehg exposures, but increasing dietary se from delipidated 
ocean fish protein increasingly counteracted the inhibitory effects of 
high Mehg exposures. oxidative damage as indicated by f2-isoprostane 
concentrations in the brains of Mehg exposed rats was inversely related 
to brain GPx and Trx, strongly indicating that the oxidative damage 
known to be associated with high Mehg exposures is due to loss of 
selenoenzyme activities. This study found that dietary hbV is a superior 
index of risks due to high Mehg exposures. because the hbV provides a 
direct reflection of the bimolecular reaction mechanisms associated with 
Mehg toxicity, it provides a more reliable approach to risk assessment 
than seafood safety criteria based on Mehg exposures alone.

TO-026

METALLOMIC QUANTIFYING METALS IN 
METALLOPROTEINS: THE LEVELS OF HG AND SE 
BINDING TO SERUM SELENOPROTEINS FROM 
METHYLMERCURY-POISONED RATS AFTER 
SE TREATMENT
lI, yu-feng1; 
(1) Institute of High Energy Physics, Chinese Academy of Sciences, 
Beijing, China
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Metalloproteins - proteins containing metal atoms or clusters -, 
accounting for nearly half of all proteins in nature are involved in a wide 
range of important biological processes, like photosynthesis, respiration, 
water oxidation, molecular oxygen reduction, nitrogen fixation and 
metal homeostasis. Proteomic approach has been widely used in the 
characterization of metalloproteins, however, the in situ quantification 
of metals in metalloproteins remains a challenge. Metallomics is an 
emerging field addressing the role, uptake, transport and storage of 
trace metals in biological systems, which provides complementary tools 
for metalloproteomics.

It has been known for decades that selenium (se) could antagonize 
the toxicity of mercury (hg), both in inorganic (hg2+) and organic (i.e. 
methylmercury, Mehg) forms in different organisms when co-exposed, 
but the mechanism underlying this antagonism is still not clear .It was 
proposed that selenite could react with hg2+ in blood to form a hg-se-
selenoprotein P (sel P) complex, however, it is not known if such kind of 
complex will also form when selenite meet methylmercury (Mehg) in 
blood stream. besides, it is not known how much hg and se in serum 
were bound to selenoproteins.

In this study, selenite was supplemented for 30 days in methylmercury-
poisoned rats. blood samples were collected and the contents of se 
and hg in serum were measured using inductively coupled plasma 
mass spectrometry (ICP-Ms). affinity chromatography (af) coupled to 
ICP-Ms was used to find out the hg, se binding selenoproteins in serum 
samples. Post-column isotope dilution analysis (IDa) using both enriched 
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78se and 199hg as spike was applied to quantify the levels of hg and se 
binding to selenoproteins. It was found that both hg and se were mainly 
bound to sel P in serum in Mehg-poisoned rats after selenite treatment. 
se promoted hg to bind to sel P in Mehg-poisoned rats, suggesting that 
sel P plays an important role in fighting against the toxicity of Mehg.

TO-027

SELENIUM PROTECTS AGAINST TOXIC EFFECTS OF 
MERCURY ON CARDIOVASCULAR HEALTH AMONG 
INUIT IN CANADA
hu, Xuefeng1; eCCles, Kristin1; Chan, laurie1; 
(1) University of Ottawa, Ottawa, Canada

xuefeng.hu@uottawa.ca

background: selenium (se) has been reported to protect against the 
neurotoxicity of mercury (hg). however, the effect of se against hg on 
cardiovascular diseases remains unclear. Inuit living in the arctic have 
high exposure to both se and hg through their marine mammal and fish 
rich traditional diet.

objective: To characterize the co-exposure of hg and se among Inuit 
in Canada and to assess the interaction between hg and se exposure 
and its effect on cardiovascular health outcomes, such as stroke 
and hypertension.

Methods: Data was collected from the International Polar year Inuit 
health survey (Ihs) conducted in 2007 and 2008. blood se and hg 
were measured, and self-report cardiovascular health outcomes were 
collected through a questionnaire interview from 2169 adults aged 18 
and above.

results: The mean age was 42.4 years, and 38.7% of the participants 
were male. The geometric means (GM) of blood se and total hg were 
319.5 µg/l and 7.0 µg/l, respectively. The crude prevalence of heart 
attack, stroke and hypertension were 3.55%, 2.36%, and 24.47% 
respectively. Participants were categorized into 4 exposure groups 
according to blood hg (high: ≥ 7.8 µg/l; low: < 7.8 µg/l), and se (high: 
≥ 280 µg/l; low: < 280 µg/l). The odds ratio (or) of cardiovascular 
outcomes were estimated using general linearized models. results 
showed the low se and high hg group had a higher prevalence of 
cardiovascular disease (or=1.76 for hypertension, 1.57 for stroke, 
and 1.26 for myocardial infarction (MI)). however, the prevalence 
was decreased in both the high se and low hg group (or=0.57 for 
hypertension, 0.44 for stroke, and 0.27 for MI) and the high se and high 
hg group (or=1.14 for hypertension, 0.31 for stroke, and 0.80 for MI).

Conclusions: The high se and low hg group had the lowest prevalence 
of cardiovascular outcomes, except for stroke. These results suggest 
that se exhibits a protective effect on cardiovascular disease through 
interaction with hg.
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SELENIUM HEALTH BENEFIT VALUES ARE A MORE 
RELIABLE INDEX OF MERCURY ASSOCIATED RISKS
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seafood safety evaluations regarding methylmercury (Mehg) are 
currently based on fish Mehg contents. although this provides an 
accurate index of Mehg exposures, it fails to provide an accurate 
indication of risk. studies of maternal Mehg exposures from eating 
certain types of highly predatory sharks or whales find subtle dose-
dependent adverse effects on their children. however, studies 
involving consumption of typical varieties of ocean fish do not support 
the premise that maternal Mehg exposures result in adverse child 
outcomes. Instead, ocean fish consumption is directly associated with 
improved neurodevelopment. exposures to Mehg has been found to 
be proportional to risk only in cases where Mehg concentration occurs 
in molar excess of selenium (se) in the seafood consumed i.e., meats 
of highly predatory sharks or whales. since Mehg is an irreversible 
inhibitor of se-dependent enzymes (selenoenzymes), studies indicate 
that the toxic effects of high Mehg exposures can be prevented by 
increasing dietary se, including se-rich ocean fish. selenoenzymes are 
normally present in all vertebrate cells, but are most important in brain 
and endocrine tissues where, among other functions, they prevent and 
reverse oxidative damage. however, these vital activities are lost when 
consumption of foods with disproportionately high Mehg contents 
transiently result in Mehg-dependent inhibition of selenoenzymes. 
The se-health benefit Value (hbV) criterion is a predictive indicator 
of dose-effect relationships between Mehg and se concentrations 
in the fish or seafood. negative hbV's predict relative risks (e.g., pilot 
whale; -83) while consumption of increasing amounts of ocean fish 
with positive values (e.g., yellowfin tuna; 15.7 ±3.4) predict benefits. 
epidemiological studies which report adverse outcomes in children have 
involved Mehg exposures from eating seafood’s with negative hbV's. 
although increasing ocean fish consumption increases maternal and 
fetal Mehg exposures, health benefits have been consistently observed 
when the seafoods have positive hbVs. Therefore, the hbV is a seafood 
safety indicator that reflects the beneficial nutrients provided by fish 
while allowing consideration of Mehg risks when present. studies 
performed in-vitro, in cell culture and laboratory animal models, as well 
as epidemiological studies coincide in confirming that hbV-dependent 
predictions are superior to predictions based on Mehg exposures alone. 
fish and background diets consumed by human populations can vary 
widely in se content, and thus influence health outcomes observed in 
association with Mehg exposures. epidemiological studies are likely 
to obtain more consistently reliable results if they consider dietary se 
intakes as well as Mehg exposures in relation to health outcomes.
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CHRONIC EXPOSURE TO LOW-DOSE 
METHYLMERCURY (MEHG) INDUCES DIFFERENTIAL 
ACCUMULATION AND ASSOCIATED PROTEOME 
CHANGES IN DIFFERENT REGIONS OF 
MAMMALIAN BRAINS
KonG, hang-kin1; WonG, yee-man1; Chan, hing-man2; lo, Chun-lap1; 
(1) The Hong Kong Polytechnic University, Hong Kong , China; (2) University of 
Ottawa, Ottawa, Canada
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human exposes to Mehg mainly through consumption of 
contaminated seafood. Paresthesia and numbness of the skin are 
some of the earliest syndromes of acute Mehg poisoning. as the 
Mehg load keeps increasing, other syndromes like dystaxia, dysarthria 
and visual impairment will follow. The sequential occurrence of 
pathological syndromes indicates that different regions of the 
brain respond differently to Mehg. In our previous study, we have 
observed that different amounts of hg was loaded into different 
regions of the rat brain after chronic exposure to low dose of Mehg 
(40 µg/ kg bodyweight/ day) for 12 weeks. Comparative proteomic 
analysis revealed that there was a dramatic proteome changes in 
the somatosensory cortex upon chronic Mehg exposure. Proteins 
related to glycolysis, aTP production, neurotransmission, and protein 
synthesis were down-regulated in the somatosensory cortex, resulting 
in a metabolic deficit without observable abnormality phenotypically. 
In contrary to results obtained from the somatosensory cortex, we 
found different sets of differentially expressed proteins in the other 
regions. In the motor cortex, visual cortex and the cerebellum, some 
proteins involved in synaptic transmission and glycolysis (like synapsin 
and aldolase) were up-regulated. beside rats, hg loads and associated 
proteome changes in brain tissues from other top marine consumers 
including ringed seals and polar bears were also examined. In general, 
proteins related to glycolysis, aTP production, and neurotransmission 
showed differential expressions upon chronic Mehg exposure. 
Interestingly, only a small fraction of the proteomes was affected in the 
frontal and occipital lobe of polar bear while relatively more proteins 
showed differential expressions in polar bear cerebellum. In ringed 
seals, differences in proteome changes across frontal lobe, occipital 
lobe and cerebellum were also observed. based on the current findings, 
neurotransmission, glycolysis and other metabolism involved in energy 
production in mammalian brains were primarily affected by chronic 
Mehg exposure. from our results, it is also obvious that different 
regions of the brain showed different proteome changes and this 
may account for the sequential occurrence of different pathological 
syndromes in human suffered from acute and increasing Mehg loads.

TO-030

MERCURY AND THE IMMUNE SYSTEM: WHAT IS THE 
CONTRIBUTION OF IMMUNOTOXIC MECHANISMS 
TO MERCURY TOXICITY
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(1) Johns Hopkins University, Baltimore MD, USA; (2) Salisbury University, 
Salisbury MD, USA
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Mercury compounds, including elemental (hg°), inorganic (ihg), and 
organic forms (including alkyl, methyl, and ethyl hg), have effects 
on the immune system as demonstrated in experimental, cellular, 
ecotoxicological and epidemiological studies. however, the role of 
immunotoxicity in the major health outcomes associated with exposures 
to these mercury compounds is at present unclear. Inconsistencies 
among studies may have reduced attention to this question. however, 
the lack of concordance may be due to the importance of interactions 
between mercury compounds and other risk factors in eliciting these 
adverse outcomes. for example, suppression of primary immune 
responses may be manifest in populations exposed to an infectious 
pathogen or vaccination; induction of autoimmune responses may be 
manifest in populations exposed to an unrelated triggering event such 
as a virus; neurotoxicity may involve viral infection or other pyrogens. 
under these conditions, serious clinical outcomes may be observed, 
including increased morbidity and recurrence of malaria; failure of hbV 
vaccinations; greater severity of autoimmune myocarditis; and structural 
disruption of neurodevelopmental programming.

This model suggests that mercury may be a necessary but not sufficient 
risk factor for outcomes involving immunotoxicity and other stressors 
This hypothesis has implications for both mechanistic models and 
the design of epidemiological and ecotoxicological studies since the 
observation of adverse effects may depend in most but not all cases on 
mercury exposure and concurrent infections or immunosuppressive 
medications, the host immunogenome, sexual dimorphism of immune 
function, all of which are likely to be important modifiers of risk 
and outcome.

TO-031

FACTORS AFFECTING MERCURY EXPOSURE 
FROM FISH
sChoof, rosalind1; GooDrICh-Mahoney, John2; 
(1) Ramboll Environ, Seattle, WA, USA; (2) Electric Power Research Institute , 
Mystic, CT, USA

rschoof@ramboll.com

studies of mercury in blood and hair provide a direct assessment 
of mercury exposure and are often linked with estimates of fish 
consumption frequency. These studies provide a basis to compare 
estimates of mercury intake based on fish consumption rates and 
mercury concentrations; however, estimates of fish consumption 
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rates are difficult to measure and are highly variable. estimates of 
mercury exposure also should consider ratios of total mercury (Thg) to 
methylmercury (mehg), bioavailability of fish mercury, and impacts of 
cooking on fish concentrations. studies conducted around the world in 
the past ten years provide a basis for assessing fish consumption-based 
risk estimates. In some cases biomarker data indicated exposures much 
less than predicted, suggesting lower than assumed fish consumption, 
fish mercury concentrations, mercury bioavailability, or a combination 
of factors. Mehg concentrations typically are predicted based on Thg 
concentrations. united states environmental Protection agency (usePa), 
health Canada and the european food safety authority apply a factor of 
1.0-0.95 (unitless) to convert total mercury levels in fish tissue samples 
into mehg levels, but our compilation of recent studies indicates a range 
of 61-85% may be more representative. Mercury concentrations are 
expected to increase during cooking because mercury is concentrated 
in muscle rather than in water and fat that may be lost during cooking. 
recently, usePa applied an adjustment factor of 1.5 to mercury 
concentrations in raw fish when estimating mercury doses from cooked 
fish portions. recent studies suggest that while high heat cooking 
methods such at grilling result in cooking factors of 1.4-1.5, lower heat 
methods such as steaming, roasting or frying fish result in little or no 
increase in mercury concentrations. recent studies also indicate that 
mercury absorption from fish meals may be much lower than the 95% 
assumed by north american and european regulatory authorities, 
especially when testing cooked fish. The practical impact of these factors 
is that larger amounts of fish may be safely consumed than currently 
is assumed. for example, for raw fish with 0.3 ug/g Thg, the default 
assumptions (Thg:mehg = 0.95, cooking factor = 1.5, bioavailability = 
95%) lead to a conclusion that 2.5 meal/month may be safely consumed, 
whereas reasonable alternate assumptions (Thg:mehg = 0.8, cooking 
factor = 1.3, bioavailability = 80%) yield an estimate that it is safe to 
consume 4 meals/month. Considering the nutritional benefits of fish 
consumption, understanding the reliability of such estimates is critical to 
providing appropriate guidance to fish consumers.

TO-032

MITIGATING THE HUMAN HEALTH IMPACTS OF 
HYDROELECTRIC DEVELOPMENT IN CANADA
KaMInsKI, Gregory1; hess, Katherine1; DennInG, allison2; 
(1) Health Canada, Ottawa, ON, Canada; (2) Health Canada, Halifax, 
NS, Canada
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Developing hydroelectric plants in circumpolar regions is a part of the 
energy strategy of many northern countries; in Canada alone there are 
multiple existing plants and 22 facilities are currently under construction 
or are planned to be built. flooding, including the flooding associated 
with hydroelectric developments, has been shown to increase microbial 
production of methylmercury (Mehg), a known neurotoxin which 
bioaccumulates in country foods (e.g. fish) and the humans and wildlife 
(e.g. marine mammals) who consume them. Most of these existing, 
new or planned hydrolectric projects are located in the vicinity of 

indigenous communities, who are frequent consumers of country 
foods, including fish. health Canada has established its tolerable daily 
intakes (TDI) for methylmercury at 0.2 ug/kg bw per day for children 
and women of childbearing age and at 0.47 ug/kg bw per day for 
the general population. analysis of human samples (usually hair or 
blood) can provide information on baseline Mehg levels in indigenous 
communities, which in some cases are already elevated. Consumption 
surveys allow for estimation of daily intakes and development of 
consumption advisories, but due to the inherent uncertainty in these 
surveys, they may not be the most effective tool in limiting exposure to 
Mehg. In order to provide meaningful advice on the safety of consuming 
country foods (fish and marine mammals) from these reservoirs and 
adjacent water bodies further study in the area of Mehg production 
and transfer in newly flooded areas is needed, in addition to more 
information on the short-term toxicokinetics of Mehg. This presentation 
studies the ways Mehg intake is currently being mitigated, explores the 
new research being done in the area of Mehg mitigation, and examines 
the risks and benefits of country foods consumption by indigenous 
communities in Canada and elsewhere.

3f: Methylmercury toxicokinetics and 
toxicodynamics: human and animal 
models

TO-033

PRINCIPLES, PRACTICE AND PRESSING QUESTIONS 
OF METHYLMERCURY TOXICOKINETICS 
AND TOXICODYNAMICS IN HUMANS AND 
ANIMAL MODELS
ranD, Matthew1; 
(1) University of Rochester, Rochester, NY, USA

matthew_rand@urmc.rochester.edu

The fate of mercury in the body after an environmental exposure 
to methylmercury (Mehg) is dictated by fundamental principles of 
toxicokinetics. understanding the potential impact of Mehg toxicity 
therefore requires a working knowledge of the characteristics of 
adsorption, distribution, metabolism and excretion. In addition, 
understanding Mehg toxicity at relevant sites of action, such as in the 
fetus and the brain, requires insight into toxicodynamic interactions 
with tissue specific factors and nutrients in various compartments 
of the body. The extent of variation in toxicokinetic traits, such as 
elimination rate, which dictates the Mehg half-life (t1/2), is incompletely 
characterized in both humans and animal models. for example, 
methylmercury half-life in humans is reported to range from t1/2 
~ 30 to >120 days, yet underlying factors controlling this variation 
are not known. furthermore, recent evidence from our own studies 
demonstrates that elimination rate can vary within an individual over 
time. a working knowledge of toxicokinetics and toxicodynamics is 
even more essential for interpreting complex studies on the genetic, 
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environmental and nutritional factors that modify methylmercury 
toxicity as well as for characterizing the variety of environmental sources 
of Mehg exposure. This presentation aims provide a condensed 
summary of the toxicokinetic and toxicodynamic principles specific to 
Mehg. examples of representative studies of half-life determination in 
human and animal models will be presented to illustrate both past and 
emerging methodologies and to highlight examples of toxicokinetic 
parameters currently used for regulatory guidelines of Mehg exposure. 
how toxicokinetics and toxicodynamics are applicable to interpreting 
Mehg exposures in individuals and populations, with particular 
attention to fetal and early life exposures, will be outlined. finally, gaps 
in understanding methylmercury toxicokinetics and toxicodynamics 
will be laid out to enhance the discussion of the way forward in this 
fundamental area of mercury research.
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METHYLMERCURY VERSUS SELENIUM, 
VITAMIN E, AND DOCOSAHEXAENOIC ACID 
IN FETAL CIRCULATION: COMPARISON WITH 
MATERNAL STATUS
saKaMITo, Mineshi1; Chan, laurie2; DoMInGo, José3; MuraTa, 
Katsuyuki4; 
(1) National Institute for Minamata Disease, Minamata, Japan; (2) Ottawa 
University, Ottawa, Canada; (3) Universitat “Rovira i Virgili”, Reus, Spain; 
(4) Akita University School of Medicine, Akita, Japan

sakamoto@nimd.go.jp

Methylmercury (Mehg) is a neurotoxicant that the developing brain 
of a fetus is especially susceptible to. on the other hand, selenium, 
vitamin e (Ve), and docosahexaenoic acid (Dha) have been reported to 
protect Mehg toxicity. The placenta strongly controls the biochemical 
composition of the fetal circulation by regulating entry of nutrients 
derived from the mother. Therefore, the study of the characteristics of 
the profiles of mercury in fetal circulation as well as those of selenium, 
Ve, and Dha, potential protective factors against the toxicity of Mehg, 
are important to evaluate the high susceptibility of the fetus. The 
objectives of this study were to: 1) investigate the characteristic of the 
placental transfer of nutrients and Mehg by comparing biochemical 
composition in the fetal and maternal blood and 2) investigate the 
difference of the status of hg relative to se, Ve, and Dha in fetal 
blood versus maternal blood to estimate the sensitivity of the fetus 
to Mehg toxicity. blood samples were collected separately from the 
maternal and umbilical vein at parturition from 54 mother-infant pairs 
of Japanese. The characteristics of fetal circulation were low contents 
of lipid components and fatty acids and high contents of amino acids, 
including methionine, compared with those in maternal circulation. 
Mercury in cord blood (7.26 ng/g) was higher than in maternal blood 
(185%). selenium in cord blood (153 ng/g) was similar to maternal blood. 
on the other hand, Ve (0.31 mg/dl) and Dha (57.9µg/ml) in cord blood 
were lower than maternal blood (45% for Ve and 22% for Dha). These 
results showed that the ratios of selenium/mercury, Dha/mercury, 
and Ve/mercury were lower in fetal circulation than those in maternal 

blood. not only the approximately two times higher hg but also the 
lower ratios of protective factors such as selenium, Ve and Dha against 
mercury in fetal circulation may contribute to the high susceptibility of a 
fetus to Mehg toxicity.

TO-035

BIOAVAILABILITY OF METHYLMERCURY FROM 
COMMONLY CONSUMED SEAFOOD: AN IN VITRO 
INVESTIGATION OF GASTROINTESTINAL AND 
COLONIC DIGESTION
braDley, Mark1; sIeDlIKoWsKI, Maia1; basu, niladri1; 
(1) McGill University, Sainte-Anne-de-Bellevue, QC, Canada

mark.a.bradley@mail.mcgill.ca

seafood provides essential nutrients, but is also contaminated with 
methylmercury (Mehg). Current risk assessments for ingested Mehg 
assumes it is 100% bioavailable in the human gastrointestinal tract. 
however, recent studies on Mehg bioavailability suggest otherwise. 
These studies were mostly performed outside of north america, 
on seafood not commonly consumed in north america, and focus 
almost exclusively on bioaccessibility (digestive processes) rather than 
bioavailability (cumulative digestive + absorptive processes). We aimed 
to evaluate both Mehg bioaccessibility and bioavailability from edible 
tissue of the top 10 most consumed types of seafood in the united 
states, identified by a previous survey; as well as assess the role of the 
colon in Mehg bioaccessibility and bioavailability. We used an in vitro 
model of human digestion including gastric and small intestinal phases; 
some digestions also included a colonic phase. bioaccessible Mehg 
was measured in the soluble fraction resulting from these digestions. 
soluble fraction was added to a Caco-2 Transwell assay to assess 
Mehg bioavailability. after gastrointestinal digestion, mean Mehg 
concentrations ranged from 0.73 ng/g (scallop) to 527 ng/g (canned 
white tuna) in undigested seafood, from 0.73 ng/g (scallop) to 366 ng/g 
(fresh tuna) in bioaccessible fraction, and from 0.34 ng/g (scallop) to 
266 ng/g (fresh tuna) in bioavailable fraction. Mehg bioaccessibility 
ranged from 50% (canned white tuna) to 100% (shrimp, scallop), and 
bioavailability from 29% (crab) to 67% (salmon). In preliminary studies, 
colonic digestion of fresh tuna reduced Mehg bioaccessibility by 88% 
relative to gastrointestinal digestion only; colonic digestions conducted 
at ph 5.7 had 60% less bioaccessible Mehg than digestions conducted 
at ph 6.4. In conclusion, both digestive and absorptive processes seem 
to have a role in reduced Mehg bioavailability, thus suggesting that 
ingested Mehg is less than 100% bioavailable. More accurate estimates 
of Mehg bioavailability can help properly balance the toxicological risks 
and the nutritional benefits of consuming seafood, though additional 
research is needed before use in risk assessment.
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TO-036

MERCURY TRANSFER ACROSS THE HUMAN 
PLACENTA: FROM KINETICS TO GENETICS
GunDaCKer, Claudia1; sTraKa, elisabeth1; ellInGer, Isabella1; 
balThasar, Christina1; ZeIsler, harald1; henGsTsChlÄGer, Markus1; 
salZer, hans2; 
(1) Medical University Vienna, Vienna, Austria; (2) University Hospital Tulln, 
Lower Austria, Austria

claudia.gundacker@meduniwien.ac.at

Mercury is well known to cross the placenta, to accumulate in placental 
tissue, and to pass onto fetal blood and fetal organs. an active transport 
across the placenta has been assumed. The underlying mechanisms 
however were virtually unknown. The genetic factors modulating 
placental toxicokinetics remain unclear just as well. The placenta is a 
unique organ. The tissue phenotype, i.e., placental protein level and 
function, can easily be determined. The term placenta is non-invasively 
available and, in addition, primary cells can be isolated therefrom.

In a recent project on mercury toxicokinetics in healthy human term 
placentas, candidate proteins putatively involved in mercury uptake, 
metabolisation and efflux were examined. expression, localization and 
function of overall 27 proteins were determined in human primary 
trophoblast cells and the trophoblast-derived choriocarcinoma cell 
line beWo. To prove involvement of the proteins in placental mercury 
metabolism, we used small interfering rna (sirna) and exposed cells 
to methylmercury. localization of the proteins in human term placenta 
sections was determined via immunofluorescence microscopy.

We found two amino acid transporter subunits (laT1, rbaT) and 
one abC transporter (MrP1) to be involved in mercury toxicokinetics 
of trophoblast cells. according to our data, a model could be 
deduced which can explain why mercury is efficiently transported 
towards the fetal side: It uses laT1 (probably also laT2) and rbaT 
dimerized to another light chain than b0,+ at the apical side of the 
syncytiotrophoblastto enter trophoblast cells. Intracellular mercury 
dissociates from cysteine, binds to glutathioneand is therefore no 
longer a substrate of amino acid transporters. Mercury conjugated 
to glutathione is effluxed by MrP1. We made further important 
observations. human trophoblast cells show strong variation in mercury 
accumulation capacity and in protein expression levels. It is reasonable 
that abundance and activity of the involved transporters determine 
mercury transfer rates across the syncytiotrophoblast. This raises the 
question on the regulatory factors behind. In our search on genetic 
markers, we found some evidence for sequence variants including one 
abCC1 polymorphism to be related to placental mercury toxicokinetics.

TO-037

UNCOVERING THE GUT MICROBIOME MACHINERY 
BEHIND MERCURY TRANSFORMATION
Guo, Galen1; yuMVIhoZe, emmanuel1; PoulaIn, alexandre J.1;  
Chan, laurie hM1; 
(1) University of Ottawa, Ottawa, ON, Canada

gguo094@uottawa.ca

fish is an important source of nutrients essential for functions including 
brain growth and development. however, contaminants such as 
methylmercury (Mehg) bioaccumulate in fish, and biomagnify along the 
food chain resulting in higher concentrations among predatory fish. Due 
to increasing anthropogenic activities, mercury (hg) has been remobilized 
in the environment leading to increases in fish hg concentrations. 
epidemiological studies show great variation in hg uptake between 
different human populations but also between individuals within a 
population. although, the genetic makeup of an individual plays a 
role in this variation, the gut microbiota of individuals can also play an 
essential role in the transformation of hg. study of the gut microbiome 
is a growing field of research that has shown links between the gut 
microbiota to its hosts physiology, endocrinology and its immune 
system. numerous studies have shown link between GI functions and 
gut microbial community structure including its ability to demethylate 
Mehg. however, little is known about the roles of gut microorganisms, 
if any, on mercury transformations. our goal is to test the hypotheses 
that certain taxa of bacteria are responsible for Mehg transformations 
and components of the diet can mediate shifts in gut microbiome that 
can affect Mehg transformations. using a series of batch experiments, 
we evaluated the effects of diet (by altering relative abundances of 
carbohydrate, fiber, lipid, or protein) on the gut microbial community 
structure of several individuals. We tracked mercury methylation and 
demethylation rates for each diet and conducted high throughput 
sequencing of the 16s rrna gene fragments to determine microbial 
community structure. for one individual, we observed 100% decrease 
in Mehg concentration in a protein-rich medium. our data suggest that 
two selected taxa could be responsible for microbial mediated mercury 
demethylation in the gut environment. both have not been reported to 
have mercury demethylation capabilities and the mechanism remains 
unknown. This study is an important first step in understanding the 
mechanism behind mercury transformation in the gut microbiome.

TO-038

MERCURY SPECIATION AND SUBCELLULAR 
DISTRIBUTION IN EXPERIMENTALLY-DOSED AND 
WILD BIRDS
PerKIns, Marie1; barsT, benjamin1; haDraVa, Justine1; basu, niladri1; 
(1) McGill University, Ste. Anne de Bellevue, QC, Canada

marie.perkins@mail.mcgill.ca

Many bird species are exposed to methylmercury (Mehg) at levels 
shown to cause sub-lethal effects, including impaired physiology, 
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behavior, and reproduction. however, the risk for negative health effects 
of Mehg can vary among species and with age. birds can assimilate 
dietary Mehg in liver tissues, however, considerable variability in 
concentrations has been observed among species and individuals. 
Differences in Mehg toxicokinetics may play a role in the variability 
observed in Mehg assimilation and risk. recent studies investigating 
how metals are distributed at a subcellular level have categorized 
subcellular fractions into metal-sensitive fractions: heat-denatured 
proteins (hDP), mitochondria, and microsomes and lysosomes, and 
detoxified metal fractions: heat-stable proteins (hsP) and granule-like 
fraction. a greater proportion of hg located in metal-sensitive fractions 
may indicate an increased health risk. The objective of this study was 
to increase the understanding of Mehg toxicokinetics in birds by 
determining liver mercury (hg) speciation and subcellular distribution 
in two avian species and across developmental time points. We used 
Mehg egg injection of a model avian species, White leghorn Chicken 
(Gallus domesticus), to investigate liver hg speciation and subcellular 
distribution among day 19 embryos, and day 1 and 7 hatchlings. We 
compared these results with those from maternally deposited hg in 
wild embryonic ring-billed Gulls (larus delawarensis). Thg in liver was 
mostly Mehg for all species and time points, indicating little Mehg 
demethylation in embryos and hatchlings. Thg concentrations in chicken 
livers ranged from 1.8 – 11.8 µg/g dw, with lower concentrations seen in 
embryos. embryonic ring-billed Gull liver tissues had much lower Thg 
concentrations, from 0.08 – 0.17 µg/g dw. Chicken and ring-billed Gull 
liver tissues were also subjected to a subcellular partitioning procedure 
using differential centrifugation, naoh digestion, and heat denaturation. 
subcellular fractions were analyzed for Thg and the proportion of 
hg in each fraction was determined, relative to the total hg burden. 
The proportion of hg in subcellular fractions differed little among 
time points for chicken liver, with embryos having lower hg in hsP. 
subcellular distribution also differed little between embryonic chicken 
and ring-billed Gulls, with gulls having greater hg in hsP. all species 
and time points had a greater proportion of hg in the metal-sensitive 
fractions, with hDP and mitochondria proportions combined ranging 
from 58.8 – 61.7%. These results indicate an increased health risk from 
Mehg exposure in embryos and hatchings. This study can improve 
understanding of Mehg toxicokinetics and how it relates to Mehg 
sensitivity in birds.

TO-039

VARIABILITY IN METHYLMERCURY (MEHG) 
METABOLISM, ELIMINATION RATE, AND GUT 
MICROBIOME COMPOSITION IN HUMANS 
FOLLOWING FISH CONSUMPTION, THE MEHG 
METABOLISM AND ELIMINATION STATUS 
(MERMES) STUDY.
CaITo, samuel1; GrIer, alex1; loVe, Tanzy1; GIll, steven1; Van 
WIJInGaarDen, edwin1; ranD, Matthew1; 
(1) University of Rochester, Rochester, United States

samuel_caito@urmc.rochester.edu

Concern about methylmercury (Mehg) exposure has resulted in fish 
consumption advisories. These advisories have been controversial and 
difficult to establish because of the highly variable outcomes of Mehg 
exposure seen across populations as well as between individuals. This 
variability may be due to individual and population differences in Mehg 
metabolism. In the human body, elimination of mercury (hg) stemming 
from a Mehg exposure occurs slowly (kel ~ 0.01 day-1 or t1/2 ~70 days) 
and thus is a major determinant of the hg body burden. human Mehg 
elimination, as determined by a variety of methods, is highly variable 
ranging from t1/2=35 to >150 days. The mechanisms that control 
Mehg toxicokinetics in the human body remain poorly understood. 
nonetheless, microbial demethylation of Mehg in the lumen of the 
gut is thought to play a role by producing inorganic hg (I-hg) that is 
readily excreted in feces. To shed light on the biological determinants 
controlling Mehg body burden we have examined Mehg elimination 
and metabolism in a cohort of 40 subjects. subjects ate three tuna fish 
meals, each one week apart, followed by a 60-day elimination period 
where no fish or seafood was consumed. longitudinal analysis of 
hair (collected on day 60) was performed for 202hg and 34s by laser 
ablation-inductively coupled plasma-mass spectrometry (la-ICP-Ms) 
to derive hair growth rate and determine hg elimination rates. fecal 
samples collected during the elimination period were analyzed for %I-hg 
as a proxy for Mehg demethylation. elimination rates were found to vary 
more than two-fold ranging from kel=0.0246-0.0103 day-1 (estimated 
t1/2= 28.2-67.3 days). The method also proved sensitive in detecting hg 
exposures occurring prior to the fish meals. across all subjects, faster 
elimination rates were seen to positively associate with the %I-hg in 
feces, consistent with the notion that demethylation plays a role in 
Mehg metabolism and excretion. In parallel with our elimination studies, 
we sampled feces of our participants before and twice after tuna 
consumption for gut microbiome characterization. bacterial abundance 
and diversity was determined via 16s rrna sequencing and phylogenetic 
analysis. a pattern of differential abundance over the course of the 
fish meals can be seen in select taxa. Preliminary analyses, across the 
subjects showed select taxa associated with faster hg eliminators than 
in the slower eliminators. our results highlight the existence of individual 
variation in Mehg metabolism and elimination and point to a central 
role for Mehg demethylation in this variation. (nIehs P30es001247, 
r21es024859).

TO-040

TOXICOKINETICS OF METHYLMERCURY IN NORTH 
ATLANTIC PILOT WHALES (GLOBICEPHALA MELAS)
lI, Miling1; JuanG, alicia1; DaM, Maria2; hoyDal, Katrin2; MIKKelsen, 
bjarni3; DassunCao, Clifton1; sunDerlanD, elsie1; 
(1) Harvard University, Cambridge, MA, USA; (2) Environment Agency, 
Torshavn, Faroe Islands; (3) Faroese Museum of Natural History, Torshavn, 
Faroe Islands

milingli@mail.harvard.edu

Methylmercury (Mehg) is a neurotoxin that biomagnifies in food chains. 
high levels of Mehg have been observed in both marine mammals 



ORAL ABSTRACTS ICMGP2017 The 13Th InTernaTIonal ConferenCe on MerCury as a Global PolluTanT InTeGRATInG MeRCuRy ReSeARCh And POLICy In A ChAnGInG WORLd July 16 – 21, 2017 · ProVIDenCe, rhoDe IslanD, usa 59

and humans. although the adverse health effects of Mehg are well-
documented, the toxicokinetics of Mehg in mammals are not as well 
understood. The main objective of this study is to better understand 
Mehg metabolism in long-finned pilot whales (Globicephala melas). 
To do this, we constructed a toxicokinetic model parameterized by 
analytical measurements of total hg, Mehg and stable hg isotope in 
various organs (brain, heart, kidney, liver, muscle, placenta, and spleen) 
from seven individuals. We also investigated how physical characteristics 
like age, sex, and length affect metabolism. results show the liver had 
the highest total mercury and Mehg concentrations (adult mean total 
hg = 146.5 mg/g ww, Mehg = 7.3 mg/g ww) but also the lowest fraction 
of Mehg (adult mean percentage = 5.4%). The highest percentages of 
Mehg were found in the heart and muscle. additionally, estimated age 
(range: 2-32 years) is strongly positively correlated with several organs 
total mercury concentration (r2 = 0.84 for brain, 0.58 for heart, 0.83 
for kidney, 0.85 for liver, 0.79 for muscle) and Mehg concentrations 
(r2 = 0.71 for liver, 0.62 for muscle). The fraction of methylmercury, 
however, significantly decreases with age for brain (r2 = 0.91), heart 
(r2 = 0.61), kidney (r2 = 0.58), and liver (r2 = 0.61), suggesting that 
whales demethylation capability may improve with growth. stable hg 
isotope measurements in each organ will be presented to enhance 
understanding of potential mechanisms affecting metabolism and 
variability of in situ demethylation among whale individuals. The findings 
of this study will extend our understanding of how metabolism alters 
the internal body burden of Mehg and will shed light on sources of 
currently unexplained Mehg variability observed in marine mammals 
and human populations.

4a-1: Informing the implementation of 
the Minamata Convention: the role of 
scientific assessments

TO-041

UNEP GLOBAL MERCURY ASSESSMENT 2018
MunThe, John1; fuTsaeTer, Gunnar2; WIlson, simon3;  
KInDboM, Karin1; 
(1) IVL Swedish Environmental Research Institute, Gothenburg, Sweden; 
(2) UN Environment, Geneva, Switzerland; (3) AMAP Secretariat, Oslo, Norway

john.munthe@ivl.se

unePs Governing Council has charged uneP with updating its 2013 
Global Mercury assessment (GMa) within a period of 6 years, i.e. for 
delivery no later than 2019.

Methods for estimating global emission and release inventories will 
be similar to those employed in the GMa 2013 inventory prepared 
by uneP/aMaP for the year 2010 with new work with respect to 
quantification of releases of mercury to the aquatic environment. 
environmental fate, transport and occurrence will be summarised 
based on existing knowledge, models and databases. The technical 

background report will be structured around the following 5 
components:

updating the inventory of global emissions of mercury to air from 
anthropogenic sources in 2015. This component will include the 
development of updated global and country level estimates using a 
methodology similar to that employed in the GMa 2013. Work will be 
undertaken to improve the basis for the estimates through a review of 
new information i.e. activity data, new emission control technologies, 
new data on mercury consumption. new sectors will be addressed 
where relevant.

Development of estimates of releases of mercury to the aquatic 
environment from anthropogenic sources (target year 2015). The 
GMa 2018 will attempt to compile a comprehensive global inventory 
of releases of mercury to water from anthropogenic sources by using 
methods adopted from the uneP Toolkit complemented with other 
studies and inventories.

updating information on modelling of atmospheric transport of 
mercury from source to receptor regions. Modelling of long-range 
atmospheric transport of mercury will be updated to incorporate new 
information and results from additional/improved models. focus of 
the work will be on global source-receptor modelling results. results 
of regional modelling will also be reviewed with respect to recent 
modelling developments.

updating information on mercury transport and fate in aquatic 
environments. Current knowledge on aquatic cycling of mercury 
will be updated to incorporate new information and results from 
relevant models, including evaluation of mercury contributions from 
anthropogenic vs. natural sources.

updating information on environmental levels and trends of mercury in 
air, biota and humans. observations of mercury in air will be updated 
to incorporate new information. new sections covering levels and 
trends of mercury in (aquatic) biota and in humans will be included in 
this assessment. biota sections will prioritise species that are important 
indicators of contamination, sources of exposure to humans (e.g. 
consumed fish species) or species potentially affected by mercury 
contamination (e.g., fish feeding birds).

TO-042

THE GEO FLAGSHIP ON GLOBAL OBSERVING 
SYSTEM FOR MERCURY (GOS4M) IN 
SUPPORTING THE IMPLEMENTATION OF THE 
MINAMATA CONVENTION
PIrrone, nicola1; fIno, alessandra1; CInnIrella, sergio2; sProVIerI, 
francesca2; heDGeCoCK, Ian2; 
(1) CNR-IIA, Monterotondo, Italy; (2) CNR-IIA, Rende, Italy

nicola.pirrone@iia.cnr.it

a first attempt to develop a global observing system for mercury was 
carried out within the GMos (Global Mercury observation system) 
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project (www.gmos.eu). for the next decade GMos will continue its 
activity as part of the Geo (2016-2025) strategic Plan and its Geo 
flagship Global observing system for Mercury (Gos4M). Gos4M will 
continue, like GMos, to support the achievement of goals and objectives 
of the uneP fate Transport Partnership area, that among others, 
include the support to nations in the implementation of the Minamata 
Convention. Main objectives of Gos4M are to: (i) invite existing mercury 
monitoring networks i.e., GMos, naDP, asia Pacific Mercury Monitoring 
network, aMaP, eMeP, environment Canada network, GbMs, to 
cooperate and elaborate a shared vision and the future governance 
of a worldwide observing system for mercury that would involve 
representatives of governments, monitoring networks, nGos and uneP; 
(ii) increase the availability and quality of earth observation data and 
information to track mercury releases and anticipate changes in the 
global environment; (iii) support harmonized metadata production, 
archiving and sharing within the mercury network; (iv) develop advanced 
web services for using and discovering information from metadata and 
data coherent with Geo sharing Principles in cooperation with nations 
and uneP in support of the policy mandate through the Minamata 
Convention. Therefore the aim of this oral presentation is to highlight 
major initiatives and actions already in place in the framework of Geo 
strategic Plan (2016-2025) and uneP fT to support nations and uneP in 
the implementation of the MC.

TO-043

WHY UNDERSTANDING THE CHEMICAL 
COMPOSITION OF GASEOUS OXIDIZED HG IS 
IMPORTANT FOR GLOBAL AIR POLLUTION POLICY
seXauer GusTIn, Mae1; 
(1) Department of Natural Resources and Environmental Science, University 
of Nevada-Reno, Reno, NV, USA

mgustin@cabnr.unr.edu

recent work has demonstrated that the chemical compounds of 
gaseous oxidized mercury (GoM) can vary across space and time, and 
concentrations may be 2-to-13 times higher than previously thought. 
In addition, due to lack of capture by the instrument currently applied 
in networks worldwide, and data from this instrument being used in 
models, dry deposition of GoM is underestimated. GoM collected 
using cation exchange membranes and nylon membranes provide 
evidence for this. This has significant implications for ecosystem 
and human health. Trajectory analyses and chemistry measured by 
thermal desorption analyses indicate that GoM chemistry is dependent 
on oxidants in the air. Thus, chemistry of GoM is intricately linked 
with oxidant chemistry that is impacted by humans in the planetary 
boundary layer and free troposphere. The different GoM compounds 
that have been identified include: hgbr2, hgCl2, hgo, hg-nitrogen 
and sulfur compounds, 2 unknown compounds with clear peaks, 
and organic compounds.These different GoM compounds will have 
different deposition velocities, chemistry, and potential bioavailability. 
Data developed demonstrate that a variety of compounds can be 
produced in areas with mobile sources and the potential for organic 

compounds cannot be ruled out. Thus, deposition in cities and areas 
associated with high density of mobile sources may be exacerbated. 
This new information is important when considering implementation 
of the Minimata Convention. any atom of elemental mercury (hgo) that 
is emitted can be converted to GoM. Thus, reduction of emissions will 
facilitate reduction of production of GoM. In addition, it is important to 
consider that reduction of air pollution (atmospheric oxidants) will also 
reduce GoM deposition. lastly, since coal combustion is a significant 
source of mercury, carbon, and oxidants, and these all impact everyone 
across the globe, management of hg can also be done through 
management of interrelated gases.

TO-044

ANTHROPOGENIC MERCURY IN RUSSIA: 
INVENTORY OF RELEASES, EMISSION TESTS, 
PRIORITIES FOR FURTHER ACTION
roManoV, alexander1; IGnaTIeVa, yulia1; JoZeWICZ, Wojciech2; 
(1) SRI Atmosphere JSC, Saint-Petersburg, Russian Federation; (2) ARCADIS 
Inc., Research Triangle Park, NC, United States

alexann.rm@gmail.com

Development of comprehensive up-to-date inventories of mercury 
(hg) releases at national and regional levels is needed to deepen the 
understanding of the global anthropogenic hg cycle and to ensure 
effective measures under multilateral environmental agreements, 
primarily the Minamata Convention on Mercury. This paper describes 
the development of national inventory of anthropogenic hg releases for 
the russian federation. Combination of various data and information 
sources, including russian national statistics on activity rates, national 
industry reports, as well as previous national and international studies 
are used to estimate hg releases into air, water and land. The inventory 
methodology is based on the 2015 edition of un environment-
developed Toolkit for Identification and Quantification of Mercury. 
With respect to hg emissions into the air, various emission factors, 
developed both domestically and internationally are used. results of 
hg emission tests performed at non-ferrous and cement plants in the 
russian federation complement the estimates of releases derived from 
application of the un environment methodology. Total anthropogenic 
releases of hg in the russian federation are estimated to have been 
around 1.49 Gg in 2012. releases into land contribute the largest 
fraction of 49% to the total releases of hg in the country. These releases, 
however, are rather localized around major mining sites in the asian 
part of russia. The second largest fraction of releases belongs to the 
general waste category with about 19%. by-product and impurities 
category generates some 15% of releases. emissions to air, as one of the 
key source of the global hg transport are estimated to contribute some 
6% to the total national hg releases only. Primary metals production and 
energy generation are identified to be the main sources of emissions, 
with the energy generation sector leading in hg emissions to air, and 
the primary metals production leading in hg releases to land. hg release 
hotspots are mainly located in historically industrialized areas on the 
ural Mountains region, east and West siberia, and south european part 
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of russia. some heavily hg-polluted territories from the past industrial 
activities and related mainly to chlorine production are also identified 
in the study. The study results suggest the need for the development of 
further environmental policies and regulations in the russian federation 
to effectively manage hg releases pollution. The study is carried out 
within the joint uneP-Global environment facility project Pilot Project on 
the Development of Mercury Inventory in the russian federation (Gfl-
2310-2760-4C83).

TO-045

THE POTENTIAL ROLE OF PASSIVE AIR SAMPLING 
IN THE IMPLEMENTATION AND EFFECTIVENESS 
EVALUATION OF THE MINAMATA CONVENTION
WanIa, frank1; MClaGan, David1; MITChell, Carl1; 
(1) University of Toronto Scarborough, Toronto, Canada

frank.wania@utoronto.ca

Implementing and evaluating the effectiveness of the Minamata 
Convention requires the (1) identification and characterization of 
mercury sources to the atmosphere, (2) the long term monitoring of 
mercury in the vicinity of identified sources to assess effectiveness of 
local efforts to reduce emission to the atmosphere, and (3) long term 
monitoring at background sites to assess effectiveness of regional and 
global efforts to reduce emissions. The case will be made that passive 
sampling techniques for gaseous mercury in the atmosphere have now 
matured to the point, where they can play an important role in meeting 
all three of these requirements. air concentrations are directly related 
to atmospheric emission rates and thus are most suitable for locating 
emissions spatially and tracking emissions temporally. While active 
air sampling techniques are well established and can reliably provide 
mercury concentrations at very high temporal resolution, they are 
expensive and require electrical power and trained operators. Passive 
air samplers are cheap, simple to deploy and require no power and 
therefore are most suited for recording spatial concentration variability. 
The primary limitations of passive air samplers do not affect their 
usefulness for meeting the three requirements. first, time-weighted 
average concentrations over extended periods of time are required for 
implementation and effectiveness evaluation, i.e. in most cases high 
temporal resolution is not necessary. second, even if passive sampling 
accuracy may not (yet) be as high as for pumped samplers, it is mostly 
relative air concentration differences in space and time that are useful in 
implementation and effectiveness evaluation. Passive air samplers can 
be as accurate as active samplers in recording mercury concentration 
differences in space and in time. The talk will draw on experiences 
in using passive air sampler in (1) the effectiveness evaluation of the 
stockholm Convention for Persistent organic Pollutants and (2) in 
mercury source identification and characterization.

TO-046

EVALUATING RELEASES OF MERCURY TO AQUATIC 
ENVIRONMENTS FOR MEETING NEEDS OF THE 
MINAMATA CONVENTION – GLOBAL PERSPECTIVE
KoCMan, David1; KanDuČ, Tjaša1; KoTnIK, Jože1; WIlson, simon2; 
aMos, helen3; TelMer, Kevin4; sTeenhuIsen, frits5; sunDerlanD, 
elsie6; Mason, robert7; horVaT, Milena1; 
(1) Institute Jožef Stefan, Ljubljana, Slovenia; (2) AMAP, Oslo, Norway; (3) US 
EPA, Washington D.C., USA; (4) Artisanal Gold Council, Victoria, Canada; 
(5) University of Groningen, Groningen, The Netherlands; (6) Harvard 
University, Cambridge, MA, USA; (7) University of Connecticut, CT, USA

david.kocman@ijs.si

Control and reduction of mercury releases of aquatic systems are 
specific priorities addressed by the Minamata Convention. according 
to article 9 of the Convention, each Party shall establish inventory of 
releases from relevant sources, and the Conference of the Parties shall 
adopt guidance on the methodology for preparing such inventories. 
however, there are no general or agreed upon approaches or 
methodologies that would serve this purpose. Moreover, in contrast to 
atmospheric emissions, aquatic hg releases are greatly understudied. 
on a global scale, uneP/aMaP Global Mercury assessment (GMa) 2013 
was the first attempt to compile a global inventory of such releases. 
however, this first inventory had large associated uncertainties. In 
this contribution, we will present an updated version of the inventory 
prepared for the GMa 2018, building on most recent information 
available and including new previously unaccounted for source 
categories. We will discuss data availability and methods used to 
estimate the releases. We will compare global estimates in the light of 
different assumptions and approaches used. The main focus will be on 
sectors of relevance for the Minamata Convention. Developed inventory 
estimates will be compared with available nationally reported releases 
estimates, independent databases/registers and other literature sources 
using different assumptions and approaches. Major components of 
uncertainties and their parametrization will also be addressed, as well 
as regional differences resulting from differences in environmental 
regulations and control technologies.

TO-047

HOLISTIC PERSPECTIVE IS NEEDED TO ENSURE 
SUCCESS OF MINAMATA CONVENTION 
ON MERCURY
lIn, yan1; WanG, shuxiao2; sTeInDal, eirik3; WanG, Zuguang4; 
braaTen, hans1; Wu, Qingru2; larssen, Thorjørn1; 
(1) Norwegian Institute for Water Research, Oslo, Norway; (2) School of 
Environment, Tsinghua University, Beijing, China; (3) Norwegian Environment 
Agency, Oslo, Norway; (4) Renmin University of China, Beijing, China

yan.lin@niva.no

The Minamata Convention on Mercury (MC) will enter into force soon 
after 50 countries have ratified the MC. Many of the parties of MC are 
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now developing their national Implementation Plans (nIP) which focus 
on fulfilling the obligations defined by the articles of MC. however, we 
found that there is an important weak point in the structure of MC which 
overlooked the inter-connections of articles. like most international 
conventions, MC is organized by different articles. however, the 
obligation strength for the different articles are different. some of the 
articles, for example, article 12 on contaminated sites, are rather soft, 
the parties are only encouraged to take certain actions, and no firm 
obligations are defined. There is therefore a potential risk that hg may 
shift from articles with firm obligations to articles with soft obligations. 
since no mandatory actions are required, hg pollution is not reduced 
from a holistic point of view. furthermore, in the articles with firm 
obligations, no attention is paid to the processes after hg is removed. hg 
exists as impurities in either wastes or by-products. In many countries, 
the generated wastes will be utilized in order to minimize the volume 
of solid waste. This will cause secondary emission of hg from waste/by-
product utilization processes. Typical example is desulfurization gypsum 
from coal fired power plants will be used as building materials which 
may cause significant re-emission of hg to air.

based on our studies on the holistic hg material flow, we identified 
two issues what need to be addressed in a timely manner. first, the 
parties should do a thorough survey of flows of hg after hg is removed 
from one sector (corresponding to one MC article). secondly, holistic 
management measures should be taken to avoid hg shifting from firm 
articles to soft articles.

TO-048

UNIDO CASE STUDY IN MONGOLIA: REDUCE 
EXPOSURE OF MERCURY ON HUMAN HEALTH 
AND THE ENVIRONMENT BY PROMOTING SOUND 
CHEMICAL MANAGEMENT
sTuCKI, Jerome1; 
(1) UNIDO, Vienna, Austria

j.stucki@unido.org

This technical cooperation project funded by the Global environment 
facility (Gef) was designed to strengthen national and local capacity 
to effectively manage and reduce mercury emissions. Despite existing 
political will, the government of Mongolia did not have the full resources 
or the capacity to effectively manage mercury containing waste as well 
as historical mercury contamination hot-spots. In the case of the boroo 
site in the selenge province, the soil, sediment, water (surface and 
groundwater) and vegetation containing mercury are considered as 
mercury containing waste.

The project was executed in partnership with the Ministry of 
environment, Green Development and Tourism, the Ministry of health 
and the Mine reclamation Corporation (Mireco) of Korea, and a 
consortium led by Mayasa of spain.

The following results were achieved by the project:

 ◆ Draft regulation on hazardous wastes, national regulation on 

mercury added products, wastes and mercury wastes of import, 
export, cross-border transport, sale, use, storage and disposal was 
submitted to the government for consideration

 ◆ an interim mercury waste storage building was constructed and 
currently receiving mercury and hazardous wastes

 ◆ Initial site assessment and sampling were performed at the 
boroo site; theoretical and field training on characterization were 
conducted; monitoring and pilot testing of three remediation 
technologies for mercury contaminated sites were demonstrated

 ◆ Training package of 8 brochures to raise awareness on mercury 
management was prepared and published in Mongolian

 ◆ a short video (in Mongolian) on the promotion of mercury waste 
management was broadcasted on three national TV channels to 
support a national wide campaign to collect mercury containing 
wastes

 ◆ The project presents an interesting case study and is one of the first 
successfully completed projects funded by the Gef in promoting 
mercury management at contaminated sites. The project can serve 
as an example for future technical cooperation project development.

1e: Advances in analytical methods for 
environmental mercury speciation

TO-049

INNOVATIONS IN MERCURY INDUSTRIAL AND 
ENVIRONMENTAL MEASUREMENTS
Golas, Janusz1; GoreCKI, Jerzy1; sTysZKo, Katarzyna1; MaCherZynsKI, 
Mariusz1; sZraMoWIaT, Katarzyna1; 
(1) AGH University of Science and Technology, Faculty of Energy and Fuels, 
Depertment of Coal Chemistry and Environmental Sciences, Krakow, Poland

jgolas@agh.edu.pl

analysis of mercury often requires not only measurement of the 
total mercury content in the sample but also speciation studies of its 
inorganic (hg0,hg+1, hg+2) and organic compounds (methylmercury). 
Many years experience of mercury measurements in industry (coal 
combustion, flue gases) and environmental samples (tissues, sediments, 
aerosoles, PM) performed by the authors has resulted in several 
modifications in instrumentation and methodology. The following 
innovationas will be presented with the examples of applications.

1. Portable system for continuous mercury speciation in flue gas and 
process gases.effective reduction of mercury emission requires 
the application of speciation systems for emission control. In order 
to operate in flue gas the nippon Instrument Corporation eMP-2 
Wle-8 set was additionally equipped with the fly ash filter, steel 
probe, transfer line and the tee connector. The portable system was 
successfully tested in the laboratory and during the industrial tests in 
Poland and Czech republic.
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2. automatic system for methylmercury determiniation. In order 
to facilitate the determination of methylmercury (Mehg) in biota 
samples with the headspace Tenax trap gas chromatography 
atomic fluorescence method, an automatic system was designed, 
constructed and tested. The system consists of Tekran 2500 
detector, Gas Chromatograph (hewlett Packard 5890), a pyrolysis 
unit, a Tenax trap with a heater, a flow unit, an electronic Control 
unit and a PC with Peak simple software. a ten-stage mercury 
determination procedure was elaborated and optimized.

3. Portable hg+2 ultrasonic calibrator for the control and calibration 
of mercury speciation systems. The calibrator generates a stable 
stream of hgCl2 (rsD=2.8% for hg =28 ug/m3).

4. Innovative tests of non-carbon particulate sorbents in large scale 
demo installation in coal-fired power plant.

5. Innovations in methodology of performing data collection for the 
total particulate mercury (TPM) in PM10 and PM2.5 in many urban 
sites region of southern Poland and Krakow agglomeration.

acknowledgment: This work was partially financed by the aGh 
university grant 11.11.210.244.

TO-050

DETERMINATION OF HG SPECIES BY 
PHOTOCHEMICAL REDUCTION - AFS
lanCasTer, shaun1; KruPP, eva1; Corns, Warren2; felDMann, Joerg1; 
(1) Aberdeen University, Aberdeen, Scotland; (2) PS Analytical, Orpington 
Kent, UK

shaun.lancaster.12@aberdeen.ac.uk

The most commonly employed technique for the determination of 
mercuryusing atomic fluorescence spectrometry in a variety of matrices 
involves cold vapour generation. usually, thisisachieved chemically by 
oxidising all organic mercury species to hg2+, followed by a reduction 
to hg0with snCl2or nabh4. however, this method usesa plethora 
ofchemicals which is costly andprone to error and instrumental issues 
due to the complex wet chemistry necessary.another pathway is 
photochemical vapour generation (photo-CVG), whichhas been used 
inthe past inconjunction with CV-afs as an alternative method of cold 
vapour generation. Previously, photo-CVG has been applied to total 
mercury measurements using formic acid. It has been shown that 
formic acid rapidly decomposes when subjectedto uV radiation, giving 
rise to species which easily reduce all mercuryspeciesto hg0usingshort 
irradiation intervals. This methodpromises amuch simplerapproach, 
whichuses fewer and more environmentally friendly chemicals to 
give results which are comparableor even more sensitive thanthe 
cold vapour approach.however, the future of this technique lies in 
the ability to successfully apply this to mercury speciation. Thus, new 
lC-uV-CV techniques based on the method arebeing sought.one 
successful route used amethod whereby a 70/30 Meoh/h2o solution 
containing mercapto-ethanol as a mobile phase for reverse phase C18 
separation,withon-line addition of formic acid: water samples spiked with 

hg2+, Mehg+and ethg+producedgood quality chromatogramsusing this 
approach. Inthis work, we apply this methodto a wide range of matrices 
such as wastewater, food, fish, and clinical samples.

TO-051

NEW TECHNOLOGIES FOR MEASUREMENT OF 
ATMOSPHERIC OXIDIZED MERCURY
lyMan, seth1; 
(1) Utah State University, Vernal, United States

seth.lyman@usu.edu

a growing body of evidence is showing that conventional, KCl denuder-
based measurement systems for atmospheric oxidized mercury are 
biased low, and that the extent of bias depends on environmental 
conditions. To make matters worse, many of the oxidized mercury 
trends that have been observed may, at least in part, be the result of 
measurement bias. for example, very low ozone concentrations during 
arctic mercury depletion events likely decrease oxidized mercury 
measurement bias, artificially enhancing the contrast between depleted 
plumes and background air. similarly, dry, relatively pristine conditions 
in the upper atmosphere can be expected to decrease bias, clouding 
our picture of the vertical distribution of oxidized mercury. We must 
develop new measurement and validation techniques or we will never 
be able to gain a clear understanding of atmospheric oxidized mercury 
concentrations and cycling.

In response to this need, we are developing a suite of next-generation 
instrumentation for measurement and calibration of oxidized 
mercury. These include (1) an automated calibrator that can deliver 
stable concentrations of oxidized mercury compounds directly to 
the inlet of mercury instrumentation, verifying performance under 
ambient conditions; (2) a high-time resolution dual channel instrument 
to measure elemental and oxidized mercury, and (3) a GC/Ms-
based system to identify individual oxidized mercury compounds. 
We will discuss the development of and results obtained from 
these instruments. While they are not perfect, these instruments 
represent a vast improvement over conventional methods, especially 
because they incorporate routine verification of measurements in 
real-world conditions.

TO-052

POTENTIAL AND LIMITS OF MAGNETIC SOLID 
PHASE EXTRACTION USING CARBON NANOTUBES 
FOR MERCURY SPECIATION ANALYSIS
roDrÍGueZ MarTIn-DoIMeaDIos, rosa1; CorPs rICarDo, ana1; 
JIMÉneZ-Moreno, María1; rÍos CasTro, Ángel2; 
(1) University of Castilla-La Mancha, Institute of Environmental Sciences, 
Toledo, Spain; (2) University of Castilla-La Mancha, Faculty of Chemical 
Sciences and Technologies, Ciudad Real, Spain

rosacarmen.rodriguez@uclm.es
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The assessment of the health and environmental effects of mercury 
requires the precise and accurate determination of mercury species. 
numerous techniques can be used for this purpose, but the low 
concentrations of mercury species usually found in environmental 
samples make necessary to include additional steps of preconcentration 
and/or cleaning in the sample preparation for mercury speciation 
analysis. novel methodologies based on the use of new nanomaterials 
have been currently developed for trace metal analysis. a particularly 
promising combination is the application of magnetic nanoparticles 
coated with carbon nanotubes for solid phase extraction. It provides a 
fast and simple separation of analytes using an external magnet and 
avoids the time-consuming traditional on-column solid phase extraction 
procedures. however, this interesting approach did not have been 
applied up to now for the extraction of mercury species.

Therefore, in this work we have studied the potential of fe3o4 magnetic 
nanoparticles coated with different types of carbon nanotubes (single, 
double and multi-walled) as sorbent material for the determination of 
mercury species. In all cases, mercury speciation analysis were carried 
out using gas chromatography coupled to atomic fluorescence detection 
after derivatization by ethylation. a careful optimization of the conditions 
affecting both sorption and desorption steps (i.e. type of carbon nanotube, 
amount of composite, time of sorption or desorption steps, desorbing 
medium) have been performed aiming to achieve an effective and selective 
preconcentration and subsequent analysis of monomethylmercury. 
single-walled carbon nanotubes magnetic nanoparticles exhibited higher 
adsorption capacity compared to both double-walled and multi-walled 
carbon nanotubes. The reuse capability of these nanomaterials during 
several adsorption/desorption cycles has also been investigated. In 
addition, the potential interferences and/or interactions between mercury 
species in the sorption and desorption processes have been studied 
regarding different mercury species concentration ratios. The results 
demonstrated that the developed methodology enables not only the 
preconcentration of monomethylmercury but also the simultaneous clean-
up of inorganic mercury.

acknowledgements: The authors thank the spanish Ministry of economy 
and Competitiveness (CTQ2016-78793-P) for supporting this work.

TO-053

IDENTIFICATION OF MERCURY SPECIES IN THE FLUE 
GAS OF COAL-FIRED POWER PLANTS
lI, Guoliang1; WanG, shuxiao1; 
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lesernlee@163.com

Coal combustion is the largest anthropenic emission source of mercury 
in the world, but it is still unclear of the existing form of oxidized gaseous 
mercury in its flue gas. This study aims to explore the species of mercury 
in the flue gas of coal-fired power plants by hPlC-afs. Gaseous mercury 
in the flue gas of a sedimentation furnace was sampled on nylon, PTfe 
and quartz membranes. Mercury adsorbed on various membranes 
was extracted by chromatographic grade acetonitrile and the sampling 

extrating solutions ( es1) was used to analyze the mercury species. 
six mercury reference substance (hg0, hgCl2, hg2Cl2, hgo, hgs and 
hgso4) were dissoved into acetonitrile solutions, which served as the 
reference substance solution, respectively. It was found that mercury 
capture efficiency of nylon, PTfe and quartz membranes were 72%, 
35% and 28%, respectively. The hPlC-afs result showed all of the three 
sampling extrating solutions (es1) have three characteristic peaks at 
211-218s (first), 257-268s (second) and 290-291s (third), and the three 
peak areas follow the order: first (1.1-18.2%) < second (19.5-29.5%) < 
third (52.4-78.0%). The characteristic peaks of six reference solutions 
appeared at 253-267s, belonging to the second mercury type. This result 
indicates that the six mercury references are not main existing form 
of mercury in flue gas, which is different from the traditional view that 
the hgCl2 is the main existing form of oxidized mercury in flue gas. The 
hPlC-Ms/Ms will be used to further identify the mercury species in flue 
gas in next stage.

TO-054

A NEW SIMPLIFIED METHOD FOR DETERMINATION 
OF MONOMETHYLMERCURY IN BIOLOGICAL 
SAMPLES BASED ON SEPARATION OF HG 
DITHIZONATES AND COLD VAPOUR ATOMIC 
ABSORPTION DETECTION
faJon, Vesna1; horVaT, Milena1; aKaGI, hirokatsu2; 
(1) Jozef Stefan Institute, Ljubljana, Slovenia; (2) International Mercury 
Laboratory Inc., Minamata, Kumamoto, Japan
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Developments of new techniques for determination of 
monomethylmercury are primarily focused on high tech equipment, 
including mass spectrometry. however, methods based on mass 
spectrometry and other currently available instrumental techniques 
for speciation are based on principles that require clean laboratory 
conditions, expensive gases and a lot of experience. for most routine 
laboratories such conditions are unsuitable which results in the fact 
that speciation analysis are only done in expert laboratories. Moreover, 
recently adopted Minamata convention calls for simplified and easy-to-
use methods that allow speciation of mercury world-wide.

simple extraction method that can be used to measure 
monomethylmercury (MMhg) in biological samples has been developed. 
The method is based on the simultaneous extraction of hg compounds 
into toluene as their dithizonates. hg(II) and MMhg dithozonates 
are then separated on silica gel column and selectively collected into 
separate test tubes followed by digestion with mixture of acids (hno3/
hClo4 and h2so4) and measured by CV aas. The average repeatability 
and reproducibility of the method are 1.5% and 4.3%, respectively. 
expanded relative standard uncertainty according to nordtest is 12.8% 
using coverage factor k=2.

The method separates inorganic and organic mercury quantitatively in 
biological samples. separation is very good also in samples where the 
percentage of MMhg is low. The results obtained were verified by the 
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analysis of Certified reference Materials and comparison of the results 
obtained by alternative methods based on ethylation and CV afs detection.

Compared to other methods this method is simple and inexpensive from 
the point of view that the instrumentation which is used for total mercury 
measurements can be used to measure organomercury compounds. The 
detailed analytical methods as well as the results of MMhg in biological 
samples obtained using this method will be presented.

TO-055

DETERMINATION OF HG NANOPARTICLES IN 
PRODUCED WATER ASSOCIATED TO CRUDE 
OIL PRODUCTION BY SINGLE PARTICLE 
INDUCTIVELY COUPLED PLASMA MASS 
SPECTROMETRY (SP-ICP-MS)
nelson, Jenny1; yaManaKa, Michiko2; 
(1) Agilent, Santa Clara, USA; (2) Agilent, Hachioji, Japan

jenny_nelson@agilent.com

Mercury is one relevant element for many researcher due the potential 
impact to the enviromental as well as to humans. It recent years, many 
authors have determined the total concentrations and different species 
present in soils, atmosphere, water, biota mining and petroleum 
activities1, particularly in petroleum business. hg can be present in 
natural gas, crude oil and its products. The most dominant species are 
hg0 and hg particulate, most likely associated to hgs2-4. recently, some 
researchers reported that particulate hgs could be the most abundant 
species in stored petroleum hydrocarbons5.  additionally, when crude 
oil is extracted, the water used in the oil extraction and production 
consequently may contain hg species, as hg particulate. researchers 
are now interested in determining if hg nanoparticles are present in 
these waters. In an attempt to characterize these hg nanoparticles, 
single particle inductively coupled plasma mass spectrometry (sp-ICP-
Ms) has been employed. sp-ICP-Ms allows simultaneous determination 
of particle number, concentration and size, as well as measuring the 
dissolved metal concentration.

references 
[1] sakamoto, M., Murata, K., Kakita, a., sasaki, M., a review of mercury 
toxicity with special reference to methyl mercury. In environmental 
Chemistry and Toxicology of Mercury, liu, G., Cai, y., o'Driscoll, n., ed. 
John Wiley & sons, Inc.: new Jersey, 2012; pp 501-516. 
[2] Wilhelm, s. M.; bloom, n., Mercury in petroleum. fuel Processing 
Technology 2000, 63 (1), 1-27. 
[3] bloom, n. s., analysis and stability of mercury speciation in petroleum 
hydrocarbons. fresenius' Journal of analytical Chemistry 2000, 366 (5), 
438-443. 
[4] b. bouyssiere, f. b., l. savary, r. lobinski, speciation analysis for 
mercury in gas condensates by capillary gas chromatography with 
inductively coupled plasma mass spectrometry detection Journal of 
Chromatography a 2002, 976, 431 - 439. 
[5] Gajdosechova Z., boskamp¹, M.s. lopez-linares f., feldmann¹ J., 
Krupp e. M. energy and fuels, 2016, 30 (1) 130–137
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A NEW METHOD FOR DIRECT AND REAGENT-
FREE BIOMONITORING OF MERCURY TRACES IN 
HUMAN URINE
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a novel analytical methodology for reagent-free sampling and extraction 
of mercury from human urine was developed and optimized. The 
method is based on selective separation of hg from fresh urine 
sample onto active nanogold-coated silica material by highly efficient 
solid-phase extraction. The adsorbent for mercury extraction was 
prepared by chemical reduction of au(III) to au(0) in presence of silica. 
subsequently, immobilization of formed gold nanoparticles is achieved 
by calcination. Characterization of this material by TeM, reM and TXrf 
confirmed the successful deposition of gold nanoparticles onto the 
silica, revealing an average particle diameter of 52 nm. special in-house 
designed glass devices allow easy and quick extraction and separation 
of hg from urine within only 10 minutes. after thermal desorption of 
hg from the extractant, detection is performed by atomic fluorescence 
spectrometry (afs). The feasibility and validity of the optimized, 
reagent-free approach was confirmed by recovery experiments in 
spiked real urine (recovery rate 96.13  5.34 %). furthermore, mercury 
concentrations found in three (non-spiked) urine samples originating 
from occupationally exposed persons were compared to values 
obtained by application of the reference methods cold vapor - atomic 
absorption spectrometry (CVaas) and CV-afs. a very good agreement of 
the found values reveals the validity of the proposed approach. The limit 
of detection (loD) was found to be as low as 0.004 ug hg l-1 and a high 
reproducibility with a relative standard deviations 4.2 % (n=6) is given. 
Moreover, storage of the samples for up to one week at an ambient 
temperature of 30°C reveals no analyte losses or contamination. In 
addition, investigations revealed that calibration of one exemplary 
collector provides reliable quantification of all other collectors filled with 
extractant material coming from the same synthesis batch. Moreover, 
due to the re-usability of the material the proposed method is cost-
efficient. In addition, it enables easy-to-handle on-site extraction of 
mercury traces from human urine ensuring at the same time reagent-
free sample stabilization, providing quick and safe sampling, which can 
be performed by untrained persons.



ORAL ABSTRACTS ICMGP2017 The 13Th InTernaTIonal ConferenCe on MerCury as a Global PolluTanT InTeGRATInG MeRCuRy ReSeARCh And POLICy In A ChAnGInG WORLd July 16 – 21, 2017 · ProVIDenCe, rhoDe IslanD, usa 66

TO-057

DEVELOPMENT OF A NOVEL PASSIVE SAMPLING 
STRATEGY FOR METHYLMERCURY IN SEDIMENTS 
AND SOILS
sanDers, James1; Ghosh, upal1; MCburney, alyssa2; GIlMour, 
Cynthia2; broWn, steven3; 
(1) University of Maryland, Baltimore County, Baltimore, MD, USA; 
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aquatic mercury can pose a significant risk to ecological and human 
health when it is converted to the more toxic and bioaccumulative 
methylmercury (Mehg) by anaerobic microorganisms near the 
sediment-water interface. benthic animals exposed to Mehg in this zone 
represent an important link in the process of Mehg bioaccumulation 
in aquatic food webs. as such, quantitative measurements of the 
bioavailability of Mehg to benthos are critical for risk assessment 
of contaminated sites. To date, no passive sampling strategy has 
achieved wide acceptance for generating such measurements. The 
diffusive gradient in a thin film (DGT) device, which operates in a 
kinetic accumulation mode, faces questions about the potential for 
oversampling, as well as the identity of the Mehg species it samples 
and their relevance to bioavailability. We are working to develop a novel 
passive sampling technology to emulate the steady-state (pseudo-
equilibrium) mode of Mehg bioaccumulation by benthos. a target 
range of sampler partitioning was set at log K between 3.0 and 4.5 in 
consideration of analytical detection limits, the logistics of sampler 
deployment in the field, and typical sediment-water partitioning 
constants. a variety of custom polymers with either reduced sulfur 
chemical functionality or embedded activated carbon (aC) particles 
was prepared and evaluated in a series of increasingly environmentally 
realistic experiments. In mildly saline water isotherms, many of the 
materials showed strong, log-linear partitioning of MehgCl across a 
relevant range of concentrations. Partitioning of Mehg complexed with 
dissolved organic matter was decreased but still in or near our target 
range (log K = 2.83 to 3.31). In slurries of contaminated soil, polymer-
predicted water concentrations (Cw) were within factors of one to 
five of directly measured water samples. In beaker soil microcosms, 
accumulation of Mehg by our aC-based polymer successfully reflected 
temporal variations in Cw as well as reductions due to amendment 
of soil with aC. Polymer-derived and directly measured Cw agreed 
equally well at 8, 14, 21, and 28 d of exposure. across experiments, 
partitioning by this polymer was notably consistent in the saline water, 
slurry, and unamended beaker soil (log K = 3.41 to 3.78). an experiment 
currently being planned will attempt to correlate Mehg accumulation 
by polymers and by the amphipod l. plumulosus exposed side-by-side 
in sediment microcosms. The polymer data will be used as input for a 
bioaccumulation model to evaluate the technologys predictive capability.

2a-1: Sources and cycling of mercury in 
coastal ecosystems

TO-059

RIVERINE INPUTS TO NORWEGIAN FJORDS: 
EFFECTS ON LOWER FOOD WEB STRUCTURE AND 
MERCURY BIOACCUMULATION
PosTe, amanda1; ChrIsTensen, Guttorm2; KoPPelle, sebastiaan3; 
seuThe, lena4; VeITeberG braaTen, hans1; borGÅ, Katrine5; ruus, 
anders1; KasTe, Øyvind1; 
(1) NIVA, Oslo, Norway; (2) Akvaplan-niva, Tromsø, Norway; (3) University 
of Amsterdam, Amsterdam, Netherlands; (4) University of Tromsø, Tromsø, 
Norway; (5) University of Oslo, Oslo, Norway

amanda.poste@niva.no

Climate change is expected to drive increases in terrestrial organic 
matter (oM) export to northern aquatic systems, including norwegian 
coastal waters. The coastal environment is also influenced by inputs 
of contaminants that can pose human and ecosystem health risks. 
There is an increasing need to gain an understanding of how changes 
in terrestrial inputs to coastal waters can drive changes in ecology and 
contaminant dynamics in order to predict future impacts and develop 
effective management approaches.

here, we characterize physicochemical conditions, lower food web 
ecology and mercury (hg) bioaccumulation along two norwegian river-
fjord gradients, one in southern norway (storelva-sandnesfjord) and 
one in subarctic norway (Mlselv-Mlselvfjord). briefly, seasonal water and 
zooplankton samples were collected along both river-fjord gradients in 
2015-2016, for characterisation of physicochemical conditions, lower 
food web structure (using dietary markers) and hg trophodynamics.

Physicochemical conditions along the study transects were primarily 
driven by conservative mixing of the fresh and marine water masses, 
and the rivers were an important source of silicate, hg, and terrestrial 
oM to the coastal waters. based on dietary marker analysis, near-shore 
zooplankton utilized terrestrial inputs as a food source, with decreasing 
importance of terrestrial energy sources with increasing distance from the 
river outflows. hg concentrations in zooplankton were typically highest for 
inner fjord sites and decreased along the study transects. estimated hg 
bioaccumulation factors for zooplankton also tended to decrease along 
the study transects, suggesting that the elevated hg concentrations in 
zooplankton from the inner fjord stations were attributable not only to the 
elevated hg concentrations in inner fjord water, but also to more efficient 
bioaccumulation of hg at the sites with higher freshwater influence.

These results suggest that riverine inputs to norwegian fjords can 
have strong impacts on physicochemical conditions, ecology and 
hg dynamics, highlighting a need for more detailed understanding 
of the seasonality and spatial extent of this influence, as well as the 
implications of future climate change driven increases in riverine inputs 
to norwegian coastal waters.
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TO-060

TERRESTRIAL ORGANIC MATTER DISCHARGES 
ENHANCE MERCURY REDUCTION AND EMISSION 
FROM ESTUARINE SEDIMENTS
Zhu, Wei1; sKyllberG, ulf2; JIanG, Tao2; braVo, andrea3; bJÖrn, erik1; 
(1) Umeå University, Umeå, Sweden; (2) Swedish University of Agricultural 
Sciences, Umeå, Sweden; (3) Uppsala University, Uppsala, Sweden

zhuweicas@gmail.com

legacy hg burial in aquatic sediments represents one of the largest 
reservoirs for anthropogenic hg, which can potentially be reemitted 
back to the atmosphere. however, the rates and controlling factors 
for emission of hg from sediments, especially hg-contaminated 
sediments, remain unclear. We determined emission rates of gaseous 
elemental mercury (hg0) from contaminated fiber-rich water-sediment 
microcosms under a wide range of redox conditions using geochemical 
relevant isotopic-enriched divalent hg (hgII) tracers: 201hg(no3)2, 
202hg-noM (hgII bound to natural organic matter) and β-198hgs(s) 
(microcrystalline metacinnabar). up to one order of magnitude higher 
hg0 emission rates were observed in anaerobic surface sediments (0-
2cm) dominated by terrestrial organic matter, as compared to organic 
fiber dominated deeper sediment (0-10cm). β-198hgs(s) showed 15 
times lower hg0 emission rate than the other two tracers due to its low 
solubility. We suggest that the reductive power of aromatic functional 
groups (e.g., quinone and semiquinone) of terrestrial organic matter 
drives rates of hgII reduction and emission. We further conducted 
separate incubation experiments where the chemically reduced 
quinone compound aQDs or terrestrial organic matter (suwanee river 
noM) were added to the water-sediment microcosms. elevated hg0 
emission from the hgII isotope tracers and ambient hg were observed. 
our results highlight that terrestrial organic matter discharged into 
the estuarine sediments act as electron shuttles, enhancing legacy hg 
reduction and subsequent re-emission to the atmosphere. further 
results on hgII reduction and emission in the presence of marine 
autochthonous organic matter (i.e. algae and cyanobacteria derived 
organic matter) will also be presented and discussed.

TO-061

ORGANIC MATTER DRIVES HIGH INTERANNUAL 
VARIABILITY IN NET METHYLMERCURY 
PRODUCTION IN A SUBARCTIC COASTAL SEA
soerensen, anne1; sCharTuP, amina2; sKrobonJa, aleksandra3; 
bouCheT, sylvian4; aMourouX, David5; bJÖrn, erik3; 
(1) Stockholm University, Stockholm, Sweden; (2) Harvard University, 
Cambridge, MA, USA; (3) Umeå University, Umeå, Sweden; (4) EAWAG, 
Dübendorf, Switzerland; (5) University of Pau, Pau, France

anne.soerensen@aces.su.se

Methylmercury (Mehg) levels in aquatic ecosystems are strongly driven 
by organic matter (oM), however, we have a poor understanding 
of how spatial and interannual variability in the composition and 

concentration of oM within ecosystems control Mehg levels. To 
address this we determined Mehg concentrations and methylation/
demethylation rate constants in water samples during late summer/
early fall (2014-2016) in a subarctic coastal sea (northern baltic sea). We 
furthermore compiled 11 years of data (2006-2016) for dissolved organic 
carbon (DoC) and humic content. We find that the average Mehg 
concentrations in offshore waters have large interannual variability 
(2014: 80±25 fM; 2015: 11±11 fM; 2016: 21±9 fM). We create a statistical 
multiple linear regression model using Mehg concentration, DoC 
and humic content. We show that 60% of the spatial and interannual 
variability in Mehg concentration in the northern baltic sea can be 
explained by changes in DoC and humic content. The seasonal variable 
DoC reservoir (mostly marine DoC in offshore waters) caused an 
increase in Mehg concentrations. This is consistent with the prevailing 
hypothesis that Mehg is produced in situ in the water column during 
oM remineralization. Contrary to this, an increase in humic content 
lowered the Mehg concentration, indicating less bioavailability of hgII 
in the presence of humic substances. We apply the model to examine 
the extent of interannual variability driven by DoC composition and 
concentration for summer/fall Mehg concentrations between 2006 and 
2016 and find a range from below detection limit (2007-2008: 13 fM) to 
150 fM (2012) in offshore waters. We will present results from the study 
and discuss implications for food webs. We will furthermore reflect on 
how anticipated changes in river exports of nutrient and oM due to 
climate change will influence Mehg concentrations in similar systems.

TO-062

INFLUENCE OF DISSOLVED ORGANIC CARBON ON 
MONOMETHYLMERCURY UPTAKE IN TEMPERATE 
AND POLAR MARINE DIATOMS
sonTaG, Philip1; MorrIson, andrenette1; reInfelDer, John1; 
(1) Department of Environmental Sciences, Rutgers University, New 
Brunswick, New Jersey, USA

pts29@scarletmail.rutgers.edu

Phytoplankton are the primary route of entry for monomethylmercury 
(Ch3hg) into the food web of the upper ocean (<1000 m) leading to 
elevated concentrations in pelagic migratory fish, a significant route 
of human exposure. laboratory experiments were conducted in 
which the accumulation rates of intracellular Ch3hg were measured 
in two species of temperate marine diatoms, Thalassiosira weissflogii 
(Tw) and Thalassiosira psuedonana (Tp), and one species of polar 
diatom, Chaetoceros brevis (Cb), along with initial dissolved organic 
carbon (DoC) in synthetic ocean water (soW), and DoC excreted by 
phytoplankton cells into soW following Ch3hg exposures. at typical 
initial background DoC concentrations (~2 mg/l), short-term (<1 hr) 
uptake rate constants of Ch3hg normalized to cell biomass and Ch3hg 
concentrations were higher in Tp (3.80 l g-1 h-1) than in either Tw (0.36 
l g-1 h-1) or Cb (0.16 l g-1 h-1). however, higher rate constants were 
observed in Tw at lower (<1 mg/l) DoC concentrations (1.02, 2.96 l 
g-1 h-1). a nonlinear relationship between Ch3hg uptake rates and 
initial DoC concentration was observed across multiple experiments 
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for Tp (r2=0.99) and Tw (r2=0.87). DoC concentrations in incubations of 
Tw with Ch3hg increased over time to values that were 3 to 40 times 
higher than those in control experiments without Ch3hg suggesting 
that exposure to Ch3hg stimulated DoC production by this diatom. The 
observed decrease in Ch3hg uptake rates from 1 to 24 h of exposure 
indicates that DoC excreted by diatoms in response to Ch3hg exposure 
may influence Ch3hg speciation and bioavailability. small differences 
in seawater DoC concentrations in the oligotrophic open ocean and 
larger changes in DoC in productive coastal waters may influence the 
speciation of Ch3hg therefore affecting its enrichment at the base of the 
marine food web and subsequent human exposure from higher trophic 
level fish.

TO-063

METHYLMERCURY CYCLING IN THE YELLOW SEA 
AND BOHAI SEA, CHINA: SOURCES/SINKS AND 
CONTROLLING FACTORS
lI, yanbin1; Chen, lufeng1; 
(1) Ocean University of China, QINGDAO, China

liyanbin@ouc.edu.cn

The yellow sea (ys) and bohai sea (bs), economically important 
regions of the western Pacific ocean, have been facing a variety of 
environmental problems, including mercury (hg) pollution. although 
methylmercury (Mehg) has been recognized as the most toxic hg 
species in the environment, there is still a lack of knowledge on 
its cycling in the bs and ys, limiting a sound understanding of hg 
cycling in both regions. To address these needs, we investigated 
the distribution and methylation/demethylation of hg in both 
regions during two marine science cruises. a decreasing trend from 
inshore to offshore was observed for both total hg (Thg) and Mehg, 
suggesting the importance of terrestrial discharge. Methylation in 
the sediment and photodemethylation in the water were identified 
as the two most important processes controlling Mehg levels, while 
so42-, Thg, and dissolved organic matter were found to be the most 
influential environmental factors. by quantifying the in situ production/
degradation, along with river input and exchange with nearby seas, 
sediment was found to be the most important source of Mehg; 
meanwhile, the water serves as the largest sink in both regions. In 
comparison with other marine systems, a relatively low ecosystem 
conversion efficiency of inorganic hg to Mehg, i.e., low Mehg/Thg ratios 
in the water, was observed in the bs and ys. This may result from the 
low efficiency of transporting Thg from water to the sediment, slow 
methylation in the sediment, and quick photodegradation in the water. 
The low conversion efficiency of inorganic hg to Mehg may be one of 
the convincible reasons for the low hg levels detected in the ys and bs 
organisms, in comparison to the high Thg concentrations in the water.

TO-064

MERCURY AND METHYLMERCURY IN CHESAPEAKE 
BAY WATERSHED: LOOKING FOR CHANGE IN A 
CHANGING WORLD
heyes, andrew1; GIlMour, Cynthia2; bell, Tyler2; 
(1) University of Maryland Center for Enironmental Science, Solomons, 
Maryland, United States; (2) Smithsonian Environmental Research Center, 
Edgewater, MD, United States

heyes@umces.edu

Measures to lower hg emissions in the us have been ongoing over 
the past 2 decades. observing and quantifying the impact of these 
reductions in the environment is difficult given the changing mixture 
of local and global sources and the complex cycling and recycling of 
mercury in the ecosystem. In this presentation we summarize hg 
monitoring and research in the Chesapeake bay watershed, with the 
aim of detecting changes in fluxes or risk. studies include long-term wet-
deposition measurements, including MDn network measurements from 
the 3 Maryland stations (since 2005); small-watersheds fluxes (since 
2008), and entry into biota (young of the year fish (yoy), since 2008). 
These studies have been specifically designed to identify changes to hg 
cycling in the Chesapeake bay watershed.

year to year variability in wet deposition is substantial. Importantly 
however, hg wet deposition loadings to the Mid-atlantic appear not 
to have declined over the last decade or so in concert with regional 
estimated emission reductions. although there have been some 
decreases in the average hg concentration in rain and loadings in 
urban areas.

year to year variability in hg export from small streams is substantial 
(varying on the order of 5x for both T-hg and Mehg) and largely 
dependent on hydrologic variables. needless to say and we cannot 
detect a temporal pattern to date.

We have almost a decade of young of the year fish monitoring in 
the Chesapeake bay and in watershed reservoirs. Differences in 
concentrations of mercury in the yoy fish populations among the 13 
sites cover an order of magnitude. year to year variability among the 
sites also varies, suggesting watershed characteristics and/or reservoir 
management impact the cycling of mercury to differing degrees among 
the sites, but no temporal trend in the data has been observed to date.

In this study, we have observed that changes in land-use, population 
and climate, even over the short duration studied, adds complexity 
to the watershed flux and biota metrics. our understanding of the 
hg and Mehg budget to the Chesapeake bay has also evolved. high 
concentrations of hg and Mehg in export water of small streams of the 
coastal plain, combined with their large number, make them a source 
that rivals the large rivers; which have high flow but low concentrations 
of hg and Mehg.
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WATER COLUMN METHYLMERCURY, ORGANIC 
MATTER AND SEDIMENT-WATER FLUX ACROSS A 
LATITUDINAL GRADIENT ON THE US EAST COAST
balCoM, P1; seelen, e2; MaZruI, n2; TanGuay, V3; DIMenTo, b2; 
Gosnell, K2; buCKMan, K4; Taylor, V5; Chen, C4; Mason, r2; 
(1) Harvard John A. Paulson School of Engineering and Applied Sciences, 
Cambridge, MA, USA; (2) Dept. of Marine Sciences, Univ. of Connecticut, 
Groton, CT, USA; (3) Katherine A. Kelley Public Health Laboratory, Rocky Hill, 
CT, USA; (4) Biology Dept., Dartmouth College, Hanover, NH, USA; (5) Dept. of 
Earth Sciences, Dartmouth College, Hanover, NH, USA

pbalcom@seas.harvard.edu

The potential effects of climate change in coastal ecosystems include 
increased rainfall with subsequent runoff from watersheds and 
increased carbon flux to sediments. These factors should increase the 
watershed delivery of mercury (hg) to the estuarine water column and 
increase sediment anoxia, hg content and hg methylation. To examine 
these potential outcomes, we evaluated methylmercury (Mehg) sources 
at sites with high and low organic matter sediment in 6 small salt water 
creeks and wetland areas in Maryland (MD), Connecticut (CT) and Maine 
(Me; temperature range of 20 to 29 degC; sampled in 2013). average 
dissolved Mehg (0.05 to 6.3 pM; 3 to 35% Mehg), suspended particle 
Mehg (1.1 to 84 pmol/g; 1 to 17% Mehg) and dissolved organic carbon 
(DoC; 0.1 to 3.3 mM) increased with latitude, and were highest at CT salt 
marsh and Me sites. average sediment Mehg (0.04 to 3.5 pmol/g) and 
organic content (loss-on-ignition; 0.7 to 25%) also increased with latitude. 
Dissolved Mehg and total mercury (hgT) were correlated among sites 
along the latitudinal gradient, and this was also the case for suspended 
particle concentrations. however, average suspended particle Mehg 
concentrations were higher (factor of 3 to 550) than sediment Mehg 
levels at each site, particularly at sites in Me and CT, suggesting 
watershed sources of suspended particle Mehg to the creeks sampled. 
similarly, dissolved Mehg concentrations at sites in Me were a factor of 
1.5 to 30 higher than pore water Mehg levels. sediment flux cores were 
used to measure sediment-water Mehg flux, and site average fluxes 
ranged from 10 to 360 pmol/sq m/d in MD and CT, which is similar to 
the range found for other us estuaries. however, large negative fluxes 
of -280 to -500 at the Me sites indicate that water column Mehg was 
partitioning into the sediment, and that the creek watersheds were likely 
supplying the elevated dissolved Mehg. Dissolved Mehg was strongly 
correlated with DoC across all sites, and both dissolved Mehg and 
hgT were highest at sites in Me where DoC was highest. our research 
indicates that watershed sources of Mehg are important to hg loading 
in shallow estuaries and that delivery and concentrations of Mehg in the 
water column appear to be regulated by organic matter.

TO-066

SEDIMENT WATER FLUX OF MERCURY SPECIES ON 
THE CONTINENTAL MARGIN BETWEEN SOUTHERN 
CALIFORNIA AND CENTRAL OREGON
heIM, Wesley1; Coale, Kenneth1; ChIsWell, holly1; olson, alex1; 
MarTenuK, stephen1; bonneMa, autumn1; WeIss-PenZIas, Peter2; 
(1) Moss Landing Marine Laboratories, Moss Landing/Ca, United States; 
(2) University of California Santa Cruz, Santa Cruz/Ca, United States

wheim@mlml.calstate.edu

Monomethylmercury (MMhg) production by anaerobic bacteria in 
sediments is considered to be a dominate source of MMhg to sediments 
and overlying surface water in the coastal environment. In this study, 
we measured total mercury (hgt) and MMhg sediment and pore water 
concentrations and calculated sediment water exchange fluxes in 
samples collected on the coastal shelf in the California Current system. 
sediment cores and overlying water were collected from 20 stations 
using a slow-entry multi-corer deployed during 4 oceanographic cruises 
over two years. The upper few centimeters of undisturbed cores were 
sectioned at the following depth increments: 0.5, 1, 1.5, 2, 3, 4, 5 cm. 
Pore waters were extracted via centrifugation and the MMhg gradients 
were used to calculate fluxes into the overlying water column based 
upon molecular diffusion alone. sediment concentrations for hgt and 
MMhg ranged from 50 to 2338 pmoles g-1 and 0.1 to 9 pmoles g-1 
respectively. Pore water and overlying water MMhg concentrations 
ranged from 0.1 to 2.2 pM and 0.03 to 0.3 pM respectively. Diffusional 
MMhg sediment water exchange flux ranged from 0.1 to 1.7 pmoles 
m-2 d-1. While the gradients in MMhg showed significant and 
widespread flux that would indicate an input into the waters of the shelf 
these fluxes were very small compared to those calculated elsewhere 
and insufficient to sustain elevated concentrations at the sediment 
boundary layer, or at the depth of the shelf in general. Measurements 
made on the northwestern atlantic shelf are in general an order of 
magnitude greater than those observed here. We suggest that the 
narrow eastern shelf of the California Current with little allochthonous 
inputs contrasts sharply with the broad shelf of the eastern seaboard 
with significant organic carbon, riverine and anthropogenic inputs. 
In general, the narrow shelf of the California Current seems to 
reflect the pelagic processes of the off shore regions for this element 
where water column production predominates the formation of the 
methylated forms.
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2b-2: Sources and cycling of mercury in 
freshwater ecosystems: Dedicated to the 
memory of George Aiken

TO-067

EFFECTS OF BELOWGROUND WARMING ON PEAT 
POREWATER TOTAL MERCURY AND METHYLMERCURY 
CONCENTRATIONS: EARLY RESULTS FROM SPRUCE
KolKa, randy1; naTer, ed2; sebesTyen, steve1; Toner, brandy2; 
GuTKneChT, Jessica2; PsarsKa, sona2; 
(1) USDA Forest Service Northern Research Station, Grand Rapids, MN, USA; 
(2) University of Minnesota, St. Paul, MN, USA

rkolka@fs.fed.us

The spruce and Peatlands under Climatic and environmental Change 
(sPruCe) experiment is pushing the envelope assessing the effects of 
whole ecosystem warming on numerous ecosystem processes. as part 
of the sPruCe framework we sampled peat porewaters at 0, 30, 50 and 
100 cm for totalmercury (Thg)and methylmercury (Mehg) across five 
temperature treatments (0oC or ambient, 2.25oC, 4.5oC, 6.75oC, and 
9oC) during the 2016 unfrozen period beginning in June and ending 
in november. both aboveground and belowground warming is a 
differential compared to outside the sPruCe chambers and belowground 
warming extends to >2 m. Porewater Thg concentrations at 0 cm depth 
were significantly higher in the 6.75oC and 9oC treatments than at the 
0oC, 2.25oC and the 4.5oC treatments which were similar. at 30 cm 
there was an opposite effect where the 9oC treatment had lower Thg 
concentrations than at lower temperature treatments. below 50 cm 
there were few temperature treatment effects on Thg. Porewater Mehg 
concentrations were highly variable at 0 cm depth with no significant 
differences among temperature treatments. at 30 cm depth, the 0oC 
treatment was significantly lower than the 4.5oC, 6.75oC and nearly 
different than the 9oC treatment. at 50 cm depth all temperature 
treatments had significantly lower concentrations than the 9oC treatment. 
We had few Mehg samples above detection at 100 cm depth. our initial 
data indicates that elevated soil temperatures increase peat pore water 
Mehg concentrations in the 30-50 cm depth zone, while also increasing 
Thg in surface waters, but we unexpectedly found decreases in Thg at 
the highest temperature treatment in the 30 cm zone, with few other 
differences below 30 cm. We will discuss possible mechanisms that lead to 
these results and larger implications for hg cycling with climate change.

TO-068

MERCURY AND METHYLMERCURY IN TRIBUTARY  
INPUTS TO KLUANE LAKE, YUKON TERRITORY, CANADA
branfIreun, brian1; sWanson, heidi2; Zabel, nelson2; 
(1) University of Western Ontario, London, Ontario, Canada; (2) University of 
Waterloo, Waterloo, Ontario, Canada

bbranfir@uwo.ca

Kluane lake is located in the southwest of the yukon Territory, 
Canada, and is part of the traditional territory of the ln Mn Ku Dn, 
the Kluane lake People. The community depends on Kluane lake 
as an important source of subsistence food fishes, and the lake is 
well known for supporting healthy populations of lake Trout and 
lake Whitefish. although situated in a relatively remote and pristine 
region, community interest in contaminant levels in food fishes 
supported intensive research on mercury (hg) in the biotic and abiotic 
compartments in Kluane lake, and instigated a pilot-scale investigation 
of hg, methylmercury (Mehg) other metals and related ancillary 
measurements in the waters and sediments of its tributary inputs. 
We found that total hg concentrations ([Thg]) varied considerably 
among tributaries (<0.05 to 1.1 ng/l for filtered, and from 0.1 to 25 ng/l 
unfiltered), with elevated unfiltered [Thg] largely reflecting a significant 
suspended sediment load in some glacier-fed streams. Methyl mercury 
concentrations ([Mehg]) were below detection (0.006 ng/l) for many 
streams, but two of the larger tributaries to the lake (burwash Creek 
and Gladstone river) had measureable Mehg concentrations (0.010 
0.040 ng/l). however, the volumetrically largest inflow to Kluane lake, 
the slims river, had dissolved [Thg] and [Mehg] below detection. an 
examination of other water chemistry variables related to [hg] found 
important relationships among [hg], [Mehg] and the quantity and 
quality of dissolved organic carbon (DoC) in tributary waters. Dissolved 
[Mehg] was positively related to total DoC. There was no relationship 
between [Thg] and total DoC, but [Thg] was inversely related to 
fluorescence measures of organic matter freshness, and positively 
related to measures of organic matter humification, suggesting 
that dissolved [Thg] is being derived from well-humified sources of 
organic matter. Currently, Kluane lake has extremely low dissolved hg 
concentrations because the largest, glacially-dominated tributary input 
(slims river) has exceptionally low hg and DoC. as the importance of 
glacier melt-derived inputs decrease, the relative importance of other 
higher hg and DoC tributaries will increase. although all waters in 
this catchment are dilute, climate-change driven shifts in runoff could 
ultimately drive a shift in lake water chemistry and hg availability in 
the future.

TO-069

EFFECT OF LOW-MOLECULAR-WEIGHT ORGANIC 
ACIDS ON MERCURY TRANSFORMATION IN SOIL 
IN WATER-LEVEL FLUCTUATION ZONE OF THREE 
GORGES RESERVOIR, CHINA
yIn, Deliang1; WanG, yongmin1; ZhanG, Cheng1; WanG, Dingyong1; 
(1) College of Resources and Environment, Southwest University, Beibei/
Chongqing, China

yindeliang2008@163.com

according to the planning and design, the water level of Three Gorges 
reservoir fluctuates between 145 and 175 m, which forms a water-
level fluctuation zone (WlfZ) occupying areas of more than 400 km2. 
soil low-molecular-weight organic acids (lMWoas), mainly originated 
from the decomposing organic matter, root exudates and microbial 
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metabolites, are important ligands involved in complexation reactions 
of heavy metals and hence, their bioavailability. The WlfZ became 
periodically alternated wetting and drying resulting in the vegetation 
suffered inundation (decomposition) and growth, which may influence 
the hg bioavailability in soil and bioaccumulation in aquatic food chains 
as the produced lMWoas from plants. In aril of 2016 to september, 
seven common lMWoas including Citric acid (Ca), oxalic acid (oa), 
Tartaric acid (Ta), acetic acid (aa), Propanedioic acid (Pa), succinic acid 
(sa), Malic acid (Ma) from root exudates, rhizosphere soil and bulk soil 
in WlfZ were sampled and analyzed. Then, lMWoas (Ca, Ta and oa) 
were chosen to investigate their effect on the hg behavior in WlfZ 
soil. results were followed as, 1. Ta and oa occupied for a higher 
percentage in root exudates, rhizosphere soil and bulk soil, but Pa and 
Ca were just different. Due to the biodegradation and clay adsorption, 
a lower lMWoas concentration (M) in bulk soil was found compared to 
that in rhizosphere soil (mM). statistical analysis showed a significant 
difference among various lMWoas in root exudates, rhizosphere and 
bulk soil. 2. The presence of oa, Ta, and Ca promoted hg desorption 
from soil to solution, and the increasing bio-available hg speciation was 
found as the increasing lMWoas concentration, which may be due to 
the complexation of carboxyl groups and ion exchange reactions at 
mineral surface. Compared to the control groups, lMWoas increased 
the ratio of methylmercury to total hg of 2.72%,1.76%, 2.02% for Ca, 
oa and Ta in anaerobic condition, respectively, which were higher than 
that in aerobic condition, indicating a stimulated hg methylation was 
anaerobic microbes other than aerobic microbes caused by lMWoas. 
furthermore, the coexistence of various lMWoas could enhance the 
activation effect to soil hg of WlfZ.

TO-070

SEASONALITY OF MEHG INPUT, OUTPUT, 
FORMATION AND DEGRADATION IN A HUMIC 
BOREAL LAKE IN RELATION TO THE CHEMICAL 
SPECIATION OF HG, FE AND S
sKyllberG, ulf1; Persson, anna1; TJernGren, Ida1; KronberG, rose-
Marie1; DroTT, andreas1; MeIlI, Markus2; bJÖrn, erik3; 
(1) Swedish University of Agricultural Sciences, Umeå, Sweden; (2) Stockholm 
University, Stockholm, Sweden; (3) Umeå University, Umeå, Sweden

ulf.skyllberg@slu.se

lake Ängessjön is a shallow (2.5 m maximum depth) humic boreal lake 
of 0.7 km2 in northern sweden having concentrations of hg in fish 
exceeding the limit set by health authorities for regular consumption 
of 0.5 mg kg-1 fw if standardized to1-kg pike. The total catchment area 
of 3.9 km2 is composed of 56% forest soils, 15% peatland soils, 10% 
agricultural soils and 18% lake water. Terrestrial runoff contributes 
about 85 % of hg and >95% of Mehg external sources to the lake. 
annual input-output budgets for 2007 and 2009 proved the lake to be 
a sink for hg (16-30 % of input), Mehg (11-33% of input) and organic 
carbon (7-26% of input). The lake sediments provided seasonaly 
variable internal sources of Mehg (hg methylation) and sinks of Mehg 
(demethylation). rates of both processes were highest in the top 

0-3 cm sediment and peaked during mid-summer in concurrance 
with maximum water temperatures and sedimentation rates of 
autochthonous (algal) organic matter. Mehg demethylation rates in 
the sediment showed an additional peak during winter. Photolysis of 
Mehg in the water column reduced its concentration in the bottom 
water drastically during summer, depleting (by diffusion) Mehg also in 
the top 0-3 cm sediment. Deeper sediment (3-10 and 10-20 cm) showed 
a clear seasonal variation in Mehg concentrations with a minimum 
during summer and a maximum during winter. The solubility and 
chemical speciation of hg could be explained by reactions with reduced 
sulfur species, varying with season and depth in sediments. because 
of the limited water depth, the lake does not stratify during summer 
and sulfide is not detected in the bottom water any time of year. In 
the top sediment, fes and s0 were important components providing 
conditions for polysulfide formation and keeping the dissolved sulfide 
concentration stable between 0.5 and 2.0 µM in apparent equilibrium 
with the amorphous mineral mackinawite (fesm). In deeper sediment, 
crystalline fes2 (pyrite) was the dominant form (>60%) of sulfur. The 
concentration of organic thiol functional groups (rsh) associated 
with noM was determined by use of hg eXafs spectroscopy. Thiols 
represented 7% of total s in the sediment. Thermodynamic modelling, 
using the latest updated constants for the formation of metacinnabar 
(β-hgs) and the complexation of hg to rsh groups could reasonably 
well explain porewater concentrations of hg by depth and season. We 
conclude that the activity of methylating anaerobic bacteria, driven 
by increasing temperatures and high availability of electron donors 
in concert with increased concentrations of dissolved hg-sulfide and 
-polysulfide complexes, increased rates of Mehg methylation in boreal 
lake sediments during summer. also Mehg import from terrestrial 
sources was significant. yet, Mehg was net-degraded in the lake because 
of the very efficient photolysis of Mehg in the water column.

TO-071

DISSOLVED ORGANIC MATTER AND NUTRIENT 
CONTROLS ON AQUEOUS MERCURY SPECIATION IN 
ALASKAN WETLANDS
PoulIn, brett1; ryan, Joseph2; KrabbenhofT, David3; barKay, Tamar4; 
hInes, Mark5; aIKen, George1; 
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Middleton, WI, United States; (4) Rutgers University, New Brunswick, 
NJ, United States; (5) University of Massachusetts Lowell, Lowell, MA, 
United States
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In northern wetlands, sulfate availability is well-recognized as an 
important environmental variable influencing the conversion of 
divalent mercury (hg(II)) to bioavailable methylmercury. however, 
no efforts to date provide a complete account of mercury behavior 
in northern wetlands by also investigating the controls on (1) total 
mercury abundance and (2) the dark reduction of hg(II) to dissolved 
gaseous mercury (hg(0)), a transformation proposed to limit mercury 
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retention and bioavailability in ecosystems. a complete understanding 
of the factors controlling the distribution of mercury between relevant 
aqueous species (hg(II), methylmercury, hg(0)) in northern wetlands is 
needed to predict mercury behavior, especially considering the changes 
in wetland hydrologic connectivity and nutrient status expected as a 
result of continued warming of northern environments.

This study explores the biogeochemical controls on mercury abundance, 
methylation, and dark reduction in eight alaskan wetlands that differ 
in nutrient status. Wetlands, selected to span a continuum from 
ombrotrophic bogs to minerotrophic fens, were sampled in interior and 
southcentral alaska in the summers of 2015 and 2016. Concentrations 
of pore water constituents (dissolved organic carbon (DoC), inorganic 
anions, major cations, simple organic acids, sulfide) and compositional 
differences in dissolved organic matter (DoM) aided the interpretation 
of the environmental controls on mercury behavior in wetlands. 
associations of hg(II) with dissolved organic matter (DoM) were central 
to mercury abundance in the wetlands, as supported by site-specific 
correlations between pore water DoC and total mercury concentrations. 
Methylmercury formation in bog pore waters was minimal due to sulfate 
limitation, whereas methylmercury formation in fens was explained 
by the availability of inorganic mercury and sulfate. Good agreement 
was observed between the relative abundance of methylmercury in 
wetlands and estimated rates of hg(II) methylation, the latter measured by 
stable mercury isotope injections in peat cores. results identify sulfate-
rich fens as critical locations for methylmercury formation. across all 
wetlands, the relative abundance of hg(0) was inversely related to DoC 
concentration, which suggests that mercury-DoM interactions limit dark 
hg(0) formation in pore waters. relationships between the absolute and 
relative concentrations of methylmercury and hg(0) were not observed. 
Insights on the role of pore water constituents on mercury abundance and 
speciation in alaskan wetlands are discussed in context of future hydrologic 
conditions expected in northern latitudes in response to a warming climate.

TO-072

THE ROLE OF DOM IN CATCHMENT AND 
LAKE MERCURY CYCLING IN A BOREAL 
LAKE CATCHMENT
De WIT, heleen1; braaTen, hans1; KrZeMInsKI, Pawel1; lunD, espen1; 
MarTIneZ-franCÉs, elena2; onG, stevenson2; VoGT, rolf 2; 
(1) Norwegian Institute for Water Research, Oslo, Norway; (2) University of 
Oslo, Oslo, Norway
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In the ecological research lake catchment langtjern in southern 
norway, monitoring programmes collect data on streamwater and 
lake chemistry, hydrology and climate. here, we present 10 years of 
data of mercury species (hg, Mehg) in inlets and outlet, 5 years of lake 
depth profiles on hg and Mehg, in addition to dissolved organic matter 
(DoM) size fractionation and degradability. The data are collected to 
infer catchment and lake processes on mercury and DoM cycling and 
foodweb exposure to hg.

We observe significant declines in streamwater concentrations of Mehg, 
Mehg to ToC ratio, and the Mehg to hgT ratio (a proxy for methylation 
potential). no temporal change is found in concentrations of hg, ToC, 
and the hg to ToC ratio. In the inlets, summer concentrations of Mehg 
are significantly (p<0.01) higher than in other seasons, while seasonal 
variation of Mehg in the outlet is minimal. seasonal variation in hgT is 
stronger than for Mehg and appears to be associated with variation in 
ToC. In the outlet, the hg to ToC ratio is significantly (p<0.0001) higher 
than in the inlets, which suggests that DoM is retained and removed 
in the lake while hg is redistributed to remaining DoM compounds. 
significant (5-20% of annual inputs) removal and retention of DoM is 
confirmed by an input-output budget of DoC for the lake. The hg to ToC 
ratio in the streams is lower than in the lake, while the Mehg to hgT ratio 
at 1m depth is lower than at higher depth, possible reflecting losses of 
Mehg from photo-oxidation.

size fractionation of DoM (tangential ultrafiltration) and studies of 
biodegradability of size fractions (measured as oxygen consumption) 
show evidence of significant changes between inlet and outlet in size 
fraction, biodegradability of fractionated DoM and hg associated with 
the different size fractions. The smallest size fraction (<100 kDa) contains 
a larger proportion of the DoC in the outlet compared with the inlet, 
and is most labile in the outlet (expressed in oxygen consumption per 
g DoC).

additionally, the hg to DoC ratio for all size fractions is largest in the 
outlet. This may imply that the base of the aquatic foodweb, especially 
for organisms relying on bacteria as energy source, in the outlet is 
more exposed to hg than in the inlets. bacterial consumption of easily 
degradable, hg-contaminated DoM is thought to be an important 
pathway for hg into the aquatic foodweb.

TO-073

DISSOLVED ORGANIC MATTER CONTROLS 
MERCURY PHOTOREACTIONS IN WATER
KlaPsTeIn, sara1; ZIeGler, susan2; rIsK, David3; o'DrIsColl, nelson1; 
(1) Acadia University, Wolfville, Nova Scotia, Canada; (2) Memorial University 
of Newfoundland, St. John's, Newfoundland and Labrador, Canada; (3) St. 
Francis Xavier University, Antigonish, Nova Scotia, Canada

sklapstein@mun.ca

Methylmercury (Mehg) contamination through bioaccumulation and 
biomagnification is an issue in many remote ecosystems far from direct 
pollution sources. Quantifying why and how some ecosystems are more 
sensitive to contamination following atmospheric mercury deposition 
is key to mercury fate modeling. While we know bacterial pathways 
dominate the mechanism of mercury methylation, the demethylation 
of Mehg is less understood. Photodemethylation is thought to be one 
of the main processes through which Mehg can be converted into a 
less biologically toxic form of mercury. Previous studies highlight the 
importance of photodemethylation to mercury budgets, yet few have 
examined the magnitude and variability of photodemethylation rates 
as a function of associated dissolved organic matter (DoM). a temporal 
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comparison study between summer and fall was conducted using lake 
water collected from 6 lakes in Kejimkujik national Park, nova scotia, 
Canada. sample lakes were chosen based on a known range of DoM 
concentration. lake waters were filtered to 0.45 m and placed in closed 
polytetrafluoroethylene (PTfe) bottles with >50% headspace, spiked 
with 3 ng/l Mehgoh, and exposed to 0, 1, 2, 3, 5, and 7 days of natural 
solar radiation in each experimental season. lakes with higher DoM 
concentrations had significantly lower rates of photodemethylation 
than lakes with lower DoM concentration (p<0.001). additionally, 
there were negative linear relationships between rates of Mehg 
photodemethylation and rates of DoM photomineralization (r2s=0.58-
0.72) and DoM photobleaching (r2s=0.83-0.90). This key finding 
suggests that competition for photons by DoM may reduce the 
potential for Mehg photodemethylation in high carbon waters and that 
this relationship persists across seasons.

TO-074

PROBING THE DOM-MEDIATED 
PHOTODEGRADATION OF METHYLMERCURY 
BY USING ORGANIC LIGANDS WITH DIFFERENT 
MOLECULAR STRUCTURE AS DOM MODEL
ZhanG, Xiaoyan1; lI, yanbin2; yIn, yongguang1; CaI, yong3; lIu, Jingfu1; 
JIanG, Guibin1; 
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Technology, Ministry of Education, Ocean University of China, Qingdao, 
China; (3) Department of Chemistry and Biochemistry, Florida International 
University, Miami, USA
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Photodegradation is the main depletion pathway of methylmercury 
(Mehg) in aquatic environments. The formation of Mehg-
dissolved organic matter (DoM) complexes is a key step in Mehg 
photodegradation. however, the major functional groups in DoM 
mediated Mehg photodegradation have yet been clear. In this work, 
we systematically investigated the effects of DoM molecular structures 
on Mehg photodegradation by using a variety of organic ligands with 
different functional groups (e.g., thiosalicylic acid, thiophenol, and 
thioaniline). The results showed that thiol and phenyl groups may be 
the major functional groups in DoM dominate Mehg photodegradation, 
and the photodegradation rates also depends on the type (carboxyl, 
hydroxyl, amino group) and position  (ortho-, meta-, para-) of other 
substituents. In addition, the addition of non-photochemically-active thiol 
ligands (e.g., mercaptoethanol and dithiothreitol) and high concentration 
Cl- could significantly inhibit the o-thiosalicylic acid-induced Mehg 
photodegradation, indicating that complexation of Mehg with theses 
ligands are necessary for Mehg photodegradation. sparging with o2 
has negligible effect on Mehg photodegradation, while sparging with n2 
significantly enhances Mehg photodegradation. This finding suggests 
that Mehg photodegradation may be a reductive process, which was 
further supported by identifying the degradation products of Mehg.

2g-1: Legacy site assessment and 
management

TO-075

THE ROLE OF DETRITUS IN DEFINING MERCURY 
UPTAKE IN AN URBAN ESTUARY
DurDa, Judi1; WhITeheaD, Kenia2; brussoCK, Peter3; MarTIn, Todd4; 
(1) Integral Consulting Inc., Annapolis, MD, United States; (2) Integral 
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The berrys Creek study area (bCsa) superfund site is a 4.2 km2 tidal 
tributary to the hackensack river in bergen County, new Jersey. 
The site includes 4.2 km of waterways, surrounded by 3.1 km2 of 
intertidal marshes dominated by Phragmites australis. Mercury is 
among the chemicals of potential concern (CoPCs) at the site. We 
designed a phased, conceptual site model (CsM)-oriented investigation 
that integrated information on the physical, chemical, and biological 
conditions of the site and the region to assess site-specific uptake.

Multiple lines of evidence collected during the remedial investigation 
indicate that mercury uptake in the bCsa is mediated via a detrital-based 
food web. empirical relationships developed for mercury in shallow 
sediments and surface water across a range of spatial scales indicate 
the importance of sediment as the source of mercury for biological 
uptake. Mercury residues in detritus at the surface of the marshes and 
in the topmost layer of waterway surface sediments are low relative to 
deeper sediments, thereby limiting availability of mercury for biouptake; 
the flat trophic structure of this urban, low-salinity estuary limits 
biomagnification. In both marsh and waterway sediments, the organic 
carbon levels, sulfides, and other physical/ chemical characteristics also 
limit mercury bioavailability.

high resolution, optically-based monitoring and other measurements 
demonstrate that marsh-derived detritus settles to the waterway 
sediment bed during slack tides to form a thin, benthic layer of low-
density organic material on which mercury and methyl mercury can 
be sorbed. resuspension of these materials during high tidal velocities 
and storm flows is a primary mechanism for mercury and methyl 
mercury transport to surface water. empirical relationships developed 
for mercury in shallow sediments and surface water across a range 
of spatial scales indicate the importance of sediment as the source of 
mercury for biological uptake.
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UNDERSTANDING THE REDISTRIBUTION AND 
BIOGEOCHEMICAL CYCLING OF MERCURY IN A 
CONTAMINATED FLOODPLAIN
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The androscoggin river near berlin, nh flows past a superfund site that, 
prior to 1962, was a chlor-alkali facility. leakage of elemental hg from 
the site directly into the river was reported during site characterization 
in the late 1990s and had likely been occurring for decades. Despite 
remediation efforts that concluded in 1999, as recently as 2010 elevated 
levels of hg were observed in surface sediments and in the water 
directly adjacent to the site. The objectives of this study were to: 1) 
evaluate the extent/concentration of hg in the downstream floodplain, 
and 2) evaluate the fate of legacy floodplain hg after deposition. 
evidence for hg releases during operation of the facility were confirmed 
by dating an upland (non-floodplain) soil ~4 km downstream using 
short-lived fallout radionuclides, 7be and 210Pb. Mercury concentrations 
in the soil increased significantly during chlor-alkali production in the 
early 1900’s and peak just before decommissioning in 1962 – most 
likely from hg release to the atmosphere from the facility and localized 
atmospheric deposition. Downstream floodplain sediments contain 
significantly elevated levels of hg relative to upland soils and this is most 
likely due to fluvial input of particle-bound hg from the site. Mercury 
concentrations are highest in bankfull floodplain sediments, reaching 
up to 10 µg/g as far as 5 km downstream of the site and remain 
elevated relative to background levels up to ~15 km downstream. The 
concentration of hg in sediment profiles varies as a function of depth 
as well as distance from the river channel as shown by 13 floodplain 
transects. Generally, hg inventories increase from the channel edge 
with increasing distance from the channel until the edge of the bankfull 
floodplain where hg inventories peak and then slowly decrease with 
increasing distance from the channel. sequential extractions indicate 
that hg in near channel sediments consists of organically-bound hg(II) 
as well as a significant fraction comprised of inorganically-bound hg.   In 
all transects, the proportion of inorganically-bound mercury increases 
with depth. soil pore water sampling also indicates a strong temporal 
variation in the floodplain; pore water hg concentrations spike during 
snowmelt runoff and then decay through the summer. our results 
suggest that the potential for contaminated floodplains to be a source 
of hg to downstream ecosystems will strongly depend on hydrological 
and biogeochemical processes occurring in the floodplain. This diversity 
in potential may also indicate similar diversity in future risk of hg 
mobilization due to climate change.

TO-077

IMPACTS OF THE MERCURY AND OTHER EMISSIONS 
FROM THE SMELTER AT FLIN FLON (MANITOBA, 
CANADA) ON LAKE ECOSYSTEMS: RESPONSES TO 
SMELTER CLOSURE
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The flin flon (Manitoba, Canada) copper-zinc smelter, constructed in 
the late 1930s, was a major mercury (hg) and other metals emitter, 
e.g., an estimated 20 tonnes/yr of hg were released to the atmosphere 
in the late 1970s and early 1980s.   studies conducted at that time 
showed that hg, copper (Cu), cadmium (Cd), and zinc (Zn) exceeded 
CCMe Probable effects levels for sediments in several lakes within 8 
km of the smelter and did not approach baseline concentrations until 
ca. 70 km distant. however, hg concentrations were exceptionally low 
(0.04-0.10 µg/g) in 525-mm northern Pike (esox lucius) in lakes closest 
to the smelter with highest concentrations (0.70-0.73 µg/g) in two of 
four lakes 75-85 km distant; these lakes were slightly acidic (ph 5.9-6.1). 
low hg concentrations in pike close to the smelter were attributed 
to the inhibition of hg methylation by metals at toxic concentrations 
and/or selenium (se) interference with hg uptake. Metal emissions 
subsequently declined with improvements in smelter design and then 
closure in 2010. our study, conducted over 2008-2015, is investigating 
hg biomagnification in lake food webs, with a focus on northern 
Pike. Despite reductions in metal emissions, Cd, hg, Cu, Zn, and se 
concentrations in lake sediments close to the smelter are 1.4-2 higher 
and in distant lakes 1.1-2.0 times higher than in the early 1980s; 
immense metal reserves that remain on the landscape continue to 
be a metal source to these lakes through re-emission and runoff. hg 
concentrations in 525-mm northern Pike in two lakes close to the 
smelter were higher (0.15-0.49 µg/g) than in 1982 possibly because 
metals have become less toxic with chemical weathering of metals 
bound to particulates in the watershed and lake. Percent methyl 
hg, a measure of hg methylation rates, was 2-3% and similar to that 
observed in lakes (2-6%) in the Thompson smelter area to the east 
where sediments are not contaminated with metals. hg concentrations 
have shown smaller increases (to 0.72-0.92 µg/g) in 525-mm pike in 
more distant lakes with increases possibly related to warming trends 
and/or changing water chemistry; ph has increased (mean 7.5) possibly 
suggesting a reduction in acidfying emissions. Pike condition factor was 
similar in 1982 (0.68±0.13) and 2008-2016 (0.68±0.08) as was age (5-7 
yr) with no differences between metal contaminated and distant lakes 
suggesting no or little smelter impact on pike growth rates and longevity. 
overall, our study shows that despite reductions in smelter mercury 
emission rates, mercury concentrations in northern Pike show no 
evidence of decrease.
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EVALUATING THE IMPORTANCE OF LEGACY 
SEDIMENT AND SURFACE WATER LOADING 
ON MEHG BIOACCUMULATION IN A SULFATE-
IMPACTED FRESHWATER ESTUARY
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Mercury bioavailability and bioaccumulation was investigated in the 
st. louis river estuary (slre), a shallow (1-3 m) freshwater estuary at 
the mouth of the largest tributary to lake superior. fish and other 
benthic invertebrates in the slre contain some of the highest levels 
of methylmercury (Mehg) in the region and are significantly elevated 
compared to the upstream river and lake superior. The upstream 
river receives large sulfate loads from iron mining, while the lower 
estuary contains some sediment with elevated mercury from legacy 
contamination. also, the slre is one of many great lakes coastal 
wetlands that experiences significant seiche activity, which dilutes river 
flow in the lower estuary with low-Mehg water from lake superior and 
increases mixing of riparian backwater embayments with river water. 
The combination of these factors creates a unique setting in which 
the importance of surface water and sediment as sources of Mehg 
to the food web cannot be easily discerned. Mehg concentrations in 
benthic macroinvertebrates were compared with paired sediment and 
water samples from estuary sites across a spatial gradient of sediment 
Thg and Mehg concentration. Carbon and nitrogen stable isotopes 
in predator fish tissue show unambiguously that fish feeding in the 
upper reaches of the estuary have higher Mehg than those feeding in 
the lower portions of the estuary or lake superior. smaller hexagenia 
had higher %Mehg than large hexagenia and length-corrections 
were used to investigate spatial patterns and relations with sediment. 
linear regressions comparing Mehg in hexagenia larvae with Mehg in 
sediment did not reveal a significant relationship and a classification 
and regression tree model was used to interpret relationships between 
hexagenia Mehg and sediment Mehg, carbon, and sulfur. surface 
water Mehg concentrations varied seasonally, consistent with patterns 
in the upstream river, but showed some spatial patterns, likely related 
to demethylation, seiche-driven dilution and internal Mehg loading. 
Preliminary results suggest that legacy sediments and internal loading 
contribute a relatively small fraction of Mehg loads to surface waters 
of the slre, particularly under high flow conditions; however, the 
importance of near-shore, high carbon Mehg production zones and 
legacy mercury mobility needs to be more fully understood to effectively 
target management efforts aimed at minimizing human and ecosystem 
hg exposure.
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METHYLMERCURY QUANTIFICATION IN A 
CONTAMINATED AGRICULTURAL FLOODPLAIN OF 
SWITZERLAND USING HPLC-ICP-MS
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The historical use of mercury (hg) by an industrial plant in the town 
of Visp, switzerland has resulted in hg contamination of soils and 
sediments in this region. from 1930 to 1976, hg was utilized as a catalyst 
for acetaldehyde production, and the hg-containing wastewater was 
discharged into an open channel canal which flows along an agricultural 
floodplain and then converges with the rhone river. Current estimates 
indicate that approximately 50 to 60 tons of hg were released into the 
canal. following this, canal sediments were dredged and re-distributed 
as soil conditioner for agricultural fields and private gardens, resulting 
in widespread hg contamination in soils and canal sediments within 
the affected floodplain. To better understand the distribution and fate 
of this hg, soils and sediments within this region were collected and 
analyzed for total hg and methylmercury (Mehg) concentrations. Total 
hg was quantified by acid digestion and ICP-Ms. Mehg was quantified 
using the following procedure: (i) a combined hydrochloric acid-
dichloromethane extraction to release hg from the soil and sediment 
matrices and to extract Mehg species to the organic dichloromethane 
phase; (ii) an aqueous back extraction step to transfer the Mehg to a 
l-Cysteine solution (0.1% (w/v) l-Cysteine); and (iii) further separation 
of inorganic hg(II) and Mehg species using hPlC and quantification of 
Mehg using ICP-Ms (detection limit: ~1 µg/kg). Total hg concentrations 
ranging up to 28 mg/kg were detected in agricultural soils adjacent to 
the canal. Total hg concentrations decreased with increasing distance 
from the canal (up to 40 m), and with increasing soil depth (0 to 50 
cm). Mehg concentrations up to 7.8 µg/kg were quantified in the soil 
samples. our data indicated that Mehg concentrations ranged from < 
1 to 3.2 µg/kg, and did not change significantly with distance from the 
canal or with soil depth, except in one case (depth: 20 cm, distance from 
canal: 5 m) where 7.8 µg/kg Mehg was detected. Mehg/total hg ratios 
for all samples were ≤ 0.08 %. ongoing analyses include quantifying 
Mehg concentrations in sediment grab samples as well as in sediment 
cores along the length of the canal, and total organic carbon, total 
carbon, nitrogen and sulphur analyses to determine the source of Mehg 
and soil/sediment properties which may be correlated with Mehg and 
hg methylation processes.
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TO-080

IMPACTS OF HYDROELECTRIC POWER PLANT ON 
MERCURY EXPOSURE OF RIVERINE COMMUNITIES 
IN AMAZON BASIN.
haCon, sandra1; PerIsse, andre1; Mourao, Dennys1; JaCobson, 
ludmilla2; olIVeIra, beatriz1; WInKler, Mirko3; VeGa, Claudia1; 
barroCas, Paulo1; MarIanI, Carolina4; 
(1) Fiocruz, Rio de Janeiro, Brazil; (2) Universidade Federal Fluminense, Rio de 
Janeiro, Brazil; (3) Swiss TPH, Basel, Swiss; (4) Empresa de Pesquisa Energética 
EPE, Rio de Janeiro, Brazil

sandrahacon@gmail.com

hydroelectric power accounts for 83% of global electricity generation 
in brazil. It is estimated that in 2030, electricity consumption in brazil 
will be between 950 and 1,250 TWh/year, much higher than the current 
consumption of around 400 TWh/year. a great expand capacity is 
underway and it will be concentrated in the amazon basin where the 
high mercury load in the ecosystem is known and distinct social and 
environmental conditions need to be carefully analyzed, due to the 
potential to cause environmental, social and health impacts of great 
magnitude. The scale of the impacts is related to the type of technology 
used by the hydroelectric plant. In our case, the Madeira hydroelectric 
power plants used run-of-river type without formation of large 
reservoirs, consequently, with smaller flooded areas. The main aim of 
the present study was to assess the health impact of mercury exposure 
of the riverine communities in the phase of pre and post-impoundment 
of the hydroelectric reservoir in the Madeira river in the amazon basin. 
Traditional diet of riverine communities in amazon basin is rich in fish 
that is an important source of protein. It is well known by the literature 
that flooded reservoir provide significant Mehg production peaks within 
the first 5 years in the aquatic environment and gradually declined back 
to baseline over several decades. In our case study of the hydroelectric 
power plant in the Madeira river, the health impact assessment of the 
mercury exposure of riverine communities had start before the pre-
impoundment (2009-2011). for the phase of the post-impoundment 
(2014 to 2016) a longitudinal and a transversal studies were carried 
out for the influence area of the hydroelectric power plant. The results 
showed that the hair hg levels were different for the upstream and 
downstream riverine communities for the two periods (pre and post- 
impoundment). The results of the post-impoundment (2009-2011) 
showed that the group of adults (16 years of age or older) the average 
concentration of hg in hair was 9.4 ± 10.6 μg/g, with a minimum of 0.3 
μg/g and a maximum of 66.8 μg/.g. In the period of post-impoundment 
2014-2016, the average concentration of mercury in hair was 5.9 ± 6.1 
μg/g, with a minimum of 0.1 μg/g and a maximum of 32.5 μg/g. The 
median in both periods was 5.7μg/g-1 and 4.2μg/g, respectively. The 
difference between the periods was statistically significant  
(p-value = 0.008).

TO-081

MERCURY CONTAMINATION FROM THE 
HISTORIC HATTING INDUSTRY IN WESTERN 
CONNECTICUT, USA
VareKaMP, Johan1; lerMan-sInKoff, sarah2; 
(1) Earth & Env. sciences, Wesleyan University, Middletown, CT, USA; 
(2) Hudson River Foundation, New York, USA

jvarekamp@wesleyan.edu

The saying mad as a hatter stems from the medical condition of 
hatmakers who commonly used mercury nitrate in the preparation of 
felt for hats. Danbury, newtown and norwalk were centers of hatmaking 
in Connecticut in the 1800-1900s, with production of > 1million hats/year 
around the turn of the century. Much of that hg has remained in the 
local uplands near the former hatmaking plants (68 plants in Danbury 
alone) and in the sediment of the rivers draining these areas (still river, 
housatonic river, norwalk river). sediment cores from a cove along 
the still river carry up to 100 ppm hg and river bed sediment of the 
still river and housatonic river has several ppm hg. sediment cores 
from river coves and marshes are analyzed for 210Pb, 14C, hg, bulk dry 
density, and ToC and these dated core records provide accumulation 
rates of hg for the last 100-200 years. The onset of hg contamination 
coincides broadly with the beginnings of the local hatmaking industry 
and most profiles show a decline since the mid 1900s. Mercury use 
in hatmaking was halted in 1941. ultimately, much of the hatting hg 
ended up in long Island sound (lIs). Mass balancing the hg input from 
the housatonic river into lIs suggests that 25 to 35% of all hg in lIs 
stems from the hatmaking industry. This hg is spread through tidal 
and current activity widely throughout the sound. During periods of 
intense rainfall, hg-rich sediment is carried through the rivers directly 
into the sound, leaving thin hg-enriched event layers in the stratigraphic 
record. We compare the lIs hg records with lake records from block 
Island, rI, which we interpret as representing largely in situ atmospheric 
deposition. Marshes in central lIs remote from the source area and river 
inputs still carry a strong imprint of this legacy hg from the Western CT 
hatmaking industry. This old hg can become reduced in lIs and then 
potentially vented back into the atmosphere as hg(o).

TO-082

IMPLICATIONS OF BENTHIC MACROINVERTEBRATE 
COMMUNITY STRUCTURE ON MERCURY 
BIOACCUMULATION IN FISH
MaTheWs, Teresa1; MCManaMay, ryan1; sMITh, John2; PoTeaT, 
Monica3; PeTerson, Mark1; 
(1) Oak Ridge National Laboratory, Oak Ridge, TN, USA; (2) Oak Ridge 
National Lab (Retired), Oak Ridge, TN, USA; (3) Oak Ridge National Lab, 
Raleigh, NC, USA

mathewstj@ornl.gov

Mercury is a globally important contaminant which is of particular 
concern in stream systems. because the consumption of contaminated 



ORAL ABSTRACTS ICMGP2017 The 13Th InTernaTIonal ConferenCe on MerCury as a Global PolluTanT InTeGRATInG MeRCuRy ReSeARCh And POLICy In A ChAnGInG WORLd July 16 – 21, 2017 · ProVIDenCe, rhoDe IslanD, usa 77

fish is the most significant source of mercury (hg) exposure to humans, 
regulatory guidelines that focus on the protection of human health 
require monitoring of both aqueous and fish tissue hg concentrations 
at contaminated sites. however, because hg is predominantly 
accumulated in fish via dietary rather than aqueous exposure, the 
link between aqueous hg concentrations and concentrations in fish 
is not always straightforward, confounding remediation efforts at 
contaminated sites. benthic macroinvertebrates can often comprise 
a major portion of fish diets and can therefore be important in the 
trophic transfer of bioaccumulative contaminants like hg to fish. 
benthic macroinvertebrate communities are commonly monitored in 
streams as an indicator of water quality, and while these community 
surveys do not provide direct information on hg bioaccumulation, 
they can provide information relevant to understanding food web 
dynamics, and therefore hg bioaccumulation, within a given system. 
here, we examined changes in the invertebrate community over 30 
years at two sites in east fork Poplar Creek, a hg-contaminated stream 
in east Tennessee, to explain why hg concentrations in resident fish 
have not decreased in response to remediation activities that have 
been successful in decreasing aqueous hg concentrations. We used 
the density and biomass of the major functional feeding groups in 
the invertebrate community, in conjunction with current efforts to 
quantify mercury inventories within the biota of this stream, to create 
a food web model to predict the most important factors leading 
to elevated hg concentrations in fish. bioconcentration factors 
(bCfs) were calculated for macroinvertebrate functional feeding 
groups using hg concentrations in macroinvertebrates relative to 
aqueous hg concentrations from 2013-2016. The bCfs were then 
applied to historical aqueous hg concentrations to back-calculate hg 
concentrations in the macroinvertebrate community over time. The 
diet of rock bass, the target fish species, was estimated at a given time 
period based on relative biomass and densities of macroinvertebrates 
at that time to calculate a weighted concentration for hg trophic transfer 
to this species. our results suggest that observed increases in the 
benthic macroinvertebrate community species diversity over time (i.e. 
longer food chain lengths) could explain why hg bioaccumulation in 
fish has not changed despite substantial reductions in hg loading into 
this stream.

3d: Engagement of communities  
impacted adversely by environmental 
mercury pollution

TO-083

ELEVATED MERCURY EXPOSURE IN 
NATIVE POPULATIONS IN THE SOUTHERN 
PERUVIAN AMAZON
fernanDeZ, luis1; borChers, sara2; GonZaleZ, David3; ashe, Katy4; 
araÚJo-flores, Julio5; Morales, ana6; 
(1) Wake Forest University, Center for Amazonian Scientific Innovation, 

Winston-Salem, NC, United States; (2) Wake Forest University, Winston-
Salem, NC, United States; (3) Stanford University, School of Earth, Energy and 
Environmental Sciences, Stanford, CA, United States; (4) Carnegie Institution 
for Science, Carnegie Amazon Mercury Project, Stanford, CA, United States; 
(5) Wake Forest University, Center for Amazonian Scientific Innovation, Madre 
de Dios, Peru; (6) Centro de Estudio, Investigación y Servicios en Salud Pública 
de La Amazonía, Madre de Dios, Peru

fernanle@wfu.edu

The amazonian region of Madre de Dios in southeastern Peru has 
a extensive and highly active artisanal and small scale gold mining 
(asGM) sector which uses mercury to concentrate gold found in 
alluvial sediments. Due to poor mining control practices, considerable 
amounts of elemental mercury are released to waterways, where it is 
biochemically converted to highly bioavailable methylmercury (Mehg), 
which enters the aquatic food webs and accumulates in river fish. 
river fish is the primary protien source for tens of thousands of native 
persons living in remote traditional settlements across the region. 
elevated levels of Mehg exposure have previously been documented 
in Madre de Dios. however, no previous study has focused on Mehg 
exposure specifically native populations across the region. This cross 
sectional study focuses on hair mercury concentrations of persons 
in twelve native communities representing four different ethnicities 
in different stages of cultural contact across the region. some of the 
communities were actively engaged in artisanal mining. hair samples 
were collected from 306 persons between the ages of 1 and 89 as 
part of the Carnegie amazon Mercury Project. The hair samples were 
analyzed for total mercury (Thg) concentration, an established indicator 
of Mehg exposure. a corresponding survey was administered (when 
possible) to collected dates on potential risk factors including age, 
location, sex, frequency and type of fish consumption, and history of 
mining work. Mean hair Thg in all native community populations were 
significantly elevated compared to non-native populations in Madre de 
Dios. a majority of individuals in the study population had Thg levels 
above the u.s. ePa and Who reference values. one native community in 
particular, had the highest mean community hair hg values yet reported 
in the Peruvian amazon. study participants who reported consuming 
fish had significantly higher Thg exposure than those who did not 
consume fish. segmental hair analysis on a subset of the sample looked 
at hg exposure over a 3 year period and confirmed fish consumption 
as the principal factor in hair Thg concentrations.. study participants 
who reported having worked in mining had significantly higher hg 
exposure than participants with no history of mining. In general, there 
was no association between hair Thg and age or sex, through some 
relationships were found between age and hair Thg in certain highly 
exposed communities. The results of the current study are consistent 
with the findings of previous human hg exposure studies from the 
region, indicating that an urgent public health risk due to artisanal 
mining related mercury exposure exists for native communities in 
Madre de Dios.
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TO-084

INFORMING SENSITIVE POPULATIONS 
CONCERNING HEALTHFUL 
SEAFOOD CONSUMPTION
sanTerre, Charles1; MCCabe, George1; 
(1) Purdue University, West Lafayette, IN, USA

santerre@purdue.edu

our seafood safety initiative has worked over the past 2 decades 
to help pregnant or nursing women, and women who will become 
pregnant to make informed decisions concerning their consumption of 
seafood. our goal is to encourage women to: consume 8-12 ounces of 
seafood pre week; consume species which provide healthy fats; avoid 
consuming species which are higher in mercury or PCbs; and avoid raw 
seafood when pregnant or feeding young children. To accomplish this 
goal, we have developed free educational materials which have been 
deliver using: a website (www.fish4health.net); iPhone and android 
apps (fish4health); and a seafood safety wallet card. The seafood safety 
wallet card has been widely distributed (over 1 million) across the u.s. 
and adopted by state health departments in florida and Indiana. focus 
groups (conducted independently at urI) reported that the wallet card 
gave women the confidence to safely consume seafood by eliminating 
confusion surrounding these products. recently, we recruited pregnant 
women from a WIC clinic to assess, through online pre- and post-
training surveys, the impact of the wallet card on the subjects knowledge 
and attitudes concerning their seafood choices. We also conducted a 2 
month, post-, post-training survey to assess the impact of the wallet card 
on subjects consumption behavior.

TO-085

“WHEN CAN WE EAT THE FISH?”: DESIGNING AND 
PRACTICING COMMUNITY-ENGAGED, -DIRECTED 
RESEARCH IN AN INTERDISCIPLINARY, MULTI-
JURISDICTIONAL MERCURY INVESTIGATION
GaGnon, Valoree1; GorMan, hugh1; norMan, emma2; 
(1) Michigan Technological University, Houghton MI, United States; 
(2) Northwest Indian College, Bellingham WA, United States

vsgagnon@mtu.edu

addressing global socio-ecological problems such as mercury 
contamination requires new methods for doing collaborative research 
and creating mutually beneficial projects between researchers, policy 
institutions, and community members.This paper focuses on the ways 
collaborative research has been facilitated in lake superiors Keweenaw 
bay in the interdisciplinary research project titled Managing Impacts 
of Global Transport of atmosphere-surface exchangeable Pollutants 
(asePs) in the Context of Global Change at Michigan Technological 
university. specifically, it highlights the use of strategic research design 
and practice in participatory research to identify questions of interest 
to affected communities and policy actors. by engaging in forums such 
as workshops, focus groups, and talking circles, when can we eat fish? 

emerged as the priority mercury concern among participants. These 
forums were carefully structured in an effort to level the playing field 
between differing research participants including investigators from 
social and natural science disciplines, multi-jurisdictional organizations, 
and Indigenous and non-indigenous community members. aims 
for implementing participatory forums were to enhance dialogue 
on the global transport of toxic compounds (including mercury) and 
their management in the Great lakes, to increase understanding of 
contamination issues from diverse perspectives, and to develop future 
collaboration opportunities between the research team, organizational 
partners, and community members in Keweenaw bay. as a community-
directed initiative, when can we eat the fish? significantly transitioned 
the trajectory for the research to be conducted. Community concerns 
became developed into an interdisciplinary scientific inquiry, and 
further, influenced the specific factors chosen to answer this question 
concerning safe fish and mercury contamination. The conclusion 
emphasizes the value of explicitly addressing power dynamics in 
research design and practice, and argues that such forums are crucial 
for facilitating the type of research that is necessary to address problems 
as complex as those associated with global mercury contamination. 
It serves as a reminder that building relationships across disciplines, 
jurisdictions, and communities is an important pathway toward 
integrating mercury research and policy in a changing world and thus 
creating a more sustainable socio-ecological future.

TO-086

MERCURY CONTAMINATED FISH FOR THE 
NARRAGANSETT TRIBE: COSTS AND BENEFITS
hooVer, elizabeth1; ThoMPson, Marcella2; sPears, Dinalyn3; 
(1) Brown University, Providence RI, United States; (2) University of Rhode 
Island, Kingston RI, USA; (3) Narragansett Tribe, Charlestown RI, USA

elizabeth_m_hoover@brown.edu

fishing and fish consumption among Indigenous populations are 
culturally and economically vital activities, as well as important 
determinants of health. While seeking to protect the public from harmful 
health impacts, fish advisories do not take into account the impact of 
the absence of fish on Indigenous culture. Conversely, continuing the 
tribal fishing traditions in communities impacted by environmental 
contamination has the potential to place tribal members at increased 
risk for health impacts from these contaminants, specifically mercury 
(hg) and polychlorinated biphenyls (PCbs). however fish is an important 
source of protein, selenium (se), and omega-3 polyunsaturated 
fatty acids, which have been shown to have beneficial effects for 
preventing cardiovascular disease and mortality. In addition, it is 
known that selenium can inhibit the absorption of methylmercury. 
In order to help one native american community assess the impacts 
of environmental contamination, and to facilitate informed decision-
making regarding fish consumption and fish contamination in Tribal 
waters, the namaus Project was developed as a collaboration between 
the narragansett Tribe and the brown university superfund research 
Project. addressing complex environmental contamination requires 
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assembling multidisciplinary teams of academic researchers, state and 
federal regulators, Tribal government officials, educators, artists, and 
community members of all ages. To accomplish this, and make this a 
truly community based participatory research (CbPr) project, namaus 
Project team members have worked as knowledge brokers, working 
to collaborate across multiple stakeholder groups in order to integrate 
scientific knowledge with cultural knowledge, creating multidirectional 
knowledge exchanges between Traditional environmental Knowledge 
bearers and scientists and regulators. This contributes to building the 
capacity of the narragansett Tribal government and its members for 
informed decision-making and participation in Tribal environmental 
health policy and regulatory formulation. To accomplish this, namaus 
team members gathered and tested fish samples from tribal ponds; 
worked with consultants to establish heritage rates of fish consumption 
based on historic and ethnographic data; and hosted focus groups 
with narragansett tribal members in order to learn more about the 
role that fish and fishing have had in tribal culture, and the impact that 
the diminishment of fishing has and will have on health and culture 
of narragansett people. This presentation will describe the process by 
which this collaborative project was established, the quantitative and 
qualitative results of the fish sampling and focus groups, and plans 
going forward to include artists and cultural programs in developing 
messaging materials for community members on the costs and benefits 
of fish consumption.

TO-087

MERCURY EXPOSURE ASSESSMENT IN YANOMAMIS 
INDIGENOUS POPULATION FROM THE 
BRAZILIAN AMAZON
VeGa, Claudia1; haCon, sandra2; basTa, Paulo2; GonCalVes, rodrigo3; 
GoDoy, Jose3; 
(1) Wake Forest University, Center for Amazonian Scientific Innovation, 
Winston-Salem, NC, USA; (2) Escola Nacional de Saude Publica ENSP/
FIOCRUZ, Rio de Janeiro, Brasil; (3) Pontificia Universidade Catolica do Rio de 
Janeiro (PUC-Rio), Rio de Janeiro, Brasil

vegacm@wfu.edu

Mercury contamination due to artisanal and small scale gold mining 
(asGM) has been studied in several locations in the the brazilian 
amazon, reporting a wide range of hg hair levels in native populations. 
however, exposure studies are rare in the brazilian state of roraima 
which is home to the yanomami indigenous people. recent expansion 
of asGM activity in the yanomami Community reserve has increased 
public health concerns in the native community and led yanomami 
community leaders to request the brazilian Ministry of health’s national 
school of Public health to conduct a mercury exposure assessment.   
The main objective of the subsequent study was to assess hair hg 
concentrations of vulnerable groups, women of reproductive age and 
children less than six-years-old, in two different community locations. 
results indicated hair hg levels were different between the two 
population locations. Those in Paapiu, an area where gold mining was 
active during the 1980’s but had been significantly reduced, presented 

lower levels (median 3.2 µg g-1) as compared with the Waikas region 
(median 5.0 µg g-1), which has experienced a resurgence of asGM 
since 2013. Within the Waikas region, the small community of aracaca, 
reported to participate directly in gold mining showed the highest hair 
hg levels (median 15.5 µg g-1). It was concluded that asGM related 
hg was the likely source of hg exposure for these communities. 
also, further studies in other communities of the study area was 
recommended, as well as an intervention to stop asGM in yanomami 
territories. health impact of hg in these communities are still unknown. 
study results were presented and explained to the studied group. The 
indigenous leaders asked the study researchers to present the study 
findings to the federal environmental and health ministries. because 
these isolated native populations are totally dependent on their 
environment, ecosystem contamination by asGM related mercury is 
likely to cause negative health impacts and put their continued survival 
at risk. asGM activities in the amazon should be regulated to reduce 
and control the impact on this ecosystem. It is also important to raise 
awareness that amazonian indigenous communities are essential for 
the conservation of this area.

TO-088

EDUCATION AND AWARENESS-RAISING TO 
PREVENT HUMAN EXPOSURE TO MERCURY: 
ONGOING EXPERIENCES IN MADRE DE DIOS, PERU
Torres, Martha1; luDeÑa, Miguel2; asCorra, Cesar1; fernanDeZ, l.1; 
(1) Center for Amazonian Scientific Innovation, Wake Forest University, Puerto 
Maldonado, Perú; (2) Dirección Regional de Educación de Madre de Dios, 
Puerto Maldonado, Peru

torresmi@wfu.edu

The region of Madre de Dios in the southeastern Peruvian amazon, 
rich in biodiversity and ancestral amazonian cultures, has faced for 
several decades one of the most serious extractive pressures due to 
the rise in the price of gold, obtained through artisanal and small-scale 
gold mining activities, which causes a release to the environment of 
up to approximately 35 MT hg/year, with the consequent threat to 
the health of people, mainly women of childbearing age, children and 
indigenous peoples.

although a remarkable emphasis has been given in the last years by 
the national and international press, as well as by several civil society 
institutions and by some national ministry, to raise awareness and draw 
attention to this problem; Very few efforts have been made to influence 
in an effective and sustainable way the generation of policy and concrete 
actions to prevent exposure to the risk of mercury contamination in the 
entire population of Madre de Dios.

since 2010, the concertation and coordination of local actors decided 
to influence and work on educational and awareness-raising actions in 
the general population and in the local education system as strategies 
to approach and design and implement local actions and prevention 
policies to reduce risk of exposure to pollution.
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specifically:

A. Information fairs in squares and fairgrounds.

B. Training of teachers, to approach the subject in classroom.

C. school fairs inside schools and public squares.

D. Development of posters, leaflets, methodological guides for training 
teachers and health promoters.

E. research forums, drawing the attention of authorities.

F. elaboration and distribution of spots: audio and video.

as a result:

A. Change in fish consumption patterns in the city of Puerto 
Maldonado, increasing the consumption of species with lower risk of 
contamination, and strengthening the development of fish farms.

B. Training of approximately 700 public officials in the education, health 
and other sectors.

C. Mastery of the approach of the subject in the education sector: from 
addresses, specialists, teachers, students and parents, through the 
implementation of the Curriculum by emergency.

D. adoption and adaptation of the theme by the staff of the regional 
Directorate of education and teachers.

E. results of scientific research serving as inputs for the issuance 
of national standards (supreme Decree no. 034-2016-PCM and 
supreme Decree no. 054-2016 PCM) and facilitating the action 
of local authorities on the issue (Multi-sectorial operation for the 
eradication of Gold buying and selling shops that re-fired near the 
main market of the city)

F. Trend in the change in the discourse of politicians and mining 
leaders, who begin to promote and adopt new technologies that do 
not use mercury

TO-089

CASE STUDY OF A MULTI-FACETED 
PUBLIC OUTREACH PROGRAM FOR A 
MERCURY-IMPACTED RIVER
ManCInI, Ceil1; lIberaTI, Michael2; 
(1) AECOM, Conshohocken, PA, United States; (2) DuPont CRG, Wilmington, 
DE, United States

ceil.mancini@aecom.com

an innovative multi-faceted public outreach program has been 
developed to promote community education, involvement, and 
feedback for a mercury (hg) impacted river system in central Va, 
usa. between 1929 and 1950, hg was released into the south river, 
resulting in hg concentrations in soil, sediment, surface water, and 
biological tissues above regional background levels. hg concentrations 
in edible fish tissues have led to fish consumption advisories affecting 
approximately 140 river miles along the south river, south fork 
shenandoah river, and the shenandoah river. The south river science 
Team (srsT) was established in 2001 with a goal to conduct studies to 

better understand the distribution of hg in the affected waterways and 
associated floodplains as well as reduce hg bioavailability to ecological 
receptors. as part of the srsT, a multi-faceted public outreach program 
was created to effectively communicate the presence of hg in the river 
system, primarily the fish consumption advisory, to the community, and 
to promote collaboration with community stakeholders regarding the 
proposed remedial approach.

a critical aspect of the outreach program is the effort to adapt as 
new populations in the area are identified or as demography in the 
area changes. To effectively communicate the consumption advisory 
to the growing spanish, arabic, and Kurdish-speaking populations 
in the area, the srsT has partnered with James Madison universitys 
Promotores de salud Program. fish consumption advisory information 
is available in english, as well as in spanish, at frequently used river 
access locations. additional srsT materials are available at the srsT 
office, located in downtown Waynesboro, Virginia as well as on the 
srsT website. Community relations take place through a number of 
different outlets, including, Waynesboros annual riverfest, student Day, 
and fly fishing festivals, school outreach activities, media briefings, 
and river-use surveys conducted by Virginias Department of Game and 
Inland fisheries.

The remediation advisory panel was established to facilitate 
communication between the stakeholders and community groups 
prior to and throughout the proposed remediation processes. The 
remediation advisory has representatives from city and state agencies, 
community organizations, and local interest groups. Various meeting 
formats are held regularly to communicate with landowners potentially 
affected by remedial activities, city representatives, and the general 
public; these meetings are intended to not only keep the public 
informed of remedial plans and activities, but also to solicit feedback 
from the community.

TO-090

MENTAL MODELS OF MERCURY RISK AMONG 
SOUTH FLORIDA ANGLERS
CarTer, andrew1; 
(1) University of Miami, Coral Gables, Florida, United States

a.carter4@umiami.edu

Traditional approaches to studying and improving environmental 
reasoning and decision-making processes have tended to adopt an 
information deficit model, assuming either explicitly or implicitly that 
if individuals are provided with scientific information in a form which 
they can understand that they will make decisions consistent with that 
information. This rationalist model of human behavior has proven 
inadequate in explaining a recurrent observable gap between what 
people know and think about the environment, and how they act upon 
this knowledge; in other words, even when members of the general 
public accurately know discrete facts about things like environmental 
risks or hazards, they frequently take actions inconsistent with that 
knowledge. This phenomenon that has been well-documented by 
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researchers examining public compliance with mercury advisories for 
fish. one of the most promising theoretical approaches in examining 
how people understand and interact with environmental systems and 
explaining the gap between knowledge and behavior examines peoples 
mental models of the environment. Developing largely out of the 
interdisciplinary field of cognitive science, it proposes that human beings 
reason and make decisions by constructing and referencing internal, 
simplified models of the real world. under this theory, simply providing 
additional information to individuals may prove ineffective in improving 
decision-making, particularly as mental models are resistant to change. 
This paper describes mental model theory in a risk analysis context, and 
applies it to investigate how recreational and subsistence anglers in the 
Miami-Dade canal system understand and make decisions regarding 
mercury risk, and howunderstanding those models can inform better 
risk management and risk communications from environmental 
and health managers. using semi-structured interviews, participant 
observations, and a review of mercury advisory communications, it 
examines participants nave mental models of mercury cycling and 
exposure, and offers potential communication strategies to change 
or account for these models and improve decision-making about 
mercury risk.

4a-2: Informing the implementation of 
the Minamata Convention: the role of 
scientific assessments

TO-091

HUMAN BIOMONITORING OF MERCURY 
TO TRACK THE EFFECTIVENESS OF THE 
MINAMATA CONVENTION
basu, niladri1; 
(1) McGill University, Montreal, Quebec, Canada

niladri.basu@mcgill.ca

The Minamata Convention on Mercury is a multilateral environmental 
agreement that obligates Parties to reduce or control sources 
of mercury pollution in order to protect human health and the 
environment. evaluating the effectiveness of the Convention (as 
required by article 22) is a crucial component to ensure that it is 
meeting this objective. The purpose of this talk is to describe human 
biomonitoring of mercury, and how this represents a scientifically 
robust, straightforward, and potentially cost-effective approach to track 
the effectiveness of the Convention over temporal and spatial scales. 
first, I will discuss the pros and cons associated with using accepted 
biomarkers of hg exposure (hair, blood, and urine) and associated 
exposure assessment strategies (e.g., surveys). second, I will describe 
national biomonitoring programs that exist in countries including 
the u.s. (via nhanes), Canada (via ChMs), Germany (via hbM), and 
Korea (via Knhanes), and describe how these programs have enabled 
countries to establish baselines and reference ranges (at the national 

and regional level), help set priorities and take action, and track changes 
over time as part of surveillance efforts. finally, I will discuss approaches 
to gauge exposures in vulnerable populations (e.g., dental professionals, 
small-island nations, asGM sector). The talk will attempt to articulate 
challenges and opportunities concerning the human biomonitoring of 
mercury in the context of the Convention, and portray global patterns.

TO-092

DEVELOPING A GLOBAL KNOWLEDGE 
MANAGEMENT PLATFORM SOLUTION FOR 
MERCURY EMISSIONS, FATE AND EXPOSURE DATA
VIGon, bruce1; barra, ricardo2; eVers, David3; banK, Michael4; 
(1) SETAC, Pensacola FL, USA; (2) University of Concepcion, Concepcion, 
Chile; (3) Biodiversity Research Institute, Portland ME, USA; (4) University of 
Massachusetts-Amherst, Amherst MA, USA

bruce@setac.org

The uneP Minamata Convention on Mercury, signed in 2013 and 
to date ratified by 35 countries with 128 signatories, recognizes that 
mercury must be managed at a global scale. To develop regional and 
local bases for evidence-based management decision-making requires 
the ability to capture, synthesize, analyze and visualize data at varying 
spatial scales and time frames. It is essential to facilitate understanding 
among stakeholders and regulators of how emissions reductions and 
site-specific projects associated with implementing provisions of the 
Convention affect the broader exposure and risk profiles of human 
populations and ecosystems.

This project, which started in 2015, attempts to design and populate 
a centralized platform, deployed via uneP live, for data upload and 
download as well as knowledge sharing through information synthesis 
and facilitation of Communities of Practice comprising scientific expert 
and critical stakeholder groups. The term knowledge sharing is a 
deliberate attempt to move beyond traditional web-based delivery of 
quantitative but uninterpreted information. This will be done through 
user-mediated requests for data synthesis and visualization as well 
as implementation of data protocols and delivery of meta-data as a 
component of shared output.

a demonstration pilot project, using a selected set of data on total 
mercury in billfish and food consumption advisories, was recently 
completed. In order to understand and anticipate user needs for the 
platform, a global survey was conducted. essential findings of the survey 
will be described. a key element of knowledge creation is incorporation 
of pre-set or user-defined ways to provide insight and answers, not 
just data. The foreseen critical elements of a larger production scale 
deployment of the platform will also be presented. a particular focus 
will be on connecting prospective users with the information and data 
providers through a mediated Communities of Practice. a brief vision of 
future planned work will be provided.
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TO-093

A META-ANALYSIS OF FISH MERCURY 
CONCENTRATIONS IN SOUTH AMERICA: 
IDENTIFYING PATTERNS, TRENDS AND HOTSPOTS 
FOR FUTURE BIOMONITORING RELATED TO THE 
MINAMATA CONVENTION ON MERCURY
buCK, David1; eVers, David1; Johnson, sarah1; esCobar, Jaime2; 
bonTa, Jennifer3; 
(1) Biodiversity Research Institute, Portland, ME, USA; (2) Universidad del 
Norte, Barranquilla, Colombia; (3) University of Illinois - Champagne Urbana, 
Champagne, IL, USA

david.buck@briloon.org

The Minamata Convention was established to protect humans and 
the environment from exposure to mercury. Implementation of 
the Convention will rely on signatory countries adopting a series of 
measures to limit the amount of hg used in commercial and industrial 
practices, reduce emissions and releases of hg, and establish legislation 
and trade policies to further reduce and restrict the amount of hg 
available on the global market (uneP 2013).

The Conventions success at achieving its goal of protecting human 
health and the environment can be assessed using a variety of 
short-, medium- and long-term metrics that monitor compliance 
with stipulations set forth in the Convention (evers et al. 2016). The 
Convention also recognizes the important role that monitoring 
environmental hg concentrations will have in assessing its long-term 
effectiveness. articles 19 and 22 of the Convention specifically address 
the importance of biomonitoring to evaluate spatial and temporal 
patterns and trends of hg in the environment at geographically 
relevant scales.

here we present data on fish mercury concentrations from south 
america to identify patterns and trends in environmental hg 
concentrations at the continental scale. The Web of science was used 
to search for published literature using the search terms mercury anD 
fish anD [country name]. additional searches were conducted using 
Google scholar. all literature published prior to april 2016 were collected 
for inclusion in the database resulting in more than 200 peer-reviewed 
sources. at least one peer-reviewed source was identified from each 
country with the exception of Guyana and Paraguay.

To-date, our database includes results from 110 peer-reviewed 
sources representing 24,550 individual fish tissue samples. samples 
reflect environmental hg concentrations in more than 240 sites 
within 100 different major waterbodies across the continent. Mercury 
concentrations ranging from below detection limit to 4.4 parts per 
million (wet weight) are reported in 403 different species representing 
227 different genera. The most commonly sampled taxa include 
species within the serrasalmus (piranhas), hoplias (tigerfishes) 
Pseudoplatystoma (sorubim catfishes) and odontesthes (silversides) 
genera. subsequent analysis will incorporate spatial data on known 
point sources of mercury, ecosystem types, geology and hydrology 
to better understand abiotic variables that influence environmental 

mercury concentrations. ultimately, these data provide a baseline 
for identifying biological mercury hotspots of concern for human 
and ecological health at the continental scale. This baseline will help 
prioritize future biomonitoring efforts to best evaluate the long-term 
effectiveness of policy decisions related to the implementation of the 
Minamata Convention.

TO-094

ENVIRONMENTAL MONITORING DURING THE 
U-864 COUNTER FILL INSTALLATION
haGen, anders1; sChaannInG, Morten1; MorTensholM, hans2; 
lauGesen, Jens3; MØsKelanD, Thomas3; Van WIeChen, Joost4; 
VeITeberG braaTen, hans1; 
(1) Norwegian Institute for Water Research, Oslo, Norway; (2) Norwegian 
Coastal Administration, Horten, Norway; (3) DNV GL, Høvik, Norway; (4) Van 
Oord Dredging and Marine Contractors bv, Rotterdam, The Netherlands

agh@niva.no

The wreck site of the World War II submarine u-864 is located at 
160m depth near the island of fedje on the west coast of norway. 
The submarine carried 67 tons of metallic mercury. The sediment 
surrounding the wreck is heavily contaminated, and steel containers 
holding the cargo is still considered to be present inside the wreck. In 
2015 it was decided to place a counter fill in front of the bow section 
which has been found to rest on a slope with unstable sediments. 
The norwegian institute for water research (nIVa) was assigned to be 
responsible for implementation of the monitoring program required 
during the operations in May-June 2016, where objectives were to 
minimize spreading of mercury during installation of the counter fill 
material and to estimate the total amount of mercury transported out of 
the working area.

The counter fill covered a 200m by 60m area immediately north of the 
bow section of the wreck. five landers measuring turbidity at 1,5m and 
10m above sea floor surrounded the area. Data values were transmitted 
every five minutes through a connected buoy and Iridium satellite, 
presented visually on a website, and used to generate automatic alarms 
(when turbidity was >10 nTu). alarms enforced water sampling from the 
designated environmental Monitoring Vessel (eMV, siddis Mariner), and 
the content of mercury was analyzed at the onboard laboratory within 
30 minutes to a detection limit of 0.5 ng/l. Mercury levels above the 
threshold would trigger construction stop and mitigation actions. Daily 
routine sampling was done using hydrographic instruments for salinity, 
temperature, and turbidity (CTD) and lIssT which measures particle 
size distribution. analyses of mercury and grain size was performed on 
particles collected in sediment traps and vibrocore samples.

Mercury concentrations in the water samples never exceeded 1.3 
ng/l, much less than the predetermined limit of 50 ng/l for initiation 
of mitigating actions. operations were never stopped due to risk of 
mercury spreading. estimated total flux of 34 g of mercury for the entire 
operation was two orders of magnitude less than the predetermined 
acceptance criterion of 3 kg. all the data collected through mercury 
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analyses, CTD, lIssT and the online monitoring provided information 
contributing to a more complete understanding of the mechanisms 
controlling the spreading of mercury during such operations. all relevant 
data consistently confirmed that the particle clouds observed was 
dust from the counter fill material with negligible contributions from 
resuspended sediments.

TO-095

VINVERSION APPROACH TO VALIDATE MERCURY 
EMISSIONS BASED ON BACKGROUND AIR 
MONITORING AT THE HIGH ALTITUDE RESEARCH 
STATION JUNGFRAUJOCH (3580 M)
DenZler, basil1; boGDal, Christian1; henne, stephan2; obrIsT, Daniel3; 
sTeInbaCher, Martin2; hunGerbÜhler, Konrad1; 
(1) ETH Zurich, Institute for Chemical and Bioengineering, Zurich, Switzerland; 
(2) Empa, Swiss Federal Laboratories for Materials Science and Technology, 
Dübendorf, Switzerland; (3) Desert Research Institute, Division of Atmospheric 
Sciences, Reno, United States

basil.denzler@chem.ethz.ch

The key objective of the Minamata Convention, a un treaty designed 
to protect human health and the environment from adverse effects 
of mercury, is the reduction of mercury emissions. To assess the 
effectiveness of the convention in the future, better and independent 
constraints about the current mercury emissions is a premise. existing 
inventories for anthropogenic mercury emissions use a bottom-up 
approach, where the releases are estimated using activity data and 
activity-specific release factors. In this study an alternative top-down 
approach, based on measured atmospheric mercury concentrations, is 
applied to quantify european mercury emissions. Gaseous elemental 
mercury (GeM) measurements were conducted at the remote high-
altitude monitoring station Jungfraujoch, situated at 3580 m.a.s.l. in the 
swiss alps. using a lagrangian Particle Dispersion Model we backtracked 
the air masses arriving at the measurement site and established the 
source-receptor relationship between our measurement location and 
the source domain. by the means of bayesian inversion we then were 
able to quantify spatially resolved european mercury emissions. We 
found mercury emissions to be higher by 17% compared to existing 
inventories. While for some areas we obtained similar or even lower 
estimates other regions in Greece, spain, and romania have shown 
much stronger source strength. overall, stationary combustion, in 
particular in coal-fired power plants, is found to be the main responsible 
sector for increased emission estimates. our top-down study, based 
on measurements, provides a novel and independent approach to 
capture mercury emissions. our investigations help to improve and 
refine reported emission inventories, and can serve for continued 
assessment of future changes in emissions independent from 
bottom-up inventories.

TO-096

ALBATROSSES AS BIOMONITORS OF HG IN THE 
SOUTHERN HEMISPHERE
busTaManTe, Paco1; lahournaT, Maxime2; JaQueMeT, sébastien3; 
Wanless, ross4; PhIllIPs, richard5; ThoMPson, David6; JaeGer, 
audrey3; Cherel, yves7; 
(1) Littoral Environnement et Sociétés, La Rochelle, France; (2) Littoral 
Environnement et Sociétés, Centre d'Etudes Biologiques de Chizé, La 
Rochelle, France; (3) UMR ENTROPIE, Université de La Réunion, Saint Denis 
de la Réunion, France; (4) DST/NRF Centre of Excellence, Percy FitzPatrick 
Institute of African Ornithology, University of Cape Town, Roggebaai, South 
Africa; (5) British Antarctic Survey, Natural Environment Research Council, 
Cambridge, UK; (6) National Institute of Water and Atmospheric Research 
Ltd, Wellington, New Zealand; (7) Centre d'Etudes Biologiques de Chizé, La 
Rochelle, France

pbustama@univ-lr.fr

seabirds are powerful biomonitors of hg contamination, and analyses 
of their feathers constitutes an appropriate and non-lethal method 
to evaluate the levels of hg exposure in marine habitats. albatrosses 
range widely within the southern hemiphere where they feed at 
high trophic levels. Therefore, they appear suitable for monitoring 
hg contamination over large spatial scales. albatrosses are known to 
present high but variable hg concentrations. such variability could be 
due to the combined effects of their breeding frequency, moulting 
patterns, and trophic ecology. To determine the significance of various 
factors (taxonomy, breeding frequency, feeding habitats [δ13C] and 
trophic level [δ15n]) on hg concentrations, we used an exceptional 
data set of 455 individuals from all the species and subspecies of 
albatrosses breeding in the southern ocean and adjacent waters 
(n = 22). In some species, we analysed hg, δ13C and δ15n values in 
different body feathers from the same individuals. as predicted, mean 
hg concentrations varied widely (ten-fold) among albatrosses, from 
means ± sD of 3.8±1.5 to 34.6±12.5 μg.g-1 in the Indian yellow-nosed 
and amsterdam albatrosses, respectively. Considering the taxonomy, 
Diomedea (7 taxa) had the highest hg levels, followed by Phoebetria (2 
taxa) and then Thalassarche (11 taxa). Consequently, biennial breeders 
(Diomedea and Phoebetria) are more contaminated by hg than annual 
breeders (Thalassarche). a general decrease of hg concentrations was 
found with increasing latitude (using δ13C as a proxy), with the lowest 
hg concentrations in feathers moulted in antarctic waters, and the 
highest in those moulted in subtropical waters. The latitudinal effect was 
verified at the individual level by measuring different feathers from the 
same wandering, light-mantled and sooty albatrosses. The study shows 
that albatrosses (and especially Diomedea taxa) are the seabirds with 
the highest hg burdens worldwide, and that hg exposure to predators is 
lower in antarctic than subantarctic and subtropical latitudes.
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TO-097

CLIMATE CHANGES AND POTENTIAL IMPACTS 
FOR EVALUATING THE EFFECTIVENESS OF THE 
MINAMATA CONVENTION
sunDerlanD, elsie1; sCharTuP, amina1; ZhanG, yanxu1; ThaCKray, 
Colin1; horoWITZ, hannah1; 
(1) Harvard University, Cambridge, MA, USA

ems@seas.harvard.edu

regulatory assessments of the impacts of mercury (hg) emissions 
reductions generally assume constant environmental conditions 
when evaluating and quantifying benefits of policy actions. by 
contrast, biomonitoring programs in the field are affected by changing 
biogeochemical conditions that influence temporal changes in 
methylmercury (Mehg) concentrations. To develop effective monitoring 
programs, such effects would ideally be quantified separately from the 
benefits associated with reductions in anthropogenic hg emissions. 
This presentation will discuss and, when possible, quantify the 
influence of changing ecosystem conditions on Mehg production and 
bioaccumulation in marine food webs. Changing ocean productivity 
leads to shifts in phytoplankton community structure and Mehg uptake 
at the base of marine food webs. Global ecological modeling indicates 
such effects are most pronounced in the polar oceans. Intra-species 
variability in Mehg generally increases with age of aquatic biota. 
food-web bioaccumulation modeling shows increasing seawater 
temperatures increases energetic requirements of different fish species 
leading to elevated Mehg concentrations. Changes in trophic structure 
by contrast can either increase of decrease fish Mehg concentrations, 
depending on the initial diet of the species in question. We find these 
shifts can easily exceed a 20-30% change in most fish species, which is 
within the range of declines in ecosystem hg inputs achieved by controls 
on global anthropogenic emissions. We find sample sizes on the order 
of hundreds of fish each year are needed to have sufficient power to 
detect statistically significant changes in Mehg concentrations and such 
considerations would assist in the design of effective biomonitoring 
strategies supporting the Minamata Convention.

TO-098

EVALUATING THE EFFECTIVENESS OF THE 
MINAMATA CONVENTION ON MERCURY: 
DEVELOPING A BIOMONITORING TOOLKIT
eVers, David1; buCK, David1; sauer, amy1; 
(1) Biodiversity Research Institute, Portland, Maine, USA

david.evers@briloon.org

The Mercury air Transport and fate research area, a Global Mercury 
Partnership of the united nations environment Programme (uneP 
fT), has the overarching objective to increase the understanding of 
worldwide sources of mercury (hg) emissions and releases, their 
transport and fate, and impacts to humans and the environment. 
as part of the uneP fT business Plan, an important objective is to 

monitor, assess and report on information that can be used as the 
basis for assessing the environmental and public health benefits 
and effectiveness of global hg reductions pursuant to the Minamata 
Convention on Mercury.

one policy-relevant contribution of the uneP fT, for use by all 
Parties, is to develop a standardized and replicable approach for hg 
biomonitoring. our approach is an extension of the currently used uneP 
Toolkit for Identification and Quantification of Mercury releases used 
for the Minamata Initial assessment process (currently conducted by 
over 90 countries). We now propose the development of a Toolkit for 
the Identification and Quantification of biomonitoring needs to be used 
by Parties for prioritizing next steps for biomonitoring related to national 
interests and contributing toward evaluating the effectiveness of the 
Minamata Convention.

The biomonitoring toolkit will use an excel platform. such an evidence-
based approach is simple, straightforward, replicable and scalable. 
The premise for the toolkit on hg biomonitoring is to respond to 
applicable, policy-relevant questions that will contribute to the needs 
of article 22 through methods outlined in article 19, to evaluate the 
effectiveness of the Minamata Convention, as well as to help Parties 
identify and prioritize areas of greatest concern to human health and 
the environment (i.e., biological hg hotspots).

Multiple input variables that use existing data from a countrys national 
Mercury Profile, generated from the Minamata Initial assessment 
and other publicly available sources (e.g., national and international), 
will provide the basis for generating policy-driven outputs, such as 
mapped models of air, water and biotic hg concentrations, and when 
combined with landscape sensitivity variables (e.g., wetlands) biological 
hg hotspots of concern can be identified and used to prioritize 
biomonitoring. hazard-exposure-receptor models, based on seven 
input variables and the concept of their combined attributes, will allow 
biological hg hotspots of concern for human and ecological health 
to be mapped and prioritized according to criteria set by a country. 
understanding the interaction of biological hg hotspots with sources of 
wild food items that are important for human communities will be of 
highest priority.
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1a-1: Atmospheric mercury cycling 
and transformations: Insights from 
measurements and models

WO-001

DEVELOPING GLOBAL ATMOSPHERIC MERCURY 
MONITORING STRATEGIES THAT ARE ROBUST TO 
CLIMATE VARIABILITY AND CHANGE
GIanG, amanda1; MonIer, erwan1; CouZo, evan2; ThaCKray, Colin3; 
selIn, noelle1; 
(1) MIT, Cambridge, MA, USA; (2) University of North Carolina Asheville, 
Asheville, NC, USA; (3) Harvard University, Cambridge, MA, USA

agiang@mit.edu

We use earth system and atmospheric chemistry modeling to 
investigate the implications of climate variability and change on 
strategies for monitoring the effectiveness of global mercury policy. 
as the Minamata Convention moves towards the implementation 
phase, developing strategies for monitoring treaty effectiveness is a 
science-policy priority. Given that the atmosphere is likely to respond 
relatively rapidly to policy-related emissions changes compared to other 
environmental media, atmospheric monitoring strategies are critical. 
however, atmospheric concentrations and fluxes (wet and dry) are 
not only influenced by anthropogenic mercury forcing; meteorological 
variables such as temperature, precipitation, and circulation patterns 
have implications for mercury chemistry and transport, and resulting 
observed concentrations and fluxes at monitoring sites. In this work, we 
assess the potential influence of climate variability and change on ability 
to detect policy-related anthropogenic changes in mercury emissions.

We simulate atmospheric concentrations and fluxes of mercury using 
the Geos-Chem chemical transport model, driven by an ensemble of 
meteorological fields from the MIT Integrated Global system Model 
that encompasses a range of initial conditions, climate stabilization 
scenarios, and climate sensitivities. using this ensemble, we estimate 
the distribution of atmospheric concentrations and fluxes consistent 
with the implementation Minamata Convention, under possible climate 
futures (mid-century and end of century). We find that more than 10 
years of data are required to detect anthropogenic signals in mercury, 
given the magnitude of current and future climate variability when 
relying on a single monitoring metric (e.g., wet deposition); however, 
combining co-located flux and concentration measurements can reduce 
this time of emergence. To better understand what drives this climate-
related variability in atmospheric mercury concentrations and fluxes, 
we apply empirical orthogonal function analysis to identify influential 
meteorological variables, and geographic regions where atmospheric 
measurements are most sensitive to anthropogenic mercury changes. 
We discuss how these insights can inform the mercury science-policy 
community on monitoring site location and metric selection.

WO-002

A DEVELOPMENT OF EMPIRICAL MODEL FOR 
MERCURY NET EXCHANGE FLUX BETWEEN AIR AND 
SOIL SURFACE
han, young-Ji1; lee, Jae-In1; KIM, Pyung-rae1; 
(1) Kangwon National University, Chuncheon, Gangwon-do, South Korea

youngji@kangwon.ac.kr

Mercury (hg) emissions from natural surfaces contribute a large portion of 
total hg emissions in a global scale; however, there is a huge uncertainty 
on natural emissions inventory. according to uneP, natural emissions 
and re-emissions can be categorized into five groups including biomass 
burning, soil surface, vegetation, geogenic, and oceans. among these 
categories, hg emissions from soil surfaces contribute about 30% of 
total hg emissions. In this study, air-soil surface exchange flux of hg was 
measured from various soil types including deciduous and coniferous 
forest floors, grassland, crop field, and lawn throughout a year using 
dynamic flux chamber (DfC) made of feP (fluorinated ethylene Propylene) 
Teflon film. Tekran 2537b was used to detect the hg concentrations 
inside and outside of DfC. Influencing factors for hg exchange flux were 
investigated, and empirical equations estimating hg flux were derived 
based on the measurements. In forest floor, different characteristics of 
hg emission were observed for leaf-on (summer, autumn) and leaf-off 
period (spring). Volumetric water content in soil was the most important 
parameter during leaf-on period because solar radiation nearly reached 
on the surface due to the high leaf area index (laI). on the other hand, the 
most important factors were uV and soil temperature for leaf-off period. 
In open fields, hg emission was mainly controlled by soil temperature 
and uV irradiation for all period. hg emission flux was also measured 
from hazardous waste landfill area, and it peaked about 3 h before solar 
radiation peaked, possibly because of reducible hg being abundant at the 
soil surface. four different models were empirically derived for hg fluxes 
from deciduous and coniferous forest soils during leaf-on and leaf-off 
periods and from open field. In future, one governing equation which can 
depict hg exchange flux from all kinds of soil surfaces will be developed, 
and hopefully presented at the conference.

WO-003

ATMOSPHERIC MERCURY TEMPORAL TRENDS 
IN THE NORTHEASTERN UNITED STATES FROM 
1992 TO 2014: ARE MEASURED CONCENTRATIONS 
RESPONDING TO DECREASING REGIONAL 
EMISSIONS?
Zhou, hao1; Zhou, Chuanlong1; lynaM, Mary2; DVonCh, Timothy2; 
barres, James2; hoPKe, Philip1; Cohen, Mark3; holsen, Thomas1; 
(1) Clarkson University, Potsdam, United States; (2) University of Michigan Air 
Quality Laboratory, Ann Arbor, United States; (3) Air Resources Laboratory, 
U.S. National Oceanic and Atmospheric Administration, College Park, 
United States

haozhou@clarkson.edu
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long term atmospheric mercury measurements at underhill, VT (VT99) 
and huntington forest, ny (ny20) from 1992 to 2014 and 2005 to 2014, 
respectively, were used to determine concentration trends using the 
Mann-Kendalls tau test with sens slope estimator. Data from these sites, 
generally downwind of large hg sources in the Midwestern u.s., are 
the longest record of ambient hg concentrations available in the u.s. 
at VT99 concentrations of gaseous element mercury (GeM), gaseous 
oxidized mercury (GoM) and particle bound mercury (PbM) declined 
with rates of -1.8%, -3.2% and -6.7% per year, respectively. at ny20 
GeM and GoM concentrations declined with rates of -1.6% and -7.8% 
per year. however, PbM concentrations increased at a rate of 2.0% per 
year likely related to wood combustion. a trajectory ensemble analysis 
using potential source contribution function indicates the source 
locations associated with high mercury concentration changed from the 
Toronto-buffalo and Pennsylvania areas to east-coast urban centers. 
The declining GeM concentrations in the northeastern united states are 
positively correlated with decreasing so2 emissions in the upwind area. 
overall, the results indicate that decreased mercury concentrations 
measured during the past decade are consistent with decreased hg 
emissions from regional point sources and that increasing global 
emissions have not overwhelmed those decreases.

WO-004

FIVE-YEAR RECORDS OF MERCURY 
CONCENTRATIONS OBSERVED AT GROUND-BASED 
MONITORING SITES IN THE FRAMEWORK OF THE 
GMOS GLOBAL NETWORK
sProVIerI, francesca1; PIrrone, nicola2; benCarDIno, Mariantonia1; 
D'aMore, francesco1; Carbone, francesco1; CInnIrella, sergio1; 
lanDIs, Matthew3; ebInGhaus, ralf4; MarTIn, lynwill5; MunThe, John6; 
WanGberG, Ingvar6; arTaXo, Paulo7; barbanTe, Carlo8; CaIrns, Warren9; 
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Centre, Ispra, Italy; (24) Limnological Institute SB RAS, Irkutsk, Russia; 
(25) Climate and Environ. Res. & Monit., South African Weather Service, 
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f.sprovieri@iia.cnr.it

long-term monitoring data of ambient mercury (hg) on a global 
scale to assess its emission, transport, atmospheric chemistry, and 
deposition processes is vital to understanding the impact of hg 
pollution on the environment. The Global Mercury observation 
system (GMos) started in november 2010 with the overall goal to 
develop a coordinated global observing system to monitor hg on a 
global scale, including a large network of ground-based monitoring 
stations, ad hoc oceanographic cruises and measurement flights in the 
troposphere and lower stratosphere. To date, more than 40 ground-
based monitoring sites constitute the global network covering many 
regions where little to no observational data were available before 
GMos. This work presents atmospheric hg concentrations recorded 
worldwide, analyzing hg measurement results in terms of temporal 
trends, seasonality and comparability within the network. Major findings 
highlighted a clear gradient of atmospheric hg concentrations between 
the northern and southern hemispheres, confirming that the gradient 
observed is mostly driven by local and regional sources, which can be 
anthropogenic, natural or a combination of both. In order to understand 
the atmospheric cycling and seasonal depositional characteristics of 
hg, wet deposition samples were also collected at 17 selected GMos 
monitoring sites providing new insight into baseline concentrations 
of Thg concentrations in precipitation particularly in regions, such as 
the southern hemisphere and tropical areas where wet deposition 
were never investigated before, opening the way for additional 
measurements across the GMos network and new findings in future 
modeling studies highlighting the need of integrated measurements 
in ambient air and rainwater samples to improve our understanding 
of deposition processes and oxidation mechanisms. These new 
observations in fact, give scientists and modelers some insight into 
baseline concentrations of hg concentrations in air and precipitation 
with the overarching benefit which clearly consists in the advancement 
of knowledge about hg processes on global scale.

1f: Quantifying mercury emissions  
from energy generation

WO-005

EMISSIONS AND ISOTOPE SIGNATURES OF 
HG FROM COAL-FIRED POWER PLANTS IN 
SOUTHERN CHINA
lI, Zhonggen1; fenG, Xinbin1; TanG, li1; Chen, Ji1; sun, Guangyi1;  
Wu, Tingting1; 
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(1) Institute of Geochemistry, Chinese Academy of Sciences, Guiyang, 
Guizhou, China

lizhonggen@vip.skleg.cn

Mercury (hg) emitted from coal-fired power plants (CfPPs) is one of 
the most important anthropogenic sources. China is the largest coal 
consumer in the world, and CfPPs burned one half the coal used in 
China. During the past 10 years, Chinese CfPPs have sequentially 
installed the flue gas desulfurization (most limestone-gypsum) and 
Denox system (most sCr). since fGD and Denox system have 
obviously synergetic effect on hg removal, more work are needed to 
update the hg emission factors. hg isotope signatures from CfPPs 
are also important for source apportionment. Guizhou province in 
southwest China is rich in coal, and ranked no.1 in southern China.  Coal 
in Guizhou feathered with high sulfur and ash content. In this research, 
we studied 14 CfPPs in Guizhou during 2014 to 2016, including 2 Cfb 
(circulating fluidized bed) boilers and 12 PC (pulverized coal) boilers. 
hg in the flue gas were sampled with ontario hydro Method (ohM) 
and detected with CVaas (f732). Total hg in solid samples such as 
coal, bottom ash, fly ash, flue gas filters, limestone and gypsums were 
determined with lumex CVaas. hg isotope signatures in the flue gas 
and solid samples were detected with MC-ICP-Ms (nu Instruments, 
nu plasma model II). Total hg in the stack flue gas ranged from 0.14 
to 3.92 μg/m3, with Cfb boiler emitted (average 0.21 μg/m3, n=2) 
much lesser than PC boilers (average 1.17 μg/m3, n=12). The total hg 
removal efficiency for Cfb boilers ranged from 98-99%, and 87-99% 
for PC boilers. hg emission levels reduced dramatically for PC boiler 
than several years ago. Most hg emitted from the CfPPs is in hg0 form. 
hg concentration and speciation in the flue gas were determined by 
the coal property, boiler type and air pollution control devices. Mass-
dependent fraction (MDf) was found between different coal combustion 
products, with lightest for the fly ash, and heaviest for the flue gas, with 
up to 6‰ difference in δ202hg. MDf were also found between different 
hg species in the flue gas, with hgp the lightest, then hg2+, and hg0 the 
heaviest. Mass-independent fraction (MIf) was found in flue gas of some 
CfPPs, which may be caused by the catalytically oxidation of hg0 in sCr 
and h2so4 production process during the organic amine desulfurization. 
hence, hg isotopic emissions from CfPPs can’t be predicted by the 
feed coal.

WO-006

MERCURY AND PYRITIC SULFUR REDUCTION BY 
PREPARATION OF U.S. ILLINOIS BASIN COALS
KolKer, allan1; lefTICarIu, liliana2; MasTalerZ, Maria3; DrobnIaK, 
agnieszka3; 
(1) U.S. Geological Survey, Reston, Virginia, USA; (2) Southern Illinois 
University, Carbondale, Illinois; (3) Indiana Geological Survey, Bloomington, 
Indiana, USA

akolker@usgs.gov

The Illinois basin is the third largest producer of u.s. coal, after the 
Powder river basin and the appalachian basin, respectively. Due to 

its proximity to u.s. coal-fired power generation and resulting low 
transportation costs, interest in high sulfur Illinois basin coals has 
increased despite an overall decline in u.s coal production resulting 
from replacement by gas-fired power generation. Greater adoption 
of flue gas desulfurization in the u.s. fleet has made the high sulfur 
content of these coals less limiting. nonetheless, Illinois basin coals 
are commonly prepared prior to delivery to reduce mineral matter 
and improve heating value, with corresponding sulfur reduction. 
Mercury reduction occurs as a co-benefit of coal optimization for these 
other parameters.

as part of a larger investigation of the controls on mercury distribution 
in Illinois basin coals, in the present study, mine mouth coal preparation 
circuits in in southern Illinois and southwestern Indiana were sampled to 
determine reduction of mercury and pyritic sulfur in these operations. 
In southern Illinois, the cleaning circuit processes herrin (#6) coal, the 
most widely used coal in Illinois. feed coal to this circuit contains 5.4% 
total sulfur, 4.5% pyritic sulfur, and 0.24 ppm hg (as-received basis). The 
cleaned product, a combination of three cleaned size fractions, has a 
total sulfur content of 2.4%, pyritic sulfur of 0.9% and a hg concentration 
of 0.09 ppm, which is below u.s. (0.11-0.12 ppm) and world (0.10 ppm) 
averages for mercury in delivered coal. regression of pyritic sulfur 
vs. mercury for all eight samples from this circuit yields a positive 
correlation with an r2 of 0.89, supporting an association of hg with pyrite 
as indicated in previous studies.

for Illinois basin coal in Indiana, preparation circuit feed coals include 
the springfield (#5), bucktown (#5a), and hymera (#6), coals, producing 
a composite product, and a separate preparation circuit for the Danville 
(#7) coal. for the Danville feed coal, having a total sulfur content of 1.7%, 
and a pyritic sulfur content of 0.8%, these values are reduced to 1.6% 
and 0.7%, respectively (as-received basis). In the composite circuit feed, 
pyritic sulfur ranges from 0.5% (hymera coal) to 7.9% (springfield coal), 
with a cleaned product pyritic sulfur of 1.9%. Determination of mercury 
in each Indiana circuit is in progress. In the absence of nationwide 
limits for mercury emissions from u.s coal-fired power generation, 
coal preparation remains an important means of reducing mercury 
emissions from coal use.

WO-007

EFFECTIVENESS OF MERCURY CONTROL STRATEGIES 
ON COAL-FIRED BOILERS IN THE US: A MATS 
REPORT CARD
senIor, Constance1; sJosTroM, sharon2; 
(1) ADA-ES, Highlands Ranch, Colorado, United States; (2) ADA-ES, Inc., 
Highlands Ranch, Colorado, United States

connies@adaes.com

The Mercury and air Toxics standard (MaTs) came into effect for almost 
all coal-fired power plants in the us on april 16, 2016. Power plants must 
now report their hourly mercury emissions to the us environmental 
Protection agency (ePa) on a quarterly basis. Plants in the us employ a 
variety of strategies to reduce mercury air emissions. The most common 
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mercury control strategies are powdered activated carbon injection (aCI) 
and flue gas desulfurization (fGD) systems. The addition of halogen 
additives to the coal is sometimes used with both these technologies. In 
addition, aCI is sometimes used on boilers with fGD systems. The result 
is a myriad of different technology combinations in use for mercury 
control. using information on the control technologies at specific plants 
as well as the reported hg emissions, we assess the efficacy of different 
control strategies. This information will prove useful to countries that 
are considering wide-spread implementation of mercury control on 
coal-fired boilers.

WO-008

IMPACTS OF MERCURY EMISSION REDUCTIONS 
OF COAL-FIRED POWER PLANTS IN CHINA 
THROUGH IMPLEMENTATION OF THE MINAMATA 
CONVENTION ON MERCURY
lIu, Kaiyun1; WanG, shuxiao1; Wu, Qingru1; 
(1) School of Environment,Tsinghua University, Beijing, China

lkydby@163.com

as one of the primary atmospheric point sources in the Minamata 
Convention on Mercury, coal-fired power plant bears the brunt of 
mitigation stress, especially for the relevant source which covers at 
least 75 percent of the emissions. In order to identify relevant source 
and obtain a deep insight of temporal and spatial characteristics of 
atmospheric mercury emissions from coal-fired power plants in China, 
a unit-based method is developed based on detailed information of unit 
capacity, electricity generation, coal consumption, air pollution control 
devices and geographical locations. The national total hg emission in 
2015 is estimated at 75 t, of which more than 60% is released from 
units with size lager than 300MW. The top three provincial emitters 
are Inner Mongolia, Jiangsu and shandong, where power plants are 
densely concentrated. The average hg-intensity is about 18.9 g/kWh 
in 2015. based on the current mercury emission inventory, three 
scenarios of coal consumption and application of particulate matter/ 
sulfur dioxide/ nitrogen oxides/mercury (PM/so2/nox/hg) control 
devices are projected to discuss in the time horizon from 2015 to 
2030. under the current coal consumption pattern and air pollution 
control policies without additional activated carbon injection (aCI), the 
mercury emissions would increase to 88 t in 2030. With the widespread 
application of fabric filter (ff) and application of aCI on 50% of relevant 
source, the mercury emission could reduce by 40% in 2030. Through 
the application of ff on 100% and aCI on 80% of relevant source, the 
mercury emission in 2030 can be decreased by 64% from the level of 
2015. Considering these three scenarios, Geos-Chem model is used for 
the evaluation of future mercury pollution levels.

2a-2: Sources and cycling of mercury in 
coastal ecosystems

WO-009

MERCURY METHYLATION AND DEMETHYLATION 
DYNAMICS AT AND NEAR THE SEDIMENT WATER 
INTERFACE OF CONTAMINATED ESTUARIES
seelen, emily1; Jonsson, sofi1; Mason, robert1; 
(1) University of Connecticut, Groton, CT, USA

emily.seelen@uconn.edu

sediments are a known sink for inorganic mercury (hg) entering into 
coastal ecosystems, and they foster a geochemical environment 
conducive to high hg methylation rates. Therefore, they have been 
considered a major source of methylmercury (Mehg) to estuarine 
water columns and coastal food webs. however, there is frequently 
no correlation between sediment and forage fish Mehg levels across 
coastal systems, suggesting the presence of a different, potentially more 
significant source of Mehg available to pelagic organisms. of particular 
interest is the potential for net water column Mehg production relative 
to sediment production and flux to the water column, especially within 
flocculated material suspended and/or at the sediment water interface. 
While most studies focus on methylation within an integrated sediment 
section (typically, the top 2 or 4 cm), it is possible that methylation rates 
are higher in flocculated, unconsolidated surface sediment than in the 
deeper sediments; this material is also more likely to re-enter the water 
column via resuspension where it may be more relevant for biotic 
exposure. To better understand the importance of in situ methylation 
and exchange processes between estuarine sediments and the 
overlying water column, we measured methylation and demethylation 
potentials in estuaries of varying historic mercury contamination using 
isotopically labeled mercury species (Me199hg and 200hg(II)). four 
geochemically diverse zones were investigated in 2016; surface water, 
bottom water, unconsolidated surface sediments, and consolidated 
near-surface sediments. Water samples were incubated unfiltered in 
the dark and in the light. abiotic demethylation was monitored with 
0.2 μm filtered water samples kept in the light. results suggest that 
methylation within the water column is complex and more highly 
variable in space and time within estuarine systems than net Mehg 
production in the sediment. our initial estimates suggest that integrated 
water column methylation is comparable to the potential Mehg flux 
from the sediments at certain locations within an estuary. overall, it 
appears that the surface floc layers in the systems studied in 2016 have 
dissimilar methylation and demethylation rates to deeper, consolidated 
sediments, with slightly higher rates in the unconsolidated floc layer. 
The results of the 2016 studies will be discussed in detail and will be 
contrasted to a similar study we conducted in 2015 from a broader 
range of sites along the us east Coast. our overall findings suggest that 
water column methylation in coastal ecosystems should not be ignored 
when considering sources of Mehg to coastal food webs.
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WO-010

PARTICULATE METHYLMERCURY DYNAMICS 
IN ESTUARINE WATER COLUMNS OF VARYING 
HISTORIC MERCURY CONTAMINATION
seelen, emily1; Mason, robert1; Taylor, Vivien2; buCKMan, Kate2; 
CurTIs, amanda2; Chen, Celia2; 
(1) University of Connecticut, Groton, CT, USA; (2) Dartmouth College, 
Hanover, NH, USA

emily.seelen@uconn.edu

Water column methylmercury (Mehg) concentrations are an important 
indicator for food web mercury burdens in coastal aquatic ecosystems. 
several studies have observed strong correlations between forage fish Mehg 
body burdens and water column particulate Mehg, but less of a relationship 
to sediments where high rates of mercury (hg) methylation are frequently 
measured. To further study this, we compared water column methyl- and 
total hg dynamics along estuarine salinity gradients in systems of varying 
historic mercury contamination including berrys Creek and the hackensack 
river in new Jersey, the Penobscot river in Maine, and the Pawcatuck river 
in Connecticut/ rhode Island. each system was sampled twice in 2016, once 
in late spring and once in mid-summer, with some sites also sampled several 
times over a tidal cycle. To better refine our understanding of particulate 
methylmercury dynamics, the suspended particles were sampled in bulk 
and as a 20-0.45 μm size fraction using sequential filtration techniques. 
auxiliary data collected to help explain the particulate trends include 
chlorophyll a and phaeopigments, suspended solids, carbon/nitrogen/
sulfur concentrations and isotopic signatures, and dissolved methyl- and 
total hg. sediments were also collected at the time of sampling to assess 
background mercury contamination. our results indicate that Mehg and total 
hg are overall greater at the more contaminated sites. however, the water 
column particulate pools do not directly reflect the near surface sediment 
concentrations at the location in which they were collected, particularly for 
Mehg, suggesting that the suspended pool of Mehg in the water column may 
not be directly related to sediment production. Dissolved Mehg dynamics 
track the particulate Mehg in the water column. however, in the more 
contaminated sites the majority of the water column Mehg is associated with 
particles in comparison to more pristine sites where a greater portion of the 
Mehg is in the dissolved phase. We will discuss the implications of our results 
in terms of understanding the mechanisms of Mehg transfer to the food 
web, and its variability across coastal ecosystems.

WO-011

QUANTIFYING STABLE ISOTOPE TROPHIC 
TRANSFER OF INORGANIC MERCURY 
AND METHYLMERCURY FROM DIATOMS 
TO THE COPEPOD ACARTIA TONSA AND 
FIELD ZOOPLANKTON
Gosnell, Kathleen1; DaM, hans1; Mason, robert1; 
(1) University of Connecticut, Groton, CT, USA

kati.gosnell@gmail.com

Methylmercury (Mehg) exposure is a recognized health concern, as it 
can cause brain and neurological damage in humans and animals. In 
marine food chains Mehg is first bioconcentrated in phytoplankton, then 
transferred up the food chain through consumption by herbivorous 
zooplankton, planktivorous fish, and eventually larger predators. 
however, there is relatively little experimental data on mercury (hg) and 
Mehg in primary producers (phytoplankton) and primary consumers 
(zooplankton). There have been few measurements of the uptake and 
assimilation efficiencies (ae) for plankton at environmentally relevant 
levels of exposure, or that have been undertaken using native field 
populations, even though these assemblages represent the base of 
the marine food chain, and the initiation of Mehg exposure for higher 
trophic levels. The current study was therefore aimed at understanding 
the dynamics of hg and Mehg uptake and trophic transfer at the lower 
trophic levels.

feeding experiments were performed using stable isotopes of 
inorganic hg (200hg) and Mehg (Ch3199hg) in order to determine 
aes for the specific hg species, as well as to demonstrate potential 
effects of concentration and size of algae on their accumulation of hg 
and Mehg as well as the bioaccumulation into the copepod acartia 
tonsa. The average ae for 200hg from copepods feeding on the smaller 
diatom (Thalassiosira pseudononna) was 41 +/- 15 % and 32 +/- 17 % 
for the larger diatom (Thalassiosira weisflogii).  The aes were greater for 
Ch3

199hg, ranging around 71 +/- 9 % for the smaller diatom and 88 +/- 4 
% for the larger diatom.

assimilation efficiencies were higher for hg than reported for 
previous studies, suggesting that aes may be related to exposure 
concentration. stable isotope feeding experiments were additionally 
performed for algae species fed to size-fractioned field populations of 
zooplankton collected from different locations in long Island sound, 
and yielded varying results depending on the season of collection. our 
results provide evidence that hg and Mehg assimilation differs with 
zooplankton size and species composition. overall, these experiments 
demonstrated that there was significant relationship between hg and 
Mehg exposure concentration and algal uptake and trophic transfer 
to zooplankton. furthermore, these experiments also provided 
evidence for earlier suggestions of active uptake of Mehg into algae 
at low (pM) concentrations. These differences in uptake and ae could 
impact modeling of the transfer of Mehg within ocean food chains, and 
therefore predictions of the impact of changing emissions on ocean 
fish concentrations.

WO-012

TOTAL MERCURY AND MONOMETHYLMERCURY IN 
MARINE STRATUS CLOUD WATER AS SAMPLED BY 
AIRCRAFT OVER THE PACIFIC OCEAN ALONG THE 
COAST OF CALIFORNIA, SUMMER 2016
WeIss-PenZIas, Peter1; sorooshIan, armin2; Coale, Kenneth3; heIM, 
Wesley3; CrosbIe, ewan4; DaDashaZar, hossein2; MaCDonalD, alex2; 
WanG, Zhen2; Jonsson, haflidi5; 
(1) UC Santa Cruz, Santa Cruz, CA, United States; (2) University of Arizona, 
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Tuscon, AZ, United States; (3) Moss Landing Marine Labs, Moss Landing, CA, 
United States; (4) NASA Langley Research Center, Hampton, VA, United States; 
(5) Naval Postgraduate School, Monterey, CA, United States

pweiss@ucsc.edu

The Center for Interdisciplinary remotely-Piloted aircraft studies 
(CIrPas) Twin otter aircraft was used to sample cloud water with a 
Mohnen slotted-rod cloud water collector during 16 flights in July and 
august of 2016 off the coast of central California. Total mercury (hgT) 
and monomethylmercury (MMhg) were quantified in cloud water 
samples and relationships were observed with ancillary measurements 
of cloud physical and chemical parameters. Mean (± 1s) concentrations 
of hgT and MMhg from all samples were 9.17 ± 5.95 (n = 99) and 0.87 ± 
0.66 ng l-1 (n = 19), respectively. The 19 composite samples that were 
analyzed for MMhg had a mean %MMhg compared to hgT of 9.5%, 
a value that is significantly higher than %MMhg found in California 
coastal rain water (~2%), but nearly equivalent to the %MMhg value 
found in California coastal fog water (~7%).   Correlations with ancillary 
parameters suggest that major sources for both hgT and MMhg in 
cloud water were from the sea surface, especially over areas of strong 
wind-driven upwelling. Two flights in particular, that sampled between 
Monterey bay in the south and bodega bay in the north, passed over 
mesoscale upwelling eddies as indicated by satellite altimetry, and 
produced samples with the highest hgT and MMhg concentrations 
(25.2 and 2.9 ng l-1, respectively). The samples from these flights 
revealed significant negative correlations of hgT and MMhg with the 
meridional component of wind speed (v), indicating a relationship with 
wind-driven upwelling. The samples from these flights also revealed 
significant negative correlations of hgT and MMhg with sea surface 
temperature and aircraft altitude, and significant positive correlations 
with the sodium ion (tracer of sea spray). These findings are consistent 
with our oceanographic measurements of dimethylmercury (DMhg) 
and dissolved gaseous elemental hg (DGM) in this same region, which 
were found to be supersaturated in surface waters where mesoscale 
upwelling eddies were present, resulting in a sea-air flux of these 
relatively insoluble species.

2l: Safe and reliable handling of mercury in 
science & technology

WO-013

SCALE-UP EFFECT ON SULFIDE PROCESSING OF 
WASTE ELEMENTAL MERCURY USING A PLANETARY 
BALL MILL
naKaMura, shunta1; TaKaoKa, Masaki1; KusaKabe, Taketoshi1; ChoI, 
yeonuk2; MIZuno, yoshiyuki3; 
(1) Kyoto University, Kyoto, Japan; (2) Barrick Gold Corporation, Toronto, 
Canada; (3) Kurimoto Ltd., Osaka, Japan

takaoka.masaki.4w@kyoto-u.ac.jp

The Minamata Convention on Mercury was adopted in 2013, which 
requires that elemental mercury collected from mercury waste should 
be managed under safe conditions. elemental mercury is liquid 
at room temperature and has a high volatility, allowing it to move 
easily in the environment. It is preferable that elemental mercury be 
recovered by a distillation method that converts it to a more stable 
chemical form for long-term storage or permanent disposal. We have 
developed a stabilization method by producing mercury sulfide using 
a planetary ball mill. however, in order to apply the method to a real 
plant, the challenges on the scale-up effect should be confirmed. In 
this study, we conducted scale-up tests to confirm that mercury sulfide 
can be effectively produced using a larger sized planetary ball mill, 
and investigated options for improving the operating conditions for 
stabilizing mercury. firstly, the mercury concentration in the headspace 
above the stabilized materials was measured to evaluate degree of the 
reaction between elemental mercury and sulfur.

In previous studies, the maximum capacity for sulfide processing was 
calculated as 120 g-hg/h/pot using 250 ml pots with balls of 19.04 mm 
diameter in a laboratory-scale planetary mill. In this study using 2,400 
ml pots with balls of 19.04 mm diameter, the maximum capacity (1152 
g-hg/h/pot) was equivalent to the value calculated by extrapolating 
the results from previous laboratory-scale experiments. ball size was 
the most important parameter studied under various conditions. as 
the ball diameter increased, the stabilization progressed faster under 
stronger pulverization. When the ball diameter was 25 mm, the reaction 
time was shortened to 20 min. The powdered products obtained 
using the planetary mill were identified by X-ray diffraction analysis of 
cinnabar and metacinnaber, two types of mercury sulfide. our study 
demonstrates that sulfide processing of mercury can be effectively 
conducted using a larger sized planetary ball mill.

WO-014

THE ROLE OF MERCURY IN NUCLEAR 
FUSION TECHNOLOGY
Day, Christian1; 
(1) Karlsruhe Institute of Technology, Karlsruhe, Germany

christian.day@kit.edu

nuclear fusion, the merging of two hydrogen isotopes (deuterium and 
tritium) to helium under the release of huge amounts of energy, is 
considered as one important element to satisfy the world-wide growing 
demand of energy. This technology would be carbon-free, safe, almost 
unlimited in resources and does not produce long-living radioactive 
waste. In several countries in the world (eu, usa, Japan, China, Korea, 
India, russia) large development programs have been launched to 
bring this technology to maturity. To realize fusion power plants, high 
technical challenges have to be tackled. Two of them are closely linked to 
the use of mercury.

one area of specific concern is the fusion fuel cycle which processes 
large amounts of the radioactive tritium fuel. Tritium is a weak -emitter 
and decays with a half-life of 12.3 years to form helium. as the tritium 



ORAL ABSTRACTS ICMGP2017 The 13Th InTernaTIonal ConferenCe on MerCury as a Global PolluTanT InTeGRATInG MeRCuRy ReSeARCh And POLICy In A ChAnGInG WORLd July 16 – 21, 2017 · ProVIDenCe, rhoDe IslanD, usa 91

isotope is chemically reactive and easily implanted in any organic species 
via an isotope exchange reaction against the normal hydrogen, all 
such hydrogen-containing species (such as polymers, organic working 
fluids, oils, lubricants, hydrocarbons etc) are not allowed to be used in 
the processing machines. The best fully tritium-compatible alternative 
working fluid is mercury, as it does practically not interact with tritium.

as tritium itself is not a natural resource, it is produced in-situ via a 
nuclear reaction with lithium-6 that takes place in the so-called tritium 
breeding blankets attached to the first wall of the reactor. The lithium-6 
has to be taken from natural lithium which is a lithium-6/lithium-7 
mixture with 7.5% lithium-6. There are various technologies to enrich 
the lithium-6 content of natural lithium to the required level; the most 
promising approach is based on isotope exchange between lithium salt 
and lithium amalgam, exploiting the very high affinity of mercury to 
lithium-6.

This paper shortly presents the eu roadmap to a fusion power plant 
until the 2050s. It then introduces in the main missions and delineates 
the technical requirements for the fuel cycle and the breeding blankets. 
here, issues of safe and reliable mercury handling with minimum 
releases are addressed. finally, an optioneering exercise is conducted 
that clearly supports the use of mercury related technologies, and a 
near- and mid-term rD programme is outlined to bring these concepts 
to higher technical readiness levels. This paper is also thought to create 
awareness of these opportunities in the industrial mercury community.

WO-015

MERCURY AS WORKING FLUID IN SPECIAL-
PURPOSE VACUUM PUMPS
GIeGerICh, Thomas1; 
(1) KIT Karlsruhe, Eggenstein-Leopoldshafen, Germany

thomas.giegerich@kit.edu

since the very early days of vacuum technology, mercury is used in 
various applications: for the measurement of pressure, evangelista 
Torricelli used a glass tube filled with mercury in 1643. The first high 
vacuum pump on the market, invented by Wolfgang Gaede in 1915, has 
been operated with mercury as working fluid and opened the door to 
scientific fields like accelerator physics and space applications that are 
unthinkable without high vacuum conditions.

nowadays, the importance of mercury in vacuum technology has 
decreased: pressures are now measured using electronic gauges and for 
vacuum pumping, pumps are available on the market that are dry (i.e. 
no working fluid needed) and simple to operate (i.e. no heat-up times, 
no cool water and cold traps required). however, despite of all this 
new technologies, there is still a small but growing field where mercury 
as working fluid cannot be replaced: high vacuum pumping for very 
reactive and radioactive gases.

In the past, mid of the 20th century, mercury has been used extensively 
for vacuum pumping and tritium (a radioactive hydrogen isotope) 
processing. at that time, mercury was not handled with care and a lot of 

environmental contamination occurred, leading to a bad image of this 
element. In the 21st century, the development of a new source of energy 
is ongoing that needs a very large vacuum system where huge amounts 
of tritium have to be processed: nuclear fusion.

This paper presents the development of novel vacuum pumps for fusion 
applications at KIT, namely mercury ring pumps and linear mercury 
diffusion pumps. for both pump types, the requirements are defined 
and the development path is shown up. special focus during the 
development is given to the minimization of the working fluid inventory 
and the trapping of mercury inside the pumps. as conclusion, future rD 
activities are outlined.

4b: Contaminated site assessment and 
management: Lessons for technical 
assistance under the Minamata 
Convention

WO-017

BEST MANAGEMENT PRACTICES FOR MITIGATING 
AQUATIC SEDIMENTS CONTAMINATED WITH 
MERCURY - LESSONS FROM THREE CASE STUDIES
ToDoroVa, svetoslava1; 
(1) Syracuse University, NY, USA

stodorov@syr.edu

under the Minamata Convention (articles 9 and 12) countries are 
encouraged to identify, assess, and remediate sited contaminated with 
mercury (hg) in order to reduce the risks to humans and biota. however, 
there is an increasing concern over the potential for full recovery of lake 
and reservoir ecosystems, many of which have experienced a legacy of 
hg contamination. While the cessation of the direct source may result 
in decreases of hg concentrations in water and biota, the long-term 
recovery of the ecosystems is not always achieved.

using three case studies of hg-contaminated lakes (Calero reservoir in 
California, usa, lake Pena blanca in arizona, usa, and onondaga lake in 
new york, usa), this work illustrates current practices for mitigating hg 
contamination in lake sediments. The three lakes experience seasonal 
anoxia in the hypolimnion and substantial build-up of methylmercury 
(Mehg). Calero reservoir is located in the new almaden mining district, 
one of the largest sources of mercury in north america. elevated total 
hg and Mehg concentration were observed in sediment, water, and 
biota. engineered oxygen addition to bottom waters, using pure oxygen 
gas, was chosen as remedial alternative. lake Pena blanca receives 
runoff from hg tailings of abandoned gold mines located within its 
watershed. removal of the hg source and complete excavation of the 
lake sediments was undertaken. new, clean sediments were placed, 
the lake was naturally refilled with water, and fish was restocked in the 
lake. onondaga lake received ionic hg inputs from the waste stream 
of a chlor-alkali plant that operated on the shores of the lake. elevated 
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hg concentrations were reported in the water column and pelagic fish. 
Whole-lake nitrate addition to the hypolimnion of the lake was the 
preferred remedial alternative.

The author compares and contrast the effectiveness of the three 
remediation techniques and provides recommendations for the 
selection of proper, cost-effective, and environmentally-sound 
remediation based on site-specific conditions and regulatory goals.

WO-018

EVALUATION OF PHYTOREMEDIATION 
TECHNOLOGIES FOR MERCURY-
CONTAMINATED SITES BY ADAPTING THE 
SOURCE-TO-OUTCOME FRAMEWORK
MaCabuhay, Myline1; naVarreTe, Ian2; Monroy, Teddy1;  
GoTanGCo, Charlotte2; 
(1) BAN Toxics, Quezon City, Philippines; (2) Ateneo de Manila University, 
Quezon City, Philippines

myline@bantoxics.org

The Minamata Convention on Mercury was created to protect human 
health and the environment from the anthropogenic emissions and 
releases of mercury compounds by curbing and/or controlling the 
different life-cycle stages of mercury, including the management 
of contaminated sites. Phytoremediation, a group of technologies 
that reduce, remove, degrade or immobilize environmental toxics 
that are primarily of anthropogenic origin, is considered to be a 
cost-effective, safe and environment-friendly technology to clean-up 
contaminated sites. While phytoremediation is a promising technology, 
its application in mercury-contaminated sites is poorly understood, 
thus uncertainties remain as to its application. here, we develop a 
framework for evaluating phytoremediation technologies for mercury-
contaminated sites using the source-to-outcome based approach. a 
review of published works on mercury phytoremediation was done 
and the identification of the key environmental decision-making criteria 
is guided by the core/non-core model for sustainable remediation 
of contaminated sites. The existing phytoremediation technologies 
for mercury revealed that potential wider environmental impacts 
may result from the various inputs of substances and organisms 
by the remediation work. These include movement of mercury to 
groundwater resources through chelating agents, threats to biodiversity 
and ecosystem structure and function of non-native and transgenic 
species, and production of contaminated plant materials that need 
environmentally-sound disposal, among others. The source-to-outcome 
framework developed specifically for mercury-contaminated sites is 
important in understanding and visualizing the specificity of both the 
problem caused by mercury and the phytoremediation process and 
their relationship in the feedback mechanism. We propose that to 
further expound on the work, one should include the identification of 
core/non-core socio-economic factors that can be undertaken to provide 
a more holistic view of the decision-making process by ensuring that the 
analyses are grounded on the principles of sustainable development.

WO-019

THE SCREEN OF LOW-HG CROPS AT MERCURY 
MINING SITE IN CHINA: IMPLICATION FOR 
BUILDING AN AGRICULTURAL SCHEME FOR SAFETY 
CROPS PRODUCTIONS
XIa, Jicheng1; WanG, Jianxu1; fenG, Xinbin1; 
(1) Institute of Geochemistry, Chinese Academy of Sciences, Guiyang, 
Guizhou, China

xiajicheng13@mails.ucas.ac.cn

In China, the majority of mercury mines locate at Karst region in the 
southwest of China, especially in Guizhou province. The Karst region 
is characterized as the vulnerable and scarcity of farmland, the farmer 
depend on farmland as the main revenue resource. soil surrounding hg 
mining areas is heavily contaminated with mercury and thus causing the 
contamination of crops with mercury. The inhabitants living at hg mining 
areas were exposed to mercury by consumption of hg-contaminated 
crops. Therefore, the establishment of theme for safety crop production 
at mercury mining area is necessary for maintaining the eco-safety at 
mercury mining area.

although many remediation methods have been developed, no one 
can be used in such a large scale. The three mercury mines including 
yunChangPing mercury mine, Wanshan mercury mine and Wuchuan 
mercury mine, which are located in Guizhou province, were chosen as 
our study areas. In order to screen the crops which are characterized 
as low accumulation of hg, the distribution of hg in air, calcine, soil 
and crops at mercury mining area were investigated. We proposed 
a safety agricultural regulation scheme which can largely ensure 
the original agricultural use of farmland and the original benefits of 
farmers based on growing the crops which are characterized as low 
accumulation of hg and the database of local land use. by using the 
protocol of environmental economy, we calculated the potential benefits 
of agricultural products raised by the use of proposed agricultural 
regulation scheme and quantify the extent of decrease of human 
exposure to hg.

In comparison to previous studies, the concentration of hg in 
atmosphere and surface water showed a trend of decrease, but 
the values were still greatly exceeded those at background sites. no 
obvious change of mercury concentration in soil was observed. The 
total mercury concentration in the edible parts of different crops is 
significantly different from each other. The hg concentration in the 
edible part of turnip (corresponding rhizosphere soil mercury content 
<10 mgkg-1), watermelon (corresponding rhizosphere soil mercury 
content <50 mgkg-1), strawberry and corn (corresponding rhizosphere 
soil mercury content <100 mgkg-1), and potato (corresponding 
rhizosphere soil mercury content <250 mgkg-1) are lower than the 
national food quality standard (Gb2762-2012), and thus belonging to 
low hg accumulation crops. by changing agriculture practices, we can 
significantly reduce mercury exposure in local inhabitants in mercury 
mining areas in Guizhou, China.
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WO-020

DEVELOPMENT OF ANALYTICAL METHOD FOR 
SEPARATION AND QUANTIFICATION OF METHYL/
ETHYLMERCURY IN RADIOACTIVE TANK WASTE
boGGess, andrew1; WhITe, Thomas1; Jones, Mark1;  
eKaChuKWu, amy1; 
(1) Savannah River National Laboratory, Aiken, SC, USA

andrew.boggess@srs.gov

savannah river site (srs) is a nuclear reservation owned by the u.s. 
Department of energy that was used during the Cold War to refine 
nuclear materials for deployment in nuclear weapons. In fulfilment 
of the mission and vision of srs, the legacy waste generated on-site 
is treated in a way that protects public health and the environment. 
Treatment of legacy waste at srs includes vitrification into borosilicate 
glass and storage in stainless steel canisters. In addition to its 
environmental and public health impact, mercury, which is present 
at high concentrations due to its use as a catalyst in the dissolution 
of uranium-aluminum alloy fuel rods, can be corrosive to the off-gas 
equipment used in the vitrification process. Therefore, a method has 
been developed to speciate organic mercury in high-activity samples of 
radioactive tank waste to assure compliance with srs Waste acceptance 
Criteria. This quantitative method was developed and optimized for 
various derivatizing agents and automated purge and trap (PT), gas 
chromatography (GC), and atomic fluorescence spectroscopy (afs) to 
be performed without sample distillation. Two derivatizing agents were 
evaluated, tetraethylborate and tetrapropylborate, to allow separate 
work to be performed on the samples for ethylmercury speciation. Total 
method runtime was significantly reduced, from 5.33 workhours per 
sample to 0.60 workhours per sample, by the removal of distillation. Due 
to the unique characteristics of this work, analyst-time, consumables, 
and waste generation were also optimized to prevent excessive 
radiation exposure. This method has produced quantitative results 
from simulated tank samples with a mean accuracy of 89.6% and mean 
precision of 4.61% rsD. Derivatization by propylation did not produce 
significantly different quantitative results for methylmercury (p>0.05), 
while permitting the quantification of ethylmercury. Direct analysis 
of samples, without distillation, improved mean accuracy by 11.4% 
(p=0.00172). This method was compared with other industry accepted 
methods of methylmercury and ethylmercury analysis, including 
inductively coupled plasma mass spectrometry, and atomic absorption 
spectroscopy, and was found to produce statistically similar quantitative 
results (p>0.05). Due to the highly accurate and precise quantification, 
fast method runtime, compact nature of the instrumentation, and the 
absence of excessive sample preparation, this method was determined 
to be ideal for the highly unique and hazardous nuclear waste tank 
samples analyzed at savannah river site and savannah river national 
laboratory. future research will explore assimilating this method with 
inorganic mercury speciation using thermal desorption/afs.

4d-1: Technologies and approaches for 
mitigating mercury emissions

WO-021

NANOSELENIUM SPONGE TECHNOLOGY FOR 
MERCURY REMOVAL FROM WATER
ahMeD, snober1; broCKGreITens, John1; Xu, Ke1; abbas, abdennour1; 
(1) University of Minnesota, Saint Paul, MN, USA

ahmed580@umn.edu

Mercury represents a serious and persistent threat to public health 
due to its persistence and bioamplification throughout the food chain. 
numerous methods, notably the use of activated carbon sorbents, have 
been employed to remove mercury from water. Current limitations 
include the inability to remove mercury below 10 part per trillion (ppt), 
need of water pretreatment systems, and reversible interactions with 
mercury, which could represent a secondary pollution. There is an 
urgent need for rapid technologies that can remove mercury from 
water below its environmental levels in a cost-effective fashion. In this 
work, a store-bought polyurethane sponge was used as a 3D matrix to 
grow selenium nanomaterials (nanose) on the surface and throughout 
the bulk of the sponge fibers (International Patent application # PCT/
us2016/056850). The nanose sponge was shown to remove mercury 
to levels that are undetectable by state of the art analytical methods 
(detection limit < 0.2 p.p.t) in less than 5 seconds. furthermore, the 
sponge does not capture water nutrients, removes other heavy 
metal pollutants, and shows no cytotoxic effect on human cells, while 
exhibiting strong antimicrobial properties that prevent biofouling. finally, 
the high affinity of hg for se results in irreversible sequestration and 
detoxification of mercury by the sponge, allowing the nanose sponge to 
meet the us-ePa requirements for leachability and landfill disposal.

WO-022

THE IMPORTANCE OF MODIFICATION OF ACID 
SITES FOR HG0 ADSORPTION/ OXIDATION IN THE 
PRESENCE OF NH3 OVER METAL OXIDES CATALYSTS
WanG, yuanyuan1; ChanG, huazhen1; fan, Tianyu1; shI, Chuanning1; 
fu, yuxiu1; Duan, lei2; lI, Junhua2; 
(1) School of Environment and Natural Resources, Renmin University of 
China, Beijing, China; (2) School of Environment, Tsinghua University, 
Beijing, China

18700808817@163.com

Catalytic oxidation of hg0 to hg2+ by upstream sCr catalyst and 
removed by downstream air pollution control devices (aPCDs) was 
supposed as an effective way to eliminate hg0 emissions. The hg0 
oxidation efficiency was affected by many components in flue gas. In the 
presence of nh3, hg0 oxidation was inhibited significantly over most of 
catalysts. It was believed that competitive adsorption of hg0 and nh3 on 
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the catalyst surface was the main reason for inhibition effect. although 
plenty of catalysts, such as Ceo2/Tio2, fe2o3/Tio2, Mnox-Ceo2/Tio2 
and V2o5-Wo3/Tio2, had been investigated for hg0 oxidation, the 
mechanism of effect of nh3 on adsorption of hg0 had been hardly 
reported. In this work, the competitive adsorption of hg0 and nh3 on 
different catalysts was investigated to explore excellent catalyst for hg0 
oxidation in the presence of nh3. a novel reaction mechanism based on 
the modification of surface acidity was proposed to develop industrial 
catalyst for hg0 oxidation.

The Cuo/Tio2, Ceo2/Tio2, fe2o3/Tio2 and V2o5-Wo3/Tio2 catalysts 
were prepared by ultrasonic assisted impregnation method. The XrD 
result indicated that Cuo, Ceo2, fe2o3 and V2o5 was well-dispersed 
on the surface of Tio2. The adsorption performance of hg0 was 
investigated in the absence/ presence of 100ppm nh3. The hg0-TPD 
results indicated that the Cuo/Tio2 catalyst showed the best hg0 
adsorption capacity, followed by V2o5-Wo3/Tio2, Ceo2/Tio2 and 
fe2o3/Tio2 catalysts. In addition, the peaks of hg0-TPD of all catalysts 
were mainly attributed to weak adsorption. In the presence of nh3, the 
adsorption performance of hg0 was inhibited over all of the catalysts. 
however, Cuo/Tio2 catalyst exhibited a superior performance on hg0 
adsorption compared to other catalysts. Cuo/Tio2 catalyst showed the 
smallest beT surface area of 33.59 m2/g. XPs results displayed that the 
ratio of chemisorbed oxygen on Cuo/Tio2 had no obvious difference 
compared with other catalysts. nh3-TPD spectra indicated that 
abundant weak acid sites appeared on Cuo/Tio2 catalyst, while weak 
and medium-strong acid sites co-existedon V2o5-Wo3/Tio2 catalysts. 
The weak acid sites strength per specific surface area were 983mol/
m2 and 477mol/m2 over Cuo/Tio2 and V2o5-Wo3/Tio2 catalysts. The 
competitive adsorption of hg0 and nh3 was mainly existed in the weak 
acid sites. It indicated that the appearance of abundant weak acid sites 
of Cuo/Tio2 catalyst improved the adsorption performance of hg0 in 
the presence of nh3. Modification of surface acidity is an effective way 
to develop excellent hg0 adsorption/ oxidation materials in the presence 
of nh3.

WO-023

STABILIZATION OF MERCURY AS HGS WITH A WET 
CHEMICAL PROCESS
offenThaler, Dieter1; 
(1) Batrec Industrie AG, Wimmis, Switzerland

dieter.offenthaler@batrec.ch

The global evolution of environmental legislation (e.g. Minamata 
Convention on Mercury) creates a demand for a safe disposal of metallic 
mercury. especially the chlor alkali industry that is currently switching 
its mercury based plants to mercury free technologies and is therefore 
looking for disposal solutions, but also the mining industry as well as 
the oil gas industry. The transformation of mercury a hazardous and 
toxic substance for both humans and the environment into mercury 
sulphide (hgs, cinnabar) before sending it to designated landfill sites is 
considered to be the safest way to dispose mercury. Mercury sulphide 

is not only the most stable and insoluble mercury compound but 
also non-toxic, it is therefore the most obvious solution to transform 
mercury, which is no longer needed or considered to be a waste, into 
this compound before it is disposed of.

The presented wet chemical process to transform mercury into mercury 
sulphide sets new milestones in terms of safety, conversion rate 
and process efficiency. The process employs a stabilisation reagent, 
which is mixed with pure liquid mercury. active sulphur within the 
stabilisation mixture reacts with the metallic mercury to form hgs 
(cinnabar), resulting in a mercury-sulphide cake with less than 5 % water. 
a conversion rate of 99.999% of the mercury to mercury-sulphide is 
guaranteed. since the process is a wet process it is not prone to gaseous 
mercury emissions, improving operational safety. The process has been 
operational since 2016 and has a capacity of approx. 1.000 t/year.

Taking into account the sensitive issues surrounding the safe disposal 
of mercury, traceability is a key requirement for the whole process 
of mercury stabilization. The complete traceability chain that has 
beenimplemented aroundthe stabilization process including external 
inspections, sampling, analysis and mass balancing is introduced and 
shown on practical examples.

WO-024

IMPACT OF ACTIVATED CARBON RAW MATERIAL 
SURFACE CHEMISTRY ON MERCURY REMOVAL 
FROM FLUIDS
roDrIGueZ, regina1; MaZyCK, David1; 
(1) University of Florida, Gainesville, USA

reggie17r@ufl.edu

activated Carbon is extremely effective and feasible at removing 
unwanted contaminants that may pose health threats such as mercury 
and it has been widely accepted for the removal of mercury (hg) from 
coal-fired power plant flue gas and industrial effluent. activated carbons 
surface chemistry can play a key role when removing hg, therefore the 
characterization of activated carbons surface is essential to understand 
help simplify and better recognize the chemical reactions occurring 
on the surface of the activated carbon. This work examines the 
relationship between hg removal and the concentration of the various 
types of oxygen functional groups on the surface of commercially 
available activated carbons synthesized from various raw materials. 
It will primarily study the enhancement of the carboxylic, lactonic and 
phenolic oxygen functional groups through post activation treatments 
on activated carbons exhibiting lignocellulosic and graphitic structures. 
Traditionally boehm titrations have been used to determine these 
three acidic functional groups on the activated carbon surface based 
on the concept of acid-base neutralization analysis. This qualitative and 
quantitative technique has been extensively used on activated carbons 
of different origins to investigate and detect surface oxygen functional 
groups. In this work activated carbons were acid treated at varying 
concentrations which were then characterized for physical and chemical 
properties. The physical characterizations included surface area, pore 
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volume, average pore size, and density. The chemical characterization 
techniques implemented to study the amphoteric nature of activated 
carbon were boehm titrations and fourier Transform Infrared (fTIr) 
spectroscopy. activated carbons with different concentrations of 
functional groups were compared for hg adsorption and treated 
activated carbons showed greater removal than the virgin activated 
carbon. Carboxylic functional group concentration was associated with 
hg uptake contradictory to other theories that suggest that an active 
site where electron sharing occurs is responsible for the oxidation and 
adsorption mechanisms of hg.

1b: Biogeochemical cycling of  
mercury in the ocean

WO-025

FACTORS CONTROLLING THE PHOTOCHEMICAL 
DEGRADATION OF METHYLMERCURY IN COASTAL 
AND OCEANIC WATERS
DIMenTo, brian1; Mason, robert1; 
(1) University of Connecticut, Groton, CT, USA

brian.dimento@uconn.edu

Many studies have recognized abiotic photochemical degradation 
as an important sink of methylmercury (Mehg) in sunlight surface 
waters, but the rate-controlling factors remain poorly understood. The 
overall objective of this study was to improve our understanding of the 
relative importance of photochemical reactions in the degradation of 
Mehg across a variety of marine ecosystems by extending the range 
of water types studied. experiments were conducted using surface 
water collected from coastal sites in Delaware, new Jersey, Connecticut, 
and Maine, as well as offshore sites on the new england continental 
shelf break, the equatorial Pacific, and the arctic ocean. filtered water 
was amended with additional Mehg at environmentally relevant 
concentrations, which was allowed to equilibrate with natural ligands 
before being exposed to natural sunlight. Water quality parameters 
salinity, dissolved organic carbon, and nitrate were measured, and 
specific uV absorbance was calculated as a proxy for dissolved aromatic 
carbon content. Degradation rate constants were very similar (0.87-
1.67 1/day) across all water types tested despite varying characteristics, 
and did not correlate with initial Mehg concentrations or other 
environmental parameters. The rate constants in terms of cumulative 
photon flux were comparable to, but at the high end of, the range of 
values reported in other studies. further experiments observed little 
effect of nitrate, chloride, and bromide on the reaction. The hydrolight 
radiative transfer model was used to compute solar irradiance with 
depth in three hypothetical water bodies coastal wetland, estuary, and 
open ocean allowing for the determination of water column integrated 
rates. Methylmercury loss per year due to photodegradation was also 
modeled across a range of latitudes from the arctic to the equator in 
the three model water types. Despite the low concentrations found 

in the surface mixed layer of the open ocean, the loss of Mehg was 
greatest due to increased penetration of all wavelengths, especially the 
ultraviolet portion of the spectrum which has a greater ability to degrade 
Mehg. overall, this study helps to better constrain the degree to which 
photochemical degradation impacts the cycling of Mehg in surface 
waters and its transport from coastal waters to the open ocean.

WO-026

ELEMENTAL MERCURY PRODUCTION IN SEAWATER 
BY COASTAL BACTERIAL ASSEMBLAGES
lee, Cheng-shiuan1; fIsher, nicholas1; 
(1) Stony Brook University, Stony Brook, NY, USA

cheng-shiuan.lee@stonybrook.edu

elemental mercury (hg0) evasion from surface seawater plays a principal 
role in the marine mercury cycle. hg0 production in seawater is mainly 
controlled by abiotic (photochemical) and biotic (microbial) processes. 
In this study, we established a method using the gamma-emitting 
radionuclide hg-203 as a tracer to evaluate the transformation of hg2+ 
and methylmercury (Mehg) to hg0 in seawater by coastal bacterial 
assemblages. The method, which used traps containing gold-coated 
beads to capture hg0 released into air from seawater, can provide rapid 
and reliable hg0 measurements that avoid potential contamination. 
several natural bacterial assemblages in surface seawater collected 8 
km off southampton, new york, were used in our experiments. These 
bacterioplankton were contained in seawater collected 6 years prior 
to our study and stored in the dark at 4°C. remarkably, these bacteria 
were still able to rapidly produce hg0 following picomolar additions 
of 203hg2+ or Me203hg when brought up to 23°C in 2 days. our 
results show that hg0 production rates were independent of dissolved 
hg2+ and Mehg concentrations, and were directly a function of 
bacterioplankton densities. addition of antibiotics reduced hg0 evasion 
to undetectable levels. These hg evasion experiments showed that for 
1 µm-filtered long Island coastal waters from the atlantic with natural 
bacterial assemblages and bacterial densities of about 1 x 106 ml-1, 
approximately 25% of hg2+ and 18% of Mehg were transformed to hg0 
in 4 days at ~23°C. In long Island sound waters, with 5 x 106 bacterial 
cells ml-1, 60% of hg2+ and 19% of Mehg were converted to hg0 and 
trapped in the air within 4 days. When bacterial assemblages were 
exposed to hg2+, the hg0 production rate declined after one day, but 
the rate of hg0 evasion from bacterial assemblages exposed to Mehg 
remained constant over 4 days, suggesting two distinct production 
pathways. Total hg0 production for both hg2+ and Mehg exposures at 
~23°C were 6 times those at 4°C, indicating such transformations were 
mainly driven by metabolic processes.
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WO-027

DISTRIBUTION OF MERCURY SPECIES IN THE 
WESTERN ARCTIC OCEAN
aGaTher, alison1; haMMersChMIDT, Chad1; laMborG, Carl2; 
boWMan, Katlin2; 
(1) Wright State University, Dayton, OH, USA; (2) University of California Santa 
Cruz, Santa Cruz, CA, USA

agather.2@wright.edu

Mercury (hg) concentrations in arctic wildlife and humans have 
increased during the anthropocene at rates faster than those observed 
at temperate and tropical latitudes. one potential explanation for the 
anomalous increase of monomethylmercury (MMhg) in arctic biota is 
that, superimposed on increasing atmospheric hg deposition, climate 
change has exacerbated production and cycling of MMhg in the polar 
ocean. To better understand the distribution and cycling of hg in the 
western arctic ocean, we measured dimethyl-hg, monomethyl-hg, 
and elemental and total hg as part of the u.s. GeoTraCes arctic cruise 
(Gn01) in 2015 to the bering sea and Makarov and Canada basins. 
although hg concentrations in the two basins were low relative to 
the atlantic and Pacific oceans, higher total hg concentrations were 
observed in arctic seawater that recently interacted with continental 
margins. surface waters under ice contained elevated concentrations 
of total hg and elemental hg relative to ice-free surface waters. from 
our measurements, we are able to better understand sources, sinks, 
and cycling of hg in the arctic ocean, and estimate that the arctic 
ocean receives about 20 kmol/yr of hg from the bering strait, which is 
much less than the estimated atmospheric input (~400 kmol/yr). This 
comparison suggests that the atmosphere is the main source of hg to 
the surface arctic ocean when compared to the bering strait, and we 
would expect concentrations in surface seawater and biota to respond 
to changes in atmospheric deposition.
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Mercury (hg) is a contaminant of major concern in the arctic marine 
ecosystem for its high toxicity and biomagnification in the food web. 
In upper trophic level species, hg concentrations are sufficiently high 
to pose heath risks to both animals and the northern people who 
consume these animals as part of traditional diet. The dominant form 
of hg that is transferred within the food web is monomethylmercury 
(MMhg), which is built up from their prey and ultimately from seawater. 
although sedimentary production and release of MMhg can occur, 
recent studies indicate that the primary source of MMhg to seawater 
is in situ conversion of inorganic hg(II) to MMhg in the water column. 
We have recently reported enriched methylmercury (Mehg, sum of 

MMhg and dimethylmercury) in subsurface seawater of the beaufort 
sea, and linked this subsurface peak to local and recent organic matter 
(oM) remineralization on the basis that Mehg has a short lifetime in 
seawater. here we report depth profiles of total hg (hgT) and Mehg 
from the arcticnet/GeoTraCes 2015 cruise. In the Canada basin 
(Cb) and baffin bay (bb), hgT shows a transient-type distribution, 
with elevated concentrations in the surface and deep waters, and 
lower concentrations in the upper and middle ocean. Whereas in the 
shallower Canadian arctic archipelago (Caa), hgT concentrations are 
more uniform with depth, probably due to the enhanced terrestrial 
hg input by river runoff and coastal erosion. Methylmercury in the 
Canadian arctic exhibits surface minimum and subsurface peaks, similar 
to those observed in the beaufort sea and other world oceans. Positive 
correlations between Mehg and phosphate concentrations evidence the 
association of Mehg production in seawater with oM remineralization. 
Though with lower hgT and productivity than bb, Mehg in Cb and West 
Caa peaks at higher concentrations. The fact that elevated Mehg are 
carried in the Pacific halocline suggests that high Mehg in these regions 
are more of an advected signal from oM remineralization in Chukchi 
sea rather than local and recent ones, and the demethylation rates of 
Mehg might be slower than previously estimated. another finding in this 
research is the high concentrations of Mehg in surface layer, including 
a second sub-surface peak close to the depth of subsurface chlorophyll 
maximum observed in many stations, and considerable Mehg found in 
surface water in a few stations. These results suggest that there might 
be another Mehg source in surface seawaters, which is most likely 
related to biological activities, and/or that photodemethylation in the 
surface ocean might not occur as fast as we previously thought.
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Methylmercury (Mehg) accumulation in marine organisms poses 
serious ecosystem and human health risk, yet the sources of Mehg in 
the surface ocean remain uncertain. here, we report the first Mehg 
mass budget for the Western Pacific ocean estimated based on cruise 
observations (2012 and 2014 shIPPo surveys). We found the major 
net source of Mehg in surface water to be vertical diffusion from the 
subsurface layer (1.8 to 12 nmol m-2 yr-1). a higher upward diffusion 
in the north Pacific (12 nmol m-2 yr-1) than in the equatorial Pacific 
(1.85.7 nmol m-2 yr-1) caused elevated surface Mehg concentrations 
observed in the north Pacific. We furthermore found that the slope 
of the linear regression line for Mehg versus apparent oxygen 
utilization was about twofold higher in the equatorial Pacific than the 
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north Pacific. This could be explained by redistribution of surface 
water in the tropical convergence-divergence zone, supporting active 
organic carbon decomposition in the equatorial Pacific ocean. base 
on this study, we predict oceanic regions with high organic carbon 
remineralization to have enhanced Mehg concentrations in surface as 
well assubsurface waters.
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a number of numerical models have been developed to simulate 
the fate and transport of mercury in the global environment. Most of 
these models have been developed based on atmospheric general 
circulation models or air quality models. In these models, land/sea 
compartments are not explicitly considered, and inter-compartment 
transports are interpreted as secondary emissions. Integrated modeling 
of the atmosphere, ocean, terrestrial compartments, and biosphere 
is our prime focus. We developed a new global multimedia model 
called the finely-advanced transboundary environmental model for 
mercury (faTe-hg). In this contribution, we describe and evaluate the 
model, and discuss mercury biogeochemical cycles in the global oceans 
using the model. The outstanding features of our model are that 1) it is 
developed based on a coupled atmosphere-ocean transport sub-model 
and calculates transboundary transports both in the atmosphere and 
the ocean, including the deep ocean, with fine spatial and temporal 
resolutions (0.75°×0.75° horizontal resolution and 60 vertical layers in 
the atmosphere, 1.0°×1.0° horizontal resolution and 50 vertical layers in 
the ocean), 2) it implements a satellite-based ecosystem model, capable 
of estimating abundances and trophic structures of marine organisms 
and vertical carbon cycles through biological pumps, and 3) it considers 
production of methylated mercury in the water column followed by 
biotransfer from lower (i.e., particle organic matter) to higher (i.e., fishes) 
order consumers. The general chemical species of mercury and physical 
processes such as transformations in air, cloud water, seawater, and 
sediment; dry and wet depositions; and air-sea diffusive exchange 
of gaseous elemental mercury are also considered. We compiled 
monitoring data for mercury concentrations from peer reviewed 
literature to validate our results. We performed decadal simulation, and 
calculated the mercury budget in the atmosphere, ocean, sediment, and 
marine organisms. The result of the validation showed that our model 
could simulate levels and distributions of gaseous elemental mercury 
above the ocean, and dissolved elemental, reactive, and methylated 
mercury in the ocean.
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human activities like mining and fossil fuel combustion liberate mercury 
(hg) sequestered in the lithosphere into biologically active surface 
reservoirs, where it can pose risks to human and ecological health. In 
our previous work, we showed that future trends in hg concentrations 
and exposures are affected by the trajectory of past environmental 
releases due to the slow burial of hg in coastal and deep ocean 
sediment. This work did not consider dynamics of ocean circulation 
and productivity specific to individual ocean basins that affect the 
lifetime and accumulation of hg. here we present a fully coupled 20-box 
biogeochemical model for the atmosphere, terrestrial ecosystems, and all 
major ocean basins globally. Global circulation between ocean basins is 
resolved using an ocean general circulation model (MITgcm) and exchange 
rates for hg are constrained based on a synthesis of available ocean 
measurements. We find that the lifetimes of oceanic hg are highly variable 
across basins, ranging from less than a decade for the upper atlantic 
to hundreds of years in Pacific Deep Water. results are highly sensitive 
to evasion rates, emphasizing the importance of resolving uncertainty 
in factors controlling ocean-atmosphere exchange of hg0. We present 
an eigenanalysis of characteristic timescales that account for coupling 
between reservoirs and to track the fate of a pulse of atmospheric hg 
through all environmental compartments. We use this analysis as the 
basis for examining potential responses in each ocean basin to future 
anthropogenic emissions trajectories. Previous atmospheric modeling 
without dynamic coupling to longer-lived terrestrial and oceanic reservoirs 
has shown only modest changes under future emission scenarios. 
Considering the legacy impacts in our fully coupled biogeochemical 
modeling framework by contrast suggests large increases in hg deposition 
over all ocean basins relative to 2008 levels under business as usual 
emissions scenarios. In the north Pacific, seawater total hg concentrations 
in 2050 relative to 2015 levels range from an increase of 40% under 
business as usual emissions to a decrease of more than 40% with zero 
anthropogenic emissions as a bounding scenario. our results reinforce 
the benefits of global policies aimed at reducing emissions.
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human activities have greatly perturbed the natural biogeochemical 
cycle of mercury and released large quantitites of previously 
sequestered mercury into the oceans. Methylmercury (Mehg) is the 
only species that biomagnifies in aquatic food webs and is widely 
recognized as negatively impacting the behavioral and reproductive 
health of fish, marine mammals, and humans. The main objective of 
this work is to link previously modeled hg deposition into the ocean 
and seawater reservoirs of hg species to Mehg flows associated with 
harvests of commercially important fish stocks. We compare the most 
recent deposition estimates from the Geos-Chem global CTM based 
on updated oxidant chemistry and modeled total and Mehg reservoirs 
(seawater and plankton) in the global oceans from the MITgcm, to 
reservoirs and flows of Mehg from commercial fisheries. based on 
estimated fisheries catches between 2001-2010 from the sea around 
us database, we construct a first estimate of Mehg levels in global 
ocean catches by fishing sectors (industrial, subsistence and artisanal) 
and taxonomic groups. for species without data on Mehg levels in their 
tissues, we use a regression model to relate hg concentrations to trophic 
level and fish length. results show domestic waters are the major 
source of Mehg for most world regions and industrial fisheries are the 
predominant sector transferring Mehg from fish in the global oceans to 
humans. We quantify in this work the proportion of the oceanic Mehg 
budget removed by fishery catches.

2b-3: Sources and cycling of mercury in 
freshwater ecosystems
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understanding the hydrological and biogeochemical controls on 
mercury mobility in terrestrial upland and wetland landscapes is 
imperative for accurately simulating terrestrial mercury inputs to 
aquatic ecosystems. Despite decades of research investigating the 
relationships between hydrological processes and the biogeochemical 
cycling of mercury, landscape heterogeneity is still a major source of 
uncertainty in generating reliable simulations of mercury transport to 
receiving waters across scales and landscapes. Within the hydrological 
community, the concept of hydrologic connectivity is viewed as an 
organizing principle that underlies landscape complexity. While the 
phrase biogeochemical connectivity has not been frequently used in a 
similar manner, many approaches to understanding diffuse pollution 
risk at the catchment scale have focused on sources and mobilization 
with a basic representation of the effect of connectivity between the 
landscape and receiving waters. recently, a cohesive mathematical 
framework to quantify the occurrence, frequency, duration, and 
magnitude of hydrologic and water-mediated material connectivity has 
been proposed to bring these concepts together. here, we show how 
this framework can be applied to better understand the hydrological 
and biogeochemical conditions necessary for inorganic mercury to be 
transported from forested upland catchments to receiving waters. by 
providing a means to detect, quantify, understand and model the water-
mediated connectivity of material, such as mercury, across different 
landscape units, we demonstrate that this framework will also be 
useful for site inter-comparisons, as well as have the potential to inform 
environmental policy and management decisions that are dependent on 
quantifying connectivity.
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The Cache Creek settling basin (CCsb) is a 1600-hectare floodplain area 
in yolo County, bounded by levees since its construction in 1937 and 
expansion in 1993. The CCsb traps sediment to reduce accumulation 
in the yolo bypass, a conveyance for sacramento river flood waters to 
the sacramentosan Joaquin Delta, protecting the city of sacramento. 
The CCsb traps particulate mercury (hg) eroded from the Cache Creek 
watershed, which has several natural and anthropogenic hg sources: 
wastes from inactive hg mines and gold mines where hg-amalgamation 
was used historically, thermal springs, and erosion of geologic materials 
with naturally elevated hg. analysis of filtered water and suspended 
particulate samples for total mercury (Thg) and methylmercury (Mehg) 
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in stream-flow entering and exiting the CCsb during 201016 indicated 
that: ~65% of particulate Thg and Mehg were trapped in the CCsb; 
there was no net change in filtered-water Thg load; and filtered-water 
Mehg load increased ~30% in basin outflows relative to inflows. The 
long-term average rate of sediment accumulation in the CCsb was ~2 
cm/yr based on analysis of 137Cs in 6 cores. Principal habitats mapped 
within the CCsb were: open water (stream channels and canals), riparian 
(along stream channels), non-agricultural floodplain, and agricultural 
(row crops, primarily corn and tomato). analysis of shallow sediment 
(02 cm) collected at 93 locations within the CCsb on four occasions 
during 201315 indicated that agricultural and open-water habitats had 
consistently lower Mehg than riparian and non-agricultural floodplain 
habitats, along with lower concentrations of total reduced sulfur (Trs) 
and organic matter. Within each habitat, there was a consistent increase 
along the direction of stream flow in Mehg concentration and the ratio 
Mehg/Thg (%Mehg). a similar spatial variation was found for Trs and 
organic matter, which increased in the flow direction, and median 
grain size, which decreased. a similar pattern of increasing Mehg with 
downstream distance was found in tissue of western mosquitofish 
(Gambusia affini), for caged (30-day exposure) and uncaged samples. 
Monthly sampling of shallow sediment at selected sites during 201516 
revealed increased Mehg during wetter conditions (December through 
May), and increased reactive hg(II), a precursor to Mehg, during drier 
conditions (June through november). The finding that riparian and 
non-agricultural floodplain habitats had significantly higher Mehg 
than agricultural (row-crop) habitat could have broad implications for 
resource management, given that these habitats are typical of managed 
floodplains in the sacramentosan Joaquin Delta region and elsewhere.
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India is the largest consumer (5.31 × 105 kg in 2002) as well as emits 
3.10 × 105 kg mercury on large scale. It has gained scientific attention 
due to its increasing riverine mercury concentrations and discharges 
at its ocean margins. In northern India, high levels of mercury have 
recently been reported in rain (3.13 ppb), ground (15.58 ppb) and river 
water (9.9 ppb) as well as in fishes (152 ppb) and lichens (4112 ppb) of 
the Ganga alluvial Plain. To understand the export dynamics of riverine 
mercury from the Ganga alluvial Plain, the Gomati river (a 900-km long 
alluvial tributary of the Ganga river) was selected for the present study. 
The river drains 30,437 km2 area of the alluvial plain and experiences 
a warm and humid sub-tropical climate with four distinct seasons: the 
monsoon, the post-monsoon, the winters and the summer. Chandwak 
(25°35’n; 83°00’e) sampling site has been identified from distal part 
to represent the entire drainage area. Dissolved mercury (hgd) flux in 

the Gomati river was obtained from the observations (n=36) of water 
discharge and hgd concentration at an interval of ten days for the 
period of June 2009-May 2010.

The average hgd concentration and flux were recorded during the 
monsoon (12.8 ppb; 3.73 × 104 kg) the post-monsoon (11.2 ppb; 2.06 
× 104 kg), the summer (8.1 ppb; 0.79 × 104 kg) and the winter (6.9 ppb; 
0.26 × 104 kg) seasons. The estimated annual hgd flux was 6.84 × 104 
kg to the Ganga river, out of which 85% move during the monsoon 
and post-monsoon seasons and strongly correlated to water discharge. 
It is two orders of magnitude higher than yenisei, ob, Mackenzie, 
nelson and yukon rivers of the arctic region. Consequently, all alluvial 
rivers draining the Ganga alluvial Plain potentially provide the major 
mercury to fishes of the Ganga river. Present study underscores the 
significance of mercury import from thermal power plants besides 
various anthropogenic sources (electrical wastes containing fluorescent 
lights, municipal solid wastes, medical wastes, brick kilns, agricultural 
and animal waste burning, phosphate fertilizer etc.). In the light of 
‘Minamata convention 2013’, the transfer and implementation of 
advanced mercury abatement technology will be a promising way to 
reduce these mercury emissions. future research must be a pursuit for 
the better understanding of impact of mercury on human health (such 
as cardiovascular disease) in this region which accounts for nearly 7% of 
world’s human population.
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historic mining practices have left the Carson river and lahontan 
reservoir (Crlr) system contaminated with high levels of mercury 
(hg). specifically, hg levels in lahontan reservoir sacramento blackfish 
(orthodon microlepidotus) exceed federal consumption limits by nearly 
three-fold. Inputs of hg to the system are mainly a result of riverbank 
erosion during high flow and diffusion from bottom sediments during 
low flow, and the relationships between streamflow and both mercury 
transport and bioaccumulation are non-linear. This research project 
attempts to predict the potential impacts of future climate change on 
the transport and fate (i.e., methylmercury concentrations in reservoir 
sacramento blackfish) in the Crlr system.

The united states bureau of reclamation has produced future 
streamflow estimates for time period 2000-2099 for the upstream 
boundary of the modeled portion of the Crlr system using 112 CMIP3 
climate projections and the Variable Infiltration Capacity (VIC) model. VIC 
results suggest that the hydrology of the system is likely to experience 
increased frequency of both high and low extreme flows, and the 
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monthly averages of future flows are expected to be higher in the winter 
and lower in the summer compared to historical values. Predicted 
upstream river flow values are then used to drive the Crlr hg transport 
model (rIVMoD, WasP5, and MerC4) that accurately predicts total and 
dissolved inorganic hg along with total and dissolved methylmercury 
(Mehg) concentrations.

bioenergetic algorithms and hg mass balance approaches were 
combined into a single modeling framework (biohg) to simulate the 
bioaccumulation of Mehg in lahontan reservoir sacramento blackfish 
as a function of dissolved methylmercury (DMehg) water column 
concentrations. Model parametrization relies on laboratory and 
field data to calibrate allometric coefficients related to consumption, 
respiration, specific dynamic action, egestion, excretion, and spawning. 
actual consumption is reliant on feeding strategies, prey selectivity, 
filtering efficiency, and prey availability. biohg is able to capture 
trends in observed growth and Mehg accumulation. The predicted 
Carson river flow patterns and associated DMehg concentrations 
are then input into the calibrated biohg model to compute potential 
future hg levels in reservoir sacramento blackfish. Predicted 
bioaccumulation levels increase in both the south (i.e., upper) and 
Middle basins of the reservoir as a result of an increase in DMehg water 
column concentrations.
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fish consumption advisories for mercury (hg) are common in reservoir 
systems, including lake Powell, a 300 km long reservoir along the 
Colorado river in the arid southwest region of the u.s.. based on striped 
bass hg concentrations, the consumption advisory for lake Powell is 
limited to the lower 70 km portion of the reservoir, although the reason 
for this spatial trend is unknown. This trend coupled with the fact that hg 
biogeochemical cycling and bioaccumulation studies in reservoirs have 
been far more extensive in the eastern u.s., compared to the western 
u.s., promoted a two-year investigation of lake Powell hg dynamics. 
samples of surface water (multiple depths from surface to bottom), 
seston and bed sediment were collected at 12-13 fixed sites during both 
minimally-stratified / high inflow (May/June 2014) and strongly-stratified 
/ low-flow (august 2015) conditions. These samples were analyzed 
for a large suite of hg and non-hg related parameters. In-situ water 
column parameters were also measured in continuous profile from 
24-25 sites during both sampling events. The totality of results supports 

a conceptual model in which the concentration and chemical nature 
of water column particulates transitions from a mixture of inorganic 
plus autochthonous (phytoplankton) and terrestrially derived organics 
in the upper end of the system to largely phytoplankton dominant in 
the lower portion of the system. This transition subsequently results 
in the deposition of more labile organic matter (phytoplankton) in 
the lower reservoir, which fuels higher rates of anaerobic microbial 
activity and higher rates of methylmercury (Mehg) production, which 
bioaccumulates up the food web and results in the higher observed 
hg concentrations in striped bass in the lower portion of the reservoir. 
specific supporting observations include increasing rates of microbial 
Mehg production and microbial biomass in sediment, increasing 
water column and seston Mehg concentrations, higher phytoplankton 
biomass, and decreasing fluorescent dissolved organic matter from 
the upper (riverine input) to the lower (towards the dam) regions of the 
reservoir. a distinct peak in water column Mehg (as a percent of total 
hg) was routinely observed at or near the thermocline, suggesting the 
possibility of water column Mehg production in addition to benthic 
production. Molecular analysis of sediment suggests that the elemental 
sulfur and ferric iron reducing bacterial genus Desulfuromonas sp. 
may be the dominant microbe associated with Mehg production in 
lake Powell.
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In Vietnam, mercury has been widely used in industrial production, 
particularly coal power plants, cement factories, steel plants. Industrial 
and municipal wastewater is directly discharged into many rivers, 
whereas the state control and monitoring of hg has yet to be strictly, 
making Vietnam facing a high risk of mercury contamination to air and 
water resources.

In hanoi capital, the largest city in the red river Delta, there are more 
than 90 factories in the city, consuming nearly 148,000 tons of coal and 
12,000 tons of petroleum per year, as a big source of mercury to be 
released to the environment. analytical data of samples in two rivers (ie. 
nhue river and To lich river) in hanoi capital revealed hg concentrations 
of 0.09 - 3.34 μg/l in river water, 0.078 - 1.136 ppm in river sediment, and 
0.036 - 1.567 ppm in suspended particulate matter (sPM), respectively, 
with a tendency to increase from upstream to downstream. analytical 
results for water sample at river mouth of the red river Delta also 
demonstrated that most of the hg is transported into the estuary from 
upstream sources and bach Dang river estuary is a significant source 
of MMhg during the dry seasons (3 g MMhg/day). During high river 
discharge in the wet season, there was a large estuarine input of total 
hg while the longer residence time of the waters during the dry season 
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promotes increasing MMhg formation. even though high concentration 
of hg has been detected to accumulate in water hyacinth, particularly 
at sampling site with high hg concentrations detected in water and 
suspended particulate, there have yet data as evidence for impacts of hg 
on human health. after joining the Minamata Convention on Mercury 
in october 2013, Vietnam has paid serious attention to monitoring, 
controlling and reducing mercury emissions, and as a way forward, 
more care on environmental health related to hg should be taken, in 
further in-depth research and international collaboration.
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MERCURY AND METHYLMERCURY DISCHARGE 
FROM CHINESE RIVERS TO ADJACENT SEAS
lIu, Maodian1; XIe, han1; yu, Chenghao1; he, yipeng1; lI, Jinling1; WanG, 
Xuejun1; ZhanG, Wei2; 
(1) Peking University, Beijing, China; (2) Renmin University, Beijing, China
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Methylmercury (Mehg) is a potent neurotoxin that threats aquatic 
environment and human health. human activities can drive more 
total mercury (Thg) and Mehg releasing from land to sea, and riverine 
pathway contribute the most. To better understand the source and 
contributions of global riverine Thg and Mehg to seas, we quantified 
the Thg and Mehg discharge from Chinese rivers to the adjacent seas, 
based on some measurements of the 16 largest rivers in Mainland 
China. filtered water and suspended sediment were collected in four 
season of the 7 largest rivers, and dry and wet seasons of other 9 rivers. 
both Thg and Mehg were divided into dissolved phase and particulate 
phase, and the measurements followed the u.s. ePa Methods. Totally 
80 tons of Thg and 1.2 tons of Mehg discharge from rivers in Mainland 
China to the adjacent seas in 2015. annual riverine Thg discharge 
was decreasing in recent years, due to the management of Chinese 
government on hg release from anthropogenic sources to aquatic 
environment. This study has provided more detailed information on 
Thg discharge and filled the vacancy of riverine Mehg discharge from 
Chinese rivers to seas.
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USE OF HIGH-FREQUENCY OPTICALLY-BASED 
MEASUREMENTS TO ASSESS MERCURY CYCLING, 
TRANSPORT, AND FATE IN CONTAMINATED 
ESTUARINE AND RIVERINE SYSTEMS
MarTIn, Todd1; ChanG, Grace2; Jones, Craig2; DurDa, Judi3; 
(1) Integral Consulting Inc., Salt Lake City, UT, United States; (2) Integral 
Consulting Inc., Santa Cruz, United States; (3) Integral Consulting Inc., 
Annapolis, United States

tmartin@integral-corp.com

understanding mercury cycling, transport, and fate is essential for 
assessing and managing water quality at aquatic sites where human 

influence may have affected natural processes. Water column and 
near-bed processes vary temporally and spatially due to physical 
processes such as tidal variability, storm flow events, and hydrodynamic 
interactions between different ecosystems within an impacted site. 
This system-wide variability confounds evaluation of mercury sources 
and transport mechanisms when using conventional laboratory-
based analysis of discrete water samples. The oPTically-based In-situ 
Characterization system (oPTICs) provides for estimation of particulate 
and dissolved mercury and methyl mercury concentrations in surface 
water at high frequency (e.g., less than hourly) and over extended 
(e.g., order of months) durationsupporting efficient, cost-effective 
collection of an unprecedented amount of data to understand mercury 
variability and its relationship to the processes that drive mercury fate 
and transport.

Case studies are presented where oPTICs monitoring was employed 
to support the evaluation of mercury cycling, transport, and fate at 
an estuarine site and a riverine site. at the estuarine site, oPTICs data 
were integrated with physical, biogeochemical, and water quality 
measurements to demonstrate that marsh-derived organic matter 
settles to the waterway sediment bed during slack tides to form a thin, 
benthic layer of low-density material on which mercury and methyl 
mercury can be sorbed. Thin, benthic layer resuspension during high 
tidal velocities and storm flows is a primary mechanism for mercury 
and methyl mercury transport to surface water. further, the oPTICs 
results demonstrated a net flux of mercury and methyl mercury from 
the waterways into the marshes, where the chemicals are retained. The 
oPTICs results are an important line of evidence to the conceptual site 
model (CsM), which forms the basis for the evaluation of a remedy for 
the site.

at the riverine site, oPTICs monitoring enabled evaluation of mercury 
transport under baseflow and storm flow conditions. Particulate 
mercury and methyl mercury transport was substantively increased 
during storm flow conditions due to bank interactions and resuspension 
of bedded sediment. Dissolved methyl mercury concentrations 
increased with increasing water temperature, likely due to increased 
microbiological activity. baseflow patterns indicate a diurnal pattern 
potentially consistent with nocturnal bioturbation processes. The results 
of the pilot test were used to verify and refine the CsM and will be an 
important consideration to the adaptive management of the site.
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2g-2: Legacy site assessment  
and management
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The black butte Mine is a former mercury (hg) mine in central western 
oregon that is on the us national Priorities list due to off-site migration 
of mercury in surface water, and due to significant fish contamination 
in a nearby flood control reservoir. Two decades of environmental 
assessment and various remediation activities have been conducted 
at the site by state and federal agencies. This presentation provides 
an overview of the key findings from the environmental assessments 
to provide a holistic understanding of hg transport pathways from 
the mine site, as well as methylmercury (Mehg) production in the 
downstream reservoir and accumulation in fish. at the mine site, water 
samples were collected from groundwater and surface water during 
baseflow and stormflow conditions for dissolved and particulate total 
mercury (Thg) and Mehg. In the reservoir seasonal measurements of 
lake water column, sediment and porewater were collected for Thg and 
Mehg as well as several ancillary parameters. The results for the water 
measurements at the mine site showed that surface water transport 
was the dominant pathway for offsite hg mobilization, mostly through 
erosion during stormflow events. Peak stream Thg concentrations 
reached 94,000 ng/l and mostly consisted of particulate-bound hg. 
Downstream in the reservoir, there was large spatial variability in 
sediment Thg concentrations (0.05 to 2.3 mg/kg) representing a range 
of influence from the upstream mine. Methylmercury production in 
the reservoir was also highly variable and was affected by variations 
in sulfate, organic carbon, and reservoir water level fluctuations. fish 
hg concentrations in the reservoir were up to 1.8 mg/kg. overall, these 
results highlight the spatial and temporal variability in hg transport and 
transformation from the mine site as well as impacts on a downstream 
fishery. These findings are being used to help guide upcoming 
remediation activities at the site.
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RELEASE OF MERCURY FROM MINE IMPACTED 
WATERSHEDS BY EXTREME EVENTS RESULTING 
FROM CLIMATE CHANGE
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an increase in intensity and frequency of extreme events resulting from 
climate change is expected to result in extreme precipitation events 
on both regional and local scales. These events have the potential to 
mobilize large volumes of mercury (hg) in watersheds where mine 
wastes reside in flood plain deposits downstream from historic mines 
that operated with little or no environmental regulations. Most mine 
remediation has focused on mine sites and rarely have hg contaminated 
flood plain deposits been evaluated or remediated. several types of 
ore deposits have released hg contaminated mine wastes that are now 
stored in flood plain deposits that extend from 10s to 100s of km from 
the mine site. These deposits have varying degrees of risk to release 
bioavailable hg based on the volume, concentration, and speciation of 
hg in the flood plain deposits. These mines include: 1) hg and placer au 
mines that have the highest potential to release bioavailable hg from 
flood plain deposits during extreme events; 2) massive sulfide, sediment 
and hot spring type gold deposits that have moderate potential; and 3) 
porphyry copper and MVT deposits that have low potential. The various 
types of downstream aqueous environments receiving hg contaminated 
mine wastes resulting from extreme events are an important factor 
to consider in evaluating the risk posed by extreme events in mine 
impacted watersheds. reservoirs are at highest risk for a significant 
increase of Mehg in the food web after an extreme event because 
the hg contaminated sediment also supplies sulfate, iron and organic 
carbon. several reservoirs in the California hg mineral belt have had 
a significant and rapid increase in MMehg production that impacted 
the food web after hg mine contaminated sediment was released into 
the reservoir.

an analysis of the hg mine-impacted watersheds, where hg is stored in 
contaminated flood plain deposits, in more than 50 hg mines from the 
California hg mineral belt, indicates that this hg source poses a major 
environmental risk to aquatic systems during a period of climate change. 
an extreme atmospheric river 1000 storm (arkstorm) similar to the 
1861-1862 storms has the potential to remobilize hg stored in flood 
plains throughout the entire hg mineral belt and impact reservoirs, 
estuaries, and wetlands throughout much of California.

WO-043

WETLANDS ENHANCE METHYLMERCURY 
CONCENTRATIONS AT A LEGACY MINE SITE IN 
CENTRAL IDAHO, UNITED STATES
holloWay, Joann1; PrIbIl, Michael1; ruTherforD Jr, Danny1; 
KrabbenhofT, David2; DeWIlD, John2; 
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The east fork south fork salmon river (efsfsr)is a critical spawning 
habitat for bull trout and Chinook salmon in central Idaho. Monthly 
water-quality monitoring on sugar Creek, a tributary to the efsfsr 
downstream from the Cinnabar mercury mine site, has demonstrated 
elevated mercury (hg) concentrations, with the greatest concentrations 
occurring during peak snow melt in late May and during high-intensity 
summer thunderstorms. Mercury mineralization at the Cinnabar mine 
site is hosted by carbonate rocks, which generate waters dominated 
by Ca2+ and hCo3- at ph 7 to 9. sampling along sugar Creek and its 
tributary Cinnabar Creek was conducted near baseflow conditions to 
determine groundwater contributions to methylmercury (Mehg). Total 
unfiltered hg concentrations in Cinnabar Creek increased from 8 to 14 
ng Thg l-1 above the mine site to 170 to 213 ng Thg l-1 in the main 
reach flowing through the mine site. unfiltered Mehg concentrations 
from same reaches of Cinnabar Creek increased from <0.04 ng Mehg 
l-1 to 0.07 to 0.15 ng Mehg l-1, or 0.03 to 0.09 percent of the total 
mercury, in unfiltered water from Cinnabar Creek flowing through the 
mine site. Groundwater seeps and mine adits were sampled to evaluate 
contributions from groundwater in direct contact with cinnabar-bearing 
carbonate rocks. There are several fault-controlled seeps with associated 
wetlands in the mine site with up to 960 ng Thg l-1 and 6 ng Mehg l-1, 
reflecting the enhanced dissolution and methylation of mercury in these 
discrete areas of high organic matter in what is otherwise a low-nutrient 
watershed. Incorporating existing fault-controlled groundwater seeps 
into a remediation design is critical for reducing downstream transport 
of mercury and other metals in legacy mercury mine sites.
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TRACING HG MOBILITY AND DISTRIBUTION IN 
A HISTORICAL MERCURY MINING ECOSYSTEM: 
FROM CALCINE TO BULL TROUT AND SAMPLES 
IN BETWEEN
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Persistent mercury (hg) impact from legacy mines continue to present 
risk to the environment and human health globally. The stibnite Mining 
District is a historical mining area located near the headwaters of the 
east fork south fork salmon river in central Idaho. Past mining of 
antimony, gold, silver, mercury and tungsten from the early 1900s to the 
1990s has resulted in elevated hg as well as other trace elements in the 
surrounding ecosystem. The Cinnabar and fern legacy hg mine sites, 
within the stibnite Mining district are primary source areas for elevated 
hg entering the ecosystem. The extraction of hg from cinnabar was 
carried out via two methods over the 45 years of hg production in this 
mining district: 1) hg was initially retorted in rotary kilns (1921 to 1956), a 

process during which the ore is heated to 500-600°C volatizing the hg to 
gas with recovery as elemental hg(l) via condensation and 2) hg was later 
produced by wet flotation and electro-separation (1956 to 1966). These 
distinct methods of extracting hg from cinnabar resulted in variations 
of hg concentration and isotopic composition being introduced into the 
environment during the active processing of the hg ore, as well as long 
term legacy input of hg from the weathering of calcine tailing piles and 
other residual hg contamination sources related to the original mining 
and processing of hg ore. Mass dependent fractionation of hg isotope 
ratios and variation in hg concentrations resulting from the processing 
of cinnabar ore has been reported previously for produced hg metal and 
residual waste fractions (hg(l), hg(g), and calcines). These hg fractions 
possess the potential of releasing hg into the local environment over 
sustained periods of time. In order to better understand hg behavior 
in legacy mining areas, establish a priority of effort for remediation, 
and determine differences in mobility and bio-accessibility of hg 
sources in this ecosystem, we investigated hg concentrations and 
isotopic compositions in a wide range of samples: two distinct calcine 
produced tailing piles, lichen, periphyton, stream sediment, soil, tadpoles, 
tadpole eggs, tailed frog, sculpin, and bull trout. We will present hg 
concentrations and isotopic compositions of samples collected over 
multiple years within the mining district and provide a post-mining 
baseline of hg distribution. This baseline will help inform environmental 
assessments for future landuse activities, including recommencing of 
mining operations and onsite remediation in this ecosystem.
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CLIMATE INFLUENCES ON IMPORTANCE OF 
LEGACY SITES AS MERCURY SOURCES ON THE 
WATERSHED SCALE
flanDers, Jr1; Muelhoefer, Todd2; 
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The Cache Creek watershed, located in the coast range of California, 
has had a legacy of mercury (hg) mining. hg levels in Cache Creek are 
elevated above regional background; Cache Creek exportstotal hg 
(Thg) and methylmercury (Mehg) to the san francisco bay Delta.The 
regulatory approach for controlling hg in the Cache Creek watershed 
finalized in 2007 focused on reductions in Thg loading from legacyhg 
mines in tributaries (e.g., harley Gulch). The hg mines in harley Gulch 
were remediated in 2007, reducing loads from the mines by 95%. 
however, an analysis of fish tissue Thg data conducted in 2015 has 
indicated thathg concentrations in fish tissue Thg collected from Cache 
Creek in 2011 were not declining. The regulatory agencies responsible 
for implementing the hg control approach haveconcluded that 
additional remediation of hg mines in the CacheCreek watershed will be 
required for water quality to improve.

a recently-completed data synthesis and comprehensive evaluation 
of hg sources and cycling in the harley Gulch watershed indicates 
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thatfurther efforts to remediate hg mines may not result in the 
attainment of local water quality targets oralter hg levels downstream. 
This isdue to the presence of natural hg sources inharley Gulchandthe 
weak hydrological linkage between hgmines in harley Gulch and Cache 
Creek. surface water and sediment data collected pre- and post-
remediation of the mines in the vicinity of harley Gulch has revealed 
that the remediation has successfully prevented the erosion of high Thg 
concentration particles but aqueous Mehg targets have not been met. 
additional hg mine remediation is likely to have spatially limited benefit 
due to the nature of hg transport in the watershed. The presence of 
naturally occurring sources of hg in harley Gulch, including connate 
groundwater and high Thg concentration soil unimpacted by mining 
activities may prevent attainment of water quality objectives locally in 
harley Gulch. harley Gulch is an ephemeral stream and hg loading even 
from un-reclaimed mine sites is limited to erosion of Thg adsorbed to 
particles or in calcine wastes during rain events, which generally occur 
between october and May.The Thg loading from historical mines is 
likely to be further reduced by climate change, which is predicted to lead 
to lower precipitation amounts in the ecoregion.harley Gulch presents a 
case for why focusing on legacy hg sites in complex watersheds may not 
lead to water quality improvements.
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SEDIMENT AND MERCURY LOADS TO HUMBUG 
CREEK: A SIERRA NEVADA TRIBUTARY IMPACTED 
BY THE MALAKOFF DIGGINS HYDRAULIC MINE
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Mercury contaminated sediment from legacy gold mines in the sierra 
continues to be a source of inorganic mercury (hg) to the environment. 
The discharge from Malakoff Diggins, once one of the largest hydraulic 
mines in California, is a source of hg and sediment to humbug Creek. 
The purpose of this study was to estimate the load of particulate bound 
hg and suspended sediment in humbug Creek for Water years 2012 
and 2013. Grab samples were taken from baseflow conditions and 
from multiple storm events and analyzed for nonfiltered hg, filtered hg 
and total suspended sediment (Tss) (ePa 1669, ePa 1631, ePa 160.2). a 
stage discharge relationship was developed for the humbug Creek gage 
station over a range of flow conditions. samples were collected from 
humbug Creek upstream of the Malakoff Diggins discharge point, from 
the discharge point and downstream of the discharge and humbug 
Creek confluence at a stream gage. The annual load in humbug Creek 
for suspended sediment and particulate bound hg was calculated at 
the gage using relationships established with continuously monitored 
turbidity (15 min data) and grab samples of total suspended sediment (n 
= 25, r2 = 0.82) and particulate bound hg (n = 15, r2 = 0.80). The annual 
load was 100-120 grams of particulate bound hg and 475,000-575,000 
kg of suspended sediment. for both water years, as much as half of the 

annual sediment load was from a single storm event during which 3-4g 
of particulate bound mercury was released per day. The contribution of 
mercury loads from legacy hydraulic gold mines should be quantified as 
it is a critical source control strategy for California Total Maximum Daily 
load programs.
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a century ago the upper Peninsula of Michigan was a major industrial 
region, centered on mining. several regional ores contain natural 
mercury (gold, silver, copper, zinc, massive sulfide ores) and mercury 
was imported for localized gold and silver operations. Mining activities 
released mercury in tailings and in copper smelter and iron furnace-
taconite operations. Modern naDP estimates of atmospheric mercury 
deposition range from 4-10 µg/m2/yr (wet) to 5-30 µg/m2/yr (gross). 
however, in the neighborhood of mining operations, total mercury 
fluxes from lake sediment cores record greatly enhanced loading 
(mean ca. 1590 µg/m2/yr; peaks of 5120 to 21,300 µg/m2/yr) during the 
height of copper mining (1880-1968). Methylmercury profiles document 
methylation during active mining, and 20-40 yr time lags for deposition 
of Mehg after operations. here we also discuss the high regional 
concentrations of mercury in fish. In the region, mining-disturbed lake 
sediments possess higher Thg and Mehg mercury concentrations. 
There are also regional correlations with DoC. We argue that legacy 
mining enrichments are juxtaposed upon a regional pattern of 
recovering wetlands and that both factors (forest and wetland recovery, 
mining legacy effects) probably contribute to the regionally elevated 
methyl mercury levels in fish.
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Many historical gold mining sites across the world are contaminated 
with mercury (hg) and other potentially toxic elements, such as arsenic 
(as). The high level of hg is due to the gold extraction process (mercury 
amalgamation) used in the late 1800`s to early 1900`s. Mercury 
amalgamation is still used at artisanal mines in developing countries 
and at smaller mines, due to its simplicity. The waste from this process, 
tailings, presents significant human health and ecological liabilities. 
revegetation of tailing deposits could provide increased protection 
against wind erosion, toxic dust blowing across populated areas and 
prevent leaching of hg and as into waterways. a recent saint Marys 
university study demonstrated that growth of a reclamation grass seed 
mix in highly contaminated gold mine tailing material can be facilitated 
by low-dose selenium additions. however, commercial reclamation 
seed mixes often include non-native highly-invasive species which 
should be avoided. There are several advantages to using native plant 
species for reforestation and reclamation, including proven hardiness 
in growing regimes, avoiding introduction of new invasive species in 
vulnerable ecosystems, and maintaining / improving the biodiversity 
of impacted ecosystems. The objective of this project was to (1) 
identify wide-spread established native species which can be used 
in phytostabilization of gold mine sites, (2) assess whether seeds of 
native hardy species can be used directly in exposed tailing deposits to 
promote natural revegetation, and (3) assess if a low-dose of sodium 
selenite can promote growth of native species while limiting the plant 
bioaccumulation of hg and as. Three widespread north american native 
plant species were selected for this study: Panicum virgatum, Juncus 
tenuis and anaphalis margaritacea. Plants were grown in 7 replicates of 
untreated tailing material, 7 replicates of se treated tailing material (3 
mg se/kg) and in 7 replicates of artificial soil (control) for nine weeks. The 
results from this study are currently being compiled and are promising; 
indicating that seeds of native hardy species can be used for cost-
effective phytostabilization of tailing deposits. In addition, preliminary 
results indicate that a low dose of sodium selenite increased the 
biomass, % emergence, shoot height and root length in Juncus tenuis, 
increased % emergence in anaphalis margaritacea, and increased 
root lengths in Panicum virgatum. The sodium selenite additive also 
decreased plant shoot accumulated [hg] in Panicum virgatum by 36%. 
accumulated hg concentrations in anaphalis margaritacea shoots did 
not differ significantly between untreated and se treated tailings.

2h-1: Mercury cycling in response to 
ecosystem perturbations
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Global contamination by anthropogenic mercury is an issue of great 
concern as highlighted by the Minamata Convention on Mercury. 
The organic form of mercury, methylmercury (Mehg), is a ubiquitous, 
bioaccumulative and toxic contaminant that biomagnifies in marine 
food webs, exhibiting the highest concentrations in apex predators. 
In the face of climate change, ocean warming and acidification may 
potentially intensify methylmercury bioaccumulation in food webs with 
implications for food safety and public health. several studies suggest 
that climate change is already changing pollutant fate and transport in 
the ocean, and affecting pollutant exposure and accumulation in marine 
organisms that can subsequently result in adverse effects on ecosystem 
and human health. however, the interplay of the combined effect of 
climate change and methylmercury exposure and bioaccumulation 
has been rarely quantified. using an ecosystem modelling approach 
(ewe model with the ecotracer module), we simulated potential future 
scenarios for mercury bioaccumulation in a regional food web (i.e. 
Chinook salmon-resident killer whale food web from the northeastern 
Pacific, including british Columbia, Canada and Washington state, usa) 
under climate change forcing, including representative Concentrations 
Pathway (rCP), i.e. rCP 2.6 = strong climate change mitigation (low 
Co2 emissions), and rCP 8.5 = business as usual (high Co2 emissions). 
The outcomes were compared against a baseline scenario (no 
climate change forcing). The model simulations showed that Mehg 
bioaccumulation in the food web is exacerbated by ocean warming and 
acidification. In comparison to the baseline scenario, the percentage 
increase in mercury concentration accumulated in Chinook salmon is 1% 
and 10% under rCP 2.6 and rCP 8.5 scenarios, while in it is 1% and 8% in 
killer whales, respectively. The bioaccumulation simulated by the model 
echoes the importance of mercury uptake rates, which are faster in 
salmon relative to that in fish-eating killer whales; with the latter having 
a slower elimination rates. This level of bioaccumulation would have 
negative effects on all seafood consumers, but considering that seafood 
consumption by coastal first nation communities from british Columbia 
is 15 times (64% of consumed seafood is salmon) that of the average 
Canadian consumers, Indigenous people will be exposed to much more 
mercury in comparison to non-Indigenous people in the long-term. The 
socio-economic implications of mercury-contaminated salmon fisheries 
intensified by climate change are discussed. This study improves our 
understanding of the interactions of climate and pollution impacts of 
multiple human stressors, highlighting key areas for concerted research 
and potential mitigation policies.
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rapid warming in the arctic has resulted in unprecedented occurrence 
of ice-free waters and opportunities for new commercial fisheries. 
Global mercury (hg) emissions from anthropogenic sources have greatly 
enriched levels of the toxic and bioaccumulative monomethylmercury 
(Mehg) in global marine food webs. higher levels of Mehg have been 
reported in many arctic food webs than at mid-latitudes and enrichment 
of tissue burdens across a suite of biota have been estimated at greater 
than 10-fold the pre-industrial levels. Most of this increase has been 
attributed to anthropogenic pollution but these prior analyses have 
not evaluated the contribution of changing ocean biogeochemistry. 
Climate related warming in the arctic is nearly double that of mid-latitude 
ecosystems, leading to melting sea ice and permafrost, warmer seawater 
temperatures, higher freshwater discharges and marine productivity. 
Previous Geos-Chem modeling has suggested reduced sea-ice cover 
will lead to increased oceanic evasion of elemental hg (hg0) and lower 
total hg concentrations but the implications for Mehg production have 
not been explored. The overall result of these conflicting effects on 
Mehg levels in commercially important fish species is unknown. here we 
construct a biogeochemical model (MITgcm) for the arctic that combines 
cycling of Mehg and uptake into biota. We use new measurements 
from the central arctic basin in 2015 to experimentally evaluate the role 
of changing temperature, productivity, and light for production and 
degradation of Mehg in arctic ocean seawater, sea ice and food web. 
Modeled fish Mehg levels are most sensitive to changes in temperature 
and diet shift; we find that a 1°C rise in seawater temperatures can lead 
to a 30% increase in Mehg content of some important commercial fish 
species despite a significant reduction in global hg emissions.

WO-051

METHYLMERCURY DYNAMICS IN A 
SULFATE-IMPACTED WATERSHED
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areas of the st louis river watershed in northern Minnesota have been 
chronically impacted by sulfate loading from iron mining for over a 
century. Multiple studies were conducted on several natural systems 
over a wide range of sulfate concentrations to assess the effects of 
elevated sulfate loading on hg dynamics, methylmercury (Mehg) 
bioaccumulation and hg methylation. Chronically sulfate-impacted 
systems were characterized by high sulfate (100s to 1000s ppm) in 

the water, high dissolved magnesium, low solid-phase fe:s ratios, and 
elevated dissolved sulfide in sediment porewater. however, the high 
sulfate systems were not systematically elevated in Mehg in the water, 
sediment, or biota (dragonfly larvae). In a principal component analysis of 
surface water measurements in the st louis river, sulfate concentrations 
were associated with magnesium concentrations while dissolved 
Mehg concentrations grouped with fe, DoC, and Thg concentration. 
This finding is consistent with Mehg, Thg, DoC, and fe being delivered 
primarily via watershed inputs while Mg and sulfate are discharged 
from mining activities. Mehg in stream-dwelling dragonfly larvae were 
correlated with dissolved Mehg concentrations over a wide range of 
sulfate concentrations during two relatively high flow years where 
Mehg inputs from local watersheds appeared to dominate over any 
in-stream Mehg transformation processes. Dissolved and solid-phase 
Mehg concentrations in lake and wetland sediment in the watershed 
were statistically similar across sulfate-impacted and un-impacted 
systems. Chronically sulfate-impacted systems had significantly lower 
potential methylation rates compared to sulfate-limited systems due 
to accumulation of dissolved sulfide which limited long term Mehg 
accumulation, perhaps as a result of less bioavailable hg-s complexes or 
enhanced partitioning of Mehg into the aqueous phase. These studies 
were conducted during relatively high flow conditions in which non-point 
source, precipitation-driven mobilization of Mehg from the landscape 
appear to have overwhelmed any potential impacts of chronic sulfate 
loading on hg methylation and Mehg bioaccumulation in near-stream 
areas. In wetland and lake sediments, iron and water level fluctuations 
were identified as key controls on the extent to which sulfate and sulfide 
impact sediment Mehg production and accumulation. further research 
is needed to determine how Mehg in sulfate-limited freshwater systems 
might respond to initial increases in sulfate loading and how iron and 
sulfur loads interact to define porewater sulfide and hg bioavailability; 
however, chronically impacted systems do not appear to continually 
accumulate or produce Mehg at rates different from un-impacted 
systems in the st louis river watershed.
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ACCUMULATION AT HIGH ALTITUDE 
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Methylmercury (Mehg) is a well-known neurotoxic that bioaccumulates 
and biomagnifies through the food web and the factors that control its 
production and accumulation remain an important and complex question. 
eutrophication is widely believed to stimulate mercury methylation and 
Mehg accumulation, while algae blooms are thought to reduce Mehg 
accumulation due to a dilution effect. here we present data from a unique 
environment located in the tropics but at an altitude of more than 3800 
m above the sea level. The emblematic lake Titicaca is also naturally 
enriched with sulfate (frequently above 200 mg l-1) and partly polluted 
with domestic and industrial wastewater mainly at Cohana bay (DoC up 
to 6.1 mg l-1). The gradient of eutrophication among different locations of 
the lake served as a natural experiment scenario. as expected we found 
an increased concentration of Mehg in more eutrophic compartments (> 
60% of Mehg) than in more oligotrophic compartments (< 10% of Mehg) 
of the same lake. such difference is in agreement with the hydrogen 
sulfide concentrations found close to the sediments and mainly produce 
by sulfate reducing bacteria (nearly complete inhibition of h2s production 
with molybdate), which increases with eutrophication and may reach 
more than 2 mg l-1 in water overlying sediments. Therefore, the most likely 
explanation would be that eutrophication increases Mehg production 
by stimulating sulfate-reducing bacteria and possibly by attenuating uV 
radiation-mediated demethylation effect, which is critical considering 
the high altitude of the system. surprisingly, something very similar was 
observed during a massive algae bloom in april 2015. hydrogen sulfide 
production increased significantly (up to 155 µg l-1 in surface waters) as 
well as Mehg concentrations through the lake by a factor of up to 40%. The 
algae bloom was located in the first 10 cm of the water surface, blocking 
light penetration and probably Mehg photodemethylation, while reducing 
oxygen saturation in the water column from more than 100% to 40% during 
the day. such oxygen concentrations were likely lower during the night and 
may have allowed microbial sulfate reduction through the water column 
and the consequent increase of methylmercury production. The main 
algae of the bloom (Carteria sp.) is known to produce appropriate electron 
donors for sulfate-reduction. Consequently the particularities of this 
environment allowed the stimulation of Mehg production and inhibition of 
photodemethylation to overcome any dilution effect associated to the algae 
bloom. The degree in which our results can be extrapolated to other sulfate-
rich environments is uncertain, but to our knowledge this is observed in 
natural environments and may have important implications regarding the 
management of sulfate-rich and mercury polluted environments.
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MERCURY DISTRIBUTION AND FLUXES IN THE 
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The central european lake district extends within the bohemian forest 
and bavarian forest Mountains. It includes 8 glacial lakes whose 
catchments were strongly acidified in the 70 and 80s of the 20th century. 
The lakes in altitudes from 935 to 1087 m a.s.l. have been oligotrophic 
and prevailing tree species within the lake catchments was norway 
spruce (Picea abies).

The research was mainly focused on Plešné lake (Pl) catchment 
located at 1087 m .a.s.l. covering area of 0.67 km2. In 2004, forest at 
Pl catchment was infested by the bark beetle (Ips typographus) and 
88%–99% of trees had died by 2011.

To assess changes in hg distribution within the soil profile due to 
forest dieback we compared the soil data from year 1999 with the 
situation in 2015. While the mean hg concentrations in the o horizons 
decreased from 424 to 311 µg/kg, in a horizons the situation was 
reversed and we detected increase from 353 to 501 µg/kg. The means 
of hg concentration in mineral soil remained relatively similar at 145 
and 121 µg/kg. The increase in hg concentrations within a horizons was 
concurrent with increase in organic C from 24.5% in 1999 to 39.9% in 
2015. but the hg/C ratio in the a horizon remained rather comparable 
(1.27 and 1.47). In o horizons hg/C ratio decreased from 0.9 to 0.5 
comparing 1999 and 2015 due to changes in litterfall composition and 
overall deposition due to canopy absence since 2005.

Tributaries, lake water and precipitation solutes were assessed to 
estimate the fluxes of hg within lake catchment. In hydrological year 
2016, mean annual hg concentration in bulk precipitation reached 3.0 
ng/l and bulk annual hg deposition amounted at 4.6 µg/m2. Pl water 
contained on average 4.4 ng/l of hg and 8.2 mg/l of DoC. Mean annual 
hg concentration in four lake tributaries ranged from 2.0 to 16.5 ng/l. 
The differences in hg concentrations among individual streams were 
driven by DoC concentrations ranging from 2.1 to 21.2 mg/l.

The financial support was provided by the Czech science foundation 
project no. Ga16-14762s.
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THE EFFECT OF WILDFIRE ON STREAM MERCURY 
AND ORGANIC CARBON IN A SOUTHERN 
APPALACHIAN FORESTED WATERSHED IN THE 
EASTERN UNITED STATES
Jensen, allison1; rIsCassI, ami1; sCanlon, Todd1; 
(1) University of Virginia, Charlottesville, United States

amj2ud@virginia.edu

Wildfires alter forested ecosystems, which include large stores of 
mercury (hg) and organic carbon, two compounds that are closely linked 
in vegetation, terrestrial soils and streamwater. studies have shown that 
wildfires release elevated levels of mercury to the atmosphere which can 
be locally redeposited and subsequent to fires, charred organic material 
(vegetation and litter) remains on the soil surface. both of these new fire-
altered sources of hg (and carbon) have the potential to be mobilized 
into lakes and steams, particularly during high-flow precipitation events. 



ORAL ABSTRACTS ICMGP2017 The 13Th InTernaTIonal ConferenCe on MerCury as a Global PolluTanT InTeGRATInG MeRCuRy ReSeARCh And POLICy In A ChAnGInG WORLd July 16 – 21, 2017 · ProVIDenCe, rhoDe IslanD, usa 108

however, no studies have conducted a detailed evaluation of mercury 
and carbon concentrations and dynamics in streams immediately 
following a wildfire.

This study investigates the coupled transport of mercury and carbon at 
Twomile run, a headwater stream located in the forested mountains 
of shenandoah national Park, in the year following a wildfire (april 16-
May 2, 2016) which burned the entire watershed. since June 2016, we 
have been collecting weekly baseflow samples and bi-hourly high-flow 
samples during storm events. samples are analyzed for dissolved and 
particulate mercury (hgD and hgP, respectively), dissolved organic 
carbon (DoC), uV absorbance at 254 nm (uV254, surrogate for DoC 
character), total suspended solids (Tss), and volatile solids (Vs). The 
chemical concentrations and dynamics will be compared to those in 
control streams, located in nearby catchments that were not burned in 
the fire. Initial evaluation of summer and fall stream samples indicate 
that, under baseflow and high-flow conditions, hgD concentrations and 
the hgD:uV254 ratio are similar to those observed in the unburned 
streams (DoC data not yet evaluated). under baseflow conditions, hgP 
concentrations and the hgP:Tss ratio are also similar to those measured 
in the unburned streams. however, under high-flow conditions, hgP is 
approximately an order of magnitude higher per unit of Tss and Vs and 
the hgP:Tss ratio is relatively unstable as compared to those observed 
in the unburned streams. These initial findings illustrate the variable 
response of this forested headwater system to wildfire disturbance. We 
will continue to collect and evaluate stream samples in the winter and 
spring to quantify mercury and carbon dynamics over the full range of 
discharge conditions, gaining a more comprehensive understanding of 
the impact of wildfire on downstream hg and carbon transport. These 
findings will provide insight into how hg cycling might change in the 
future, as wildfires are expected to increase, specifically in the mid-
latitudes, with climate change.
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ATMOSPHERIC DEPOSITION OF MERCURY TO THE 
GREAT LAKES REGION UNDER FUTURE GLOBAL 
CHANGE SCENARIOS
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following its emission through anthropogenic activities, mercury is 
transported globally through the atmosphere, deposited, and impacts 
local ecosystems as a result of methylation and bioaccumulation in food 
webs. We are studying potential atmospheric mercury contamination of 
the Great lakes region and examining the extent to which local, regional 
and global regulation of emissions are required to bring deposition to 
desired levels. This study is part of a larger integrative study examining 
scenarios of mercury contamination of Great lakes region fish. Previous 
studies have shown that deposition has increased roughly three-fold 
above pre-industrial levels in this region. The global 3-D chemical 

transport model Geos-Chem has been applied to estimate future 
atmospheric deposition rates of mercury in the Great lakes region for 
selected future scenarios of emissions, climate, and land use/land cover. 
Three scenarios (aspirational, policy-in-action and failure-to-govern) 
reflecting varying levels of policy actions taken at the regional and global 
scales to curb anthropogenic mercury emissions are considered. future 
changes in climate, land use/land cover and biomass burning emissions 
are estimated following the IPCC a1b scenario. Changes in biomass 
burning emissions reflect future alterations in fuel type and availability 
(land use/land cover), fire meteorology (climate change), ignition agents 
and anthropogenic suppression of fires in the region. We find that, 
assuming no changes in climate, annual mean net deposition flux of 
mercury to the Great lakes region may increase by approximately 32% 
over 2005 levels by 2050, without global or regional policies addressing 
mercury, air pollution, or climate. In contrast, we project that the 
combination of global and north american action on mercury could lead 
to a 21% reduction in deposition from 2005 levels by 2050. u.s. action 
alone results in a projected 18% reduction over 2005 levels by 2050. We 
also find that, assuming no changes in anthropogenic emissions, climate 
change and biomass burning emissions would, respectively, cause 
annual mean net deposition flux of mercury to the Great lakes region 
to increase by approximately 5% and decrease by approximately 2% 
over 2000 levels by 2050. Changes in land use/land cover are expected 
to cause no net change in mercury deposition to the region in 2050.
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Mercury (hg) is a widespread global pollutant and neurotoxin that 
bioaccumulates and biomagnifies in aquatic food webs. humans 
are most frequently exposed to hg, particularly the more toxic form 
methylmercury (Mehg), through consumption of marine fish. Therefore, 
it is important to understand the environmental factors that influence 
bioaccumulation of mercury and how changes in climate will alter the 
fate of hg in marine food webs. environmental conditions that are 
predicted to change with climate include increases in temperature, 
precipitation, nutrient and carbon loading, and freshwater influx. here, 
we used the estuarine amphipod, leptocheirus plumulosus, to conduct 
single factor laboratory experiments to investigate the effects of organic 
carbon, temperature and salinity on hg and Mehg bioaccumulation 
in amphipods feeding in estuarine sediments. In addition, we 
examined how the interaction of temperature and carbon impacted 
bioaccumulation in amphipods using two-factor experiments. Current 
results indicate that salinity had a slight impact on bioaccumulation of 
hg, bioaccumulation of hg increased as organic carbon decreased, and 
hg bioaccumulation increased as temperature increased. however, we 
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found no significant temperature carbon interaction. a biogeochemical 
model of hg in sediments has been developed to predict the net effect 
of climate change on mercury bioaccumulation in marine organisms.

3a: Risk/benefit communication related to 
fish and seafood consumption

WO-057

NEW FDA-EPA ADVICE ABOUT MERCURY AND 
EATING FISH
larIMer, lisa1; sMeGal, Deborah2; Jones, William2; WaThen, John1; 
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fDa and ePa have issued updated final advice on fish consumption. The 
advice updates the 2014 draft consumption advice and recommends 
that women who are pregnant (or might become pregnant) or nursing 
and young children eat certain amounts and types of fish in order to 
improve health and developmental outcomes while minimizing risk 
from methylmercury in fish. since fish species vary in the extent to which 
eating the fish poses a risk of methylmercury exposure to the consumer, 
fDa and ePa developed recommended consumption frequencies to 
minimize the risk from methylmercury exposure while encouraging fish 
consumption. The advice graphically shows fish separated into three 
categories: best Choices to be eaten 2-3 times a week, Good Choices 
to be eaten once a week only, and fish to avoid which the agencies 
are recommending the target audience of women of childbearing age 
and young children not consume. accompanying Qs as are grouped in 
sections on the use of the chart, serving sizes, consumption by children, 
nutrients in fish, contaminants in fish, specific information on tuna, fish 
caught by family and friends, and other tips on eating fish. The advice 
and other related documents are available on the agencies websites at 
www.fda.gov/fishadvice and www.epa.gov/fishadvice.
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THE DIETARY GUIDELINES ADVISORY COMMITTEE, 
THE DIETARY GUIDELINES FOR AMERICANS, AND 
CONSUMER ADVICE ABOUT FISH
brenna, Tom1; 
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The 2015 Dietary Guidelines advisory Committee report recommends 
the consumption of seafood by pregnant women, following a similar 
recommendation by the 2010 DGaC. That advice is based on the 
exceptionally well grounded evidence for the need for certain nutrients, 
principally long chain omega-3 fatty acids, as the structural material 
required to develop a proper brain. unlike most other foods, the 

DGaC focused on nutrient composition as a key issue, emphasizing 
the practical difference between nutrients in farmed versus wild 
fish induced by intensive feeding practices. It also emphasized the 
importance of minimizing environmental pollutants. The DGaC report 
is a technical document written to translate science to implications for 
practice. The Dietary Guidelines for americans report is written based on 
the DGaC report and input from the public including industry. The DGa 
is then translated by practitioners such as registered dieticians to advice 
to the level of the consumer. The average consumer uses the words 
beef, pork, chicken, and pork to refer to single species, but uses the 
word fish (aka seafood) to refer to all sea animals, perhaps 100 species. 
Translation of nutrition advice to women of childbearing age must use 
consumer words that can be reliably implemented by, for instance, 
pregnant teenagers. recommendations that distinguish between types 
of a particular fish (e.g. albacore vs light tuna) is lost on most consumers 
and leads to avoidance of all tuna. advice which has been proposed 
to distinguish between subspecies of similarly named fish (e.g. bigeye 
vs skipjack tuna) that are seldom even identified on a product label is 
impossible even for the most careful consumers to reliably implement. 
The food selections that consumers make in the marketplace are a 
decision between one dish and another, though most scientific studies 
treat fish like an optional vitamin pill that may, or may not be consumed, 
rather than a food that will substitute for another food. advice from 
the DGaC is simple: eat a variety of fish and seafood, 8-12 oz per week. 
Integrating this advice with the evidence that americans consume 
excess red meat leads to the simple message to substitute 2-3 dishes 
per week with fish.

WO-059

UTILITY OF QUANTITATIVE RISK/BENEFIT ANALYSIS 
IN DEVELOPING FISH CONSUMPTION ADVISORIES
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Initially fish consumption advisories focused upon a toxic constituent in 
fish to ensure that consumers were not exposed to greater than some 
daily dose limit of that constituent (e.g., the usePa reference dose or 
rfD). This focus on risk avoidance created a potential loss of benefits 
since the predominant source of certain nutrients such as omega-3 
fatty acids (o-3 fas) is fish. We have been developing a quantitative risk/
benefit model that provides an estimate of the net effect of positive 
and negative constituents in fish. Given that the focus of many fish 
advisories is on the potential for methyl mercury (mehg) to adversely 
affect neurodevelopment from prenatal exposure, our modeling has 
evaluated the counterbalancing effects of mehg and o-3 fas on brain 
development. using dose-response slopes for the benefit of o-3 fas 
and the risk of mehg we have been able to simulate the net effect of 
fish ingestion on neurodevelopmental outcomes, with specific focus 
on visual recognition memory (VrM), an early life indicator of IQ. This 
quantitative modeling approach has enabled the evaluation of both 
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locally caught and market purchased fish species based upon datasets 
describing the o-3 fa and hg content of these species. The implications 
of such an approach for fish consumption advisories are that: 1) it 
provides a tool to evaluate the health effects of fish consumption in 
addition to the mehg rfD (risk only approach); 2) it provides an evidence-
based rationale for advising greater fish consumption in those cases 
where in spite of the presence of mehg, the modeling predicts a clear 
benefit; 3)it allows for ready comparison of risks and benefits across 
seafood choices; and 4) it provides a framework for evaluating fish that 
can be improved as new toxicology/epidemiology data are gathered for 
these and other fish constituents. This presentation will compare this 
modeling approach with those developed by fao/Who, the usfDa and 
others, it will provide a framework for incorporating quantitative risk/
benefit modeling information into the setting of consumption advisories, 
it will discuss the implications of the modeling for specific market 
purchased fish species, and it will highlight the uncertainties and data 
gaps which still limit its utility. Key among these are aspects of fish that 
may provide benefits and risks that are not captured by the focus on 
only two constituents (o-3 fas and mehg). recent efforts to expand the 
model to capture the neurodevelopmental risks associated with PCbs 
and the benefit from other constituents in fish will be described.
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SUCCESSFUL DIETARY RECOMMENDATIONS 
REGARDING MERCURY IN A HIGH 
EXPOSED COMMUNITY
WeIhe, Pál1; 
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high levels of hg in meat and organs from pilot whales, which are an 
important traditional food source for the faroese were first reported 
in 1977. This finding led to the first consumption advisory for the 
general faroese population from the Chief Medical officer to limit the 
consumption of pilot whale to one meal per week and to completely 
avoid pilot whale liver and kidney. since 1980, pregnant women 
were specifically advised to limit their consumption of pilot whale 
meat and blubber. In 1989, additional information on high levels of 
organochlorine contaminants in the blubber of pilot whales led to 
the consumption advisory that not more than 200 g of whale meat 
and blubber (each) should be consumed per month, and that liver 
and kidney should be avoided completely. In 1998, another advisory 
followed due to demonstrated effects of hg and PCb exposure on 
the health of the fetus and newborns. This advisory focused on adults 
and most specifically on young and pregnant women. In 2008, the 
faroese health authority concluded that pilot whales currently exceed 
limits for acceptable concentrations of toxic ontaminants and can no 
longer be recommended for human consumption. In the case of the 
faroe Islands, the risk communication efforts appears to have been 
successful in convincing pregnant women to consume less pilot whale 
than before. While hg levels in pilot whales have not decreased over 

the last three decades, concentrations in the blood of pregnant women 
have decreased significantly. While a dietary shift can be caused by 
several factors, it is likely that the risk communication undertaken in the 
faroe Islands was the driving force for the decreases in human tissue 
levels of hg and PCb for several reasons. for example, associated with 
the extensive cohort studies that have been ongoing since 1985, risk 
communication was continuous throughout the years and reached all 
areas of the islands. further, risk communication messages were always 
restricted to pilot whale consumption, and several fish species with 
low contaminant concentrations were available and recommended as 
alternative dietary choices. however, health effects are still measurable 
even at these falling levels of exposure. additionally, the success of the 
risk communication efforts and lower levels of contaminants in the 
faroese population comes at a cost of loss of cultural identity for the 
faroese people, who have relied on pilot whales as a staple part of their 
diet for hundreds of years.
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IMPACT OF NARRATIVE MESSAGES ON REDUCING 
FISH-RELATED CONSUMPTION OF MERCURY 
AMONG WOMEN OF CHILDBEARING AGE
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Many women of childbearing age (WCba) avoid eating fish due to 
concerns about mercury exposure, and therefore miss out on the 
benefits of fish consumption for themselves and their potential 
offspring. To increase consumption of fish low in mercury, we tested 
the impact of a short brochure using a personal narrative (messages 
communicated as part of a story about a hypothetical woman of 
childbearing age) to supplement traditional risk/benefit information 
about fish consumption among licensed WCba anglers in the Great 
lakes coastal region of the us. We conducted a randomized, two-wave 
longitudinal experiment, involving 1,135 WCba drawn from a sample 
of licensed anglers, between May 18th, 2014 and september 5th, 
2015. Participants reported their fish consumption in summer 2014 
by completing an online diary for relevant meals. We then randomly 
assigned women to three groups for spring 2015: no-exposure control; 
sent brochure with a short personal narrative; sent brochure with no 
narrative. all WCba participants completed a fish consumption diary 
again in summer 2015. Women who ate the least fish (< 0.7 meals/
week at baseline) stood to benefit the most from increasing their fish 
consumption. among these women who confirmed that they saw the 
brochure, those who were exposed to the brochure that included the 
narrative ate more fish the next year. These women increased their fish 
consumption largely by eating more low-mercury, purchased fish. These 
women did not increase their consumption of more contaminated fish. 
We also found that women who ate too much fish (>2.8 meals/week at 
baseline) were also influenced by the narrative form of the brochure. 
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They ate fewer meals after receiving the brochure, but did not decrease 
their consumption sufficiently to be within advisory recommendations. 
It is not known how these changes impacted mercury ingestion. In the 
next stage of our analysis we will estimate actual mercury ingestion by 
linking data from womens diaries with available data on the mercury 
levels in different types of fish. We will use ordinary least squares 
regression to test the effect of the brochures on changes in ingested 
mercury. The results will be useful for government agencies responsible 
for communicating the benefits and risks of fish consumption.

WO-062

DO BELIEFS ABOUT SEAFOOD CONSUMPTION 
CORRELATE WITH FISH CONSUMPTION BEHAVIORS 
AMONG ASIANS IN CHICAGO?
lIu, yangyang1; buChanan, susan1; ZhanG, Jing1; Zhao, Zhiwen1; 
ChaVeZ, noel1; lIu, hong2; TuryK, Mary1; 
(1) Univ of Illinois at Chicago, Chicago, United States; (2) Midwest Asian Health 
Association, Chicago, Illinois, USA

yliu217@uic.edu

baCKGrounD: asians have higher methyl mercury (Mehg) levels 
compared to other u.s. racial/ethnic groups due to frequent seafood 
(fish and shellfish) consumption. There is little information about 
how seafood consumption attitudes and knowledge among asians 
contribute to their consumption behavior. The aim of this analysis is to 
assess how beliefs about seafood consumption, as well as other social-
demographic characteristics, impact seafood consumption behavior 
among three asian ethnic groups in Chicago, using preliminary data 
from the fish Intervention for health (fIsh) study.

MeThoD: fish consumption and social-demographic data were 
collected through in-person interviews from Chinese, Korean and 
Vietnamese adults who consumed seafood at least monthly. social-
demographic characteristics include age, sex, bMI, income, ethnicity, 
marital status, english proficiency and years in the us. We elicited 
awareness about benefits and risks of seafood consumption using 
open ended questions, and responses were classified into seventeen 
components. logistic regression was used to examine the associations 
of knowledge about fish consumption risks and benefits with seafood 
consumption frequency, adjusting for covariates.

resulTs: a total of 275 participants were included in this analysis, of 
which 229 (83.3%) were women. The mean age of the participants was 
44.2 years old (range from 18 to 80). eighty-nine (32.4%), 61 (22.1%) 
and 125 (45.5%) participants were Korean, Vietnamese and Chinese 
respectively. of the 275 participants, 123 (44.7%) reported eating 
seafood at least 3 times/week, 128 (46.7%) 1-2 times/week and 24 (8.6%) 
1-3 times/month. The most commonly reported known benefit about 
seafood consumption was that seafood is low in fat (36.4%) and the least 
reported was that seafood is good for breast feeding (1.5%). The most 
commonly reported risk about seafood consumption was elevated hg 
in fish(30.2%) and the least reported risk was to avoid certain fish parts 
(1.5%). among social-demographic characteristics, Korean ethnicity (or: 

3.3; 95%CI: 1.6-7.1; P=0.02) and receiving food stamps (or: 0.5; 95%CI: 
0.3-0.9; P=0.04) were associated significantly with seafood consumption 
frequency. of the risks and benefits factors, only fish is good for the 
heart was associated significantly with increased seafood consumption 
(or: 1.8; 95%CI: 0.9-3..7; P=0.09) at P level less than 0.1.

ConClusIon: Knowledge about the benefits and risks of seafood 
consumption among study participants varied and did not influence 
seafood consumption behavior. Interventions to increase the awareness 
of the seafood advisories to lower hg and PCb exposure while 
maintaining or improving consumption of omega-3 fas from seafood 
are warranted in this study population.

WO-063

THE ROLE OF THE PHYSICIAN AS A 
COMMUNICATOR ON FISH CONSUMPTION
buChanan, susan1; 
(1) University of Illinois at Chicago, Chicago, United States

sbucha3@uic.edu

Multiple studies have shown that physicians continue to be the 
most trusted source of health information, even with easy access to 
information on the internet. Physicians in the us receive little instruction 
on environmental health and specifically on the health benefits and risks 
of fish consumption. a 2011 survey of 2,625 obstetricians found that less 
than 25% take an environmental health history from their patients. The 
fish consumption message is complex since advice includes information 
on frequency of consumption as well as specific species to avoid and 
others to recommend. Methods to increase the capacity of physicians 
to incorporate environmental health into their clinical practices include 
offering courses for Continuing Medical education credits, providing 
them with environmental screening forms, adding screening questions 
to the electronic health record, and including environmental health 
questions on the specialty board certification exams. In this presentation 
I will cover my recent efforts to increase physicians capacity to advise 
patients about healthy fish consumption. With funding from the Great 
lakes national Program office at usePa, my team developed the 
healthy fish Choices on-line curriculum for healthcare providers that 
uses adult learning modalities to promote change in clinical practice to 
include advise on fish consumption. of 105 providers from the Great 
lakes states who evaluated the curriculum immediately after completing 
the modules, 89.2% stated that they would implement modifications in 
their clinical practice. six months later, 79.1% had adopted new practices 
to enhance their care regarding fish consumption. With short patient 
visits and increased demands to address disease prevention as well as 
treatment, succinct screening questions can help physicians determine 
risk quickly and therefore indicate which patients need further testing or 
messaging. I will present results from a project in which we are testing a 
fish consumption screening question to predict elevated blood mercury 
in prenatal patients. These findings will inform interventions aimed at 
busy clinicians who dont have time for extensive risk assessments in 
everyday practice. finally, I will describe the efforts of the ePa/aTsDr-
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funded Pediatric environmental health specialty units (Pehsus) to 
reach out to prenatal providers and to function as expert consultants in 
reproductive environmental health in their federal regions. In the last 
three years each Pehsu has added a reproductive healthcare provider 
to its unit. These midwives and obstetricians are working to increase 
their own knowledge and expertise in reproductive environmental 
health while providing a much-needed link to their colleagues and 
professional organizations.

WO-064

INFORMING PREGNANT WOMEN ABOUT THE 
BENEFITS AND RISKS OF EATING FISH
TeIsl, Mario1; enGelberTh, haley2; frohMberG, eric3; buTTs, Karyn3; 
nobleT, Caroline4; sTableforD, sue5; lanDo, amy6; sMITh, andy3; 
(1) University of Maine, Orono, Maine, USA; (2) ERM: Environmental 
Resources Management, Atlanta, GA, USA; (3) Maine Center for Disease 
Control & Prevention, Augusta, ME, USA; (4) University of Maine, Orono, ME, 
USA; (5) University of New England, Portland, ME, USA; (6) U.S. Food and Drug 
Administration, Washington, DC, USA

teisl@maine.edu

humans exposed to methylmercury (Mehg) can suffer from 
adverse neurological impacts, and because eating fish is the primary 
mechanism of Mehg exposure, federal and state agencies issue fish 
consumption advisories (fCas) to inform the public about the risks 
of eating contaminated fish. however, fish is also a good source of 
omega-3s which promotes infants neurological development. health 
care providers (hCPs) provide similar information to their pregnant 
patients. The information from fCas and hCPs enable pregnant women 
to make better food choices; however, the difficulty in communicating 
both the risks and benefits of eating fish can lead to over-restricted fish 
consumption.

To measure the effectiveness of Maines fCas, we conducted a survey 
to assess the awareness of the advisory and measure advisory-induced 
changes in (1) knowledge of the risks and benefits of eating fish, (2) 
knowledge of the benefits of omega-3 fish oil consumption and (3) 
species-specific fish consumption behavior. We focus on examining 
differences between readers and non-readers of the advisory. We find 
the fCa successfully increased womens knowledge of both the benefits 
and risks of consuming fish. It also increased their: ability to differentiate 
fish by their Mehg content, knowledge of both low and high-Mehg 
fish and knowledge of detailed attributes of seemingly substitutable 
goods, such as white and light tuna. non-readers could not identify fish 
that provide: health benefits like omega-3 fatty acids or health risks 
like Mehg. readers increased ability to make substitutions to minimize 
risk while maintaining the benefits of eating fish suggests the advisory 
may reduce Mehg-related health risks while avoiding the drop in fish 
consumption show in other studies.

since hCPs are an important source of food information for pregnant 
women, we were interested in learning about their knowledge and 
perception of important food safety and nutrition topics. We used data 

from a national survey of obGyns, nurse practitioners, nurse midwifes, 
physician assistants, and WIC educators to examine the perceptions 
held by hCPs regarding their role to provide fish consumption advice 
during pregnancy. We found hCPs are not systematically providing 
all recommended advice about each of these topics to their pregnant 
patients. rather, within each category hCPs are more likely to supply 
some advice over others. These findings suggest that, especially in 
multi-provider practices, clarifying the role of providing food safety and 
nutrition information to patients is important.

4c: Anthropogenic emissions: Monitoring 
and analysis to support mitigation

WO-065

CURRENT AND FUTURE LEVELS OF 
MERCURY EMISSION ON GLOBAL SCALE: 
QUANTITATIVE ASSESSMENT AND ANALYSIS OF 
MITIGATION OPTIONS
PaCyna, Jozef1; sunDseTh, Kyrre1; PaCyna, elisabeth1;  
Thorne, rebecca1; 
(1) NILU - Norwegian Institute for Air Research, Kjeller, Norway

jp@nilu.no

an assessment of current and future emissions of mercury worldwide is 
presented on the basis of results obtained during the duration of the eu 
GMos (Global Mercury observation system) project. emission estimates 
for mercury were prepared with the main goal of applying them in 
models to assess recent (2013) and future (2035) air concentrations, 
and atmospheric deposition trends of this contaminant. In this way, the 
project contributed to monitoring the implementation of international 
agreements on mercury emission reductions and its impacts on 
environmental and human health.

The combustion of fossil fuels (mainly coal) for energy and heat 
production in power plants and in industrial and residential boilers, 
as well as artisanal and small-scale gold mining, are the major 
anthropogenic sources of mercury emissions to the atmosphere at 
present. These sources account for between 37% and 25% of total 
anthropogenic mercury emissions globally, estimated to be about 2000 
t. emissions in asian countries, particularly in China and India, dominate 
the total emissions. The current estimates of mercury emissions from 
natural processes (primary mercury emissions and re-emissions), 
including mercury depletion events, were estimated to be 5207 t 
annually, which represents nearly 70% of the global mercury emission 
budget. oceans are the most important source (36 %), followed by 
biomass burning (9 %). a comparison of the 2035 anthropogenic 
emissions estimated for three different scenarios with current 
anthropogenic emissions indicates a reduction of these emissions in 
2035 of up to 85% for the best-case scenario.

Two global chemical transport models have been used within the 
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GMos project for the evaluation of future mercury pollution levels 
considering future emission scenarios. Projections of future changes 
in mercury deposition on a global scale simulated by these models for 
three anthropogenic emissions scenarios of 2035 indicate a deposition 
decrease of up to 50% in the northern hemisphere, and up to 35% in 
southern hemisphere for the best-case scenario.

a discussion on mitigation measures that need to be employed in order 
to achieve the 2035 emission reduction targets is also presented

WO-066

FUTURE PERSPECTIVE AND MITIGATION OPTIONS 
FOR ATMOSPHERIC MERCURY EMISSIONS IN CHINA
Wu, Qingru1; WanG, shuxiao1; 
(1) Tsinghua University, Beijing, China

wuqingru06@163.com

We have presented atmospheric hg emissions in China for the year 
2020 and 2030 in this study. We find that atmospheric hg emissions are 
projected to be similar as the emissions in 2010 (approximately 539 t) 
under business as usual scenario. This indicates that the hg removal by 
the progressive end-of-pipe pollution control measures will be offset 
by the hg input from increased energy consumption and products 
production. by using the stringent control technologies, atmospheric 
hg emissions can be reduced by up to 76.9% in 2030 at the accelerated 
pollution control technology scenario. future emission scenarios imply 
different mitigation options for the convention-regulated sectors. 
Current legislations and progressive pollution control (eg., dust 
collection, desulfurization and denitration measures) will be the primary 
mitigation options for controlling emissions from coal-fired power 
plants, coal-fired industrial boilers, and nonferrous metal smelting, 
which will reduce 87%, 55% and 74% of current emissions (compare to 
2010), respectively. large-scale deployment of dedicated hg removal 
technologies (eg., activated carbon injection and boliden-norzink 
technology) will aid to additional 2%, 35% and 15% of hg reductions in 
these three sectors, respectively. for cement production, unless the 
stringent control measures (eg., dust shuttling) are fully applied, hg 
emissions will increase by up to 22% in 2030 under the business as usual 
scenario. for municipal solid wastes incineration sectors, due to the 
sharp increase of incinerated solid wastes, hg emissions will increase 
to 5.7-11.7 t in 2030, all larger than the emissions of 0.7 t in 2010. Thus, 
stringent control measures should be used in this sector.

WO-067

PARTICLE-BOUND MERCURY (PBM) AND ITS 
ASSOCIATION WITH CHEMICAL AND ISOTOPIC 
COMPOSITIONS OF PM2.5 IN KOREA: LOCAL 
URBAN ACTIVITIES AND REGIONAL-SCALE 
TRANSPORT OF MERCURY
KIM, young-hee1; KIM, hyuk1; seoK, Kwang-seol1; KIM, rok-ho1; yu, seok-
min1; ParK, Kwang-su1; noh, seam1; lee, seung-ha1; 

(1) National Institute of Environmental Research (NIER), Incheon, Republic 
of Korea

heek89@gmail.com

Due to rapid industrialization and urbanization in east asia, the frequent 
occurrence of haze or smog is a growing concern. Particulate matter 
(PM), and especially, PM2.5, a transboundary atmospheric pollutant, 
is of particular interest as it has negative impacts on human health. 
Deciphering its origins and contributing sources is therefore vital for 
establishing effective reduction policies. We collected weekly PM2.5 
samples from an urban (seoul) and a rural (baengnyeong Island) area 
in Korea from January 2014 to July 2016 and analyzed the isotopic 
compositions of PM2.5, including 13C, 15n, 34s- so42-, 15n-no3-, 
18o-no3-, and 15n-nh4+, as well as particle-bound mercury (PbM). 
The mean concentrations of PbM were 36 ± 34 pg m−3 at the seoul site 
and 12 ± 11 pg m−3 on baengnyeong Island. obvious seasonal PbM 
variations were observed at both sites, as concentrations were higher in 
winter than in summer. at baengnyeong, PbM concentrations showed 
good positive correlations with oC, eC, and Pb concentrations, as well as 
the isotopic compositions of 13C, 34s- so42-, and 15n-no3-, whereas 
15n-nh4+ showed negative correlations with PbM. The stable isotopic 
compositions are expected to be more enriched with 13C, 34s-so42-, 
and 15n-no3- and depleted of 15n-nh4+ when PM2.5 arises from coal 
combustion rather than from vehicle and biogenic emissions. Thus, the 
positive correlations of 13C, 34s-so42-, and 15n-no3- with PbM and the 
negative correlations of 15n-nh4+ with PbM imply that the major PbM 
source during winter in baengnyeong is coal combustion.

WO-068

AMBIENT ATMOSPHERIC MERCURY IN THE 
VICINITY OF TWO LARGE COAL FIRED POWER 
STATIONS AND OPEN CUT COAL MINES
nelson, Peter1; MorrIson, anthony1; hoWarD, Dean1;  
eDWarDs, Grant1; 
(1) Macquarie University, NSW, Australia

peter.nelson@mq.edu.au

Measurement of ambient mercury concentrations has been undertaken 
over an extended period at a site in the hunter Valley north of sydney 
proximate to both coal fired power generation and mining activities. 
Mercury measurement at the site has been supplemented by 
measurements of so2, particulates and meteorology. results for more 
than 24 months of sampling have confirmed that mean annual ambient 
mercury levels are generally low by international comparison and in the 
range 0.8 -1.0 ng/m3. however, on occasion, higher level peaks of up to 
2.5 ng/m3 and mercury depletion events have been observed. some 
examples of these events and their possible causes are discussed. as 
the coal fired power stations are the only significant source of so2 in the 
region, the contribution of this source to mercury concentrations can 
be determined by examining the relationship between so2 and total 
gaseous mercury (TGM). however there is a poor correlation between 
high so2 and TGM during the period suggesting that the power stations 
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are not the source of the peak values of TGM. In fact so2 rises sharply 
and falls rapidly again with elevated levels seldom extending beyond 
several hours, and mostly occurring from late morning to mid-afternoon 
under convective conditions when the plume from the stations reaches 
the ground. by contrast the high mercury concentrations appear to be 
associated with drainage flows following nocturnal inversion events; 
where low levels of atmospheric mixing enhanced by low wind speeds 
create stable conditions minimising dispersion and leading to the build 
up of higher levels of TGM trapped below the boundary layer height. 
The source of mercury emission for these events is the subject of 
on-going research.

WO-069

PARTICIPATORY MONITORING AND COMMUNITY 
PROTECTION FROM MERCURY POLLUTION 
GENERATED BY ARTISANAL GOLD MINING 
IN COLOMBIA
VaneGas, Diana1; VeleZ-Torres, Irene1; MorGan, Victoria2; 
MClaMore, eric2; 
(1) Universidad del Valle, Cali/Valle, Colombia; (2) University of Florida, 
Gainesville/Florida, USA

vanegas.diana@correounivalle.edu.co

after the abolition of slavery in 1851, afro-communities inhabiting rural 
areas in the Pacific region of Colombia have depended on subsistence 
economies based on family farming, fishing, and traditional gold 
mining not involving the use of chemical reagents. recently, the rise of 
international gold prices, the weakening of rural economies, and the lack 
of state control in rural areas has facilitated the migration of illegal gold 
miners into afrodescendant territories, and along with this, the use of 
mercury amalgamate to concentrate gold. Improper and irresponsible 
use of mercury in the illegal mines has led to devastating damages 
to the ecosystems on which the local livelihood depends, bringing a 
number of negative consequences for the neighboring communities. 
a first assessment of mercury levels in surface water was made in 
the District of la Toma, Cauca. Preliminary analysis with commercial 
strips show that aqueous levels of ionic mercury in the waterbody 
downstream of the illegal mines and the community drinking water 
are 50 to 1000 ppb, which is alarming. While institutional intervention 
hasnt been granted for controlling illegal mercury usage in the region, 
we aim to mitigate this problem by developing a citizen science program 
using low-cost portable sensors accessible to these communities 
for periodic monitoring of their water and food sources. for this, we 
have developed two nanosensors: 1) an electrochemical graphene-
nanoplatinum electrode for analysis of methylmercury in fish tissue, 
and 2) a carbon nanodot photonic assay for analysis of ionic mercury 
in drinking water. The quantitative limit of detection in lake water for 
the two nanosensors was 11.1 ppb, and 12.5 ppb, respectively, and 
we are working to improve this as low as 1 ppb (4.5 nM). both sensors 
have a response time of less than 5 min, and the range extends to 
1000 ppb. These low-cost devices will be introduced in the community 
as analytical tools that will support an environmental monitoring and 

pollution control program run autonomously by community members. 
In addition to assessing the problem with nanosensors, high resolution 
spatiotemporal heat maps will be used to improve environmental risk 
models for rural communities of the Pacific region in Colombia. In the 
future, the nanosensor-risk model platform can be recreated in other 
regions of the world where mercury from mining is associated with 
social, environmental and public health problems.

WO-070

OPERATIONAL ACTIVITIES FOR THE REMEDIATION 
PROCESS IN THE FORMER HG MINING AREA OF 
ABBADIA SAN SALVATORE (SIENA, TUSCANY 
REGION, CENTRAL ITALY): AN UPDATE
VasellI, orlando1; nIsI, barbara2; raPPuolI, Daniele3; bIanChI, 
francesco4; CabassI, Jacopo5; TassI, franco1; 
(1) Department of Earth Sciences, Florence, Italy; (2) CNR-IGG, Pisa, Italy; 
(3) Unione dei Comuni Amiata-Val D’Orcia, Castiglion d’Orcia, Siena, Italy; 
(4) S.B.C. Geologi Associati, Florence, Italy; (5) CNR-IGG, Florence, Italy

orlando.vaselli@unifi.it

a reclamation program in the abandoned hg world-class mining district 
of abbadia san salvatore (Tuscany, central Italy), whose activity ceased 
in 1976, has started with a geochemical characterization of surface 
and ground waters, soil, air and mining structures. In 2008, the former 
owner (enI ltd. - aGIP Division) transferred properties and mining 
concessions to the Municipality of abbadia san salvatore that now is the 
responsible of the reclamation process. The mining activities ended up 
without any clean-up strategy. The metallurgical plants and tailings, with 
huge piles of calcines and roasting products where relevant amounts 
of metallic mercury are still present, were abandoned. Mine adits and 
shafts were closed, leaving flowing drainage tunnels and two unsealed 
chimneys to disperse a natural flow of Co2-rich gas discharge. This 
occurred without strict environmental regulations that became state 
laws in 1999. recently, the mining areas were divided in 6 sub-areas 
(lots) in accordance with the local environmental Protection agency, on 
the basis of the type of operations to be performed for reclaiming the 
mining area. lot 6 represents the most critical one, being the site where 
cinnabar was managed and roasted to produce liquid mercury after 
condensation processes. The other lots are characterized by workers 
and managers buildings and then, less affected by hg contamination.

In this work, we present an update of the reclamation activities, 
providing new original data on the different geological and 
anthropogenic materials included in the former mining concession. 
Most these compartments are indeed affected by hg concentrations 
that are well above the threshold concentration limits for mercury 
according to regulations issued by the Tuscany region for recovering 
abandoned mining areas. Consequently, operational activities are 
presently going on to minimize the presence of mercury in the building 
materials and edifices (including the air), soils and terrains and surface 
and underground waters. actions, criticalities and perspectives for the 
remediation process, which is focused on environmental restoration to 
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achieve a historic museum and mining park, are highlighted.The results 
are useful to the workers who are going to operate in the mining areas 
during the operational activities of remediation.

WO-071

SOURCES AND TRANSPORT OF MERCURY IN 
RESPIRABLE SUSPENDED PARTICULATE MATTER AT 
A RURAL SITE IN NORTH INDIA
KuMarI, anITa1; KulshresTha, uMesh1; 
(1) Jawaharlal Nehru University, New Delhi, India

anitajnu10@gmail.com

atmospheric mercury is a global concern because of its high 
toxicity, transboundary transport and its ability to biomagnify and 
bioaccumulate. It causes great harm to the human health, ecosystem 
and environment. It has been extensively studied in different parts of 
the world, but very few studies are available from India. Therefore, this 
study is an attempt to report mercury levels in respirable suspended 
Particulate Matter (PM10-hg) and to identify its potential sources of 
contribution through backward trajectories at a rural site (Mahasar, 
haryana) located ~130 km sW of new Delhi. In this study, we have also 
measured the seasonal variability of PM10-hg. The study was carried 
out during December 2014 to June 2015. Mercury was determined 
using differential pulse anodic stripping voltammetry through standard 
addition methods. The mean (± standard deviation) concentrations of 
PM10-hg during winter and summer seasons were 1.01 ± 0.3 ng/m3 
and 0.32 ± 0.2 ng/m3 respectively. The higher concentrations of PM10-
hg were observed in winter, possibly due to increased emissions from 
the combustion sources, reduced mixing heights, transportation from 
other regions and less precipitation. at the study site, burning of biofuels 
such as wood and cow dung cake for cooking and heating purposes is 
increased many folds during winter as compared to summer. lower 
concentrations of PM10-hg during summer might be due to increased 
mixing heights as well as due to the scavenging effect as some light to 
heavy rain events were also observed during summer time sampling. In 
order to find out the contribution of mercury from other source regions 
and the transport pathways of air masses arriving at our observation 
site, five-days backward airmass trajectories at three heights (500m, 
800m and 1000 m) above the ground level were calculated using 
hysPlIT model of noaa. The analysis of these trajectories revealed that 
during peak winters, air masses were coming from the south and south-
east regions of India which have been reported as the hot spots of coal 
deposits and coal mining activities as well as burning of coal in industries 
and thermal power plants. Probably, due to this reason, PM10-hg was 
higher during winters, apart from local source contributions. backward 
trajectory analysis revealed that PM10-hg concentrations were lower 
when the airmasses were arriving from western India, arabian sea and 
Middle-east regions. The interesting results of this study need further 
comprehensive monitoring of different forms of mercury too.

WO-072

LONG-TERM MONITORING OF ATMOSPHERIC 
MERCURY AT A COASTAL SITE IN THE NORTHERN 
GULF OF MEXICO
ren, Xinrong1; luKe, Winston1; Kelley, Paul1; WalKer, Jake2; Cole, 
ronald2; Cohen, Mark1; arTZ, richard1; olson, Mark3; 
(1) NOAA Air Resources Lab, College Park, MD, United States; (2) Grand 
Bay National Estuarine Research Reserve, Moss Point, MS, United States; 
(3) Illinois State Water Survey, Champaign, IL, United States

xinrong.ren@noaa.gov

atmospheric mercury species, including gaseous elemental mercury 
(GeM), gaseous oxidized mercury (GoM) and particulate bound mercury 
(PbM), trace pollutants (including ozone, so2, Co, no, noy and black 
carbon), and meteorological parameters have been continuously 
monitored since 2007 at an atmospheric Mercury network (aMnet) 
site in Grand bay, Mississippi. average hourly mercury concentrations 
and standard deviations were 1.40±0.23 ng m-3 for GeM, 5.9±11.4 pg 
m-3 for GoM, and 5.0±10.8 pg m-3 for PbM. Diurnal variation of GeM 
shows a slight increase in GeM concentration during the morning, likely 
due to downward mixing of higher concentrations from the residual 
layer. seasonal variation of GeM shows higher levels in winter and 
spring. Diurnal variations of both GoM and PbM show peaks in the 
afternoon likely due to photochemical oxidation of GeM. seasonally, 
PbM measurements exhibit higher levels in winter and spring and 
low levels in summer, while GoM measurements show high levels in 
early summer and late fall and low levels in winter.   These data were 
analyzed using hysPlIT back trajectories in order to develop source-
receptor relationships for mercury species in this coastal environment. 
Trajectory frequency analysis shows that high mercury concentrations 
were generally associated with air masses arriving from areas with high 
mervery emissions, while low mercury levels were largely associated 
with trajectories passing through relatively clean areas. This study 
indicates that the receptor site, which is located in a coastal environment 
on the Gulf of Mexico, experienced impacts from mercury sources that 
are both local and regional in nature.

1c-1: Stable isotope studies of global 
mercury cycling and bioaccumulation

RO-001

A FULLY-COUPLED GLOBAL HG ISOTOPE 
BOX MODEL
sun, ruoyu1; sonKe, Jeroen2; aMos, helen3; JIsKra, Martin2; ZhanG, 
yanxu4; sunDerlanD, elsie5; 
(1) Institute of Surface-Earth System Science, Tianjin University, Tianjin, China; 
(2) Observatoire Midi-Pyrénées, Laboratoire Géosciences Environnement 
Toulouse, Toulouse, France; (3) School of Public Health, Department of 
Environmental Health, Harvard University, Massachusetts, USA; (4) John A. 
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Paulson School of Engineering and Applied Sciences, Harvard University, 
Massachusetts, USA; (5) School of Engineering and Applied Sciences, Harvard 
University, Massachusetts, USA

roysun1986@gmail.com

The large magnitudes of mass-dependent (MDf) and mass-independent 
fractionation (MIf) of stable hg isotopes make it a useful tool to 
understand hg biogeochemical cycling on earth. accurate understanding 
of the hg isotope signatures in various earth’s reservoirs at a global 
scale needs to account for all the underlying hg sources (primary 
natural/anthropogenic hg emissions and re-emissions of legacy hg) and 
biogeochemical processes that potentially fractionate hg isotopes.

We integrate source hg isotope MDf and MIf signatures and 
processes-based isotope fractionation factors (e.g., hg0 exchange 
at the atmosphere-terrestrial and atmosphere-oceanic boundary 
layers, aqueous dissolved hgII reduction, elemental hg0 oxidation, 
sorption of aqueous hgII onto particles) into a fully-coupled, global 
terrestrial-atmospheric-oceanic hg isotope box model. The model is 
used to simulate three isotope signatures: δ202hg (MDf), Δ199hg (odd 
hg isotope MIf) and Δ200hg (even hg isotope MIf). We find that the 
simulated hg isotope compositions in the earth’s reservoirs using the 
best-available parameters are highly biased relative to several lines of 
observational constrains.

a series of sensitivity analysis suggests that MDf during atmospheric 
hg0 oxidation enrich heavy hg isotopes in the hg0, in contrary to the 
sign indicated by experimental atmospheric hg0 oxidation by br atom. 
a similar MDf sign is also necessary for dissolved hg0 oxidation in the 
ocean. To best fit the simulated results to the observational constrains, 
it requires anthropogenic hg emissions to have lower δ202hg than 
currently thought and a 2 times larger MDf factor for the hg0 oxidation. 
likewise, appropriate odd hg isotope MIf factors for oxidation of 
hg0 are also needed to reasonably simulate the observed Δ199hg 
variation in the earth’s surface reservoirs. We find that an increase of the 
terrestrial hg0 re-emission fluxes and associated odd MIf factors gives a 
closer agreement between model results and observational constrains.

RO-002

THE MYSTERIOUS MASS-INDEPENDENT 
FRACTIONATION OF EVEN MERCURY ISOTOPES
Chen, Jiubin1; CaI, hongming1; 
(1) Institute of Geochemistry, Chinese Academy of Sciences, Guiyang, China

chenjiubin@vip.gyig.ac.cn

Preliminary studies have demonstrated both mass-dependent 
fractionation (MDf) and mass-independent fractionation (MIf) of 
hg isotopes in natural samples, and the potential of hg isotope 
determination in biochemistry and geochemistry[1, 2]. To date, more 
than 100 papers have been published on hg isotope ratios, which 
demonstrated the potential of hg isotopes in tracing the source, 
processes and the fate of hg in the atmosphere, biosphere, lithosphere, 
and hydrosphere. a few special processes such as photochemical 

reduction of hg(II) and photochemical degradation of methylmercury 
(Mehg) can produce mass-independent fractionation (MIf) of odd hg 
isotopes (odd-MIf), which had been largely reported in variable natural 
samples and laboratory experiments, and was thought to be caused 
by either nuclear volume effect (nVe) or magnetic isotope effect (MIe). 
Moreover, recent work reported, unexpectively, intriguing MIf of even 
hg isotopes (even-MIf, D200hg up to 1.24‰) in natural samples mainly 
related to the atmosphere, rendering hg as a “three dimentional” 
isotope tracing system.

here, we try to give a tentative review of publications on even hg 
isotope anomalies, with a main focus on sample strategies and 
possible processes and mechanisms triggering even-MIf. Given the 
fact that even isotope anomaly was observed in variable regions with 
different altitude and latitude in China and in north america, the 
occurrence of even-MIf is likely a worldwide phenomenon, supported 
by the positive D200hg (~ +0.22‰) determined in the tree moss in 
sweden. In fact, D200hg is actually used to refer to the deviation of 
even hg isotopes from MDf, whether other even isotopes are subject 
to the same fractionation remains unclear and needs to be fully 
elucidated. In general, D200hg values were mainly determined in 
samples related to the atmosphere, implying an upper atmosphere 
origin of even-MIf. If our conceptual model[3] can hold, even-MIf 
may serve as a useful indicator of upper atmosphere chemistry. The 
implication of even-MIf as a possible conservative tracer remains to 
be largely developed. In fact, 200hg anomaly is likely related to solar 
irradiation, air mass move and stratosphere incursion, thus even-MIf 
could provide additional information about atmospheric chemistry, 
meteorological condition and even related climate changes. Moreover, 
the conservative behavior of 200hg anomaly may also be helpful for 
better understanding the global biogeochemical cycle of hg, especially 
the surface-atmosphere exchange.

1) bergquist, b. a.; blum, J. D. sci. 2007, 318, 417-420. 2) Cai and Chen, 
sci. bull.  2016, 61,116-124; 3) Chen et al., GCa 2012, 90, 33-46.

RO-003

ISOTOPIC FRACTIONATION OF HG DURING GAS-
PHASE OXIDATION CAUSED BY CL•, BR•, HO•, O3 
AND PHOTO-EXCITATION IN AIR
sun, Guangyi1; soMMar, Jonas1; lIn, Che-Jen2; lI, Kai1; yuan, Wei1; fu, 
Xuewu1; fenG, Xinbin1; 
(1) State Key Laboratory of Environmental Geochemistry, Institute of 
Geochemistry, Chinese Academy of Sciences, Guiyang, China; (2) Center for 
Advances in Water and Air Quality, Lamar University, Beaumont, USA

sunguangyi@mail.gyig.ac.cn

In this study, we investigated the hg isotope composition and 
fractionation during gas-phase oxidation of hg0 by oxidants considered 
important in the atmosphere and incorporated in most current chemical 
hg transport models (br•, ho• and o3). In addition, the systems of hg 
+ Cl•  and hg + hν (uV-C radiation incl. λ=253.7 nm) + o2 (air) were also 
studied. The importance of former reaction falls within combustion 
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processes and the latter reaction potentially has importance in the 
upper atmosphere.

reaction kinetics of hg0 oxidation by Cl•, br•, ho• and o3 in air at 
atmospheric pressure (750±1 Torr) and room temperature (298±1 
K) were determined by competitive and absolute kinetic techniques 
respectively to (1.8±0.5) × 10-11, (1.6±0.8) × 10-12, (2.7±1.89) × 10-12 
and  (4.6±0.5) × 10-20 cm3 molecule-1 s-1. significant mass-dependent 
fractionation (MDf) and mass-independent fractionation (MIf) were 
observed in all of the reactions studied. results show that heavier 
isotopes are preferentially enriched in the remaining hg0 during Cl•, 
o3 and uV-C initiated oxidation, whereas being enriched in the hg(II) 
products during oxidation by br• and ho•. odd-mass-number MIf 
(∆199hg and ∆201hg) is without exception positive for the reactant hg0 
and negative for the reactant hg (II) pool, although of various magnitude 
for the specific oxidants falling in the order (Cl• > br• > ho•  > o3). hg 
+ uV-C light + o2 induces a large magnitude of even-mass-number 
MIf (∆200hg down to -39.9‰ in the remaining hg0). This result has 
similarities to hg fractionation pattern previous observed to occur in 
compact fluorescent lamps and will be further elaborated. finally, the 
atmospheric relevance of hg0 gas-phase oxidation will be discussed in 
connection to field observations of hg stable isotope systematics.

RO-004

HISTORIC CHANGE IN MERCURY SOURCES AND 
CYCLING RECONSTRUCTED FROM ISOTOPIC 
RECORDS IN A GLOBALLY DISTRIBUTED SUITE OF 
LAKE SEDIMENT CORES
enGsTroM, Daniel1; fITZGeralD, William2; hurley, James3; Janssen, 
sarah3; KrabbenhofT, David4; lePaK, ryan3; naGorsKI, sonia5; yIn, 
runsheng6; Zhu, Chuanwei3; 
(1) St. Croix Watershed Research Station, Science Museum of Minnesota, 
Marine on St. Croix, MN, USA; (2) Department of Marine Sciences, University 
of Connecticut, Groton, CT, USA; (3) Environmental Chemistry and 
Technology Program, University of Wisconsin–Madison, Madison, WI, USA; 
(4) Wisconsin Water Science Center, U.S. Geological Survey, Middleton, WI, 
USA; (5) Environmental Science Program, University of Alaska Southeast, 
Juneau, AK, USA; (6) Institute of Geochemistry, Chinese Academy of Sciences, 
Guiyang, China

dre@smm.org

The strongest evidence for anthropogenic alteration of the global 
mercury (hg) cycle comes from historic records of mercury deposition 
preserved principally in lake sediments. More recently, high-precision 
measurement of hg isotopes has added a new dimension to these 
sedimentary archives, promising additional insights into hg source 
apportionment and cycling. at present, interpretations are constrained by 
the small number and geographic extent of cores analyzed isotopically. 
here we report on newly acquired hg-isotopic records from a globally 
distributed suite of well-dated sediment cores taken from remote lakes 
in the us (alaska, Minnesota, California), Canada (newfoundland), Kenya, 
and China. Most of these cores were analyzed previously for total-hg and 

all show the global rise in hg deposition associated with the industrial 
revolution. In nearly all cases, this rise is accompanied by an increase 
in mass dependent fractionation (MDf, reported in δ notation) and a 
decrease in mass independent fractionation (MIf, reported in ∆ notation) 
of hg isotopes. These trends, also noted in previous core studies, are 
attributed to large scale industrial emission of hg (with little MIf) into 
the global atmosphere and are consistent with positive MDf and MIf 
as measured in modern-day precipitation. Most cores show negative 
MIf in preindustrial sediments, indicating hg sources (e.g. organic soils) 
that have undergone significant recycling, including photochemical 
reactions that generate MIf. however, other cores show positive MIf in 
preindustrial times, suggesting that direct atmospheric deposition could 
be an important hg source for some lakes, especially those with relatively 
small watersheds. Despite similar temporal trends among cores, the 
actual isotopic signatures vary considerably among the different study 
regions, with some cores showing highly negative MIf (e.g., southeastern 
alaska; ∆199hg = -0.2 to -0.4 per mil) and others highly negative MDf (e.g., 
northwestern China; δ202hg = -3 to -5 per mil) throughout the period 
of record. such differences may reflect hg source differences, as well 
as fractionation effects during atmospheric transport and deposition, 
and during hg cycling in the water column (e.g., hg residence time, 
sedimentation rate, water clarity). Differences among the study lakes in 
latitude, precipitation source region, relative watershed size, and distance 
from hg emission sources provide an empirical framework for evaluating 
hg isotopic signatures and global hg cycling in recent centuries.

RO-005

EFFECTS OF CHINESE INDUSTRIALIZATION AND 
ECONOMIC GROWTH ON MERCURY INPUTS TO 
MARGINAL SEA SEDIMENTS: INSIGHTS FROM 
MERCURY STABLE ISOTOPES
yIn, runsheng1; Guo, Zhigang2; hurley, James3; lePaK, ryan3; hu, 
limin4; lIu, Wenchuan2; lIn, Tian5; fenG, Xinbin5; lI, Xiangdong6; 
(1) State Key Laboratory of Ore Deposit Geochemistry, Institute of 
Geochemistry, Chinese Academy of Sciences;Environmental Chemistry and 
Technology Program, University of Wisconsin-Madison, Madison, WI, USA; 
(2) Shanghai Key Laboratory of Atmospheric Particle Pollution Prevention, 
Department of Environmental Science and Engineering, Fudan University, 
Shanghai, China; (3) Environmental Chemistry and Technology Program, 
University of Wisconsin-Madison, Madison, WI, USA; (4) Key Laboratory 
of Marine Sedimentology and Environmental Geology, First Institute of 
Oceanography, State Oceanic Administration, Qingdao, China; (5) State 
Key Laboratory of Environmental Geochemistry, Institute of Geochemistry, 
Chinese Academy of Sciences, Guiyang, China; (6) Department of Civil and 
Environmental Engineering, The Hong Kong Polytechnic University, Hung 
Hom, Kowloon, Hong Kong

yinrunsheng2002@163.com

economic development in the past few decades has made China the 
largest user and emitter of hg in the world, however, the effect of 
such economic development on hg inputs to the nearby oceans is still 
unclear. In this study, the influx and isotopic composition of hg in four 
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210Pb-dated sediment cores was examined to investigate changes in 
hg deposition to major marginal seas in China. our results show a clear 
increase in hg influx since the 1950s, during which time China started 
its first national five-year Plan for economic development. Mercury 
influxes have increased rapidly since the late 1970s, which coincides 
with the launching of China’s economic reform policy. Increased input of 
industrial hg is causative for the observed hg influx increases. both mass 
dependent fractionation (MDf) and mass independent fractionation 
(MIf) of hg isotopes were observed. Values of δ202hg in all cores have 
shifted following the 1950s, and δ202hg has increased dramatically 
(-2.0 to -0.7‰). offshore cores show small but significantly positive MIf 
signatures (Δ199hg: 0.1 to 0.3‰), whereas open ocean cores mainly 
show slightly negative MIf signals (Δ199hg:-0.2 to 0‰). negative MIf 
in the deep layers of coastal cores suggest input by soil hg; however, 
open ocean cores exhibit positive MIf, attributed to atmospheric 
deposition. uppermost portions of the cores had lower MIf signals than 
deep sediments, which can be explained by the dilution of industrial 
hg. historical hg influxes of industrial, watershed, and atmospheric hg 
were calculated a triple-mixing isotope model. according to the model 
output, increases in industrial hg began in the 1950s and accelerated 
in the 1970s, in accordance with increases in industrial hg inputs due 
to the economic development of China. Interestingly, decreases in 
watershed hg influx were observed since the 1960s, and this decline 
may be attributed to intense dam construction, enhanced water-soil 
conservation, and increased water consumption during this period.

RO-006

STABLE ISOTOPIC EVIDENCE FOR MERCURY 
ACCUMULATION IN THE MONTANE FORESTS IN 
SOUTHWEST CHINA
fenG, Xinbin1; WanG, Xun1; yuan, Wei1; lIn, Che-Jen2; soMMar, Jonas1; 
lIu, yi1; lI, Kai1; ZhanG, hua1; 
(1) State Key Laboratory of Environmental Geochemistry, Institute of 
Geochemistry, Chinese Academy of Sciences, Guiyang, Guizhou, China; 
(2) Center for Advances in Water and Air Quality, Lamar University, 
Beaumont, TX, USA

fengxinbin@vip.skleg.cn

Mercury (hg) accumulation in montane forested areas plays an 
important role in global hg cycling. In China, montane forests account 
for about 90% forested areas, 25% of which located in southwest China. 
In this study, we characterized stable hg isotopic composition at the 
background forest sites of Mt. ailao, Mt. leigong, Mt. Gongga, and 23 
forests in Tibetan Plateau. We aimed to identify hg isotope fractionation 
caused by the translocation of atmospheric hg to the forest floor. similar 
isotope compositions were observed in foliage of different tree species. 
at Mt. ailao, the hg isotope signature of bulk leaf sprout samples 
(δ202hg = 0.08±0.74‰, Δ199hg = −0.20±0.14‰) was similar to those 
of gaseous air samples (δ202hg= 0.37±0.44‰, Δ199hg = −0.18±0.04‰) 
suggesting that atmospheric hg0 is a major source of hg found in 
foliage. negative δ202hg-shift (3‰) and Δ199hg-shift (0.10-0.15‰) 
were observed during the growing season. hg0 effluxes from mature 

foliage exhibits a large, positive mass independent fractionation (MIf) 
signature (Δ199hg = 0.17±0.40‰) in contrast to ambient air and leaf 
samples. During a 2-year litter decomposition period, δ202hg, Δ199hg 
and hg mass varied slightly, suggesting a steady hg accumulation 
in decomposing litter biomass. In contrast to those observed in fully 
decomposed litter (oa soil) and 0-5 cm mineral soils, positive δ202hg-
shift (0.5-1‰) was observed, and 0-0.2‰ negative Δ199hg-shift was 
dependent on the density of forest canopy. The negative Δ199hg in the 
surface soil samples were comparable to the observed Δ199hg in litter, 
but significantly different from the positive Δ199hg in throughfall/rainfall 
at 26 forest sites. This suggests that hg input from litter is a predominant 
source for hg accumulation on high montane forest floor. enhanced 
hg accumulation and more negative MIf in soil was observed at higher 
elevations at Mt. leigong while such altitudinal trends were not found 
at Mt. ailao and the sites of Tibetan Plateau. statistical analysis suggests 
that precipitation and temperature mediated litter biomass production 
plays an important role in hg accumulation in forest ecosystems.

RO-007

PROVING THE FEASIBILITY OF PASSIVE 
SAMPLING FOR ISOTOPIC FINGERPRINTING OF 
ATMOSPHERIC MERCURY
berGQuIsT, bridget1; KaPlan, robert1; MClaGan, David2; ChanDan, 
Priyanka1; ZIMMerMan, laura1; MonaCI, fabrizio3; WanIa, frank2; 
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(1) University of Toronto, Ontario, Canada; (2) University of Toronto 
Scarborough, Ontario, Canada; (3) University of Siena, Siena, Italy; 
(4) Environment and Climate Change Canada, Toronto, Ontario, Canada

bergquist@es.utoronto.ca

Plants play an important role in the biogeochemical cycle of mercury 
(hg) in the environment. It is generally considered that roots act as a 
barrier to the translocation of soil hg to aboveground tissues, thereby 
mitigating hg stress. however, a critical question that remains to be 
answered is how hg is assimilated and sequestered in root. To address 
this question, we collected houttuynia cordata, a widely distributed 
plant in southern China, from Wuchuan Mercury Mine, sW China, 
and measured the isotopic composition of hg using multi-collector-
inductively coupled plasma mass spectrometry (MC-ICP-Ms) and its 
chemical forms using high energy-resolution X-ray absorption near 
edge structure (hr-Xanes) spectroscopy. houttuynia cordata Thunb 
can be a potential accumulating plant of soil hg due to its large root 
biomass and relatively high hg concentration. The concentrations of hg 
varied from 0.4 to 1.5 mg/kg DW in primary roots, and 2.3 to 16.0 mg/
kg DW in secondary roots, and were similar to the hg concentration in 
soils (0.2 to 5.2 mg/kg DW). both mass dependent fractionation (MDf, 
denoted δ) and mass independent fractionation (MIf, denoted Δ) of hg 
isotopes were observed in the plant-soil system. significant differences 
in δ202hg values were observed between soils (-2.3‰≤ δ202hg ≤ 
-1.2‰ ±0.1‰) and roots (primary root:-5.1‰ ≤ δ202hg ≤ -3.7‰ ±0.1‰; 
secondary root: -5.7 ‰≤ δ202hg ≤ -3.2‰ ±0.1‰). soil hg had no MIf 
(-0.07‰ ≤ Δ199hg ≤ 0.04‰ ±0.04‰), in contrast to primary (0.03‰ 
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≤ Δ199hg ≤ 0.11‰ ±0.04‰) and secondary roots (0.06‰ ≤ Δ199hg ≤ 
0.14‰ ±0.04‰). although small, the differences of MIf between soil 
and roots were statistically significant (P < 0.05). The more negative 
δ202hg values in roots relative to the soils suggest that MDf occurs 
during the transport and diffusion of hg from the rhizosphere to the 
root interior. The positive MIf values in roots suggest that hg may 
bind to thiol ligands. Complexation of hg to thiol sulfur in the roots 
was demonstrated by hr-Xanes, which showed that 82% to 100% (± 
10%) of hg was in hg(sr)2 complex. small amounts of nano-particulate 
β-hgs were detected in three root samples (up to 18 ± 10%). In soils, hg 
was mainly present as α-hgs and nano-particulate β-hgs. The absence 
of α-hgs and paucity of nano-particulate β-hgs in roots and lack of 
detectable hg(sr)2 in soils suggest that mercury uptake proceeds 
through the oxidation of mercury sulfide and subsequent solubilization 
of divalent mercury. The underlying molecular mechanisms leading 
to mercury release, transfer, and accumulation in roots can be 
accompanied by the fractionation of the hg isotopes.

RO-008

UNDERSTANDING HG UPTAKE AND 
SEQUESTRATION IN THE ROOT OF HOUTTUYNIA 
CORDATA USING STABLE HG ISOTOPE TRACER AND 
HIGH ENERGY-RESOLUTION X-RAY ABSORPTION 
NEAR EDGE STRUCTURE SPECTROSCOPY
WanG, Jianxu1; ManCeau, alain2; Du, buyun3; XIa, Jicheng3; fenG, 
Xinbin3; yIn, runsheng1; lI, Xiangdong1; 
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Plants play an important role in the biogeochemical cycle of mercury 
(hg) in the environment. It is generally considered that roots act as a 
barrier to the translocation of soil hg to aboveground tissues, thereby 
mitigating hg stress. however, a critical question that remains to be 
answered is how hg is assimilated and sequestered in root. To address 
this question, we collected houttuynia cordata, a widely distributed 
plant in southern China, from Wuchuan Mercury Mine, sW China, 
and measured the isotopic composition of hg using multi-collector-
inductively coupled plasma mass spectrometry (MC-ICP-Ms) and its 
chemical forms using high energy-resolution X-ray absorption near edge 
structure (hr-Xanes) spectroscopy. houttuynia cordata Thunb can be 
a potential accumulating plant of soil hg due to its large root biomass 
and relatively high hg concentration. The concentrations of hg varied 
from 0.4 to 1.5 mg/kg DW in primary roots, and 2.3 to 16.0 mg/kg DW in 
secondary roots, and were similar to the hg concentration in soils (0.2 
to 5.2 mg/kg DW). both mass dependent fractionation (MDf, denoted 
) and mass independent fractionation (MIf, denoted ) of hg isotopes 
were observed in the plant-soil system. significant differences in 202hg 
values were observed between soils (-2.3 202hg -1.2 0.1) and roots 

(primary root:-5.1 202hg -3.7 0.1; secondary root: -5.7 202hg -3.2 0.1). 
soil hg had no MIf (-0.07 199hg 0.04 0.04), in contrast to primary (0.03 
199hg 0.11 0.04) and secondary roots (0.06 199hg 0.14 0.04). although 
small, the differences of MIf between soil and roots were statistically 
significant (P < 0.05). The more negative 202hg values in roots relative to 
the soils suggest that MDf occurs during the transport and diffusion of 
hg from the rhizosphere to the root interior. The positive MIf values in 
roots suggest that hg may bind to thiol ligands. Complexation of hg to 
thiol sulfur in the roots was demonstrated by hr-Xanes, which showed 
that 82% to 100% ( 10%) of hg was in hg(sr)2 complex. small amounts 
of nano-particulate -hgs were detected in three root samples (up to 18 
10%). In soils, hg was mainly present as -hgs and nano-particulate -hgs. 
The absence of -hgs and paucity of nano-particulate -hgs in roots and 
lack of detectable hg(sr)2 in soils suggest that mercury uptake proceeds 
through the oxidation of mercury sulfide and subsequent solubilization 
of divalent mercury. The underlying molecular mechanisms leading 
to mercury release, transfer, and accumulation in roots can be 
accompanied by the fractionation of the hg isotopes.

1d-1: Mercury cycling, bioaccumulation 
and health impacts in polar regions
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A REVISED RIVER HG FLUX TO THE ARCTIC OCEAN
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NA, France; (3) CNRS - University of Aix-Marseille, France; (4) Melnikov 
Permafrost Institute, NA, Russia
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elevated mercury (hg) levels in arctic marine biota have long been 
associated with atmospheric transport and deposition of anthropogenic 
hg emissions from the mid-latitudes. recent modeling studies suggest 
that arctic river inputs have been a potentially overlooked source of hg 
to the arctic ocean. observations on arctic river hg fluxes, in particular 
from eurasian rivers, are scarce however. here we present seasonal 
observations on dissolved (Dhg) and particulate hg (Phg) concentrations 
and fluxes for two large eurasian rivers, the yenisei and the severnaya 
Dvina. We observe large Dhg and Phg fluxes during the spring freshet, 
followed by a smaller, second pulse during the fall. We compare water 
discharge, watershed area and hg export relationships for eurasian and 
north-american rivers. using additional hg freshet observations for 
the Great Whale river (hudson bay), we are able to define run-off vs hg 
yield relationships for eurasian and n-american hg fluxes to the arctic 
ocean and for Canadian hg fluxes into the larger hudson bay area. by 
extrapolating these Dhg and Phg relationships to pan-arctic rivers and 
watersheds we estimate total hg fluxes to the arctic ocean of 31 Mg y-1 
which is on the lower end of model-based estimates of 16-80 Mg y-1 and 
hg/DoC ratio extrapolated estimates of 50-108 Mg y-1.
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A MASS BALANCE OF ATMOSPHERIC MERCURY 
DEPOSITION IN THE ARCTIC TUNDRA: GASEOUS 
ELEMENTAL MERCURY UPTAKE DRIVES A 
GLOBALLY-IMPORTANT MERCURY SINK
obrIsT, Daniel1; aGnan, yannick2; JIsKra, Martin3; heDGe, Christine4; 
Moore, Chris5; sonKe, Jeroen3; helMIG, Detlev6; 
(1) University of Massachusetts, Lowell, MA, USA; (2) Sorbonne Universités UPMC-
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To assess atmospheric hg inputs to the vast circumpolar tundra biome 
– covering 6% of the global land surface area –we developed a mass 
balance of atmospheric hg deposition in the continental arctic at Toolik 
field station in northern alaska, usa (68°38’n, 149°36’W). over two years, 
we correspondingly measured net gaseous elemental hg0 deposition 
using micrometeorological techniques, deposition of wet hgII and dry 
hgII, and vegetation hg inputs. We also conducted detailed hg stable 
isotope measurements in the atmosphere, snowpack, vegetation, and 
soils to quantify sources, and performed atmosphere-snow-soil hg0 
concentration profiles to determine zones and underlying processes 
that drive atmospheric hg0 sources and sinks.

We observed that gaseous hg0 deposition of 6.5±0.7 μg m-2 
yr-1 accounted for 71% of total deposition over the two years of 
measurement. Wet hgII deposition was 30 times lower (0.2 ± 0.1 μg m-2 
yr-1) and dry deposition of hgII was 2.5 μg m-2 yr-1 (range 0.8 to 2.8 
μg m-2 yr-1). Gaseous hg0 deposition was driven by a hg0 wintertime 
uptake and was enhanced in summertime due to vegetation uptake 
of hg0. no photochemical re-emission of hg0 from the snowpack 
is observed during the snow-covered period aside from surface 
re-emissions during springtime during mercury depletion events. 
Therefore, we conclude that during most of the year re-volatilization 
of hg0 is not an important process in the arctic tundra and that 
repeated deposition-emission cycles occurring at lower latitudes are 
tilted toward net hg0 deposition. Deposition of gaseous hg0, along 
with old soil age, explains high hg loads in tundra soils which exceed 
levels at temperate sites several-fold, and explains the conundrum 
that watersheds with some of the lowest hg wet deposition loads on 
earth and limited impacts from aMDes show elevated hg in riverine 
runoff. our measurements suggest that the arctic tundra is a globally 
important sink for atmospheric hg0 storing up to half of the world’s soil 
hg. anthropogenic climate change represents a risk for re-mobilization 
of massive tundra soil hg.
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MERCURY CYCLING IN A SUB-ARCTIC MIRE: 
INSIGHTS FROM STORDALEN, ABISKO
fahnesToCK, Maria1; bryCe, Julia1; CrIll, Patrick2; DesTasIo, Joel3; 
DrIsColl, Charles4; erICKson, lance5; halloran, Madison6; 
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Permafrost thaw driven by climate change in northern high latitudes is 
thought to play a significant role in enhancing the mobilization of previously 
sequestered peatland mercury (hg) to the atmosphere and hydrosphere. 
Though studies have shown sub-arctic hg dynamics to be impacted by 
adjacent permafrost thaw, the magnitude and long-term effects of hg 
mobilization in this climate-sensitive ecosystem remain poorly constrained.

To investigate the coupling of different export pathways of hg, along 
with the effects on hg cycling resulting from the evolution of this mire 
as climate change reshapes the landscape to more fully thawed zones, 
we measured total gaseous hg (TGM) fluxes across a permafrost thaw 
gradient and compared these fluxes to the total hg measured in peat 
and lake sediment cores collected at the stordalen Mire, abisko, sweden 
(68°21'n). In two of the peat core sites we also measured pore water 
methyl mercury (Mehg) contents.

Mercury flux measurements were estimated using a Tekran 2537 ambient 
air mercury analyzer integrated into a dynamic chamber system. The nine 
chamber array is divided into three sites, three chambers per site: (1) Palsa: 
dwarf-shrub dominated hummocks overlying permafrost, (2) sphagnum: 
semi-wet hollows with 100% sphagnum cover with minor eriophorum 
vaginatum, and (3) fen: wet hollows dominated by Carex rostrata and 
eriophorum angustifolium. all three sites show variability in the relative 
magnitude of deposition/evasion throughout the day but consistently show a 
diel pattern characterized by hg deposition during lows of photosynthetically 
active radiation (Par) and ground temperature and a release of hg during 
peak Par hours and ground temperature periods (13:00-15:00h).

Consideration of the hg flux measurements along with total hg 
concentrations of the peat suggests that palsa has the highest amount 
of stored hg. The sphagnum- dominated sites have less abundant hg in 
the core (1-20 ng/g) than the palsa (10-60 ng/g), and the fen sites have 
intermediate values (1-70 ng/g), at certain depths comparable to the 
peat cored from the palsa. all core profiles have the highest total hg 
concentrations near the surface and decrease with depth. The fen site 
contains elevated hg near the surface relative to the sphagnum while also 
containing significantly higher levels of pore water Mehg.
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Taken together our results suggest that during initial stages of 
permafrost thaw export of gas-phase mercury may be an important 
pathway, but as thawing continues mercury export into the hydrosphere 
becomes significant and environmental conditions for Mehg become 
more favorable.
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MERCURY EXPORTS FROM CONTRASTING LOW 
AND HIGH ARCTIC WATERSHEDS IN CANADA
sT. PIerre, Kyra1; sT. louIs, Vincent1; TanK, suzanne1; ZolKos, scott1; 
shaKIl, sarah1; lehnherr, Igor2; 
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Climate change is rapidly altering the arctic's freshwater cycle. Glaciers 
and ice sheets are melting, permafrost is thawing and precipitation is 
increasing throughout the north. In fact, conservative climate models 
predict that in 50 years, river discharges to the arctic ocean may 
increase by 25-50% with yet unknown consequences on water quality, 
productivity and physical structure of nearshore marine environments. 
our ability to predict the future health and productivity of these marine 
arctic ecosystems thus ultimately depends on our understanding of 
arctic freshwater resources discharging to them. here we present the 
results of detailed water quality surveys of two arctic watersheds in 
northern Canada: one in the high arctic dominated by glacier melt, 
and one in the low arctic defined by extensive retrogressive thaw 
slump activity. The lake hazen watershed (82°n) is anchored by lake 
hazen (544 km2, 267 m deep), which collects meltwater from the 
Grant land Ice Cap before discharging into the ruggles river and 
then Chandler fjord and nares strait between northern ellesmere 
Island and Greenland. The Peel river watershed (68°n) is a tributary 
of the Mackenzie river, a major inflow to the beaufort sea. Transects 
extending from glaciers/permafrost slumps downstream were 
completed in 2015 and 2016 to assess the impacts of changes in the 
terrestrial cryosphere to mercury exports from catchments. In the lake 
hazen watershed, average total mercury (Thg) and methylmercury 
(Mehg) concentrations in 7 glacial rivers were 9.7 and 0.048 ng l-1, 
respectively. high density turbidity currents transported these waters 
to the bottom of lake hazen, making this ultra-oligotrophic lake a sink 
for predominately particulate-bound hg. although lake hazen itself 
was not an important contributor of hg to the ruggles river, slump 
activity downstream of the lake increased Thg and Mehg exports to the 
marine environment by an order of magnitude relative to the outflow 
of lake hazen. In the Peel Plateau, Thg and Mehg concentrations, 
averaged over 8 slumps, increased from 4.5 and 0.296 ng l-1 upstream 
of the slumps to 296 and 1.68 ng l-1 downstream, with maximum Thg 
and Mehg concentrations reaching 2.05 µg l-1 and 10.1 ng l-1. flux 
estimates for each catchment will be presented. These results highlight 
the mobilization of mercury previously locked in various forms of ice to 
aquatic ecosystems with potential consequences for mercury cycling in 
downstream receiving systems.
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CHANGE IN LAKE SENSITIVITY TO 
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We investigated monomethylmercury (MMhg) bioaccumulation in lakes 
across a 30° latitudinal gradient in eastern Canada to test the hypothesis 
that climate-related environmental conditions affect the sensitivity of 
arctic lakes to atmospheric mercury pollution. aquatic invertebrates 
(chironomid larvae and bulk zooplankton) were used as indicators 
of MMhg bioaccumulation near the base of benthic and planktonic 
food chains. Previously published estimates of atmospheric mercury 
deposition in Canada showed this mercury flux declines with latitude. 
In step with that trend, we observed lower concentrations of Thg in 
both water and sediment in higher latitude lakes. Despite latitudinal 
declines of inorganic mercury exposure, MMhg bioaccumulation in 
aquatic invertebrates did not concomitantly decline. The highest MMhg 
concentrations in zooplankton and chironomids were observed in 
sub-arctic (55n) and polar desert lakes (75n). lakes with greater MMhg 
in aquatic invertebrates either had higher water MMhg concentrations 
(reflecting ecosystem production of MMhg) or less MMhg in water but 
also low water concentrations of DoC, chlorophyll and total nitrogen 
(reflecting ecosystem sensitivity). The MMhg:DoC ratio of surface 
water was a highly significant explanatory variable that may be useful 
to predict lake sensitivity to mercury pollution. bioaccumulation factors 
of basal organic matter sources (rock biofilms, seston) showed more 
efficient uptake of MMhg in low DoC lakes. our findings demonstrate 
that arctic lakes are more sensitive to mercury pollution and this 
sensitivity is related to the low amount of organic matter in their surface 
waters. Climate-related controls on lake productivity and DoC influence 
the fate of mercury deposition on a broad geographic scale.
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AIR-SEA EXCHANGE OF ELEMENTAL MERCURY 
OVER THE OPEN ARCTIC SEA
nerenTorP MasTroMonaCo, Michelle1; Jonsson, sofi2;  
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(1) Chalmers University of Technology, Gothenburg, Sweden; (2) University of 
Conneticut, Conneticut, United States of America
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elemental mercury, hg(0) is emitted to the atmosphere from natural 
and anthropogenic sources and deposited in the oceans as inorganic 
divalent hg, hg(II). around 80% of the hg(II) deposited into oceans 
has been estimated to be reduced and re-emitted to the atmosphere. 
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oceans cover ~60% of the worlds surface and the re-emission of hg(0) 
from sea surfaces is an important source of hg to the atmosphere. The 
air-seawater flux of hg(0) is commonly estimated using gas exchange 
models based on the calculated gas transfer velocity, the henry´s law 
coefficient and the concentration gradient of hg(0) between air and 
surface seawater. Geographical variations in the air-seawater flux of 
hg(0), especially in areas partly covered with ice such as the arctic, is a 
major contributor to the uncertainty in current global hg models.

During the sWeDarCTIC 2016 expedition (8th of august to 20th of 
september, 2016) in the arctic ocean arranged by the swedish Polar 
research secretariat (sPrs), gaseous elemental mercury (GeM), dissolved 
gaseous mercury (DGM) in surface seawater and hg(II) species in air were 
continuously measured. The expedition started and ended in the east 
Greenland rift basin crossing the eurasian basin, the north Pole and 
the Canadian basin. GeM and hg(II) species in air was measured using 
a Tekran 2537b instrument coupled to an 1130/35 mercury speciation 
system and the average GeM concentration during the campaign was 1.4 
± 0.2 ng m-3. The average concentrations of hg(II) and particulate hg(II) in 
air were found to be 1.6 ± 2.4 and 2.4 ± 2.0 pg m-3, respectively.

DGM was measured using an automated method and the seawater 
was sampled from the bow water system of the ship having a water 
intake at an approximate depth of 8 m. The extracted equilibrium 
concentration of DGM in the outgoing air was measured using a Tekran 
2537a instrument. The average DGM concentration was 40 ± 19 pg l-1 
with higher concentrations found when passing through sea ice (48 ± 
15 pg l-1) than in open water (19 ± 4 pg l-1). The higher surface DGM 
concentrations found under sea ice was due to a capsuling effect.

The surface of the arctic ocean was found to be supersaturated (438 
± 196 %) and an average air-sea flux rate of 1.52 ± 2.27 ng m-2 h-1 was 
calculated, indicating a net evasion of hg(0) from open sea surfaces in 
the arctic ocean.
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CYCLING OF METHYLATED MERCURY SPECIES IN 
THE CENTRAL ARCTIC OCEAN
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extreme warming events are currently being observed in the arctic with 
november air temperature being 20°C higher than historic normal and 
the sea ice coverage in the early winter month being at record lows. 
as the sea ice extent decreases, new areas, including the central arctic 
ocean, are made more accessible and will become attractive for the 
commercial fishing industry. Concerns are now being raised for a future 
“gold-rush” as international regulations are inadequate to protect the 
ecosystem and human health. one major concern is methylmercury 

(MMehg). human health concerns related to the pollution of the pristine 
environment of the arctic by Mercury (hg) and MMehg may be triggered 
by climate change. however, fundamental understanding of the cycling 
of methylated mercury species in these environments, including the 
central arctic ocean, is lacking and more study warranted. The central 
arctic ocean covers around 40% of the arctic ocean area but remains 
largely unexplored when it comes to the occurrence and cycling of 
methylated mercury species. In this presentation, we will present data 
on mono- and dimethylmercury (MMehg and DMehg, respectively) 
in ice, brine, meltwater and sea water collected in 2016 during the 
sWeDarCTIC 2016 expedition, and for comparison, total methylmercury 
(MehgT; i.e. MMehg + DMehg) collected in 2007 during the loMroG 
expedition. both expeditions were performed onboard the swedish Ib 
oden and coordinated by the swedish Polar research secretariat (sPrs). 
our studies cover the central arctic ocean from the Canada basin to 
the nansen basin. The concentrations of DMehg in the polar mixed 
layer were unexpectedly low and calculated fluxes of DMehg from and 
to the polar mixed layer suggest it to be a sink for DMehg. We further 
suggest the degradation of DMehg to be a major source of MMehg in 
the surface waters. The concentrations of MehgT in seawater in 2007 
and 2016 were similar to concentrations previously reported from 
the central basin but lower than the concentrations typically reported 
from the Canadian arctic archipelago. one contributing factors to the 
lower MMehg concentration in the central basin could be an overall 
lower primary production and thus lower re-mineralization and in situ 
formation of MMehg in the deeper waters of this region.
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We will present the combined results of the 2014 french GeoTraCes 
Ga01 GeoVIDe cruise (north atlantic), the 2015 German GeoTraCes 
Gn04 Transarc II cruise (Central arctic ocean) and the 2016 German 
GeoTraCes Gn05 GrIff (fram strait) cruises. full water column profiles 
were sampled using ultra-trace clean rosettes and total mercury (hg) 
was determined directly on board. We find consistent surface depleted 
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profiles in the north atlantic ocean, averaging overall 0.57 ± 0.2 pM (n 
= 527), while we observe surface enrichments in the arctic ocean (1.01 
± 0.48 pM, n = 54, 0 – 20 m) and fram strait (1.44 ± 0.39, n = 30, 0 – 20 
m). fram strait is the only deep connection between the north atlantic 
and the arctic ocean, were warm saline atlantic waters transit into the 
arctic as the West spitzbergen Current. at the same time, a great part of 
the immense arctic fresh water excess is exiting as the east Greenland 
Current and sea ice. We find that hg concentrations (0.65 ± 0.19 pM, n 
= 280) of the atlantic-sourced water mass present in the arctic ocean 
below the halocline (>200 m) matches well the north atlantic average. 
The east Greenland Current transports the hg enriched surface waters 
southwards, out of the arctic ocean. hg inputs to the arctic ocean were 
until now based on measurements from the north atlantic and modeled 
seawater flows. our refined measurements will assist in narrowing down 
the relative contributions of hg fluxes to and from the arctic ocean.

We will make use of the combined data sets of all three cruises to refine 
the previously published arctic ocean hg budgets using numerical 
model evaluations based on a coupled 3-D atmosphere-ocean 
simulation (Geos-Chem coupled to the MITgcm).

2d-1: Mercury fate in aquatic and 
terrestrial food webs
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freshwater biofilms are natural assemblage of microorganisms, such 
as microalgae, bacteria and fungi, which live together in symbiosis in an 
exopolymeric substances matrix. besides their implication in the ecology 
and biochemistry of aquatic systems, biofilms are defined to be one of 
the entrance of mercury (hg) along the trophic chain. The objective of 
the present study was to investigate the kinetics of hg accumulation 
(total and non-extractable) in biofilms of different compositions under 
controlled conditions during 24 hours. To that end, biofilms were grown 
on microscopy glass slides for 85 and 127 days in microcosms supplied 
with Geneva lake water and exposed for 24 hours to about 150 pM hg 
concentrations (precisely measured). both biofilms were examined for 
their hg content as a function of the exposure time (10 min, 30 min, 1 h, 
4 h, 6 h, 8 h and 24 h). In addition, biomass, chlorophyll content and the 
abundance of specific genes (16s. mera and hgca) were also analyzed 
in both biofilms. Physico-chemical parameters of the exposure water 
were characterized such as temperature, ph, anion/cation, dissolved 
organic matter, dissolved hg concentrations. for both biofilms, hg 
accumulation was rapid (<10min) and total hg concentrations in biofilms 
were comparable in the first hours of exposure. however, after 24 h 

exposure, these concentrations were 886 ± 179 pmol gdw-1 and 1528 
± 73 pmol gdw-1 for the young and old biofilm, respectively. for both 
biofilms, non-extractable hg content was modelled using a non linear 
pseudo first order one-compartment model. The uptake rate constant 
of the young biofilm was 10 times higher than for the old biofilm. 
furthermore, hg accumulation in the young biofilm reached a plateau, 
allowing the calculation of a clearance rate constant, whereas hg content 
in the old biofilm remained linear. These results might be explained 
by a larger thickness of the ePs matrix in the old biofilm, which was 
assessed with the lower biomass but similar surface coverage area in 
the young biofilm than in the old biofilm, indicating that the old biofilm 
grown in the third dimension. The thicker matrix of the old biofilm might 
thus limit the diffusional flux of hg from water to the microorganisms, 
decreasing the constant hg uptake rate. The 24h-hg exposure was 
additionally found to induce a decrease of chlorophyll content in both 
biofilms, suggesting a high impact of microalgae. The present study 
demonstrates that biofilm composition influence hg accumulation.
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Dietary transfer of mercury (hg) is considered as having the highest 
importance for its effects on higher trophic animals, but few studies 
have addressed the precise factors controlling this transfer as well 
as its mechanisms and characteristics. recently we observed that hg 
found in cell walls of macrophytes were a significant source of hg to 
gammarids. because cell wall constituents are recalcitrant by nature 
and are expected to remain for a long period in sediments after plant 
decay, we made the hypothesis that benthic organisms might as well 
be exposed to hg found in tissues of macrophyte. here, we assess how 
the hg accumulated in a representative macrophyte, elodea nuttallii 
was transferrable to Chironomus riparius, chosen as surrogate species 
for benthic organisms. Three different concentrations, comparable to 
those found in macrophytes from unpolluted and contaminated sites, 
of inorganic hg (Ihg) and methyl-hg (MMhg), and 2 compartments 
(cell wall, intracellular) were used as unique food source for C. riparius. 
Toxicity, bioaccumulation and subcellular toxicokinetics were measured.

We observed an effect of plant intracellular hg on chironomid growth, 
caused by both Ihg and MMhg at the higher concentrations (11.69 ± 4.91 
mg·kg-1). bioaccumulation measured in C. riparius revealed that MMhg 
was more transferable than Ihg in our conditions. Data also support 
that hg in cell walls was more transferable than intracellular hg, when 
chironomids survived the treatment. besides, after 10-d-long exposure, 
MMhg was predominantly found in MMhg form in the cytosolic fraction 
(s), considered as the metal-sensitive fraction, while Ihg showed similar 
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concentrations in s and insoluble debris (P) fractions. after 2-day-long 
depuration, only MMhg showed a baf > 1 both in s and P fractions in C. 
riparius. our data support that both intracellular and cell wall accumulated 
hg are dietary transferable from macrophytes to macroinvertebrates. 
besides, both Ihg and MMhg are dietary transferable from macrophytes 
to macroinvertebrates, but MMhg is more transferable to sensitive 
subcellular targets in chironomids than Ihg, in line with field studies 
showing a 2- to 4-fold higher transfer of MMhg than Ihg in food webs. 
our data hence point out the macrophytes as a new important source of 
hg transfer to benthic consumers in local food webs to be considered for 
enhancing aquatic environment protection.
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Mercury (hg) is a toxin shown to have serious health effects for humans 
and animals. While hg is a global problem due to the world-wide 
distribution of anthropogenic hg emissions, and local pollution from 
industrial processes, asia represents the majority of current and future 
emissions and hence requires particular attention in hg research. In this 
study in China, we concentrated on spiders, can play an important role 
in the bioaccumulation of hg in the food web, as they themselves are 
carnivorous and then are consumed by birds, in rice paddies ecosystems, 
known to be vulnerable ecosystems for hg bioaccumulation. In 2014 
we sampled soil and invertebrates over a gradient of distances from the 
abandoned mines and at a control site also in Guizhou Province, but 
without a history of mercury mining, at the end of the rice harvest. In 
addition, to test the hypothesis that hg accumulation in the ecosystem 
is seasonal, we collected separate samples at different seasons in 2015. 
We measured Thg and Mehg levels in range of invertebrates. In the 2014 
data, we uncovered a pattern of Thg and Mehg concentrations in spiders 
and grasshoppers that decreased with increasing distance from the 
abandoned mines. for all species, the distance to the mines significantly 
influenced Thg. Patterns in the percentage of Thg that was Mehg were 
complicated. The spider species varied in their Thg and Mehg levels, 
with orb weavers generally have higher concentrations, and this pattern 

was correlated to their trophic levels, as measured by C and n stable 
isotopes. In the 2015 data, Thg concentrations in soil were stable during 
two seasons, but soil Mehg concentrations were significantly higher 
when rice was nearly mature. for all invertebrate species, and all sites, 
there was a strong seasonal increase in Mehg. While there was also an 
increase in Thg concentrations, that increase was less than the increase 
in Mehg (Mehg was on average 2.15 times higher at harvest, compared 
to Thg, that was on average 1.52 times higher). These results indicate 
that there is a pulse of Mehg in the ecosystem towards the end of the 
rice growing season, which through spiders may flow into the vertebrate 
component of the food web. We argue that multinational studies need 
to be conducted in rice-based ecosystems throughout asia to further 
investigate whether there may be an undocumented loss of biodiversity 
related to hg local pollution and deposition in asia.

RO-020

THE SUITABILITY OF TOTAL MERCURY AS A 
SURROGATE FOR METHYLMERCURY IN AQUATIC 
MACROINVERTEBRATES DEPENDS UPON THE 
FEEDING GROUP OF INTEREST
rIVa-Murray, Karen1; 
(1) U.S. Geological Survey, Troy, NY, United States

krmurray@usgs.gov

Methylmercury (Mehg) is the toxic and bioavailable mercury species 
of greatest interest to monitor in aquatic biota, but laboratory analysis 
of Mehg in biological tissue is much more expensive than is analysis 
for total hg (Thg). however, when the percentage of Mehg relative to 
Thg (hereafter Mehg%) is high and well-established, as in fish tissue 
(generally > 90%), Thg analysis results can adequately represent Mehg 
concentrations. aquatic macroinvertebrates have great potential as 
Mehg sentinels in monitoring programs. They are important in Mehg 
trophic transfer to fish, and are often abundant and relatively easy to 
collect. however, macroinvertebrates are not widely used in Mehg 
monitoring because the suitability of Thg as a Mehg surrogate in 
macroinvertebrate tissues has not been empirically established. The u.s. 
Geological survey (usGs), with support from the new york state energy 
research and Development authority, conducted a study to evaluate 
the suitability of Thg as a Mehg surrogate for macroinvertebrates from 
streams in undeveloped settings by documenting taxonomic, spatial, 
and temporal variation in Mehg%. Mehg and Thg concentration data 
from more than 300 samples were compiled from published usGs 
studies conducted in the adirondack Mountain region of new york (nine 
streams) and, for geographic comparison, from Coastal Plain streams in 
south Carolina (four streams). The macroinvertebrate taxa from these 
samples were categorized by scraper, shredder, collector-gatherer, 
filterer, omnivore, and predator functional feeding groups (ffGs). Median 
Mehg% in adirondack samples ranged from 35% in scrapers to 92% in 
predators, and varied significantly among feeding groups (Kruskall-Wallis 
test, f=103, p<0.0001). Mehg% in predators, mainly dragonflies (odonata: 
aeshnidae and libellulidae) from adirondack and Coastal Plain streams 
was typically high (>90%) and exhibited minimal taxonomic, spatial 
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and temporal variation. In contrast, Mehg% within most of the lower 
ffGs considered was highly variable. Median Mehg% in the northern 
case-maker caddisfly (Trichoptera: limnephillidae), a shredder, collected 
from six adirondack sites ranged from 18% to 72%, and differences were 
highly significant (f=18.0, p<0.0001). Median Mehg% in the flat-head 
mayfly (ephemeroptera: heptageniidae), a scraper, collected from five 
adirondack sites ranged from 28% to 55%, and was significantly higher 
in summer than in spring from the same site (Wilcoxon rank-sum test, 
p<0.005). These results indicate that Thg has good potential to function 
as a surrogate for Mehg in dragonflies and other predatory aquatic 
macroinvertebrates in streams of largely undeveloped watersheds, but 
Mehg analyses are warranted for taxa that feed at lower trophic levels.

RO-021

THE DRAGONFLY MERCURY PROJECT: A 
NATIONAL SCALE EVALUATION OF VARIATION IN 
BIOSENTINEL MERCURY CONCENTRATIONS AND 
LANDSCAPE DRIVERS ACROSS US NATIONAL PARKS
nelson, sarah1; WIllaCKer, James2; eaGles-sMITh, Collin2; 
KrabbenhofT, David3; flanaGan PrITZ, Colleen4; KleMMer, 
amanda1; GreIG, hamish1; Chen, Celia5; haro, roger6; 
(1) University of Maine, Orono, ME, United States; (2) USGS Forest and 
Rangeland Ecosystem Science Center, Corvallis, OR, United States; (3) USGS 
Mercury Research Lab, Middleton, WI, United States; (4) National Park Service 
Air Resources Division, Lakewood, CO, United States; (5) Dartmouth College, 
Hanover, NH, United States; (6) University of Wisconsin-La Crosse, La Crosse, 
WI, United States
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The Dragonfly Mercury Project spans more than 200 unique locations 
across over 60 national parks throughout the us. since 2014, parks have 
sampled dragonfly larvae for total mercury (Thg) and methylmercury 
(Mehg) as well as surface-water (filtered Thg and Mehg, DoC, sulfate, 
suVa, and ph), and sediment (Thg and Mehg) to determine: (1) baseline 
hg concentrations in national parks prior to implementation of national 
and international mercury use and emission controls; and, (2) which 
habitats and catchment characteristics influence vulnerability to hg 
accumulation in foodwebs. Dragonfly larvae are useful bio-sentinels for 
hg spatial patterns because they are widespread in freshwaters, exhibit 
high site fidelity, and as predators, contain almost all of their hg as 
Mehg (83% in this research). In an initial subset of the data including 127 
freshwater lakes, ponds, wetlands, streams, and river sites in 34 national 
parks, Thg in dragonfly larvae was 141.1±2.5 (mean±se) ppb, dry weight 
(dw). We observed 76-fold variation between the sites with the greatest 
(>1000 ppb, dw) and least (~20 ppb, dw) mean dragonfly larval Thg 
concentration across parks, and up to 44-fold variation among sites 
within a single park, highlighting the importance of spatial variability at 
the scale of individual water bodies. Preliminary analyses in olympic and 
acadia national Parks, where >10 water bodies of varying size, type, and 
hydroperiod were sampled, indicated that stream sites had the greatest 
dragonfly Thg concentrations as compared to wetlands, ponds, and 
lakes. We observed taxonomic variation in dragonfly Mehg:Thg only 

for one of the six families present in these parks. larvae of the family 
aeshnidae, which tend to be aggressive predators that can consume 
larval frogs and small fish, generally had greater Mehg:Thg than larvae 
of other families. linking water chemistry parameters with dragonfly 
and sediment Thg allows for comparison of modeled vulnerability to 
methylation with actual geographic patterns that include these point-
specific, layered Mehg production drivers. although use of dragonfly 
larvae as bio-sentinels for hg continues to be a promising approach 
and allows for hg assessment at sites that are fishless, it is important to 
statistically account for habitat, taxonomic, and ontogenetic differences 
in interpreting and comparing data among sites.

RO-022

PATTERNS OF MERCURY BIOACCUMULATION IN 
INVASIVE LIONFISH (PTEROIS VOLITANS/MILES) 
FROM CURACAO
rITGer, amelia1; CurTIs, amanda1; Chen, Celia1; 
(1) Dartmouth College, Hanover, NH, USA

amelia.ritger@gmail.com

since the 1980s, predatory Indo-Pacific lionfish (Pterois volitans/miles) 
have successfully invaded and rapidly spread throughout the western 
atlantic ocean and Caribbean sea. Invasive lionfish can be detrimental 
to coral reefs and fisheries, and efforts to control lionfish population 
size include targeted removals and spearfishing derbies. spearfishing 
and consumption of lionfish are increasingly popular and effective 
tools for maintaining lionfish populations at reduced levels. however, 
few studies have examined whether consumption of lionfish poses 
any danger to human health through exposure to contaminants, such 
as mercury. here, we analyzed lionfish collected along the southern 
coast of Curacao, relative to the island’s oil refinery (Isla refinery), for 
total mercury (Thg), stable isotopes of nitrogen (d15n) and carbon 
(d13C), and stomach contents. fish ranged in size from 86 and 331 
mm standard length and total mercury concentrations ranged from 
0.008 to 0.106 ppm. Thg significantly increased with fish length and 
fish body condition, suggesting bioaccumulation of mercury as lionfish 
age. Thg also increased linearly with d15n, but not d13C, suggesting 
lionfish feeding on higher trophic level prey resulted in greater mercury 
bioaccumulation, but different carbon sources did not differ in mercury 
concentration. stomach content analyses complement these findings, 
as larger lionfish with higher Thg consumed more vertebrate prey items 
than smaller, younger lionfish. Thg did not significantly differ across 
sampling sites, indicating that Isla refinery has no direct impact on 
lionfish mercury levels in Curacao. however, sampling site was related 
to d15n; specifically, Punda, a sampling site located directly off the coast 
from Isla refinery, had significantly higher d15n than all other sampling 
sites. d13C was significantly different across sampling depths and, in 
particular, was enriched in lionfish captured at the shallowest (5-15m) 
depth range, depths approximately shallower than Curacao’s fringing 
reef. overall, these results indicate that lionfish around the island 
of Curacao contain low concentrations of total mercury, even in the 
presence of a local oil refinery.
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CONTAMINANTS AND NATIVE FISH 
CONSERVATION IN THE UPPER COLORADO 
BASIN: THE FORGOTTEN STRESSORS, MERCURY 
AND SELENIUM
sChMIDT, Travis1; Day, natalie2; roberTs, James1; WIllaCKer, James3; 
WalTers, David1; sTrICKer, Craig4; eaGles-sMITh, Collin3; 
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OR, USA; (4) USGS, Denver, CO, USA
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native fish populations, including four federally endangered fish species 
(Colorado Pikeminnow, bonytail, humpback chub, razorback sucker), 
in the upper Colorado river basin (uCrb), have endured many threats, 
including altered natural flow and thermal regimes, fragmentation of 
habitat by dams, invasions by nonnative species, and climate change. 
exposure to contaminants has been understudied in the uCrb, largely 
because of its remoteness and high proportion of federally managed 
lands. however, global transport of mercury (hg) and deposition within 
the basin has become a concern. In addition, the uCrb has naturally 
high background concentrations of selenium (se) in the surrounding 
soils and bedrock. Within the basin, mining and combustion of coal may 
be a local source of hg while an expansive conversion of arid land to 
irrigated land has exacerbated transport of se to the riverscape. both 
hg and se can be toxic to wildlife, but in combination se may abate hg 
toxicity. In response to these concerns, the u.s. Geological survey has 
compiled and analyzed a historical database of fish tissue hg and se 
concentrations for the uCrb. over 2000 fish tissue samples have been 
collected basin-wide since 1962; however, 73% of these samples were 
collected in only 8 of the last 26 years, and only 12% were from federally-
endangered fishes. historically, average basin-wide hg concentrations 
in two fishes of conservation concern (i.e., roundtail Chub and Colorado 
Pikeminnow) were >2.4X the us ePa human health standard of 0.3 
ppm; whereas only 1 native fish species, speckled dace, averaged above 
the 2016 us ePa tissue standards for se. Considerable geographic 
variability in hg and se concentrations in fish was observed among the 
eight uCrb subbasins. The White-yampa river and the lower Gunnison 
river basins had the highest average (pooling across species) hg and 
se concentrations (respectively). There was also considerable variability 
in se:hg ratios among subbasins, however typically ratios exceeded 5. 
These relatively high se:hg ratios suggest that hg toxicity is abated by 
se, however, locally high se concentration may pose risks to native fish. 
Preliminary findings suggest that some imperiled fishes of the uCrb 
face potential risks associated with high hg and se exposures. In 2016, 
we augmented the historical hg and se data by collecting more than 
1000 samples, including >300 from native endangered species. These 
samples and those collected in the coming years will help identify if hg 
and se exposures pose risks to native fishes of the uCrb.

RO-024

IMPACTS OF CLIMATE AND LAKE BROWNING 
ON MERCURY CONCENTRATIONS IN FISH – AN 
ANALYSIS OF RESAMPLED PERCH POPULATIONS 
IN SCANDINAVIA
braaTen, hans1; ÅKerbloM, staffan2; ChrIsTensen, Guttorm3; PosTe, 
amanda1; JaCKson-blaKe, leah1; De WIT, heleen1; 
(1) Norwegian Institute for Water Research, Oslo, Norway; (2) Swedish 
University of Agricultural Sciences (SLU), Uppsala, Sweden; (3) Akvaplan-NIVA, 
Tromsø, Norway
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Mercury (hg) contamination in freshwater fish is a severe environmental 
problem throughout the world, including the scandinavian region. 
health advisory limits are often exceeded in perch (Perca fluviatilis) 
in sweden and norway, even in remote boreal lakes. historically 
deposited and catchment stored long-range transported atmospheric 
hg is the main pollution source to the lakes. The last 20-30 years, fish 
hg concentrations show patterns – including long-term increases – that 
currently lack an explanation. Generally, absence of data from the 
same lakes over time leads to confusing temporal patterns drawn from 
spatial variation.

We designed a sampling campaign to revisit lakes with historical data 
on hg in fish along a north-south gradient in norway and sweden. The 
lakes have been subject to varying degree of browning and climate 
warming, enabling us to test hypotheses on factors driving hg levels 
in fish. In freshwaters, elevated concentrations of hg appear to be 
connected to humus-rich waters, which makes a connection between 
the recent rise in surface water colour and increased hg in fish plausible. 
similarly, a warmer climate may potentially affect hg concentrations in 
top predators through a range of direct and indirect processes.

We selected 27 lakes that 1) had hg in fish data available from the 1990s; 
2) were located in three different climatic regions, i.e. south-boreal, 
Mid-boreal and subarctic (from 59.0° n to 69.5° n); 3) had gradients in 
dissolved organic carbon (DoC) concentrations, ph and productivity 
within each region. sampling was conducted during the autumn of 
2016. We tested hypotheses on the main drivers of temporal trends 
of hg in fish in sweden and norway by collecting data on catchment 
characteristics, water chemistry, fish, gridded downscaled weather data, 
and reconstructed DoC trends based on monitoring data and process-
understanding of DoC drivers.

all lakes were sampled in the early 1990s, the 2000s and 2016. 
Temporal trends were identified using a covariance analysis, creating 
general linear models. explanatory variables included season, year, 
fish morphology and stable isotopes (δ15n and δ13C), in addition to 
fatty acids where available, to test for dietary preferences. We will show 
robust tests of hypotheses on effects of climate and browning on hg in 
fish based on these datasets. In addition, we will be able to test effects 
of short-term climatic variation on annual and seasonal variation in 
hg in fish from a sub-set of lakes, using growth and trophic status as 
additional variables.
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2e: Artisanal Small-scale Gold Mining 
(ASGM): Current and historical emissions, 
current practices and future projections

RO-025

ASSESSMENT OF MERCURY LOSSES DURING THE 
THERMAL DECOMPOSITION OF SILVER AMALGAM 
USING RETORTS
sobral, luis1; souZa, Julia2; CasTIlhos, Zuleica1; arauJo, Patricia1; 
(1) CETEM - Centre for Mineral Technology, Rio de Janeiro/RJ, Brazil; (2) UFRJ - 
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The misuse of mercury in artisanal small-scale gold mining gained 
notoriety with the consolidation of the Minamata Convention (2013). 
There is a worldwide concern for improvements in the processes used 
for extracting gold in such places. one of the proposals is the use of 
retorts during the thermal decomposition of gold amalgam. Therefore, 
this study aimed at developing an occupational exposure assessment 
methodology for those operators before such equipment, and, at the 
same time, to evaluate the possibility of dragging precious metals during 
the pyrolysis process. according to preliminary results, the retort tested 
showed significant emissions of mercury to the atmosphere and so 
did precious metal. however, new trial tests shall be accomplished for 
validating those previously obtained results, taking into account, in these 
additional tests, the performance evaluation of different retort designs. 
finally, as an attempt to validate the proper retorting temperature 
range for better decomposing the aforementioned amalgam a thermo-
gravimetric analysis were run, which generated the right figures to use 
the proper thermo-decomposing temperature so as to avoid losing 
precious metals with the mercury vapor.

RO-026

NANOGOLD ON POROUS GLASS AS A PASSIVE 
SAMPLER FOR MONITORING OF GASEOUS 
ELEMENTAL MERCURY IN ARTISANAL 
GOLD MINING
sanTos, elias1; fosTIer, anne-hélène2; TelMer, Kevin3; Moher, 
Paleah3; MaZalI, Italo2; ferlIn, stacy2; brolo, alexandre3; 
(1) Federal University of São Paulo, São Jose dos Campos, Brazil; (2) University 
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Mercury contamination is a major working hazardous in artisanal gold 
mines in developing Countries, particularly in africa, asia and south 
america. There are no portable and cheap methods able to alert 
workers of mercury exposure on site in remote locations.

In this work, a miniaturized mercury sampler prepared by the direct 

reduction of gold into the porous nanostructures of Vycor® glass 
(PVG) is introduced. Mercury retention on the PVG/au sampler induces 
significant color changes, due to the formation of au-hg amalgam that 
affects the surface plasmon resonance characteristics of the material. 
The color change can be easily verified by eye and quantified based on 
the analysis of the rGb channels obtained from pictures of the sampler. 
Therefore, the sampler can be easily deployed in remote areas and the 
gold exposure can be evaluated using a somethings as simple as a cell 
phone camera.

The PVG/au sampler was prepared in two steps: impregnation of PVG 
discs (0.6 cm Ø) with hauCl solution, followed by the direct reduction in 
situ of auCl4- to au0. The presence of nanogold was readily detected by 
the red color of the PVG/au disc. The PVG/au was analyzed by high-
resolution transmission electron microscopy (hrTeM). The amount of 
gold deposited in the PVG/au discs was determined by ICP-Ms. Mercury 
retained on the samplers, before and after exposure, was quantified by 
Direct Mercury analyzer®.

The samplers were first exposed to hg vapor (~2 ppmv) for different 
times (8 to 48 h) and these laboratory experiments showed the viability 
of using PVG/au as passive sampler for monitoring of hg0. The retention 
of mercury by PVG/au samplers was monitored by red-blue-Green 
analysis of images of the samplers and by using ultraviolet-visible 
spectroscopy. PVG/au samplers were also deployed in an artisanal and 
small scale Gold Mining (asGM) area in burkina faso and it was able to 
indicate mercury exposure. The amount of mercury quantified in the 
samplers for all miners was higher than the current personal exposure 
limit for hg0 set by the us occupational safety & health administration 
(osha), which is 0.1 mg m-3 (~12 ppbv in air), indicating an unhealthy 
work environment. The nanogold sampler described here is therefore a 
potential tool to that can quickly and cheaply evaluate mercury exposure 
in work conditions of asGM sites and other settings.
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ASSESSING THE STATUS AND PERFORMANCE 
OF MERCURY CAPTURE DEVICES TO REDUCE 
GOLD SHOP EMISSIONS, RELEASES, AND 
ASSOCIATED EXPOSURES
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artisanal and small-scale gold mining (asGM) is a major source of global 
mercury pollution. Miners often add mercury to ore to separate the 
gold, and then take this amalgam to a gold shop where the mercury is 
driven off at high temperatures. an estimated 50,000gold shops serve 
the asGM community as a key step in the gold supply chain. In some 
cases, simple devices such as water-based box condensers and pipe 
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retorts are used to capture the mercury during amalgam burns. If not 
captured, mercury can exceed 1,000mg/m3 inside gold shops, which 
is then released to ambient air. Chronic human exposures to mercury 
can harm the central and peripheral nervous systems and other organs 
and systems.

To help address this issue, the u.s.environmental Protection agency 
(ePa) has led efforts to develop and implement a mercury capture 
technology to reduce emissions in gold shops. In collaboration with 
argonne national laboratory, a simple mercury capture system (MCs) 
was designed that would be easy to make using local materials and 
capabilities. The MCs consists of a steel drum that houses a fan, which 
draws air from above the amalgam burn through slotted baffle plates 
on which the mercury condenses and then collects at the bottom of 
the drum for removal. The system was deployed in more than thirty 
gold shops across Peru and brazil from 2005-2010. Indoor test results 
indicated the MCs achieved mercury removal efficiencies of 80% 
and higher.

ePa, argonne, and Mercer university are collaborating to assess the 
status of MCss and other mercury capture devices in gold shops. The 
goal is to increase understanding and awareness of such devices as a 
measure that could substantially reduce emissions and releases from 
gold shops, thus reducing worker exposures and exposures of people in 
communities nearby. The collaboration will explore a number of factors 
around the presence and management of mercury capture devices in 
gold shops, including:

 ◆ Insights into uptake and operational factors;

 ◆ Design, fabrication, installation, and operation of such devices;

 ◆ Collection and disposition of the captured mercury;

 ◆ Costs, benefits, and incentives; and

 ◆ supplemental information, such as additional design details and 
mercury measurements.

Possible future activities include exploring the potential role of citizen 
science, and of mercury capture technology as a strategy option for 
reducing mercury emissions as part of larger national efforts, with 
consideration as a technological strategy for addressing targets 
identified in national action Plans for asGM activities.

RO-028

DEFORESTATION DURING ARTISANAL AND SMALL-
SCALE GOLD MINING EXACERBATES MERCURY 
MOBILIZATION IN MADRE DE DIOS, PERU
DIrInGer, sarah1; berKy, axel2; MaranI, Marco2; orTIZ, ernesto2; Pan, 
William2; hsu-KIM, heileen2; 
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artisanal and small-scale gold mining (asGM) is a significant contributor 
to mercury (hg) contamination and deforestation, particularly in the 

Colorado river watershed in Madre de Dios, Peru. Within the Colorado 
river watershed, mining and deforestation have increased dramatically 
since the 1980s and have been largely concentrated in the Puquiri 
river, a tributary of the Colorado river. field sampling in feb 2015, apr 
2016, and Jun 2016 identified a strong correlation between hg and 
suspended solids concentrations, with especially high suspended solids 
concentrations downstream of asGM activity. This result suggests 
that hg transport in this region was facilitated by soil mobilization 
and runoff. In order to understand how asGM activity in the Puquiri 
affects sediment and hg mobilization from the watershed over time, 
we employed a watershed-scale soil mobilization model using satellite 
imagery from 1986 to 2014. The model estimated that soil mobilization 
in the Colorado river watershed increased by 2.5 times during the time 
period, and increased by six times in the Puquiri subwatershed, leading 
to between 10 and 60 kg of hg mobilized in 2014. If deforestation 
continues at its current exponential rate through 2030, soil and heavy 
metal mobilization may increase by five times. This research shows that 
deforestation associated with asGM can exacerbate soil mobilization 
and hg contamination.
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FLUVIAL MOBILITY OF MERCURY, CYANIDE AND 
OTHER HEAVY METALS IN THE PUYANGO-TUMBES 
RIVER BASIN, ECUADOR-PERU
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In Portovelo-Zaruma in southern ecuador, 87 gold processing centers 
line the banks of the Puyango-Tumbes river, producing an estimated 6 
tonnes of gold/a. each of the plants processes gold using a combination 
of mercury amalgamation and/or cyanidation, resulting in an estimated 
1.6 million tonnes/a of tailings enriched with 2040 tonnes/a of cyanide, 
0.243 tonnes/a of mercury and other heavy metals being discharged 
into the Puyango-Tumbes river, that crosses from ecuador to Peru and 
ends up in the Pacific ocean. The results showed that the majority of 
the water and sediment samples collected from the Puyango-Tumbes 
river had elevated concentrations of total arsenic, cadmium, copper, 
lead and zinc, exceeding the CCMe (Canadian Council of Ministers of the 
environment) long Term effect thresholds for the Protection of aquatic 
life. at monitoring points immediately below the processing plants, 
total arsenic concentrations exceeded the threshold by 3000 times in 
solution in surface waters and 740 times in sediment. even over 140 
km downstream, arsenic concentrations in water and sediment were 
still well above the permissible limits, especially in the sediments. The 
highest total cadmium concentrations were 555 times over the guideline 



ORAL ABSTRACTS ICMGP2017 The 13Th InTernaTIonal ConferenCe on MerCury as a Global PolluTanT InTeGRATInG MeRCuRy ReSeARCh And POLICy In A ChAnGInG WORLd July 16 – 21, 2017 · ProVIDenCe, rhoDe IslanD, usa 129

in surface waters and 120 times over the CCMe standard in sediments, 
which raises concern about contamination of aquatic organisms. 
The highest copper concentrations in surface waters exceeded the 
threshold by 3567 times and in sediment by 85 times. The highest lead 
concentrations were 840 times over the guideline in surface waters and 
27 times in sediment. steps should be taken to reduce lead exposure, 
especially in regards to potential bioaccumulation in aquatic biota. free 
cyanide concentrations were high in surface waters of the river for 50 
km below the processing plants, with the highest concentration 13,560 
times above the CCMe standard of 5 μg/l and 1695 times above the 
24-hour lC50 concentration (50 percent fatality) of 40 μg/l free cyanide 
for some fish species. The highest total mercury (Thg) concentrations 
in sediments were found within a 40-km stretch downriver from the 
processing plants, with levels varying between <0.03-30.8 mg/kg during 
the dry season and 1.8-45.1 mg/kg during the wet season, with most 
concentrations above the CCMe Probable effect level of 0.5 mg/kg. Data 
from mercury isotopic analyses support the conclusion that mercury use 
during gold processing in Portovelo-Zaruma is the source of hg pollution 
found far downstream in the Tumbes Delta in Peru, 160 km away.

RO-030

CO-EXISTENCE OF ARTISANAL AND 
CONVENTIONAL MINERS: A GOOD SOLUTION 
FOR FORMALIZATION
VeIGa, Marcello1; Marshall, bruce1; 
(1) Dept of Mining Engineering, University of British Columbia, Vancouver, 
BC, Canada

veigamining@gmail.com

The formalization of artisanal gold miners in developing countries has 
been seen by governments and international agencies as the main 
way to eliminate bad practices, including mercury pollution that has 
reached 1600 tonnes/a. It is clear that formalization generates more 
control and tax revenue for the governments, while providing miners 
with a legal mining title and access to credit. however, in reality, 
these benefits are often not favorably viewed by the miners, as the 
complicated bureaucracy of banks and governments does not make 
it easy to access credit. In addition, it is observed in many countries 
that the main mercury polluters are the processing centers, which 
normally are allowed to operate freely. Without enforcement of legal 
and environmental regulations, formalization does not provide any 
solution. This study shows how the ubC Mining engineering Department 
is currently working in Colombia with 3 conventional large-scale gold 
mining companies that have artisanal miners in their concessions, in 
order to establish initiatives for the implementation of a small mine and 
plant. This type of co-existence and joint venture between conventional 
mining companies and artisanal miners allows for the transformation 
from widespread atmospheric and fluvial contamination with mercury 
and cyanide to the adoption of hg-free technologies. The co-existence 
model has a strong bottom-up component, where it is crucial to assess 
the needs of the miners, their motivations to change their rudimentary 
practices and their ability to understand and implement cleaner 

procedures. once these factors are adequately assessed, a strong 
organizational and educational program is conducted with pre-selected 
leaders. In parallel, a small area of the companys gold deposit is decided 
upon for the artisanal miners to work using clean and safe practices, 
as well as analysis of an appropriate area for construction of a small 
plant (100-200 tonnes of ore/day). Concurrently, metallurgical testing 
is conducted in the lab to establish the processing parameters of the 
plant. a pre-feasibility study is then initiated to determine the economic 
viability of implementing the mine and plant using gravity and flotation 
systems, followed by intensive cyanidation or sale of concentrates to 
a third party. The various business models of operation of this new 
enterprise is discussed with the miners. In doing so, uneducated, 
subsistence miners living under the poverty line can improve their 
standard of living, reduce health impacts and contribute to more 
responsible environmental stewardship.

RO-031

THE MINAMATA CONVENTION AND GOVERNING 
MERCURY USE IN ARTISANAL AND SMALL-SCALE 
MINING IN GHANA
aDIVIlah balaG’KuTu, Timothy1; 
(1) University of Massachusetts Boston, Boston, MA, USA

timothy.adivilah001@umb.edu

This paper examines the impact of the Minamata Convention’s legality, 
issue focus, and linkages on activities of transnational networks and 
intergovernmental bodies in the governance of mercury use in artisanal 
and small-scale mining (asM). earlier voluntary regional efforts and 
national policies have been unsuccessful at curbing the production, 
supply, and use of the chemical in industrial processes, including asM. 
The release of mercury and its compounds into the environment 
through human activity has far-reaching health implications, and asM 
is now the highest source of anthropogenic release of mercury into the 
environment. as a widespread economic activity globally, mercury-using 
asM poses a major threat to human security. Concerned, crafters of 
the legally-binding global convention on mercury dedicated a whole 
article (article 7) to mercury use in asM. The governance of mercury 
use under this convention is novel and different from earlier efforts 
in three main respects: 1) its global legality; 2) its emphasis on human 
security concerns; and 3) the linkages it generates across scales and 
two governance regimes. I describe this as the legality-issue-linkages 
(lIl) framework. using qualitative and quantitative data gathered from 
intergovernmental bodies and transnational networks, and focusing on 
Ghana, the paper presents results from field research examining the 
impact of the lIl framework on national and local governance of the use 
of mercury in asM.
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ARTISANAL AND SMALL-SCALE GOLD MINING 
IN CÔTE D’IVOIRE: MERCURY ESTIMATES AND 
CONTRAST WITH LOCAL REGULATIONS
KPoKro, bally1; 
(1) African Center for Environmental Health, Abidjan/Lagunes, Cote D'Ivoire

ballynicus@hotmail.com

The artisanal and small-scale gold mining (asGM) sector is the largest 
anthropogenic source of mercury to the environment with around 
1,400 tons of mercury released annually. The Minamata Convention 
on Mercury, which opened for signature in 2013, contains an entire 
article dedicated to asGM. This article requires asGM countries to 
create national action Plans to reduce, and where feasible, eliminate 
mercury use in asGM. under these national action Plans, countries will 
be required to take technical measures to reduce or eliminate mercury 
use, and to create policy frameworks on formalization, trade, public 
health, multi-stakeholder engagement and education, to support the 
transition of asGM to a mercury-free and more economically productive 
sector. Côte d’Ivoire, a West africa country with 40% of the economic 
Community of West africa states’ (eCoWas) economy, has signed the 
Minamata Convention on Mercury on october 11, 2013. In preparation 
of the ratification, enabling activities have been performed to assist 
the government in the process and have an early implementation. 
as part of that process, a national mercury inventory in asGM was 
conducted based on field studies and research that includes socio-
economic data, direct mercury use measurements, semi-structured 
interviews, household survey data, and the size of the secondary 
economy of involved communities. This research found that 11,275 
of artisanal miners, coming mainly from all eCoWas countries, are 
using 2.3 tons hg/year and this mercury is being entirely released in 
the environment via open burning of the amalgamated concentrate 
gold ore. In many eCoWas states, the national regulation and many 
sub-regional regulations prohibit mercury use in asGM. Thus, it appears 
that the implementation of Minamata Convention in all asGM - eCoWas 
countries will be a challenging process that will require a deep reform of 
asGM sector to comply with the Convention provisions.

2j: Mitigating Mercury Bioaccumulation in 
Contaminated Aquatic Ecosystems

RO-033

ECO-REMEDIATION STRATEGY FOR SOILS HIGHLY 
CONTAMINATED WITH MERCURY – FIELD STUDIES 
INSIDE CHLOR- ALKALI PLANT
PoGrZeba, Marta1; sas-noWosIelsKa, aleksandra1; KrZyZaK, Jacek1; 
soJa, Maciej1; 
(1) Institute for Ecology of Industrial Areas, Katowice, Poland

m.pogrzeba@ietu.pl

The main Polish sources of mercury atmospheric emissions are 
combustion of fossil fuels, mainly coal, cement production and industrial 
production processes, in particular the mercury cell chlor-alkali processes 
for production of chlorine and caustic soda, smelting of ferrous and non-
ferrous metals, especially zinc and copper as well as consumption-related 
discharges. When the critical limit for hg in case of hg contaminated 
soils is taken into consideration (30 ppm), the areas inside the chlor-
alkali plants (CaP) are characterized by hg concentration range with the 
median value from 40 ppm up to 557 ppm. Gaseous emission of hg from 
CaPs was considered to be one of the most important point sources of 
anthropogenic mercury in Poland.

not only europe needs safe and cost-effective solutions for the 
permanent storage of elemental mercury inside chlor-alkali plants. The 
solution is expected to be environmentally sound and economically 
viable. Phytoremediation, an approach that is possible to use plants 
physiological properties for soil pollutant degradation, stabilization or 
extraction is taken into consideration also in relation to mercury problem.

Presented investigations are related to the changes in mercury cycling 
after soil amendment application. We hypothesized, that soil appropriate 
additives have positive impact on concentrations of bioavailable mercury 
in soil solutions, bioaccumulation and volatilization. biogeochemical 
processes were analyses based on lab scale treatability study (lysimeter 
experiment) and plot scale experiment located in natural conditions 
on the selected area inside one of the CaP. experiments were planned 
to test phytostabilization and aided phytostabilization of mercury 
contaminated soil.

soil and soil solution samples were analyzed for their ph, eC, content 
of bioavailable fractions (soil water-soluble and exchangeable mercury 
fractions). selected plant species (dicots and monocots) and soil additives 
(sulphur, zeolites) were tested for their phytostabilization effectiveness.

additives were also analyzed as the potential soil factors stimulating 
local biodiversity and natural succession from outskirts modulate 
dominant plant species, rhyzosphere microorganisms, plant cover, 
plant abundance and hg bioaccumulation on treated plots. Changes 
in mercury evaporation (lumex) and soil respiration (lCpro+ system) 
related to the plant species were found.

The studies confirmed the possibility of using plants as efficient 
remediation tools in phytostabilization of mercury-contaminated soil. 
Mercury volatilization depends strictly on extend of plants coverage and 
species composition. soil additives (granular sulfur and zeolites) as soil 
stabilizers reduced hg bioaccumulation, volatilization and evaporation.

RO-034

AN EXPERIMENT TO DECREASE METHYLMERCURY 
EXPORT AND BIOACCUMULATION FROM 
MANAGED WETLANDS
fleCK, Jacob1; MarVIn-DIPasQuale, Mark2; WInDhaM-Myers, 
lisamarie2; eaGles-sMITh, Collin3; aCKerMan, Joshua4;  
MCQuIllen, harry5; 
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Wetlands are critical for wildlife and healthy ecosystem function, and 
yet are also important areas for methylmercury (Mehg) production, 
bioaccumulation, and export to adjacent water bodies. Therefore, 
preserving or restoring wetland habitat, while limiting Mehg export 
and risk to local food webs, presents a unique challenge to wetland 
managers. We examined how a combination of wetland design and 
water management influenced Mehg export and bioaccumulation in 
order to minimize biological Mehg exposure on-site, and transport 
downstream. The study area consisted of eight managed wetlands 
(approximately 10 hectares) that were flooded annually (4-20 cm 
depth) during mid-september thru late april to provide habitat for 
winter migratory waterfowl. four of the wetlands were treatment 
wetlands, and were constructed with two distinct cells separated with 
a narrow berm. eighty percent of the wetland was maintained shallow 
for water-bird habitat, and the remaining 20% of the area (~2 hectare) 
at the outflow end was excavated to a depth of ~1 m. The four control 
wetlands were shallow and relatively uniform in depth. Treatment 
wetlands were operated in a semi-continuous flow-through mode, 
while control wetlands were operated in a fill-and-hold mode, where 
water was only released at the end of the managed flood period. We 
quantified three Mehg removal mechanisms (particulate settling, 
benthic demethylation, and photo-demethylation) in the deep-water 
treatment cells. over two years, mean whole-water Mehg load (by 
mass) decreased ~40% from the in-flow to the outflow in the deep cells 
on average. Photodegradation accounted for ~7% of the mass (18% 
of loss), while particle flux to the benthos accounted for ~24% (60% of 
loss) of the Mehg budget. benthic Mehg degradation was exceeded by 
Mehg production indicating an unknown loss mechanism accounting 
for the remaining 9% of the mass (22% of loss) in the Mehg budget. 
While deep-cells within the treatment wetlands served as net sinks for 
Mehg, overall the net Mehg export from the flow-through treatment 
wetlands exceeded export from the fill-and-hold control wetlands. 
Despite the effectiveness of the deep cell in lowering Mehg export, hg 
concentrations in biosentinel fish (Gambusia affinis) showed no change 
from inlet to outlet. although the use of deep cells in wetland design 
were effective in lowering Mehg exports under flow-through conditions, 
further optimization of wetland management is needed prior to 
widespread implementation to decrease biotic exposure.

RO-035

AN OVERVIEW OF ACTIVATED CARBON 
AS A REMEDIATION TOOL FOR MERCURY-
CONTAMINATED MARSH SOILS
GIlMour, Cynthia1; GraCe, schwartz1; Ghosh, upal2; sanDers, James2; 
boDaly, r.3; ruDD, John4; Kelly, Carol4; KoPeC, Dianne5;  
broWn, steven6; 
(1) Smithsonian Environmental Res Ctr., Edgewater, MD, United States; 
(2) University of Maryland Baltimore County, Baltimore, MD, United States; 

(3) PRMS, Salt Spring Island, BC, Canada; (4) R&K Research, Salt Spring Island, 
BC, Canada; (5) U. Maine, Old Town, ME, United States; (6) The Dow Chemical 
Company, Traverse City, MI, United States

gilmourc@si.edu

In situ activated Carbon (aC) amendments offer an attractive, potentially 
low impact approach for reducing contaminant bioavailability in 
ecologically sensitive environments. over the last few years, we 
have carried out several field and laboratory trials to evaluate the 
efficacy of activated carbon (aC) as a remediation tool for mercury 
(hg) contaminated marsh soils. our focus has been on field trials of 
thin-layer placement of aC on marsh soils, and on laboratory studies 
to evaluate the geochemical factors that influence the impact of aC on 
hg bioavailability, net Mehg production and Mehg bioavailability. our 
studies show that aC can successfully reduce inorganic mercury (hg) and 
methylmercury (Mehg) concentrations in porewater, and bioavailability 
to benthic organisms. however, the effectiveness of aC in reducing 
hg and Mehg bioavailability varies among sites and soils. additionally, 
aC amendments can change the balance of Mehg production 
and degradation.

field trials of thin-layer aC placement have been carried out at the plot 
scale in three hg-contaminated tidal locations: a salt marsh in Maine, a 
Phragmites marsh in, nJ, and a tidal creek bottom in the Chesapeake. 
study designs varied, but in all cases, aC amendment plots were 
compared to untreated control plots, and sediment and pore water 
biogeochemistry was followed in detail over time. The Maine and nJ 
plot studies ran for 2 years. We will discuss the efficacy of aC in each of 
the field studies, in relation to site geochemistry, and over time. We will 
also present laboratory studies on the impact of sediment chemistry 
and microbial activity on aC efficacy, and the impact of aC amendments 
on net Mehg production. our goal is to develop an empirical model 
that will allow end-users to evaluate the potential efficacy of aC as a 
hg-remediation tool for specific sites. specifically, we will discuss how 
soil sulfide and organic matter content impact aC efficacy; the impact of 
pore water dissolved organic matter on hg and Mehg partitioning to aC; 
and the impact of aC on microbial activity and net Mehg production.

RO-036

GEOCHEMICAL CONTROLS ON ACTIVATED CARBON 
EFFECTIVENESS IN REMEDIATING MERCURY AND 
METHYLMERCURY-CONTAMINATED SOILS
sChWarTZ, Grace1; MCburney, alyssa1; GIlMour, Cynthia1; sanDers, 
James2; Ghosh, upal2; broWn, steven3; 
(1) Smithsonian Environmental Research Center, Edgewater, MD, USA; 
(2) University of Maryland-Baltimore County, Baltimore, MD, USA; (3) The 
Dow Chemical Company, Traverse City, MI, USA

schwartzg@si.edu

In Situ amendments of activated Carbon (aC) have been used as a low 
impact method to remediate contaminants in ecologically sensitive 
environments. laboratory experiments and field trials have shown that 
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aC is successful in reducing inorganic mercury (hg) and methylmercury 
(Mehg) concentrations in porewater. yet, the effectiveness of aC varied 
in different soils, with aC reducing Mehg porewater concentrations 
between 30% and 90% depending on the soil. These data indicate 
that site geochemistry might dictate the efficacy of aC use for hg and 
Mehg remediation. In the environment, hg partitioning is effectively a 
competition between solid phase environmental ligands and dissolved 
phase ligands. Thus, partitioning can be profoundly affected by high 
concentrations of ligands, such as dissolved organic matter (DoM) or 
sulfide. In this study, we evaluated the impact of DoM concentration 
on Mehg and hg partitioning to the solid phase in hg-contaminated 
sediment/aC mixtures

The experiment was conducted over 21 days in anaerobic sediment/aC 
slurry microcosms that were amended 5% dry weight aC and suwannee 
river humic acid at a range of concentrations. Marsh soils were 
collected from a Phragmites marsh in berry’s Creek, nJ. The microcosms 
were destructively sampled at 5 time points to monitor hg and Mehg 
soil:water partitioning (KD).

results showed that the addition of srha did not significantly impact 
the partitioning of either ambient Mehg or a fresh Me199hg spike onto 
aC. however, DoM did reduce inorganic hg partitioning (both ambient 
hg and fresh 201hg spike) to aC in soils, in a concentration-dependent 
manner. DoM is known to slow the formation of hgs nanoparticles, 
and we hypothesize that DoM impacts the efficacy of aC for inorganic 
hg removal in porewater by holding hg-sulfide species in solution. 
aC efficacy in Mehg sorption was not impacted by DoM up to 60 
mg/l, suggesting that aC may be valuable in reducing Mehg risk even 
in high DoM soils, like marshes. This study highlights the need to 
evaluate aC efficacy for remediation in the matrix being considered 
for treatment and the need to develop models of aC efficacy based on 
site biogeochemistry.

RO-037

EFFECTIVENESS OF HYPOLIMNETIC 
OXYGENATION AND CIRCULATION IN EUTROPHIC 
RESERVOIRS CONTAMINATED BY LARGE-SCALE 
MERCURY MINING
seelos, Mark1; leal, Clayton1; Calhoun, brett1; 
(1) Santa Clara Valley Water District, San Jose, CA, United States

mseelos@valleywater.org

The Guadalupe river Watershed in santa Clara County, California, is 
contaminated with mercury waste from the former new almaden 
Mining District: north america’s oldest and most productive mercury 
mine, and the fifth largest in the world. Though active mining halted 
by 1970, waste rock and contaminated sediment persist as sources of 
mercury to the watershed. The santa Clara Valley Water District (District) 
manages four water bodies affected by historical mining operations: 
almaden, Calero, and Guadalupe reservoirs, and almaden lake. These 
eutrophic water bodies stratify seasonally, creating anoxic conditions 
that facilitate the bacterial conversion of mercury to bioavailable 

methylmercury. In 2005, Tetra Tech calculated 5.8 mg hg/ kg for 
standardized 40 cm largemouth bass in Guadalupe reservoir. signage 
throughout the watershed warns anglers to not consume fish. The 
Guadalupe river Watershed Mercury TMDl was adopted in 2008.

beginning in 2006, the District installed solar-powered circulators in 
almaden lake and hypolimnetic line-diffuser oxygenation systems in 
the reservoirs to suppress anoxia and methylmercury production. after 
several years of intermittent operation, continuous operation began 
in 2016.  The effectiveness of the control systems is analyzed using 
water quality profiles as well as mercury and nutrient samples collected 
monthly to twice- monthly. biannually, young largemouth bass and prey 
fish are sampled and analyzed for mercury body burden.

results thus far have indicated that almaden lake’s solar circulators, 
while failing to improve dissolved oxygen and redox potential, have 
reduced methylmercury and nutrient concentrations in the water 
column. The hypolimnetic oxygenation systems in almaden and 
Guadalupe reservoirs have improved dissolved oxygen concentrations, 
leading to decreased methylmercury production and reduced nutrient 
efflux from bottom sediments. In 2016, seasonal peak hypolimnetic 
total methylmercury concentrations were reduced compared to 
pre-oxygenation in almaden reservoir from 10.5 ng/l to 1.4 ng/l; 
in Guadalupe reservoir from 60 ng/l to 1.3 ng/l; and previously in 
Calero reservoir from 13.2 ng/l to 0.46 ng/l (Calero did not efficiently 
retain added oxygen in 2016). however, epilimnetic methylmercury 
concentrations increased or were unchanged. Though fish data 
collected during continuous operation of the oxygenation systems 
is limited, results have not indicated a decline in fish tissue mercury 
concentrations. Calero reservoir, the least contaminated of the 
reservoirs downstream of new almaden, exhibited lower fish mercury 
concentrations than stevens Creek reservoir, which is located outside 
of the watershed and used as a control site. This phenomenon may be 
due to Calero’s larger size, higher algal productivity, and more diverse 
fish assemblage.

RO-038

NITRATE ADDITION FOR CONTROL OF 
METHYLMERCURY IN ONONDAGA LAKE, 
NY: RESULTS FROM A LONG-TERM, 
WHOLE-LAKE PROGRAM
MaTTheWs, David1; PresTIGIaCoMo, anthony1; effler, steven1; 
DrIsColl, Charles2; ToDoroVa, svetoslava2; henry, elizabeth3; PhIlIP, 
heather4; 
(1) Upstate Freshwater Institute, Syracuse, NY, USA; (2) Syracuse University, 
Syracuse, NY, USA; (3) Anchor QEA, Saratoga Springs, NY, USA; (4) Parsons, 
Syracuse, NY, USA

damatthews@upstatefreshwater.org

The anaerobic sediments of stratified lakes are particularly active zones 
for methylation of inorganic mercury (hg2+) and can be an important 
source of methylmercury (Mehg) to the water column during summer 
anoxia and fall turnover. Production of Mehg is promoted by anaerobic 
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conditions and the supply of hg2+, sulfate (so4
2−), and labile organic 

carbon. hg-contaminated onondaga lake, ny is naturally so4
2− rich, and 

its eutrophic condition contributed an ample supply of organic carbon 
and low redox potentials. These conditions resulted in accumulations 
of Mehg in the hypolimnion during the summer stratification interval, 
followed by entrainment of Mehg into the epilimnion with the 
approach to fall turnover. elevated Mehg concentrations during this 
period represented a potentially important exposure pathway for 
aquatic organisms.

During 2011–2013, a whole-lake nitrate (no3
–) addition pilot test was 

conducted with the objective of limiting release of Mehg from the 
pelagic sediments to the hypolimnion through maintenance of no3

––n 
concentrations >1 mgn/l. a liquid calcium-nitrate (Ca(no3)2) solution 
was added to the hypolimnion from a barge as a neutrally buoyant 
plume approximately two to three times per week during the summer 
stratification interval. Water from the surface of the lake was used to 
dilute the Ca(no3)2 solution and achieve neutral buoyancy at 1-2 meters 
above the sediments. following a successful pilot study, the program 
was adopted as part of the long-term remediation program for the lake.  
The annual dosing of no3

– ranged from 5.6×104 to 8.8×104 kg during the 
first six years of the program (2011–2016).

Maximum concentrations of Mehg in the hypolimnion remained <0.5 
ng/l during the six years of the no3

– addition program, a decrease 
of >94% from 2009 levels. Increased sorption of Mehg to fe and Mn 
oxyhydroxides in surficial sediments was identified as an important 
regulating mechanism. The hypolimnetic no3

– supply explained 95% 
of the interannual variations in hypolimnetic accumulations of Mehg 
over the 1992–2016 interval. Increased Mehg concentrations in the 
upper waters during fall turnover, which had been a generally recurring 
pattern, did not occur during 2011–2016. lower Mehg concentrations 
in the water column resulted in lower Mehg concentrations in 
zooplankton, which in turn may result in lower exposure of fish to Mehg.

RO-039

EFFECTS OF NITRATE ADDITION ON WATER 
COLUMN METHYLMERCURY IN OCCOQUAN 
RESERVOIR, VIRGINIA, USA
beuTel, Marc1; DuVIl, ricardi2; Cubas, francisco3; GrIZZarD, Thomas4; 
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This presentation discusses a two year assessment of spatial and 
temporal patterns of methylmercury (Mehg) and ancillary redox-related 
constituents (dissolved oxygen, nitrate, iron and manganese) in occoquan 
reservoir, a large run-of-the-river drinking water reservoir in Virginia, usa. 
a tributary to the reservoir receives input of nitrate-rich tertiary treated 
wastewater that enhances the oxidant capacity of bottom water and 

increases the safe water yield of the reservoir. Multiple lines of evidence 
supported the hypothesis that the presence of nitrate and/or oxygen in 
bottom water correlated with low Mehg in bottom water by enhancing 
redox in surfacial sediment. bottom water Mehg was significantly lower 
in a nitrate-rich tributary (annual mean of 0.05 ng/l in both 2012 and 
2013) compared to a nitrate-poor tributary (annual mean of 0.58 ng/l 
in 2012 and 0.21 ng/l in 2013). The presence of nitrate and oxygen also 
corresponded with significantly lower bottom water Mehg at an upstream 
station in the main reservoir. In 2012 the reservoir exhibited a longitudinal 
gradient with nitrate and oxygen decreasing and Mehg and manganese 
increasing downstream. In both study years, there was a clear threshold of 
oxygen equivalent (3-5 mg/l), a metric that combines the oxidant capacity 
of nitrate and oxygen, above which Mehg was negligible (< 0.05 ng/l) 
and Mn and fe were low (< 0.5 mg/l). The presentation concludes with 
a comparisons of the relative advantages of using nitrate versus oxygen, 
another oxidant that can potentially be used to manage redox conditions 
and mercury cycling in the bottom of reservoirs.

RO-040

IN SITU CONTROL OF METHYLMERCURY 
PRODUCTION IN SEDIMENTS USING REDOX-
BUFFERING MINERAL AMENDMENTS
VlassoPoulos, Dimitri1; KaneMaTsu, Masakazu1; GoIn, Jessica1; 
leVen, alexander2; o'Day, Peggy2; henry, elizabeth3; Glaser, David4; 
broWn, steven5; 
(1) Anchor QEA, Portland OR, USA; (2) University of California, Merced CA, 
USA; (3) Anchor QEA, Saratoga Springs NY, USA; (4) Anchor QEA, Woodcliff 
Lake NJ, USA; (5) The Dow Chemical Company, Midland MI, USA

dvlassopoulos@anchorqea.com

environmental risk from mercury-contaminated sediments derives 
mainly from methylmercury production, exposure and bioaccumulation. 
Methylmercury is produced predominantly by heterotrophic sulfate-
reducing bacteria. our research is evaluating the ability of redox-
buffering mineral-based amendments to suppress mercury methylation 
by inhibiting microbial sulfate reduction near the sediment surface, 
with the objective of reducing methylmercury exposure and food web 
bioaccumulation. laboratory sediment-water aquarium microcosms were 
prepared with homogenized sediment from nevertouch Marsh in the 
berrys Creek study area and site water. Manganese(IV) oxide minerals 
(pyrolusite or birnessite) were either directly mixed into the upper 5 cm 
of sediment or applied in a thin-layer cap. overlying water and porewater 
were monitored. Direct addition of Mn(IV) oxide amendment or inclusion 
in a thin sand layer resulted in a 66% to 69% reduction in net methylation 
for pyrolusite and an 81% to 89% reduction for birnessite (measured as 
%Mehg/Thg in porewater at 0 to 5 cm). a thin sand layer alone resulted in 
65% reduction in net methylation. Co2 respirometry experiments showed 
that the amendments stimulated microbial activity. Microbial community 
census by PCr and Dna sequencing indicated that the addition of Mn(IV) 
oxides did not significantly alter the indigenous sediment microbial 
community structure, although a small increase in abundance of iron and 
manganese reducers was observed after a 2 week incubation period. The 
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mechanism of methylmercury suppression therefore most likely involved 
a shift from sulfate reduction to manganese reduction as the energetically 
favorable redox process, which was also confirmed by microelectrode 
voltammetry profiling of the sediment microcosms. Manganese X-ray 
absorption spectroscopy (Xas) of amended sediment documented 
the gradual conversion of Mn(IV) oxide amendments to Mn(III) oxides 
(bixbyite), mixed-valence Mn(II/III) oxides (hausmannite) and Mn(II)-
carbonate (rhodochrosite) and aqueous Mn2+ over time. This solid phase 
assemblage is expected to continue to buffer redox to inhibit sulfate 
reduction and suppress mercury methylation in the surficial sediment. 
The retention of the added manganese in sediment solid phases also 
has interesting implications for in situ self-regeneration of Mn(IV) oxides 
in dynamic settings where soils and sediments experience periodic 
water level and redox fluctuations (e.g. in intertidal zones, tidal marshes, 
seasonal wetlands, reservoirs), as this would prolong the effective lifetime 
of the amendments.

4d-2: Technologies and approaches for 
mitigating mercury emissions

RO-041

POST-MINAMATA ACTIVITIES IN SOUTHEAST ASIA 
AIMED AT REDUCING MERCURY EMISSIONS
JoZeWICZ, Wojciech1; 
(1) Arcadis US, Durham, NC, USA

wojciech.jozewicz@arcadis.com

several countries in southeast asia with sizeable generation capacity 
installed in existing coal-fired power plants are preparing to implement 
the Minamata Convention on Mercury. In the process, countries 
are considering application of best available techniques (baT) and 
best environmental practices (beP) to reduce mercury emissions, 
as described in united nations environment Programmes (un 
environments) draft baT/beP Guidance Document, called for in 
article 8 of the Convention. This paper presents the various capacity 
building activities related to baT/beP application and carried out by un 
environment in Vietnam and Thailand. The paper also describes results 
of mercury measurements carried out at coal-fired power plants in the 
region under a u.s. project in cooperation with un environment.

RO-042

NOVEL LDH-DERIVED NIALMO (M=ZN, BA, MN) 
MIXED OXIDES FOR HG0 ADSORPTION AND 
OXIDATION IN THE PRESENCE OF NH3
Guo, lei1; ChanG, huazhen1; lI, Junhua2; Duan, lei2; 
(1) School of Environment and Natural Resources, Renmin University of China, 
Beijing, China; (2) School of Environment, Tsinghua University, Beijing, China

76262850@qq.com

simultaneous removal of hg0 by nh3-sCr catalysts has a profound 
developing potential. nh3 is the most widely used reductant in low 
temperature sCr. but it is well known that nh3 exhibited negative 
effects on hg0 removal at low temperature because ad-nh3 species 
prevent hg0 adsorption. for instance, traditional VWTi catalyst is easily 
poinsoned by nh3 in hg0 removal. It is worth mentioning that mixed 
oxides obtained from hydrotalcite-like compounds exhibit high ecient 
nh3-sCr activities due to their acid-base character and high surface 
area, such as MgCualo, MgCufeo, Mgalfeo and MgalfeCeo.

The hydrotalcite-like nialM (M=Zn, ba, la, Ce, Cr) compounds were 
synthesized by urea method and calcinated at 773 K. The samples after 
calcination were denoted as nialMo. before calcination, the XrD pattern 
of nialM precursor shows a hydrotalcite-like structure. after calcination, 
the hydrotalcite layered structure completely collapsed and only nio 
crystalline phases could be observed on all of these samples. It indicated 
that doping elements might be highly dispersed in the catalyst. The beT 
surface areas of nialbaonialZnonialMnoniallao and nialCro were 
106.01, 110.63, 121.26, 126.44 and 151.48 m2/g, respectively. The result 
indicated that hydrotalcite-based nialM synthesized by urea method 
indeed had higher specific surface area.

In hg0-TPD experiments, the amount of hg0 desorption showed 
in sequence as: nialZno(125.12mg/g)>niallao(44.52mg/
g)≈nialbao(43.48mg/g)≈nialMno(40.07mg/g)>nialCro(32.81mg/
g)>VWTi(11.65mg/g). after introduction of 100ppm nh3, the hg0 
adsorption capacity decreased on all of these samples. but the 
order of hg0 adsorption capacity changed as: nialZno(43.89mg/
g)≈nialbao(39.44mg/g)> nialMno(31.55mg/g)>niallao(14.22mg/
g)≈nialCro(13.15mg/g)>VWTi(3.32mg/g). apparently, the performance 
of the five nialMo catalysts was superior to that of VWTi, whether nh3 
existed or not. In addition, the desorption peaks of all nialMo catalysts 
were in the range of 100-300°C. When the desorption temperature was 
higher than 300°C, the effect of nh3 was negligible. It indicated that nh3 
mainly affected hg in the weakly adsorbed state. The large beT surface 
area may be one of the reasons for the better adsorption performance 
of hg0 on nialZno and nialMno. however, the larger surface area 
of nialCro didn’t result in higher hg0 adsorption capacity. It could be 
speculated that specific surface area was not the crucial factor for hg0 
absorption.

In summary, the calcined hydrotalcite-based nialM, particularly nialZno, 
nialbao and nialMno have good performance in hg0 capture even 
when nh3 exists. It’s promising to be used for simultaneous removal of 
hg0 and no at low temperature.

Keywords: hydrotalcite, hg-TPD, ammonia, urea, manganese

RO-043

IMMOBILIZATION OF ELEMENTAL MERCURY FROM 
COAL COMBUSTION FLUE GAS BY NOVEL MINERAL 
SULFIDE SORBENT
lI, hailong1; Zhu, lei1; WanG, Jun2; Zhao, yongchun3; shIh, Kaimin4; 
(1) Central South University, Changsha, China; (2) University of Oklahoma 
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Health Sciences Center, OK, United States; (3) Huazhong University of Science 
and Technology, Wuhan, China; (4) The University of Hong Kong, Hong 
Kong, China

hailongli18@gmail.com

a novel zinc sulfide sorbent with large surface area was successfully 
synthesized by a liquid-phase precipitation method to immobilize 
elemental mercury from coal combustion flue gas. surface area was 
found to play important role in hg0 adsorption by zinc sulfide. at 
relatively high temperatures (140 to 260°C), the nano-size Zns (nano-
Zns) with the largest surface area of 196.1 m2×g-1 exhibited far greater 
hg0 adsorption capacity than the conventional bulk Zns sorbent due 
to the abundance of surface sulfur sites, which have a high binding 
affinity for hg0. The nano-Zns hg0 was first physically adsorbed on the 
sorbent surface, then reacted with the adjacent surface sulfur to form 
the most stable mercury compound, hgs, which was confirmed by X-ray 
photoelectron spectroscopy analysis and a temperature-programmed 
decomposition test. The optimized temperature for hg0 removal using 
nano-Zns was 180°C, at which a maximum hg0 adsorption capacity of 
497.84 µg×g-1 was achieved when adsorption bed was 50 % penetrated 
(inlet hg0 concentration of 65.0 μg×m-3). negligible effects of h2o, so2, 
hCl on hg0 adsorption was observed, while no, especially with the aid 
of o2, inhibited hg0 removal by the nano-Zns. Compared with several 
commercial activated carbons used exclusively for gas-phase mercury 
removal, the nano-Zns was superior in both hg0 adsorption capacity 
and adsorption rate. With this excellent hg0 removal performance, 
non-carbon nano-Zns may prove to be an advantageous alternative 
to activated carbon for hg0 removal in coal-fired power plants 
equipped with particulate matter control devices and selective catalytic 
reduction devices.

RO-044

THE INVESTIGATION OF MOS2 NANOSHEETS FOR 
HG0 CAPTURE BY MATERIALS GENOME APPROACH
Zhao, haitao1; Wu, Tao1; Mu, Xueliang1; 
(1) The University of Nottingham Ningbo China, Ningbo, China

haitaozhao@outlook.com

Compared with graphene, the graphene-like 2D TMDs materials with 
layered structure exhibit abundant surface chemistry that is importance 
for adsorption/catalysis processes. There is a great potential for such 
layered materials decorated with abundant sulphur for mercury 
capture to address the urgent global challenges. however, the types of 
TMDs nanosheet and their effects on hg0 capture remain unexplored. 
In this research, the Materials Genome approach that integrated 
computational (stage I), experimental (stage II), and mechanisms 
(i.e., informatics and data analysis, stage III) study has developed for 
accelerating discovery of Mos2 nanosheets features for hg0 capture. 
based on computational chemistry simulation results, it is found that 
Mos2 nanosheets performed the strongest adsorption capability 
for hg0 capture. The Mos2 containing adsorbent is then prepared, 
characterized and evaluated by using various techniques such as XPs, 

raman, XrD, hrTeM, nh3-TPD and, in-situ DrIfTs, dynamic transient 
and steady-state hg0 capture evaluation in the stage II experimental 
study. The charge density difference analysis, PDos analysis and 
adsorption pathways and energy profiles predictions are further 
adopted as data informatics tools to reveal the mechanisms of hg0 
captured on the Mos2 surface. The demonstrated materials genome 
approach in atomic-level shows a great potential for the discovery 
of nano-materials with defective features as advanced functional 
environmental remediation materials.

RO-045

STUDY ON MERCURY EMISSION AND MERCURY 
ADSORPTION CHARACTERISTICS OF FLY ASH AND 
BIOMASS CHAR IN UTILITY BOILERS
fan, baoguo1; JIa, li1; ZhenG, Xianrong1; lI, ben1; Xu, liang1; QIao, 
Xiaolei1; JIn, yan1; 
(1) College of Electrical and Power Engineering, Taiyuan University of 
Technology, Taiyuan, Shanxi, China

fanbaoguo@tsinghua.org.cn

The mercury emission and adsorption characteristics of fly ash and 
biomass char were studied in this paper. The mercury emission was 
obtained by measuring the mercury content in solid samples including 
coal, limestone, slag, fly ash and gypsum in PC and Cfb utility boilers. 
The relationships were obtained between of the mercury emission 
and adsorption with physical and chemical characteristics of fly ash 
and preparation conditions of biomass char. The parameters include 
unburned carbon content in fly ash, particle size and pore structure, 
biomass char preparation temperature, heating rate and air. and 
the mercury adsorption kinetic characteristics of fly ash and biomass 
char were investigated. The results show that the majority of mercury 
releases to the atmosphere with the flue gas in PC boiler, while the one 
is enriched in fly ash and captured by the precipitator in Cfb boiler. The 
coal factor was proposed to characterize the impact of coal property 
on mercury emissions in this paper. The larger the coal factor is, the 
lower the mercury emission to the atmosphere is. The results also 
show that the capacity of adsorbing mercury is directly related to the 
particle size of fly ash. The mercury content first increases and then 
decreases with the increase of the particle size in the range of 24.5 to 
362.5µm. It is found that the mesoporous content4-6nmis the biggest 
among 77.5-106µm in the fly ash, which is beneficial to adsorbing 
the mercury. The pore structure of biomass char influences greatly in 
physical adsorption. The more cumulative pore volume of biomass char 
and the more mercury adsorbed. The pores with smaller pore size had 
better adsorption effect on mercury than those with larger pore size at 
the early stage of adsorption, while the latter could enhance the total 
adsorption amount of mercury. The adsorption process was affected by 
both chemical adsorption and physical absorption, and the former is an 
important rate-limiting process.
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RO-046

DEVELOPMENT OF SELECTIVE SORBENT FOR 
OXIDIZED MERCURY AND ITS APPLICATION ON 
SPECIATION MERCURY MEASUREMENT IN COAL 
FIRED FLUE GAS
TanG, hongjian1; Duan, yufeng1; lI, Chunfeng1; CaI, liang1; 
(1) Southeast University, Nanjing, Jiangsu, P. R. China

hoj.tang@seu.edu.cn

The emission of mercury derived from coal-fired power plant 
has been brought into global focus for its heavy impact on both 
environment and human health. Mercury species are difficult 
to measure accurately in coal-fired flue gas because of their low 
concentration and distinct physicochemical property. alkali metal 
oxides, salts and chlorides efficient selectivity for gaseous oxidized 
mercury (hg2+) and are preferred materials for mercury speciation in 
flue gas. several novel calcium-based sorbents were manufactured 
in this study with mesoporous silica support and their features for 
oxidized mercury selective adsorption were analyzed. by bench-
scale fixed bed experiments, calcium-based sorbents mingled with 
different active ingredients like Cao, KCl, naoh were compared on 
their selective efficiency for hg2+ and anti-interference ability for 
other flue gas components. Meanwhile, the crystalline structure and 
surface characteristics are obtained though X-ray Powder Diffraction 
(XrD) study, brunauer-emmett-Teller (beT) analysis and seM (scanning 
electron Microscope) analysis. Compared with the original Cao sorbent 
(C-s), which selectively adsorbed 64.61% of hgCl2 under the simulated 
flue gas, the composite sorbents (CK-s) mingling Cao with KCl were able 
to absorb more hgCl2 (85.62%). The surface imperfection formed on 
CK-s surface during the Cao and KCl eutectic melting process can be 
responsible for the performance improvement. The increase of oxygen 
vacancy on CK-s surface effectively enhanced hgCl2 selection and the 
diffusion of products layer (Caso4). furthermore, another calcium-
based sorbent labeled as nCK-s was prepared by doping naoh to CK-s. 
The selective adsorption efficiency of nCK-s for hgCl2 was up to 95.36%. 
actually, nCK-s obtained more basic sites on sorbent surface with the 
addition of naoh. Moreover, naoh can limit Cao dissolutionthrough 
the common ion effect when the calcium-based sorbents are exposed to 
moist flue gas. Therefore, nCK-s possessed better sulfur resistance and 
hgCl2 adsorption capacity than the other two calcium-based sorbents. 
finally, the nCK-s along with activated carbons was applied to speciation 
mercury field sampling on a bench-scale coal-fired unit by ePa Method 
30b speciation traps. The gaseous mercury species distribution results 
by speciation traps coincided to those by ontario hydra Method (ohM).

RO-047

STUDY ON THE MERCURY EMISSION AND 
TRANSFORMATION IN A COAL-FIRED 
POWER PLANT WITH ULTRA-LOW EMISSION 
CONTROL DEVICE
Zhao, shilin1; Duan, yufeng1; yao, Ting1; lIu, Meng1; lu, Jianhong1; WeI, 
hongqi1; 
(1) Southeast University, Nanjing, China

slzhao_seu@163.com

The field test of the mercury emission from the Chinese ultra-low 
emission coal-fired power plant was investigated by the ontario hydro 
method. Temperature-programmed decomposition desorption, 
scanning electron microscope and X-ray power diffraction spectrometry 
were used in this work. results show that the emitted hg0 in the stack 
occupies the largest proportion of the total amount (49.55%) with 16 
times of the emitted hg2+. Mercury in bottom ash occupies the smallest 
ratio with 0.13%. hg0 oxidation across sCr (53.26%) plays an important 
role for the hg0 removal. hgT removal rate across the aPCDs obeys the 
order of esP > WfGD > WesP. WesP can further reduce the mercury 
emission. The emission factor is 1.39 g/1012 J, less than the mean 
value of Chinese plants. Mercury content in gypsum is higher than the 
limit while bottom and esP ash have no effects on the soil. leaching is 
not likely but thermal treatment should be paid more attention to the 
gypsum disposal. Mercury concentration in the WfGD and WesP waste 
water is higher than the limit, and enough importance should be given 
on the waste water from WfGD. Mercury transformation mechanism 
across the power plant is discussed systematically.

RO-048

OPTIMIZING MERCURY CONTROLS IN POWER AND 
CEMENT PRODUCING PLANTS
sIPersTeIn, Joseph1; sChneIDer, anthony1; neyMan, Mike1; WooD, 
shawn1; MerTZ, andrew1; 
(1) Ohio Lumex, Solon, Ohio, USA

jsiperstein@ohiolumex.com

over the course of its 15 years of industry experience, ohio lumex 
has developed a variety of measurement techniques, products, and 
services which provide coal-fired utilities and cement kilns with effective 
means for reducing mercury emissions. The data provided by these 
measurements has been critical in helping the affected industries 
minimize operating costs required to meet regulatory limits, via 
optimization of control technologies and injected materials.

Mercury sorbent traps and portable sorbent trap analyzers allow for 
quick and reliable on-site and accurate determination of total mercury 
concentration as well as mercury oxidation ratio, in any sampling 
environment from the sCr inlet to the stack. sorbent traps have become 
the industry standard, and are well-renowned for their self-validation 
criteria, ease of use, and reliability. In addition to mercury sorbent 
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traps, ohio lumex has designed sorbent traps to measure a variety of 
common analytes of interest, such as nh3, so3, hCl, hbr, se, and as.

Portable mercury speciating monitors yield real-time total and oxidized 
mercury data, and are designed to function for extended durations 
in nearly any sampling environment. Permanent mercury monitoring 
systems are generally installed in stacks or at the inlet to fGDs, and 
are equipped to send live mercury data directly to the plants data 
integration system.

hundreds of engineering studies have utilized these technologies 
and have demonstrably reduced the cost of mercury abatement via 
tuning of plant control technologies as well as optimized injection 
rates of activated carbon, dry sorbents, calcium bromide, sulfides and 
other materials.

1a-2: Atmospheric mercury cycling 
and transformations: Insights from 
measurements and models

RO-049

INCREASING CONCENTRATIONS OF ATMOSPHERIC 
MERCURY MEASURED IN THE CANADIAN 
WESTERN SUB-ARCTIC
sTeffen, alexandra1; sTuPPle, Geoffrey1; DasToor, ashu2; 
(1) Environment and Climate Change Canada, Science and Technology 
Branch, Air Quality Research Division, Toronto, Ontario, Canada; 
(2) Environment and Climate Change Canada, Science and Technology 
Branch, Air Quality Research Division, Montreal, Quebec, Canada

alexandra.steffen@canada.ca

The transport and transformation of mercury in the atmosphere has 
been a topic of discussion in the arctic for over two decades. While 
considerable information has been published from alert, Canada, less 
has been discussed in Canada’s western arctic. It’s been shown that 
95% of the anthropogenic hg deposited in Canada comes from external 
sources and that ~27% of the anthropogenic mercury deposited in the 
Canadian arctic is contributed from asia. little fox lake, situated in 
the yukon Territory in Western Canada, has been identified as a good 
location to monitor mercury plumes from asian long range transport 
into Canada. since 2007, atmospheric mercury has been measured 
at little fox lake where annual median concentration levels of total 
gaseous mercury (TGM) are 1.34 ± 0.15 ng m-3. This annual median 
concentration is lower than the average Canadian background levels 
(mean 1.47 ± 0.22 ng m-3). as well, there is a distinct seasonal/monthly 
median signature in the TGM levels that ranges between 1.18-1.50 ± 
0.09 ng m-3). Trends of atmospheric mercury are on the decline in the 
northern hemisphere and across Canada, but a recent trend analysis 
from little fox lake (2007-2014) shows a significant increase in the TGM 
concentration levels in all months but January and february (where the 
trends were not statistically significant). The MannKendall trend analysis 

of the little fox lake data showed a monthly median increasing trend of 
+1.7 ± 0.6% per year (not including January and february) with a range 
of +0.7 to +2.5% per year. The same trend analysis was performed on 
data alert, nunavut over a similar time period (2007-2013) and showed 
a monthly median trend of –2.7 ± 1.6 % per year with a range of -7 to-
0.8% per year. The increasing trend in the TGM concentration level may 
be explained by increasing emissions in asia but also may be a result 
of regional forest fires or other regional input. an investigation into 
the atmospheric mercury concentrations at these arctic locations will 
be presented.

RO-050

MERCURY EMISSION AND DEPOSITION FROM 
VOLCANIC SYSTEMS IN CENTRAL AMERICA
Kushner, D.1; arMsTronG, Debbie1; rÜDIGer, Julian2; MarTIneZ-
CruZ, Maria3; ferrufIno, arnoldo4; De Moor, J.3; roJas-MarIn, Jose3; 
lean, David3; WanG, feiyue1; 
(1) University of Manitoba, Winnipeg, Canada; (2) Johannes Gutenberg-
Universität Mainz, Mainz, Germany; (3) National University of Costa Rica, 
Heredia, Costa Rica; (4) Instituto Nicaragüense de Estudios Territoriales, 
Managua, Nicaragua

skyekushner@gmail.com

Volcanic systems are a poorly-constrained, natural contributor to 
the global mercury cycle. lack of comprehensive data has led to 
uncertainties in 1) the total amount of mercury emitted from volcanoes; 
2) the speciation of mercury upon release from volcanic plumes; and 
3) the pathways and timing of deposition following plume release. 
Three volcanoes (Masaya volcano, nicaragua; Poas and Turrialba 
volcanoes, Costa rica) were studied extensively to determine these 
uncertainties. These volcanoes represent a diverse variety of magmatic 
systems within the Central american Volcanic arc. at each volcanic site, 
air and soil samples were collected along a distance gradient up to 
several kilometers downwind from the emission source. air samples 
were collected using iodated-carbon traps with a portable pump 
either by walking through the plume or via drone for the analysis of 
gaseous and particulate mercury. soil samples at each site consisted 
of a depth profile for the analysis of total mercury to establish a 
timeline of mercury deposition. a suite of aqueous samples was also 
collected, including rainwater, condensates from a hydrothermal vent, 
and water from hyper-acidic crater lakes; in situ filtration was used 
to differentiate dissolved versus particulate mercury. analysis of the 
samples was carried out at the Class 100 ultra-Clean Trace elements 
laboratory (uCTel) at the university of Manitoba. In addition, real-time 
atmospheric mercury speciation measurements (gaseous elemental 
mercury, gaseous oxidized mercury and particulate-bound mercury) 
were carried out intermittently at locations that are adjacent to Poas 
and Turrialba volcanos. Preliminary results show that the total gaseous 
mercury concentrations in the air reach near ambient levels within a 
short distance from the plume center. Total mercury concentrations in 
all the water samples are in the order of tens of ng/l. Methylated forms 
of mercury have also been detected within two volcanic crater lakes and 
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in the condensate from a hydrothermal vent. analysis of the air trap 
and soil samples is ongoing. This study represents a comprehensive 
investigation into the emission and fate of volcanic mercury in 
Central america.

RO-051

CARIBIC OBSERVATIONS OF MERCURY IN THE 
UPPER TROPOSPHERE AND LOWER STRATOSPHERE
sleMr, franz1; ebInGhaus, ralf2; WeIGelT, andreas2; brennInKMeIJer, 
Carl1; rauThe-sChÖCh, armin3; herMann, Markus4; Zahn, andreas5; 
Van VelThoVen, Peter6; MarTInsson, bengt7; ZIereIs, helmut8; 
(1) Max-Planck-Institute for Chemistry, Mainz, Germany; (2) Helmholtz-
Zentrum Geesthacht, Geesthacht, Germany; (3) Max-Planck-Institue for 
Chemistry, Mainz, Germany; (4) Leibniz-Institute for Tropospheric Research, 
Leipzig, Germany; (5) Karlsruhe Institute of Technology, Karlsruhe, Germany; 
(6) Royal Netherlands Meteorological Institute, de Bilt, the Netherlands; 
(7) University of Lund, Lund, Sweden; (8) Deutsches Zentrum für Luft-und 
Raumfahrt, Oberpfaffenhofen, Germany

franz.slemr@mpic.de

a unique set of mercury measurements in the upper troposphere 
and lower stratosphere (uT/ls) has been obtained during the monthly 
CarIbIC (www.caribic-atmospheric.com) intercontinental flights 
between May 2005 and february 2016. The passenger airbus 340-600 
of lufthansa covered routes to north america, east and south east asia, 
and the southern hemisphere. The accompanying measurements of Co, 
o3, noy, h2o, aerosols, halocarbons, hydrocarbons, greenhouse gases, 
and several other parameters as well as backward trajectories enable a 
detailed analysis of the measurements.

Post-flight processed data since april 2014 provide new insights into 
the spatiotemporal distribution and speciation of mercury in the uT/
ls. We will compare the data with previous observations, estimate 
the stratospheric mercury lifetime, and discuss a conceptual model of 
stratospheric mercury cycle.

RO-052

TREND AND SOURCE-RECEPTOR RELATIONSHIP 
OF ATMOSPHERIC MERCURY OBSERVED AT A 
TROPICAL MOUNTAIN BACKGROUND SITE IN EAST 
ASIA IN 2006-2016
sheu, Guey-rong1; nGuyen, ly1; lIn, Da-Wei1; lIn, neng-huei1; 
(1) National Central University, Taoyuan, Taiwan

grsheu@atm.ncu.edu.tw

Global inventories suggest increasing anthropogenic atmospheric 
mercury (hg) emissions in the past two decades, especially in the east 
and south asian regions due to growing industrial activities and energy 
demands. however, observations at Mauna loa observatory and sites 
in north america and europe showed decreasing trends in atmospheric 
hg concentrations from 1990 to present, inconsistent with current 

global inventories. such a trend analysis has not been reported from 
sites in east asia due to the lack of long-term monitoring data. here we 
reported the trend and source-receptor relationship of atmospheric 
hg observed at the lulin atmospheric background station (labs), a 
tropical mountain site in central Taiwan (23.47ºn, 120.87ºe, 2862 m 
a.s.l.), between 2006 and 2016. Concentration-weighted trajectory (CWT) 
approach was applied to identify source regions of each atmospheric 
hg species, including gaseous elemental hg (GeM), gaseous oxidized 
hg (GoM) and particulate hg (Phg). southwest and southeast China 
and northern Indochina Peninsula were the common major source 
regions of all species. for GeM, an additional source region was identified 
extending from northeast China along the coastal region of east China. 
Moreover, air from south China sea and the Pacific ocean could also 
be enriched with GoM, possibly due to GeM oxidation. Trend analysis 
of GeM was performed by using the sen’s slope approach. a significant 
decreasing trend in GeM concentrations was observed with a rate of 
-2.1% yr-1 (-0.0336 ng m-3 yr-1) over the 2006-2016 period. This value 
is similar to those reported from sites in north america and europe. 
further analysis found significant decreasing trend between september 
and May when labs is mainly under the influence of air masses from the 
east asia continent, but no trend or slightly increasing trend from June 
to august when marine air masses prevail. Concurrently monitored Co 
concentrations also showed a significant decreasing trend with a rate 
of -2.1% yr-1 (-2.904 ppb yr-1) over the same time period. The similar 
decreasing trends in GeM and Co concentrations suggest that changes in 
anthropogenic emissions may have played a role. however, other factors, 
such as changes in re-emission flux, atmospheric chemistry and regional 
transport pattern, may also contribute. We are still working on detail 
analysis about the relationships between GeM and other parameters 
and the trends of GeM concentrations associated with various air mass 
clusters. updated results will be reported in the 2017 ICMGP.

RO-053

SPECIATED ATMOSPHERIC MERCURY 
MEASUREMENTS AT THE MAUNA LOA, HAWAII 
AMNET SITE: PATTERNS, TRENDS, AND SOURCES
luKe, Winston1; Kelley, Paul1; ren, Xinrong1; Cohen, Mark1; arTZ, 
richard1; olson, Mark2; sChMelTZ, David3; KobayashI, nash4; 
ColTon, aidan4; 
(1) NOAA/Air Resources Laboratory, College Park, MD, USA; (2) Illinois State 
Water Survey, Champaign, IL, USA; (3) EPA/Clean Air Markets Division, 
Washington, DC, USA; (4) NOAA/Earth System Research Laboratory, Hilo, 
HI, USA

winston.luke@noaa.gov

In January 2011 noaas air resources laboratory assumed oversight 
of speciated atmospheric mercury measurements at the Mauna loa 
observatory (Mlo), and the site joined the atmospheric Mercury 
network (aMnet). Mlo is one of six noaa baseline monitoring stations 
for the study of the background global atmosphere, and is located at an 
elevation of 3,397 m on the northern slope of the Mauna loa volcano 
on the big Island of hawaii. a single Tekran speciation system measures 
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gaseous elemental mercury (GeM), gaseous oxidized mercury (GoM), 
and particulate-bound mercury (PbM) with nominal 1-hr resolution. 
since 2011, measurements of ozone (o3), sulfur dioxide (so2), and 
carbon monoxide (Co) were also added.

The site is an ideal high-altitude location from which to monitor the 
global background atmosphere. free tropospheric flow at the elevation 
of Mlo is typically from the east and northeast (trade wind circulation), 
with local upslope/downslope circulation superimposed on the larger-
scale flows. Measured mercury species concentrations will be presented 
with respect to diurnal, seasonal, and annual variations, and trends in 
mercury concentrations at the site will be discussed. source regions 
associated with both high and low mercury concentrations will be 
investigated through gridded trajectory frequency analysis using noaas 
hysPlIT model.

finally, a brief summary of measurement accuracy assessment activities 
for GoM and PbM will be presented.

RO-054

USE OF CATION EXCHANGE MEMBRANES TO 
CORRECT GOM LOSS FROM DENUDERS AT THE 
HIGH ALTITUDE PIC DU MIDI OBSERVATORY
MarusCZaK, nicolas1; sonKe, Jeroen1; fu, Xuewu2; JIsKra, Martin1; 
(1) CNRS - University of Toulouse, Toulouse, France; (2) SKLEG-CAS, 
Guiyang, China

nmarusczak@gmail.com

Gaseous elemental mercury (GeM, hg) emissions are transformed 
to divalent reactive hg (rM) forms throughout the troposphere and 
stratosphere. rM is often operationally quantified as the sum of particle 
bound hg (PbM) and gaseous oxidized hg (GoM). The measurement 
of GoM and PbM is challenging and under mounting criticism. here we 
intercompare six months of automated GoM and PbM measurements 
using a Tekran® KCl-coated denuder and quartz regenerable particulate 
filter (rpf) method with rM collected on cation exchange membranes 
(CeMs) at the high altitude Pic du Midi observatory. We find that 
denuder/rpf sampled rM is systematically lower by a factor of 1.3 than 
rM on CeMs. We observe a significant relationship between GoM (but 
not PbM) and Tekran® flush blanks suggesting significant loss (32%) 
of labile GoM from the denuder or inlet. adding the flush blank to 
denuder/rpf based rM results in good agreement with CeM based rM 
(slope=1.01, r2=0.90) suggesting we can correct bias in denuder/rpf rM 
and denuder based GoM. We provide a bias corrected (*) Pic du Midi 
dataset for 2012-2014 that shows GoM* and rM* levels in dry free 
tropospheric air of 198 and 229 pg m-3 which agree well with in-flight 
observed rM and with model based GoM and rM estimates.

RO-055

CONTROLLING FACTORS OF MERCURY 
WET DEPOSITION AND PRECIPITATION 
CONCENTRATIONS IN UPSTATE NEW YORK
ye, Zhuyun1; Mao, huiting1; DrIsColl, Charles2; hoGrefe, Christian3; 
VolKaMer, rainer4; ZhanG, yanxu5; JaeGle, lyatt6; 
(1) Department of Chemistry, State University of New York College of 
Environmental Science and Forestry, Syracuse, NY, USA; (2) Department 
of Civil and Environmental Engineering, Syracuse University, Syracuse, NY, 
USA; (3) Emissions and Model Evaluation Branch, Atmospheric Modeling 
and Analysis Division, NERL, ORD, U.S. EPA, Research Triangle Park, NC, 
USA; (4) Department of Chemistry and Biochemistry, University of Colorado, 
Boulder, CO, USA; (5) School of Engineering and Applied Sciences, Harvard 
University, Cambridge, MA, USA; (6) Department of Atmospheric Sciences, 
University of Washington, Seattle, WA, USA

zye01@syr.edu

observations from the Mercury Deposition network (MDn) at 
huntington Wildlife forest (hWf) suggested that a significant decline in 
hg concentrations in precipitation was linked to hg emission decreases 
in the united states, especially in the northeast and Midwest, and 
yet hg wet deposition has remained fairly constant over the past two 
decades. The present study was aimed to investigate how climatic, 
terrestrial, and anthropogenic factors had influenced the hg wet 
deposition flux in upstate new york (ny). To achieve this, an improved 
Community Multiscale air Quality (CMaQ) model was employed, which 
included state-of-the-art hg and halogen chemistry mechanisms. a 
base simulation and three sensitivity simulations were conducted. 
The base simulation used 2010 meteorology, u.s. ePa neI 2011, and 
Geos-Chem initial and boundary conditions (IC, bC). The three sensitivity 
runs each changed one condition at the time as follows: 1) neI 2005 
hg anthropogenic emission out of nys instead of neI 2011, 2) 2005 
meteorology instead of 2010, and 3) no in-state hg anthropogenic 
emission. The study period of all the simulations was March november 
2010, and the domain covered the northeastern united states at 12 
km resolution. as a result, compared with rural areas in nys, hg wet 
deposition and ambient hg concentrations in urban areas were affected 
more significantly by in-state anthropogenic hg emission. The in-state 
anthropogenic hg emissions contributed ~25% of hg wet deposition at 
urban sites and <1% at rural sites during the study period. In contrast, 
the out-of-state anthropogenic hg emissions had slightly higher (~3%) 
influence on nys rural areas compared with urban regions. using 2005 
anthropogenic hg emissions, around twice of those in 2010, out-of-nys 
emissions increased the total in-state hg wet deposition by 16%. hg 
wet deposition flux was greatly affected by meteorological conditions, 
causing changes varying from a 91% decrease to a factor of 5 increase 
in monthly accumulated wet deposition amounts. The possible affecting 
meteorological factors included, not limited to, solar radiation, cloud 
height, wind speed and direction, precipitation, and relative humidity, 
among which precipitation had the largest effects in most areas.
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MODELLING OF ATMOSPHERIC MERCURY IN 
SOUTH AFRICA
heDGeCoCK, Ian1; DJoloV, George2; GenCarellI, Christian1; MbeDZI, 
Maluta3; raManDh, avishkar4; PIrrone, nicola5; 
(1) CNR-Institute of Atmospheric Pollution Research, Rende, Italy; 
(2) University of Pretoria, Pretoria, Republic of South Africa; (3) Eskom 
Holdings SOC Limited, Johannesburg, Republic of South Africa; (4) Sasol 
Technology R&D (Pty) Limited, Johannesburg, Republic of South Africa; 
(5) CNR-Institute of Atmospheric Pollution Research, Rome, Italy
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a modelling study of the emission, transport, transformation and 
deposition of mercury (hg) over south africa has been performed. 
The study employed a state-of-the-art regional chemical transport 
model, Wrf/Chem with hg, which is based on the Weather research 
and forecasting (Wrf) Model. The study used employed two global 
anthropogenic emissions databases, two atmospheric mercury 
oxidation chemistry mechanisms, and different combinations of 
boundary and initial conditions, in order to gain some insight into the 
possible level of uncertainty associated with the model output. The 
model output from all the tested configurations suggest that much 
of the hg deposition in some areas of south africa is due to local 
emissions, particularly in the highveld. hg deposition in other regions 
of south africa however is almost totally dominated by long-range 
transport of hg from remote sources, in particular the northern, 
Western and eastern Cape provinces. The characteristics of the different 
climate zones in south africa, in particular rainfall patterns, all influence 
the hg deposition patterns, total depend on deposition fluxes both long-
range and local sources, although the relative influence of these sources 
changes significantly across the country. It proved difficult to reproduce 
some of the higher gas phase hg observations, and the reason for this 
is not immediately clear. It may be due to the time averaged emissions 
in the model which possibly does not accurately reflect hg release 
from industrial installations. It could also be the result of particular 
meteorological conditions favouring release of hg from previously 
contaminated sites. Certainly further investigation is warranted, 
particularly given the at times significantly high observations (similar 
to heavily populated and industrialised regions of China), and their 
unfortunate scarcity. The lack of measurement data for south africa in 
general means that it is difficult to make hard and fast comments on 
the models ability to reproduce atmospheric hg species concentrations 
and deposition flux magnitudes. however, the simulations do suggest 
that most of the hg released by anthropogenic activities in south 
africa is deposited within south african territory, with a lesser fraction 
transported eastward/south eastward towards the Indian ocean, 
potentially influencing hg deposition in Mozambique and Madagascar.

1c-2: Stable isotope studies of global 
mercury cycling and bioaccumulation

RO-057

GLOBAL ASSESSMENT OF HG ACCUMULATION 
IN FRESHWATER FISHERIES USING HG 
STABLE ISOTOPES
Janssen, sarah1; lePaK, ryan2; sTeVens, andrew3; KrabbenhofT, 
David1; MCInTyre, Peter3; hurley, James4; 
(1) United States Geological Survey, Middleton, WI, United States

sjanssen@usgs.gov

river and lake subsistence fisheries nourish hundreds of millions of 
people globally, particularly in nations with high poverty rates.  food 
security in freshwater fisheries could be undermined by accumulation of 
mercury (hg) and other contaminants in these food webs. We find that 
the mean hg concentrations in food fishes from freshwater locations 
in Central africa, Thailand, Venezuela, and hawaii exceed limits for safe 
consumption up to ten-fold, yet have no obvious local source for the 
elevated levels.  The aim of this study is to utilize hg stable isotopes 
to interpret source similarities and food chain dynamics that have led 
to these unusually high hg concentrations. We compare 12 distinct 
freshwater communities that support food fishes on four continents. 
Mercury isotope results demonstrate striking similarities between 
ecosystems with elevated hg concentrations in Central africa and 
hawaii, including highly negative δ202hg and Δ199hg in fish tissue.  
These signatures likely arise from terrestrial hg sources originating 
from volcanic activity and a lack of photochemical transformations. The 
lowest mean hg concentrations in the study were observed in africa’s 
lake Tanganyika, one of the world’s largest and oldest lakes.  Isotopically, 
lake Tanganyika also had the highest Δ199hg and δ202hg values, which 
may indicate that photochemical demethylation is an important control 
on hg levels in these fish. although exact source tracking is challenging, 
significant Δ200hg indicates that hg is derived from atmospheric origin 
for all sites examined in this study. additionally, preliminary results of 
different feeding guilds within in each food web show similar δ202hg 
signatures after photochemical corrections, signifying that different 
trophic level organisms are still receiving hg from a singular source. This 
study marks the first global use of stable isotopes to examine hg sources 
in vastly different food webs, and clarifies patterns of hg bioaccumulation 
in freshwater systems that may affect human health and food security.



ORAL ABSTRACTS ICMGP2017 The 13Th InTernaTIonal ConferenCe on MerCury as a Global PolluTanT InTeGRATInG MeRCuRy ReSeARCh And POLICy In A ChAnGInG WORLd July 16 – 21, 2017 · ProVIDenCe, rhoDe IslanD, usa 141

RO-058

PENGUINS DOCUMENT SOUTHERN LATITUDINAL 
VARIATIONS OF HG ISOTOPIC SIGNATURES FROM 
SUBTROPICAL TO ANTARCTIC WATERS
reneDo, Marina1; aMourouX, David2; PeDrero Zayas, Zoyne2; 
Cherel, yves3; TessIer, emmanuel2; beraIl, sylvain2;  
busTaManTe, Paco4; 
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Rochelle, France; (2) IPREM UMR 5254 CNRS-UPPA, Pau, France; (3) CEBC 
UPR 1934 CNRS, Chizé, France; (4) LIENSs UMR 7266 CNRS-ULR, La 
Rochelle, France
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The extent of hg contamination in the southern ocean ecosystems 
remains largely unknown and determining its fate and impact in these 
remote areas involves a major challenge. seabirds are exposed to large 
quantities of hg via their marine food chain and have been identified 
as effective biomonitors of hg marine contamination. Penguins, as 
non-flying seabirds, feed on approximately constant prey and exploit 
similar foraging habitats during their annual cycle, therefore, they 
are representative of local hg contamination. since they are ubiquist 
marine birds over the entire southern ocean, analyses of their tissues 
provide information about hg contamination of the different latitudinal 
areas. In this work, hg speciation (GC-ICPMs) and isotopic signatures 
(CVG-MC-ICPMs) were investigated following non-lethal sampling of 
feathers and blood in 7 penguin species from the marine environments 
around the french southern ocean territories. These lands cover a 
wide latitudinal gradient from the adélie land (66°39′s, antarctic) to 
Crozet Islands (46°25′s, subantarctic) and amsterdam Island (37°47's, 
subtropical). Carbon (δ13C) and nitrogen (δ15n) isotopes were also 
determined to better understand the food web structure of the penguin 
species and hg isotopic information. a good correlation of isotopic 
signatures between feathers and blood demonstrates that both tissues 
are valuable bioindicators of hg local contamination. Mass dependent 
(MDf) and mass independent (MIf) fractionation signatures obtained 
in both tissues clearly separated populations geographically, permitting 
the identification of the distinct ecosystems studied. feathers of 
antarctic penguins displayed lower MDf (δ202hg) values (0.4-1.0‰) 
than subantarctic (1.3-2.5‰) and subtropical (2.3-2.7‰) penguins 
along with increasing southern latitude. for MIf (∆199 hg), less variation 
is observed and most values ranged between 1.3 and 2.3 ‰. These 
specific isotopic signatures for each penguins population are attributed 
to different foraging habitats (spatial or depth variations) and different 
extent of photochemical versus dark demethylation or reduction 
processes. overall, this work demonstrates that hg isotopic variations 
recorded in penguins’ samples provide new information on the major 
sources of methylmercury (Mehg) in the southern ocean ecosystems. 
for instance, Mehg accumulated in population from subtropical to 
subantarctic latitude seems to be mainly of marine pelagic origin, while 
in the antarctic zone, bioaccumulated Mehg could originate from both 
coastal and marine waters.

RO-059

STABLE MERCURY ISOTOPE FRACTIONATION IN 
AEROSOLS AND SNOW IN THE ARCTIC
ChanDan, Priyanka1; berGQuIsT, bridget1; sTeffen, alexandra2; 
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Climate Change Canada, Toronto, ON, Canada; (3) University of Toronto, 
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Mercury contamination is observed in arctic food webs despite the 
absence of significant local hg point sources, making understanding 
hg sources and dynamics in the arctic an area of active research. It 
is understood that much of the hg contamination in the arctic is a 
result of long-range transport of atmospheric hg. Thus, identifying 
and quantifying different sources is needed to predict how changing 
sources may affect hg cycling in the arctic along with making targeted 
strategies for mitigation. There is also unique chemistry that occurs in 
the arctic that contributes to elevated hg deposition. In polar spring, 
atmospheric mercury depletion events occur where gaseous elemental 
hg is nearly completely oxidized and deposited to snow. some fraction 
is photoreduced back to the atmosphere, which affects the extent these 
events impact the overall net accumulation of hg. stable hg isotope 
fractionation can be used to trace, distinguish and potentially quantify 
various hg processes. natural hg isotopes exhibit a large range in mass-
dependent fractionation (MDf) and several types of mass-independent 
fractionation (MIf). MDf is ubiquitous in nature and occurs during many 
environmental transformations. In contrast, hg MIf only occurs during 
a subset of reactions and is largely produced during photochemical 
transformations with different reactions displaying different MIf extent 
and signatures. odd-mass MIf occurs during aqueous and possibly 
surficial photochemistry, whereas atmospheric gas-phase MIf occurs 
for all the isotopes and is reported as even-mass MIf. as part of an 
exploratory study, stable hg isotopes in aerosols and snow were 
measured at alert in the arctic spring for years 2011, 2013 2015 to 
assess the potential of hg isotopes to help understand and distinguish 
the various hg sources and transformations. Preliminary hg isotope 
data for aerosols and snow exhibit a large variability in MDf and MIf 
signatures. The aerosols are characterized by negative odd-mass MIf, 
which is in contrast to the published data that show mostly positive 
odd-mass MIf for atmospheric oxidized hg species. only three of the 
aerosol samples display significant even-mass MIf with most aerosols 
having negligible even-mass MIf. These results also differ from the 
current published data on atmospheric oxidized hg species. all snow 
samples exhibit negative odd mass MIf, consistent with photochemical 
reduction in surface snow, and show no preservation of even-mass MIf. 
In addition, aerosol metal and lead isotope data were measured and 
passive samplers for gaseous hg were deployed in 2016-2017. results 
will be discussed.
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MERCURY ISOTOPES IN FLYING FISH AS A 
MONITOR OF PHOTODEMETHYLATION IN THE 
ATLANTIC AND PACIFIC OCEANS
MoTTa, laura1; bluM, Joel1; PoPP, brian2; Close, hilary3;  
DraZen, Jeffrey4; 
(1) Department of Earth and Environmental Sciences, Ann Arbor, MI, United 
States; (2) Department of Geology and Geophysics, University of Hawaii, 
Honolulu, HI, United States; (3) Department of Ocean Sciences, University of 
Miami, Miami, Fl, United States; (4) Department of Oceanography, University 
of Hawaii, Honolulu, HI, United States

laumot@umich.edu

Mass independent fractionation (MIf) of hg isotopes in marine 
organisms has been used to estimate the relative proportion of 
monomethylmercury (Mehg) formed in the open ocean that is 
photochemically degraded prior to entry into the foodweb. flying fish 
normally feed in the upper ~10 m of the ocean and a previous study 
has shown that they contain hg with the highest level of MIf (Δ199hg 
) of all fish in the northern Pacific open ocean food web. In this study 
we utilized flying fish as a monitor of the relative photochemical 
degradation of (Mehg) over large areas of the western atlantic ocean 
(12n to 26s) and the north Central Pacific ocean (22n to 5n). The 
Δ199hg values of the fish range widely between 2.7 and 5.5‰ indicating 
highly variable proportions of Mehg photodegradation. based on 
experimental fractionation experiments and the flying fish Δ199hg 
values we estimate that in the surface ocean between 55 and 80% of 
the Mehg formed is photochemically degraded. The Δ199hg values 
do not display a simple relationship with latitude, but do display some 
spatial patterns. Three processes that may contribute to the observed 
spatial variability with respect to the amount of photo-demethylation 
were investigated, including: 1) the average amount of incoming 
solar radiation (e.g., anglet of solar incidence and cloud cover), 2) light 
penetration depth (depends on water clarity and is related to chlorophyll 
content) and 3) the role of dissolved organic carbon (DoC) (acts as 
complexation agent and photosensitizer). There was no correlation 
observed between Δ199hg with solar irradiance satellite data (r2=0.12, 
p=0.25). In contrast, there is a strong negative correlation between 
Δ199hg and satellite chlorophyll concentration (r2=0.67, p<0.001). 
DoC content was estimated from the MITgcm model and there was 
a moderate correlation between Δ199hg (r2=0.43, p=0.015) and 
DoC. lastly, we compare variability in Δ199hg  values to methylation 
and photochemical demethylation rates simulated within a global 
3-D ocean circulation model (MITgcm).  We find a strong negative 
correlation between Δ199hg and each of these rates (r2=0.75, p<0.001 
and r2=0.80, p<0.001 respectively).  We suggest that the hg isotopic 
signature of flying fish is dependent on the environmental conditions 
and biological processes at specific locations in the oceans and can 
be used to monitor the extent and mechanism of photochemical 
degradation of Mehg prior to its entry into marine food webs.
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CONCENTRATIONS AND ISOTOPIC COMPOSITIONS 
OF MERCURY IN FOUR TEMPERATE FOREST 
FOOD WEBS
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University, Guangzhou, China
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relative to aquatic ecosystems, we have a very limited understanding 
of the biogeochemical processes of methylmercury (Mehg) in forests. 
In this study, we examined total mercury (Thg) and Mehg and their 
isotopic compositions in food webs (from basal resources to predatory 
invertebrates) in four temperate forest ecosystem reserves across 
the united states, including Coweeta hydrologic laboratory in north 
Carolina (nC), hubbard brook experimental forest in new hampshire 
(nh), university of Michigan biological station in Michigan (MI), and 
angelo Coast range reserve in California (Ca). We calculated the trophic 
biomagnification slope (TMs) of Mehg in forest food webs at each site, 
and found that the mean TMs values were 0.18 (nC), 0.20 (nh), 0.16 
(MI), and 0.24 (Ca), which are within the range of TMs values found for 
freshwater ecosystems (mean=0.16, range from -0.19 to 0.48), implying 
that biomagnification potential of Mehg is in general similar between 
freshwater and forest food webs. stable hg isotope measurements 
are still in progress for part of the study, but the isotopic data analyzed 
so far (n=58) among sites showed a wide range of mass-dependent 
fractionation (MDf, as d202hg) ranging from -3.04 to +1.32 ‰ and a 
smaller range of mass-independent fractionation (MIf, as D199hg) 
ranging from -0.44 to +1.72 ‰. When we examined the (incomplete) 
isotopic data at three forest sites (i.e., nC, nh and Ca), we regressed 
d202hg or D199hg against %Mehg in each system and extrapolated 
to estimate endmember d202hg and D199hg of “pure” Mehg. If we 
assume the starting substrate for Mehg in forest ecosystems is inorganic 
hg in the forest floor, the isotopic compositions (as estimated in surface 
litter samples) in these three sites are quite similar with d202hg ranging 
from -2.53 to -1.98 ‰ and D199hg ranging from -0.41 to -0.31 ‰ (n=7). 
however, it is intriguing that the estimated “pure” Mehg (based on the 
available data so far) in these three forests are very different: nC has 
d202hg = -0.35 ‰ and D199hg = +0.32 ‰, nh has d202hg = +2.50 ‰ 
and D199hg = +2.05‰, while Ca has d202hg = +1.15 ‰ and D199hg 
= +1.55 ‰. our preliminary interpretation on this isotopic data is that 
Mehg, before entering these forest food webs, underwent variable 
degrees of photodemethylation but it is not yet completely clear what 
differences in biogeochemical processes among sites leads to the 
variable d202hg values of Mehg.
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ISOTOPIC FRACTIONATION DURING MERCURY 
RE-EMISSION FROM FOLIAGE:EVIDENCE FOR PLANT 
UPTAKE FOLLOWED BY PHOTOLYTIC REDUCTION 
EVIDENCE FOR PLANT UPTAKE FOLLOWED BY 
PHOTOLYTIC REDUCTION
yuan, Wei1; soMMar, Jonas1; lIn, Che-Jen2; fenG, Xinbin1; sun, 
Guangyi1; lI, Kai1; WanG, Xun1; 
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The mechanism of mercury (hg) re-emission from vegetation foliage 
is currently poorly understood. here, we systematically applied stable 
isotope technique to various compartments of a pristine subtropical 
evergreen forest ecosystem to gain insight into this important process. 
We observed that the hg isotope signature of bulk leaf sprout samples 
from the dominant tree species (10-15 days old; δ202hg = 0.08±0.74‰, 
Δ199hg = −0.20±0.14‰, n=3, ±2σ) was similar in composition to 
surrounding gaseous hg (hg0) in ambient air (δ202hg= 0.37±0.44‰, 
Δ199hg = −0.18±0.04‰, n=9) suggesting that atmospheric hg0 is 
a major source of foliar hg. In relation to sprouts, mature foliage 
samples (0.5-1.5 years old, n=16) from the dominant tree species were 
substantially enriched in light hg isotopes (negative MDf, δ202hg = 
−2.82±0.76‰) and slightly depleted in odd mass isotopes (negative 
MIf, Δ199hg = −0.32±0.12‰). The large negative δ202hg-shift (on an 
average exceeding 3‰) between new and mature leaves is likely caused 
by kinetic MDf introduced during foliar uptake and air-leaf exchange 
of hg0 over time. furthermore, sunlight-mediated hg0 gas efflux from 
intact mature foliage enclosed in a dynamic chamber system exposed 
to zero hg air displays δ202hg in a broad range (−2.47±1.36‰, n=18) 
that is statistically similar to mature foliage. however, interestingly, 
most hg0 efflux samples have a profoundly positive MIf signature 
(Δ199hg = 0.17±0.40‰, n=18) in contrast to ambient air and leaf 
samples. on an average, the Δ199hg shift between hg0 efflux and 
mature foliage hg runs up to 0.48‰. In-turn, our data support for a 
temporal evolution towards slightly more negative MIf in mature foliage. 
The ∆199hg/∆201hg ratio of all foliar samples is 1.06±0.11, which is 
diagnostically divergent from that of hg0 efflux data at 0.81±0.06. unlike 
leaf uptake of hg0 with subsequent in vivo oxidation and sorption, 
processes that presumably trigger diminutive MIf, reduction pathways 
of hg2+ bound to reduced sulfur groups in the leaf interior potentially 
offer an explanation for departing observed (+)MIf in the hg0 re-
emission flux and (−)MIf in the foliage hgII pool after reductive loss. To 
explain the ∆199hg/∆201hg fractionation trajectory for hg0 re-emission 
using existing data in the literature, a mass-balance suggests that 
maximum 76% of daily hg re-emission was caused by photo-reduction, 
and a minimum of 24% by dark/thermal pathways.

RO-063

MERCURY ISOTOPE FRACTIONATION DURING 
THERMAL- AND PHOTO-INDUCED EMISSION OF 
HG0 FROM SOIL
fu, Xuewu1; Tan, Qingyou1; fenG, Xinbin1; 
(1) Institute of Geochemistry, Chinese Academy of Sciences, Guiyang, China

fuxuewu@mail.gyig.ac.cn

Mercury (hg0) emission from soil is an important source of atmospheric 
hg on a global scale. soil temperature and solar radiation are the major 
factors inducing hg0 emission from soil. We investigated hg isotope 
fractionation during thermal- and photo-induced emission of hg0 from 
naturally hg-enriched soils (agricultural and forest soils). both mass 
dependent fractionation (MDf) and mass independent fractionation 
(MIf) were observed. The isotopic composition of emitted hg0 from 
the agricultural soil displayed negative δ202hg (-2.87 to -1.10‰) and 
positive ∆199hg values (0.08 to 1.34‰) during both thermal- and 
photo-induced experiments. The negative shifts in δ202hg values of 
emitted hg0 from agricultural soil relative to reactant soil (δ202hg 
= -0.41±0.12‰, ∆199hg = -0.06‰) were generally larger during 
thermal-induced experiments (mean = -1.96 ‰) than those during 
photo-induced experiments (mean = -1.39‰), whereas photo-induced 
experiments induced larger shifts (mean = 0.68 ‰) in ∆199hg values 
than the thermal-induced experiments (mean = 0.21%). The isotopic 
composition of emitted hg0 from the forest soil (δ202hg = -1.17±0.12‰, 
∆199hg = 0.07‰) displayed more negative δ202hg values (-4.64 to 
-1.42‰) during both thermal- and photo-induced experiments. similarly, 
thermal-induced experiments induced larger positively shifts (mean = 
-3.32‰) compared to photo-induced experiments (mean = -1.70‰). In 
contrast to agricultural soil, photo-induced experiments induced smaller 
shifts (mean = 0.07 ‰) than the thermal-induced experiments (mean = 
0.22%). This implies that the organic compounds that affect the MIf of 
the odd-mass-number hg isotopes in the presence of light in forest soil 
were more or less different from that in agricultural soil.

RO-064

ROLE OF PRECIPITATION IN MERCURY 
ACCUMULATION IN SUBTROPICAL MONTANE 
FOREST FLOOR: EVIDENCE OF ISOTOPE SIGNATURES
lIn, Che-Jen1; WanG, Xun2; WeI, yuan2; lI, fen2; fenG, Xinbin2; 
(1) Center for Advances in Water and Air Quality, Lamar University, 
Beaumont, TX, USA; (2) State Key Laboratory of Environmental Geochemistry, 
Institute of Geochemistry, Chinese Academy of Sciences, Guiyang, 
Guizhou, China

lincx@lamar.edu

Wet deposition is an important source of mercury (hg) input to remote 
montane forest ecosystems. although hg deposition flux through 
rainfall is typically lower than that from litterfall by a factor of two or 
more, the contribution of precipitation to biomass production and the 
associated enhancement on hg uptake did not receive much attention. 
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In this study, we characterized hg, C, n concentrations and their isotope 
signatures in litter and soil horizons along two slopes of a subtropical 
montane site (Mt. ailao) in southwest China, where the precipitation 
intensity on the west slope (1200 2650 m) is significantly higher than on 
the east slope (800-2650 m), to understand the influence of precipitation 
on hg accumulation on forest floor. hg concentration in litter shows little 
influence by altitude in both slope. however, the concentration in soil 
exhibits a strong trend with altitude under 2550 m, increasing from 18-
216 ng g-1 in west slope and 13-213 ng g-1. at the mountain top, soil hg 
concentrations are 60 ng g-1 and 75 ng g-1 on the west and east slope, 
respectively. hg input from litter is more important than wet deposition 
to hg accumulation on the forest floor, as evidenced by the negative 
D199hg found in the surface soil samples (-0.28±0.7‰ in litter vs. 
-0.37±0.12‰ in surface soil). hg accumulation in soil can be explained by 
the increasing rainfall that enhances litter biomass production. Positive 
d202hg gradient from 0.5 to 1 ‰ was observed from the litter layer 
to oe, oa and soil horizons at 2100-2650 m altitude on both slopes, 
while 0 to 0.2 ‰ negative D199hg-shift was dependent on the density 
of forest canopy. Principal component analysis of hg isotopes, C and 
n data suggests that 88% variations of d202hg in soil profiles can be 
explained by the hg loss during the processes of carbon and nitrogen 
mineralization, and 70% of D199hg is caused by the re-emission 
induced by photoreduction. significantly higher hg concentrations and 
more negative D199hg in the surface soil on the west slope suggest 
that precipitation imposes an indirect effect on hg accumulation by 
influencing litter biomass production. This study provides new insights in 
understanding the role of precipitation in hg accumulation in montane 
forested areas.

1d-2: Mercury cycling, bioaccumulation 
and health impacts in polar regions

RO-065

IS CENTRAL ANTARCTICA A SOURCE OF 
ATMOSPHERIC MERCURY FOR LOWER LATITUDE 
ECOSYSTEMS?
DoMMerGue, aurélien1; MaGanD, olivier2; anGoT, hélène1; 
(1) Univ. Grenoble Alpes, Grenoble, France; (2) Univ. Grenoble Alpes/CNRS, 
Grenoble, France

aurelien.dommergue@univ-grenoble-alpes.fr

The antarctic plateau ice-covered area of 7 million km2 is a highly 
photochemically active area during the sunlit period with oxidant 
concentrations approaching those of tropical or urban mid-latitude 
environments. earlier studies carried out on the high-altitude antarctic 
plateau with modern instruments also suggested, based on short-term 
observations (a few weeks) in summer, an intense reactivity of mercury 
on the plateau at the airsnow interface.

recent monitoring studies of atmospheric gaseous mercury hg(0) at 
Concordia station revealed the occurrence of multi-day to weeklong 

depletion events of hg(0) in ambient air in summer, that are not 
associated with depletion of o3, and likely result from a stagnation of 
air masses on the plateau triggering an accumulation of oxidants in the 
shallow boundary layer. This behavior is radically different from what 
is usually observed in the arctic where only mercury depletion events 
that were associated with o3 depletion (and with a hg(0)/o3 correlation) 
have been highlighted so far. such reactivity was also observed at Dome 
a, and between Concordia station and Vostok station.

according to observations at coastal (or near-coastal) antarctic stations 
(DDu, Troll, neumayer, Terra nova), the reactivity observed on the 
plateau in spring and summer is transported on a continental scale by 
strong katabatic winds. This is well demonstrated by looking at data set 
of east antarctica. hg(II) species can be thus rapidly brought to coastal 
ecosystems and could provide a source of hg to coastal and sea-ice 
organisms. This may explain higher values of hg that are retrieved in 
bioindicators, in sea-ice and surface waters. The recent identification of 
microbial methylation of hg in antarctic sea-ice could exacerbate the 
influence of this atmospheric source for introducing hg into southern 
ocean ecosystems.

This presentation will give an overview of the functioning of the 
hg chemistry in central antarctica and its potential influence on 
coastal environments.

RO-066

EXCHANGES OF MERCURY BETWEEN THE SNOW 
PACK AND ATMOSPHERE AT CONCORDIA 
STATION ANTARCTICA
CaIrns, Warren1; sPolaor, andrea1; DoMMerGue, aurélien2; anGoT, 
hélène2; MaGanD, olivier2; roMan, Marco3; sProVIerI, francesca4; 
barbanTe, Carlo1; 
(1) CNR Institute for the Dynamics of Environmental Processes, Venice, Italy; 
(2) Institut des Géosciences de l'Environnement CNRS, Grenoble, France; 
(3) Dept. Environmental Sciences, Informatics and Statistics, Univ. Ca’ Foscari 
of Venice, Venice, Italy; (4) CNR Institute of Atmospheric Pollution Research, 
Rende, Italy

cairns@unive.it

surface snow samples were collected over three sampling campaigns 
during the austral summer from the clean sampling area upwind of 
Concordia station on the antarctic plateau. During the first campaign 
a snow pit was also dug to gain an idea of the stability and temporal 
profile of mercury in the snow pack in the high antarctic. In the last 
campaign (austral summer 2015-16) a 72 hour experiment was carried 
out that collected surface snow and precipitation on an hourly basis 
for comparison with atmospheric measurements to evaluate surface 
recycling in connection with diurnal solar radiation changes.

sample analysis was carried out for 202hg and 79br using a Thermo 
electron element 2 sector field ICP-Ms and an agilent Technologies 
7500cx ICP-Ms. samples were left unacidified for br, I, Ca, K, na, and 
were acidified with 100 µl of ultrapure hCl before mercury analysis.
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We conducted three sampling campaigns at Dome C, in the austral 
summers of 2013-2014, 2014-2015, and 2015-2016, during which 
snow and atmospheric mercury concentrations (TGM) we measured. 
The three campaigns had different metereological conditions that 
heavily affected mercury deposition processes. In the absence of 
snow deposition (including diamond dust) the surface mercury and 
atmospheric concentration remained stable without any particular 
trend. During and after snow deposition, mercury concentrations 
undergo marked changes. In the 2015-2016 field campaign, several 
snow deposition events occurred strongly affecting the surface snow 
hg abundance. fresh snow deposits were collected from a bench 
elevated above ground level to reduce wind blown snow collection, 
and the concentrations detected (around 100 pg g-1) suggest/confirm 
the capacity of snow as a mercury atmospheric scavenger. These high 
concentrations decreased rapidly to 10-20 pg g-1 on average within days 
of being deposited, influencing the atmospheric TGM concentrations. 
apart from this variation, during the high resolution experiment, no 
diurnal variations in surface snow concentrations ware seen.

Preliminary results from this sampling campaign give us important 
indications for evaluating mercury cycling on the central antarctic 
plateau. The connection between br and hg in snow does not show any 
particular correlation or trend during the high resolution experiment 
(72h). The connection is more pronounced over time. We found a 
correlation of r2=0.59 in the snow pit samples. higher deposition 
of mercury in surface snow seems connected with an increase in br 
suggesting an intrusion of humid air from the coast bringing reactive br 
that interacted with mercury.

RO-067

SPECIATION AND BIOACCUMULATION OF 
MERCURY IN CONTINENTAL SHELF WATERS WEST 
OF THE ANTARCTIC PENINSULA
sonTaG, Philip1; reInfelDer, John1; sTeInberG, Deborah2; fraser, 
William3; sChofIelD, oscar4; sherrell, robert4; DuCKloW, hugh5; 
(1) Department of Environmental Sciences, Rutgers University, New 
Brunswick, New Jersey, USA; (2) Virginia Institute of Marine Science, College of 
William and Mary, Gloucester Point, Virginia, USA; (3) Polar Oceans Research 
Group, Sheridan, Montana, USA; (4) Department of Marine and Coastal 
Sciences, Rutgers University, New Brunswick, New Jersey, USA; (5) Lamont-
Doherty Earth Observatory, Columbia University, Palisades, New York, USA

pts29@scarletmail.rutgers.edu

In cooperation with the long Term ecological research (lTer) project 
along the West antarctic Peninsula (WaP), this study aims to characterize 
mercury (hg) speciation in this region's continental shelf waters and 
hg accumulation in the WaP food web. seawater was sampled using 
a towfish surface sampler and a trace metal clean rosette at depths 
of 2 m to 2000 m at northern (64.0-64.9°s), mid-latitude (67.1-68.1°s), 
and southern (~69°s) stations. In surface waters, total dissolved hg 
(Thg) and dissolved elemental mercury (DeM) were highest at northern 
and mid-latitude nearshore stations, but Thg at depth was generally 

higher at mid-latitude and southern stations. Profiles of dissolved total 
methylated mercury (MehgT) revealed subsurface maxima in offshore 
(230 m, 0.61 pM) and coastal (500 m, 0.92 pM) waters at northern 
stations, while MehgT at mid-latitude and southern stations (~69°s) 
was generally lower. at the southern shelf break, MehgT was highest in 
2°C, low o2, upper Circumpolar Deep Water (uCDW). high unfiltered 
MehgT in 1 m sea ice sub-cores relative to surface seawater reveal that 
sea ice may be an important source of hg in WaP surface waters for 
grazers such as the antarctic Krill euphausia superba. accumulation of 
Thg and monomethylmercury (MMhg) was higher in juvenile (7.8 to 20 
ng g-1 and 0.7 to 2.9 ng g-1, resp.) than adult (4 to 13 ng g-1 and 0.3 to 
1.6 ng g-1, resp.) krill which feed near the coast and under sea ice during 
overwintering. nearshore or under sea ice feeding may support MMhg 
accumulation in e. superba, which was higher in coastal than offshore 
krill at northern stations over multiple years. Trophic enrichment (~10^2) 
of mercury was observed between e. superba and feathers of all three 
Pygoscelis penguins, adélie (Pygoscelis adeliae), gentoo (P. papua), and 
chinstrap (P. antarctica) living on neighboring islands to u.s. antarctic 
research station Palmer. The mean concentration of hg in chinstrap 
(0.77 mg kg-1) was higher than in gentoo (0.15 mg kg-1) or adélie (0.09 
mg kg-1) penguins, likely attributed to higher consumption of krill, 
specifically juveniles with higher MMhg, suggesting that MMhg may 
be used as a tracer of food web connectivity in this highly productive, 
remote marine ecosystem.

RO-068

UNDERSTANDING IN-LAKE VERSUS CATCHMENT 
CONTROLS ON FISH MERCURY LEVELS IN 
NORTHERN CANADIAN LAKES
sWanson, heidi1; branfIreun, brian2; loW, George3; 
(1) University of Waterloo, Waterloo, Ontario, Canada; (2) University of 
Western Ontario, London, Ontario, Canada; (3) Dehcho First Nations AAROM 
Program, Hay River, NWT, Canada

heidi.swanson@uwaterloo.ca

leadership and community members in the Dehcho region of 
the northwest Territories, Canada, are concerned about mercury 
concentrations ([hg]) in food fishes such as northern Pike (esox lucius), 
Walleye (sander vitreus), and lake Whitefish (Coregonus clupeaformis). 
Mercury levels in food fishes vary widely across lakes in a relatively small 
geographic area, with some lakes having high fish [hg] and associated 
consumption advisories. Previous research has been unable to elucidate 
the main drivers of among-lake differences in fish [hg] in this region. 
from 2013-2015, 8 remote Dehcho lakes were sampled for fish, benthic 
invertebrates, zooplankton, sediment, and water by a collaborative team 
that included first nations and academic researchers. fish mercury 
concentrations were related to fish stable isotope ratios, age, size, and 
growth rates, as well as to a suite of water chemistry and sediment 
variables. Interim results indicate that size-standardized differences 
in fish [hg] among lakes were best explained by concentrations of 
chlorophyll-a for Walleye (r2=0.9), and by dissolved organic carbon 
concentration (r2=0.6) for lake Whitefish. for northern Pike, size-
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standardized differences in [hg] were best explained by lake chloride 
concentrations and age-at-size (r2=0.93). Intercepts of hg-del15n 
relationships for each lake were negatively related to ph, and positively 
related to concentrations of dissolved methyl mercury in water. These 
results are discussed in the context of causal mechanisms, in-lake 
versus catchment controls, consumption advice for northern fishers, 
and a resulting mercury mitigation strategy initiated by the Dehcho 
first nations.

RO-069

ARCTOX: A PAN-ARCTIC SAMPLING NETWORK 
TO TRACK MERCURY CONTAMINATION ACROSS 
ARCTIC MARINE FOOD WEBS
forT, Jerome1; helGason, hálfdán2; aMÉlIneau, françoise3; 
anKer-nIlssen, Tycho4; busTnes, Jan4; DanIelsen, Johannis5; 
DesCaMPs, sébastien2; DIeTZ, rune6; ellIoTT, Kyle7; erIKsTaD, Kjell4; 
eZhoV, alexey8; GaVrIlo, Maria9; GIlChrIsT, Grant10; GIlG, olivier11; 
GrÉMIlleT, David3; hansen, erpur12; hanssen, sveinn4; helberG, 
Morten13; huffelDT, nicholas6; JÓnsson, Jón14; KITaysKy, alexander15; 
lanGseTh, Magdalene4; leClaIre, sarah16; ThorarInsson, Thorkell17; 
lorenTsen, svein-håkon4; lorenTZen, erlend2; Mallory, Mark18; 
MerKel, flemming6; Moe, børge4; MonTeVeCChI, William19; MosbeCh, 
anders6; olsen, bergur20; PraTTe, Isabeau18; ProVenCher, Jennifer10; 
raGnarsDÓTTIr, sunna21; reIerTsen, Tone4; roberTson, Gregory22; 
saGeruP, Kjetil23; sTrØM, hallvard2; sysTaD, Geir4; TerTITsKI, Grigori24; 
ThoMPson, Paul25; hallGrÍMsson, Gunnar26; TolMaCheVa, 
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(1) LIENSs-CNRS, France; (2) Norwegian Polar Institute, Norway; (3) CEFE-
CNRS, France; (4) Norwegian Institute for Nature Research, Norway; 
(5) University of the Faroe Islands, Faroe Islands; (6) Aarhus University, 
Denmark; (7) McGill University, Canada; (8) Murmansk Marine Biological 
Institute, Russia; (9) National Park Russian Arctic, Russia; (10) Environment 
Canada, Canada; (11) Université de Bourgogne, France; (12) South 
Iceland Nature Research Centre, Iceland; (13) University of Oslo, 
Norway; (14) University of Iceland's Research Centre at Snæfellsnes, 
Iceland; (15) University of Alaska Fairbanks, Alaska, USA; (16) EDB-
CNRS, France; (17) Northeast Iceland Nature Research Centre, Iceland; 
(18) Acadia University, Nova Scotia, Canada; (19) Memorial University 
of Newfoundland, NL, Canada; (20) Faroe Marine Research Institute, 
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(27) Kandalaksha State Reserve, Russia; (28) Gdánsk University, Poland; 
(29) University of La Rochelle, France
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arctic marine ecosystems are threatened by new risks of hg 
contamination under the combined effects of climate change and 
human activities. rapid change of the cryosphere might for instance 
release large amounts of hg trapped in sea-ice, permafrost and 

terrestrial glaciers over the last decades. sea-ice disappearance is 
opening new shipping areas to polluting human industries. The general 
warming of ocean water masses is expected to affect the cycle of hg, 
thereby increasing exposure of marine organisms. hence, hg could 
have high impacts on arctic organisms, biodiversity and ecosystems 
and is still a source of major environmental concerns. In that context, 
providing a large-scale and comprehensive understanding of the 
arctic marine food-web contamination is essential tobetter apprehend 
impacts of anthropogenic activities and climate change on the exposure 
of arctic species and humans to hg. In 2015, an international sampling 
network (arCToX) has been established, allowing the collection seabird 
samples all around the arctic. seabirds are indeed good indicators of 
hg contamination of marine food webs at large spatial scale. Gathering 
researchers from 10 countries, arCToX allowed the collection of >5000 
samples from twelve seabird species at >40 arctic sites in 2015 and 
2016. These different species have different trophic ecologies (diets and 
habitats) and will therefore provide information on hg contamination 
for the different compartments of arctic marine ecosystems (i.e benthic, 
pelagic, epontic, coastal, oceanic). by relying on this new network and 
by combining hg analyses with biotelemetry, we aim at (1) monitoring 
spatio-temporal variations of hg in arctic biota. (2) Defining arctic 
hotspots of hg contamination and highlighting sensitive areas that 
require particular attention and protection. (3) Identifying non-arctic 
sources of hg contamination for migratory arctic predators.

RO-070

CLIMATE VARIABILITY AND MERCURY LEVELS IN 
EGGS OF ARCTIC SEABIRDS
fosTer, Karen1; braune, birgit2; GasTon, anthony2; Mallory, Mark3; 
(1) Karen Foster Environmental Research, Peterborough, Ontario, Canada; 
(2) Environment and Climate Change Canada, Ottawa, Ontario, Canada; 
(3) Acadia University, Wolfville, Nova Scotia, Canada

kfoster411@gmail.com

We investigated the influence of climate variability on total mercury 
concentrations (Thg) in eggs of thick-billed murres and northern 
fulmars from Prince leopold Island in the Canadian high arctic. Climate 
variables were compiled from a variety of ground-based and satellite-
derived sources, and included climate data: air temperature, wind 
speed, sea level pressure, total precipitation, snowfall, rainfall, arctic 
oscillation Index (ao) and north atlantic oscillation (nao) indices; 
and oceanic data: sea surface temperature, primary productivity, and 
sea ice concentrations. Mercury monitoring data for the seabird eggs 
spanned 40 years (1975-2014); and climate influence time lags of 0 to 
10 years were evaluated. The main effects of climate variables on Thg 
concentrations were assessed for each time lag using General linear 
Models. Models with the most parsimonious fit for both species of 
seabirds were selected using akaikes Information Criteria (aIC). The 
most parsimonious models for northern fulmars included climate 
variables such as ao, precipitation, and temperature and, for the 
thick-billed murres, the most parsimonious models included sea ice 
concentration, precipitation and temperature. Truncated data sets for 
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the past 10 years, when Thg concentrations were relatively constant 
(2005-2014), were reasonably correlated with some climate variables 
such as precipitation. overall, the results suggest a small, but significant 
effect of climate variables on Thg concentrations in arctic seabirds.

RO-071

CONTAMINATION PROFILE AND DISTRIBUTION OF 
MERCURY IN THE SEDIMENTS OF AN ARCTIC FJORD, 
NYÅLESUND, SVALBARD
Mohan, Mahesh1; GoPIKrIshna, Vg1; sreelaKshMI, u1; ChanDInI, 
Pk1; abDul, M1; Kannan, Vm1; KrIshnan, Kp2; PanDIT, Gg3; sahu, sk3; 
TIWarI, M3; aJMal, Py3; CherIan, navya1; 
(1) Mahatma Gandhi University, Kottayam, India; (2) ESSO-NCAOR, Goa, 
India; (3) BARC, Mumbai, India
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The presence of mercury (hg), a transboundary pollutant, is increasing 
in arctic region and the arctic sea may take short time to reflect changes 
in atmospheric hg levels. The geochronological and pollution analysis of 
sedimentary deposits of arctic fjords can indicate the deposition profile 
of mercury in this region. The sediment deposit can also explain the 
environmental changes occurred in the past and will help to understand 
the present situation as it is influenced by the changes in the glacial 
inputs. The recent studies have indicated the retreat of glaciers due to 
climate change and subsequent increase in melt water outflow with high 
content of sediments. The present study thus focused on the monitoring 
of mercury content and deposition profile in the sedimentary 
environment of the Kongsfjorden, an arctic fjord in svalbard. The 
surface and core sediment samples were collected during Indian arctic 
expedition 2014-15 and 2015-16. Mercury concentration was detected 
by using Cold Vapour atomic florescence spectrophotometer and 
Direct mercury analyser. Mercury fractionation was also carried out 
for selected samples. The sedimentation rate in inner Kongsfjorden, 
ny-lesund, svalbard using 210Pb/210Po dating technique was also done. 
The sedimentation rate ranged between 0.22-0.37 cm/year during the 
last 112 years. The average sedimentation rate obtained was 0.28 cm/y. 
The rate has been increased during the last 20 years and it might be 
due to the increased influx of melt water due to climate change. high 
variation in mercury deposition was observed. The results showed that 
mean concentration of Thg in sediment was 0.198mg/kg dry weight. 
The results of fractionation indicated the mobility and bioavailability of 
mercury in the Kongsfjord sediments. The highest percentage of hg was 
in fourth fraction (f4) followed by initial fractions (f2>f1>f3) and final 
fraction (f5). The high hg concentration in the initial fractions indicated 
the availability of mercury for chemical and biological transformations 
and transport in the fjord. hence potential toxic effects are possible in 
the system.
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DIFFERING FORAGING STRATEGIES INFLUENCE 
MERCURY (HG) EXPOSURE IN AN ANTARCTIC 
PENGUIN COMMUNITY
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(1) Southeast Missouri State University, Cape Girardeau, MO, United States; 
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remote regions such as the antarctic have become increasingly 
important for investigations into far-reaching anthropogenic impacts 
on the environment, most recently in regard to the global mercury 
(hg) cycle. Pygoscelis penguins are ideal model organisms to track hg 
through the antarctic marine food web as they are long-lived, broadly 
distributed, and are susceptible to biomagnification due to foraging 
at relatively high trophic levels. however, using these species as 
biomonitors requires a solid understanding of the degree of species-
specific variation in foraging behaviors act to mediate their dietary 
exposure to hg. We combined stomach content analysis along with hg 
and stable isotope analyses of eggshell membrane, blood, feathers and 
common prey items to help explain inter and intra-specific patterns 
of dietary hg exposure. breeding colonies were sampled from four 
of the major regions of the antarctic Peninsula to address spatial 
variation in hg exposure and diet. In addition, a long-term data set from 
a single colony where all three species breed sympatrically was used 
to examine inter-annual variation in hg and diet. hg concentrations 
did not vary significantly among regions of the antarctic Peninsula 
and remained fairly consistent over the eight year time period 
investigated. hg concentrations did differ significantly among species; 
hg concentrations in Chinstrap (Pygoscelis antarctica) penguins were 
significantly higher than concentrations in Gentoo (P. papua) and adeli 
(P. adeliae) penguins. stable isotope analysis revealed diets of all three 
species to be dominated by antarctic krill (euphausia superba) and 
to a lesser extent fish. Integrating isotopic approaches with stomach 
content analysis allowed us to identify species-specific preferences for 
prey fish insufficiently explained by stable isotope proxies for trophic 
level. Chinstrap penguins were found to forage on a larger proportion 
of higher hg mesopelagic prey fish relative to their congeners targeting 
epipelagic or benthic prey species. While the potential for adverse 
effects due to hg exposure is currently low in Pygoscelis penguins in the 
antarctic Peninsula, this approach allowed us to substantiate for the first 
time, the relatively higher risk of hg exposure for Chinstrap penguins.
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2d-2: Mercury fate in aquatic and 
terrestrial food webs

RO-073

A FENNOSCANDIAN PLATFORM OF FRESHWATER 
FISH MERCURY DATA FOR THE EVALUATION OF 
EFFECTS OF TRANSBOUNDARY AIR POLLUTION
ÅKerbloM, staffan1; VeITeberG braaTen, hans2; De WIT, heleen2; 
roGneruD, sigurd2; lyDersen, espen3; sKoTTe, Gunnar4; rasK, 
Martti5; VuorenMaa, Jussi6; KahIlaInen, Kimmo7; MalInen, Tommi7; 
aMunDsen, Per-arne8; KashulIn, nikolay9; KashulIna, Tatiana9; 
TerenTyeV, Petr9; ChrIsTensen, Guttorm10; 
(1) Swedish University of Agricultural Sciences, Uppsala, Sweden; 
(2) Norwegian Institute for Water Research, Oslo, Norway; (3) Høgskolen 
i Telemark, Telemark, Norway; (4) Norwegian Environment Agency, Oslo, 
Norge; (5) Natural Resources Insititute Finland, Jyväskylä, Finland; (6) Finnish 
Environment Institute, Helsiniki, Finland; (7) University of Helsinki, Helsiniki, 
Finland; (8) University of Tromsø, Tromsø, Norway; (9) Kola Science Center, 
Apatity, Russia; (10) Norwegian Institute for Water Research , Tromsø, Norway

staffan.akerblom@slu.se

fish in freshwater ecosystems constitute an important exposure 
pathway of hg to humans and wildlife and thus are considered as 
critical receptors of long-range transboundary atmospheric transport 
of mercury (hg). fish hg levels even in remote areas commonly 
exceed environmental quality standards (eQs) set by the Who/
fao (0.5 1.0 mg kg-1 ww) and the eQs set by the water framework 
directive (0.02 mg kg-1 ww) is exceeded in all water bodies across 
fennoscandia. effects of atmospherically transported air pollutants and 
climate change on fish hg levels have been studied from a long-term 
perspective in a fennoscandian network. We have assembled fish hg 
data and associated explanatory variables on fish, climate, deposition 
and catchment characteristics in a database, through a nordic 
cooperation supported by the International Cooperative Programmes 
on assessment and Monitoring effects of air Pollution on rivers and 
lakes (ICP Waters) and Integrated Monitoring of air Pollution effects 
on ecosystems (ICP IM), the bodies under the uneCe Convention 
on long-range Transboundary air Pollution (ClrTaP). Individual fish 
specimen with reported hg data were retrieved from swedish (n = 
39967), norwegian (n = 6580), finnish (n = 19692), and russian (n = 225) 
databases. Monitoring of hg levels in freshwater fish in fennoscandia 
has been done since the 1960s, resulting in fish hg data from a wide 
range of climatic, depositional, and land cover gradients typical for 
boreal and subarctic ecosystems. The fennoscandinavian fish hg 
database comprise a variety of fish species (n : perch pike >> i.a, brown 
trout, arctic char, roach) with a variation in fish species composition 
within and between lakes. fish species, size and trophic level is used for 
the analysis but we also use additional data on water chemistry, climate 
and deposition to test hypotheses on environmental change on hg in 
fish. high hg levels in fish are usually associated with lakes with high 
concentrations of dissolved organic matter. Currently, surface waters 

are browning in boreal and subarctic nordic ecosystems, possibly 
impacting hg levels in fish. however, to understand variation in fish 
hg levels many factors that affect hg cycling and bioaccumulation 
(e.g., catchment characteristics, water quality, trophic structure, 
and climate) in addition to atmospheric deposition of hg come into 
play. The fennoscandian database is used to assess effects of long-
range transboundary air pollution and climate on hg in fish, through 
evaluation of temporal and spatial patterns in fish hg levels. The results 
will be communicated to international policy bodies focusing on air 
pollution and mercury contamination.

RO-074

A “MERCURY ELEVATOR” – A NOVEL VECTOR OF 
METHYLMERCURY TRANSFER FROM SITES OF 
METHYLATION TO FISH
hall, britt1; VoGT, richard1; hessleIn, raymond2; KIDD, Karen3; 
leaVITT, Peter1; 
(1) University of Regina, Regina, SK, Canada; (2) Department of Fisheries and 
Oceans, Winnipeg, MB, Canada; (3) University of New Brunswick, Saint John, 
NB, Canada

britt.hall@uregina.ca

fisheries in highly productive, nutrient-rich lakes in the northern Great 
Plains face hg consumption advisories. This is counterintuitive since high 
ph, eutrophic lakes generally have lower fish mercury concentrations 
than expected based on comparisons to similar sized lakes with lower 
ph and less productivity. It is well understood that oligotrophic lakes 
with low ph, high dissolved organic carbon concentrations, and high 
proportions of wetland area have elevated fish hg concentrations. 
less understood are the environmental factors controlling fish hg 
concentrations in eutrophic lakes.

sources of methylmercury (Mehg) to fish are largely dietary with 
evidence coming from both experimental and stable isotope studies. 
Thus, invertebrates are important vectors of hg from sites of hg 
methylation to fish. We investigated the role of leptodora kindtii 
(hereafter leptodora), large (2-14mm), predatory invertebrates, 
common prey for plaktivorous fish in eutrophic systems, compared 
to smaller zooplankton, in the trophic transfer of Mehg to fish. 
leptodora have been shown to exhibit pronounced size specific diel 
vertical migration (DVM) in eutrophic lakes where adults remain at or 
on the sediments by day moving into the water column by night. as a 
consequence of DVM, adult leptodora may be an important dietary 
item for fish feeding in low light conditions common in eutrophic 
systems, provided planktivores have non-visual means of detecting 
prey items. We tested the hypothesis that migratory leptodora act as 
a vector of Mehg from the sites of methylation to fish communities 
as an explanation for unexpected high fish hg concentrations in 
eutrophic systems.

We measured Mehg concentrations in leptodora and bulk zooplankton 
dominated by small copepods collected from a eutrophic prairie lake 
at mid-morning and mid-night in 20 m of water in 3 m intervals. During 
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the day, the majority of Mehg in water column invertebrates was in the 
bulk zooplankton in areas less than 9 m deep. however, at depth, the 
majority of Mehg was in leptodora. at night, Mehg in the leptodora 
pool increased to between 67-96% of Mehg in invertebrates at all depths 
including shallow regions. Thus, the availability of Mehg in invertebrates 
in the water column at night was 10X greater than during the day and 
these invertebrates occupied the entire water column. since leptodora 
are available to fish using mechano-receptive feeding mechanisms, 
this is consistent with our hypothesis that leptodora act as a conduit of 
Mehg from sites of methylation to fish due to upwards migration from 
sediments at night.

RO-075

MERCURY BIOACCUMULATION IN BIOTA OF THE 
FINGER LAKES, NEW YORK
raZaVI, r1; CushMan, s1; halfMan, J1; Massey, T1; fousT, J2; GIlMan, 
b2; CleCKner, l1; 
(1) Hobart and William Smith Colleges, Geneva, United States; (2) Finger Lakes 
Community College, Canandaigua, United States

razavi@hws.edu

Mercury (hg) contamination of fish is a global concern due to the 
deleterious health effects in humans and wildlife associated with 
ingesting fish with elevated concentrations. This study was conducted to 
assess hg concentrations in biota of the finger lakes (new york, usa), 
a region where fisheries are an important economic driver but where 
no comprehensive assessment of food web hg dynamics in lakes and 
streams has been completed to date. This region is of interest for the 
study of hg accumulation in biota because the dominant land cover in 
this region is agriculture, which can affect lake trophic status and thus 
the bioavailability of methyl hg (Mehg). furthermore, there is a point 
source of hg in the region from an active coal-fired power plant. The 
study objectives were 1) to determine if fish hg concentrations were of 
concern to human and fish-consuming wildlife, 2) to assess differences 
in hg accumulation among lakes and determine predictors of fish hg 
concentrations, 3) to evaluate the predictive power of lower trophic level 
Mehg concentrations on fish hg concentrations, and 4) to evaluate the 
influence of dissolved organic carbon and land cover on observed biota 
hg accumulation patterns.

between May october 2015, zooplankton and benthos were sampled 
monthly in five of the finger lakes (honeoye, Canandaigua, seneca, 
Cayuga, and owasco lakes). fish were sampled once over the summer 
and species targeted from all trophic levels. Two species of stream fish 
(blacknose Dace, rhinichthys atratulus, and Creek Chub, semotilus 
atromaculatus) were collected in three tributaries of each lake. benthic 
macroinvertebrates representing various feeding groups and periphyton 
were collected for Mehg determination. samples for water quality and 
dissolved organic carbon were also taken in both lakes and streams.

results for top predatory fish, including lake Trout (salvelinus 
namaycush), largemouth bass (Micropterus salmoides), and Walleye 
(sander vitreus) showed significant differences among lakes and 

concentrations above consumption guidelines (300 ng/g wet weight). 
no clear pattern among lakes was evident in lower trophic level 
fishes such as yellow Perch (Perca flavescens) and Golden shiner 
(notemigonus crysoleucas) but concentrations were low. Zooplankton 
Mehg concentrations varied significantly among months within a lake 
and among months across all lakes. lake morphometry, land cover, and 
water chemistry, including dissolved organic carbon, and lower trophic 
level Mehg concentrations will be included in a predictive model of fish 
hg concentrations.

RO-076

FACTORS AFFECTING MEHG BIOACCUMULATION IN 
STREAM BIOTA: THE ROLE OF DIET AND DISSOLVED 
ORGANIC CARBON
broaDley, hannah1; CoTTInGhaM, Kathryn2; baer, nicholas3; 
WeaThers, Kathleen4; eWInG, holly5; ChaVes-ulloa, ramsa6; 
ChICKerInG, Jessica3; WIlson, adam7; shresTha, Jenisha8;  
Chen, Celia2; 
(1) University of Massachusetts, Amherst, USA; (2) Dartmouth College, 
Hanover, USA; (3) Colby-Sawyer College, New London, USA; (4) Cary Institute 
of Ecosystem Studies, Millbrook, USA; (5) Bates College, Lewiston, USA; 
(6) Western Governors University, Salt Lake City, USA; (7) Coastal Conservation 
Association, Vancouver, USA; (8) PermaCityLife, Franklin, USA

hbroadley@cns.umass.edu

The bioaccumulation of neurotoxic methylmercury (Mehg) in freshwater 
ecosystems is thought to be mediated in complex ways by carbon (e.g., 
dissolved organic carbon [DoC]), the forms of mercury (hg) present, 
and trophic structure, including the diet composition of heterotrophs. 
To better understand the combined effects of these factors on hg 
bioaccumulation in stream invertebrates and fish, we studied tributaries 
across a range of DoC and dissolved mercury concentrations in the 
watershed of lake sunapee, new hampshire, usa. We measured total 
mercury (Thg) and methylmercury (Mehg) in three benthic invertebrate 
and three fish taxa,. Dissolved Thg and Mehg concentrations 
in streamwater increased linearly with DoC, however, mercury 
concentrations in fish and invertebrates responded non-linearly to 
increased DoC, suggesting that Mehg bioavailability may be reduced 
at high levels of DoC. Methylmercury concentrations in invertebrates 
increased with trophic position. In addition, fish Thg concentrations 
(and to a lesser extent invertebrate Mehg) increased with increased 
reliance on autochthonous diet items (as indicated by depleted del13C), 
suggesting that enhanced hg bioaccumulation may be associated 
with a pelagic-based diet. overall, our results suggest that mercury 
bioaccumulation in stream food webs is mediated both by streamwater 
characteristics and trophic structure.
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RO-077

FOOD WEB DYNAMICS CONTROL THE FLUX 
AND FATE OF MERCURY IN AQUATIC AND 
RIPARIAN FOOD WEBS OF THE COLORADO RIVER, 
GRAND CANYON
WalTers, David1; rosI, emma2; Cross, Wyatt3; KenneDy, Theordore4; 
baXTer, Colden5; hall, robert6; 
(1) USGS, Fort Collins, CO, USA; (2) Cary Institute for Ecosystem Studies, 
Millbrook, NY, USA; (3) Montana State University, Bozeman, MT, USA; 
(4) USGS, Flagstaff, AZ, USA; (5) Idaho State University, Pocatello, ID, USA; 
(6) University of Wyoming, Laramie, WY , USA

waltersd@usgs.gov

Mercury contamination is a global issue owing to its long-range 
transport and toxicity. Variation in hg accumulation among food webs 
is well studied, but less attention has been paid to how individual 
organisms, species traits, and food web interactions affect the 
movement of hg within food webs and across ecosystem boundaries. 
We quantified hg flux in food webs of the Colorado river in Grand 
Canyon by coupling measures of animal production, gut content 
analysis, and hg concentrations over two years before and after an 
experimental flood. Mercury fluxes from basal food resources to 
animals were dominated by consumption of amorphous detritus and 
diatoms, accounting for ~90% of hg fluxes among sites and years. 
Consumption of blackfly larvae was the dominant pathway of hg flux to 
fishes, accounting for ~80% of hg fluxes to fish at all sites. large spatial 
and temporal discontinuities in hg fluxes resulted from among-site 
differences in animal production and rates of resource consumption, 
species traits, ecotrophic efficiency (the proportion of total invertebrate 
production consumed by fishes), and food web stability (the degree 
to which food webs responded to the flood). for example, pre-flood 
hg fluxes to invertebrates in the tailwater section of the river below 
Glen Canyon Dam were ~50 times higher than fluxes to fish because 
of a large imbalance between invertebrate secondary production and 
invertebrate consumption by rainbow trout (the only fish occurring 
in the tailwater). Invasive new Zealand mudsnails were extremely 
productive in the tailwater, accounting for 41% of total hg fluxes to 
invertebrates, but these predator-resistant taxa were a sink for hg as 
they were rarely eaten by trout. The gap between total hg fluxes to 
invertebrates and trout narrowed significantly in the tailwater post-flood 
because mudsnail production declined by 10X, shrinking the pool of hg 
that was unavailable to trout. Patterns in hg flux were much different 
at downstream sites where food webs were less productive, more 
complex, more efficient, and more resilient to flood disturbance. apex 
predatory fish affected the fate of hg (moving from river to riparian food 
webs) by controlling densities of emerging aquatic insects. food web 
dynamics affect fluxes of contaminants within food webs and across 
ecosystem boundaries, and understanding these dynamics is a critical 
step toward assessing vulnerable populations, managing ecosystems, 
and mitigating the effects of contaminants in the environment.

RO-078

INFLUENCES ON METHYLMERCURY FATE 
IN NORTHEAST USA ESTUARIES: INSIGHTS 
FROM FIELD SAMPLING ACROSS A RANGE OF 
ENVIRONMENTAL CONDITIONS
buCKMan, Kate1; seelen, emily2; balCoM, Prentiss3; CurTIs, amanda1; 
Jonsson, sofi2; MaZruI, nashaat2; DIMenTo, brian2; Gosnell, 
Katherine2; Mason, robert2; Chen, Celia1; 
(1) Dartmouth College, Hanover, NH, USA; (2) University of Connecticut, 
Groton, CT, USA; (3) Harvard University, Cambridge, MA, USA

kate.l.buckman@dartmouth.edu

Methylmercury (Mehg) bioaccumulation in estuarine fauna is driven 
by local and regional scale variables that affect mercury inputs, 
bioavailability, and trophic transfer. Many of these variables, including 
organic carbon inputs, water temperature, and salinity, are predicted to 
change with changing global climate. In order to investigate the influence 
of these variables on Mehg fate, 12 estuarine sites spanning a range of 
environmental conditions were sampled during summer 2015. sites were 
chosen in Delaware, Connecticut, and Maine in order to span a range of 
average growing season temperatures. In each region, two sets of paired 
high and low sediment organic carbon sites were chosen, aiming for one 
set to have relatively higher salinity than the other. We hypothesized 
that bioaccumulation would be relatively higher at the sites with warmer 
growing season temperatures and lower sediment organic carbon. at 
each of the 12 sites, sediment, surface water, and biotic samples were 
obtained and analyzed for mercury concentration and appropriate 
ancillary parameters (e.g. chlorophyll a, dissolved organic carbon, %loss 
on ignition, etc.). Methylmercury concentration data from both abiotic 
(sediment, dissolved water fraction, particulate water fraction) and biotic 
(Menidia menidia, fundulus heteroclitus, and Palaemonetes sp.) samples 
will be presented. In addition, conclusions drawn from this and past 
fieldwork regarding the importance of each variable as a local or regional 
driver of Mehg fate in northeast estuaries will be discussed.

RO-079

INFLUENCES OF HABITAT AND SPACE ON ABIOTIC 
AND BIOTIC MERCURY LEVELS IN ACADIA 
NATIONAL PARK, MAINE
aDaMs, evan1; nelson, sarah2; Chen, Celia3; eaGles-sMITh, Collin4; 
KrabbenhofT, David5; flanaGan PrITZ, Colleen6; MorrIs, Kristi6; 
bleTT, Tamara6; eVers, David1; 
(1) Biodiversity Research Institute, Portland, ME, United States; (2) University 
of Maine, Orono, ME, United States; (3) Dartmouth College, Hanover, NH, 
United States; (4) USGS, Corvallis, OR, United States; (5) USGS, Middleton, WI, 
United States; (6) National Park Service, Denver, CO, United States

evan.adams@briloon.org

Mercury contamination has been documented in acadia national Park for 
many decades. The resultant data set of 20 years of studies provides an 
opportunity to synthesize what we know about mercury in the park. our 
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objectives were to describe how mercury concentrations vary across space 
within the park, explain species-level variation in mercury, and quantify 
how habitat influences the relationship between abiotic and biotic mercury 
levels. To do this, we created a database of mercury studies in acadia 
national Park from published scientific papers, reports, and databases 
maintained by the park and other organizations. We found sufficient 
metadata that detailed when and where samples were collected for 675 
records of abiotic samples (mercury in surface water) and 1035 records of 
biotic samples (mercury in blood, feather, egg, muscle, fur, and whole body 
samples, ranging from invertebrates to eagles). Then we grouped the data 
by watershed and built two spatially linked statistical models in a bayesian 
modeling framework. The first is a model that predicts abiotic mercury 
using stream- or lakewater ph, dissolved organic carbon (DoC), time of 
year, watershed, and habitat surrounding the sample site. The second is a 
model that predicts biotic mercury using the type of sample collected, the 
species sampled, time of year, watershed, and the surrounding habitat. 
after fitting the model using Markov chain Monte Carlo sampling, we found 
that abiotic and biotic mercury were not correlated at the watershed scale. 
abiotic mercury levels were strongly correlated with water body chemistry 
(ph, DoC) and the habitat surrounding each of the samples. biotic mercury 
was strongly related to time of year and the type of sample taken, but few 
species were significantly higher or lower than the mean for all species. 
Moreover, surrounding habitat did not seem to strongly influence biotic 
mercury levels. These results suggest that mercury exposure is consistent 
(and relatively high) across the biota we sampled in the park. The lack 
of correlation between abiotic and biotic mercury could be due to a lack 
of connection between some animal mercury exposure and mercury in 
the surface waters, a mismatch between the spatial scale that the biota 
represent within their environment, or the scale at which we measured 
the habitat (e.g., local versus watershed scale). further, the data document 
the ubiquity of mercury contamination across the many habitats in acadia 
national Park.

RO-080

THE IMPACT OF IMPOUNDMENT: MERCURY 
BIOACCUMULATION IS ELEVATED IN 
IMPOUNDMENTS RELATIVE TO FREE-FLOWING 
SEGMENTS OF A SEMI-ARID RIVER SYSTEM
WIllaCKer, James1; eaGles-sMITh, Collin1; ChanDler, James2; Myers, 
ralph2; nayMIK, Jesse2; KrabbenhofT, David3; luTZ, Michelle3; TaTe, 
Michael3; lePaK, Jesse4; aCKerMan, Joshua5; 
(1) U.S. Geological Survey, Forest and Rangeland Ecosystem Science Center, 
Corvallis, OR, USA; (2) Idaho Power Company, Boise, ID, USA; (3) U.S. 
Geological Survey, Wisconsin Water Science Center, Middleton, WI, USA; 
(4) New York Sea Grant, Oswego, NY, USA; (5) U.S. Geological Survey, Western 
Ecological Research Center, Dixon, CA, USA

jwillacker@usgs.gov

anthropogenic manipulation of aquatic habitats can profoundly alter 
mercury (hg) cycling and bioaccumulation. The impoundment of flowing 
rivers is among the most common habitat manipulations and can result 
in increased fish hg concentrations immediately following impoundment. 

however, differences in hg concentrations between reservoirs and other 
habitats are still not well understood at larger spatial scales. We address this 
question at two scales. first, we evaluated total hg (Thg) concentrations in 
64,386 fish from 883 reservoirs and 1,387 lakes located across the western 
united states and Canada to assess differences between reservoirs and 
lakes. In a second analysis, we examined differences in smallmouth bass 
(Micropterus dolomieu) Thg concentrations between free-flowing and 
impounded segments of the snake river in Idaho, usa, a semi-arid river 
with 22 impoundments constructed between the early 1900’s and 1980’s 
along its course. across western north america, fish Thg concentrations 
were 1.5-fold higher in reservoirs (0.134 ± 0.011 µg/g ww ± standard error) 
than in natural lakes (0.087 ± 0.006 µg/g ww), though this difference varied 
among ecoregions. specifically, fish Thg concentrations in reservoirs 
from the north american Deserts, northern forests, and Mediterranean 
California ecoregions were 1.5- to 2.6-fold higher than in lakes, whereas the 
two habitats did not differ in four other ecoregions. along the snake river, 
preliminary analyses indicate that smallmouth bass Thg concentrations 
in reservoirs (0.141 ± 0.003 µg/g ww) and river segments directly below 
reservoirs (0.143 ± 0.005 µg/g ww) were 1.7-fold higher than in free-flowing 
segments not directly below reservoirs (0.082 ± 0.003 µg/g ww). further, 
in free-flowing river segments, bass Thg concentrations declined with 
distance from the nearest upstream dam, suggesting that these reservoirs 
can influence mercury bioaccumulation in fishes far downstream. Possible 
causes for elevated fish Thg concentrations in reservoir habitats could 
include increased methylmercury production due to thermal stratification, 
effects of water level fluctuations, or differences in food webs between 
free-flowing and impounded reaches. Together, these data indicate that 
elevated fish Thg concentrations can persist in reservoirs well past the initial 
impoundment phase and, coupled with the abundance of impoundments 
in the west, suggest that reservoirs may play an important role in 
determining hg exposure to fish, wildlife, and humans. however, because 
reservoirs are often heavily managed, they may also provide unique 
opportunities to mitigate these risks.

2g-3: Legacy site assessment and 
management

RO-081

APPLICATION OF ADAPTIVE MANAGEMENT FOR 
MERCURY REMEDIATION IN THE SOUTH RIVER, VA
Grosso, nancy1; lIberaTI, Michael1; sTahl, ralph1; foran, Christy2; 
PaTMonT, Clayton3; haffey, samuel3; CollIns, Joshua4; ThaKalI, 
sagar4; ManCInI, Cecilia4; 
(1) DuPont Company, Wilmington, DE, USA; (2) US Army Corps of Engineers, 
Concord, MA, USA; (3) Anchor QEA, LLC, Seattle, WA, USA; (5) AECOM, 
Conshohocken, PA, USA

nancy.r.grosso@dupont.com

remediation planning, design and construction is underway for the 
south river and south fork shenandoah river in Virginia to address 
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legacy mercury. Mercury was used as a catalyst in manufacturing from 
1929 to 1950 at a former DuPont facility in Waynesboro, Va. In the 
1970s, a fish consumption advisory was administered, and it remains 
in effect today. following investigation, an engineering remedial 
alternatives analysis and public input, the state selected a Monitored 
natural recovery plan and initiated a monitoring program in 1984. 
because mercury levels in tissues of some species of fish were not 
declining as predicted, the south river science Team was established 
in 2001 to understand why fish tissue levels are not decreasing and to 
evaluate options to address this challenge.

a conceptual model describing the fate and transport of mercury in the 
south river watershed and possible actions to reduce mercury in fish 
tissue was developed with input from the south river science Team. 
The conceptual model indicates that erosion of bank soils containing 
legacy mercury is the principle source of loading to the aquatic system. 
however, due to the size of the river and the complexity of mercury 
cycling, uncertainties in the conceptual model and the effectiveness of 
possible remedial actions remain. Moreover, because remedial actions 
are being constructed on public and private properties, community 
stakeholders and landowners have questioned the net benefit of the 
remedial efforts. remedial designs have been revised to incorporate 
stakeholder preferences. In order to maximize the likelihood of remedy 
effectiveness, minimize short-term and long-term risks and address 
other potential stakeholder concerns, an adaptive management 
approach to remediation is being implemented.

adaptive management requires a structured process of prediction, 
action, monitoring, feedback and adjustment. based on pre-remedy 
and post-remedy monitoring, we will show how the initial phase 
of remediation has achieved the best short-term outcome while 
reducing technical and social uncertainty via system monitoring and 
stakeholder feedback.

RO-082

APPLICATION OF A MECHANISTIC MODEL OF 
MERCURY CYCLING AND BIOACCUMULATION IN 
THE MERCURY-CONTAMINATED SOUTH RIVER, VA
harrIs, reed1; huTChInson, David1; beals, Don2; Grosso, nancy3; 
Dyer, James3; CollIns, Joshua4; 
(1) Reed Harris Environmental Ltd., Oakville, ON, Canada; (2) Beals & 
Associates, Fergus, ON, Canada; (3) DuPont Company, Wilmington, DE, United 
States; (4) AECOM, Conshohocken, PA, United States

reed.harris100@gmail.com

Mercury was used as a catalyst in rayon production at a former 
DuPont facility in Waynesboro, Va from 1929 to 1950. In the 1970s, a 
fish consumption advisory was established and remains in effect. fish 
mercury concentrations have not declined as expected and range from 
approximately 0.2 to >4 µg/g in 250-300 mm smallmouth bass along 
a 40 km river section downstream of the former rayon facility. DuPont 
and the Virginia Department of environmental Quality established the 
south river science Team in 2001 to understand why and to evaluate 

the feasibility of remedial options. Contaminated river banks continue 
to supply mercury to the river. Total mercury concentrations in surface 
sediments (0-3 cm) are 10-20 µg/g in some areas. Methylmercury 
concentrations in surface sediments are above 150 ng/g at some 
locations. Mechanistic modeling is being carried out to help understand 
reasons for the slow natural recovery and evaluate the potential 
effectiveness of remediation options. a mechanistic model of mercury 
cycling and bioaccumulation in aquatic systems (Dynamic Mercury 
Cycling Model, D-MCM) was used to simulate 44 km of the contaminated 
river downstream of the former DuPont facility. The modeled portion 
of the river was divided into 47 segments ranging in length from 0.5 
to 1.1 km. Inorganic hg(II), elemental mercury and methylmercury 
were simulated in the water column, sediments and food web. 
hydrodynamics, bank erosion, bank leaching, particle transport and key 
processes in the aquatic mercury cycle were included. simulations of 
existing conditions spanned 2006-2014. Model simulations reasonably 
captured key spatial trends in the contaminated system. observed 
and modeled concentrations of total mercury and methylmercury in 
water, sediments and biota, reached peak levels 5-25 km downstream 
of the original point source. ongoing erosion of mercury-contaminated 
solids from river banks was an important source of continued elevated 
mercury levels in the simulated system. Predicted and observed 
concentrations of total mercury and methylmercury in water, sediments, 
and biota will be presented. factors predicted to be responsible for 
spatial and temporal trends at the site will be discussed, as well as 
the potential benefits of selected remediation options, e.g. stabilizing 
selected reaches of river banks.

RO-083

DEVELOPMENT AND APPLICATION OF A 
BIOGEOCHEMICAL REACTION-TRANSPORT MODEL 
FOR SIMULATING MERCURY METHYLATION IN 
SEDIMENTS AT TWO MERCURY-IMPACTED SITES 
IN CALIFORNIA
helMrICh, stefanie1; VlassoPoulos, Dimitri2; o’Day, Peggy1; 
(1) University of California Merced, Merced, CA, United States; (2) Anchor QEA 
LLC, Portland, OR, United States

shelmrich@ucmerced.edu

Mechanistic computer models that simulate the methylation of mercury 
in anoxic sediments are an underutilized tool to support remediation 
measures. Computer models have the advantage of investigating 
responses of a system to various perturbations, such as different 
management strategies or the effect of climate change. application of 
a mechanism-based model for remediation studies requires building 
the model using thermodynamic and kinetic constraints and testing its 
sensitivity to variation of model parameters. a biogeochemical reaction-
transport model using the PhreeqC program was modified from prior 
studies to improve the model description of hg methylation. Data sets 
from two mercury-impacted water bodies in California were used to 
establish a range of values for model input and verify the accuracy of the 
model response. rate equations that describe hg methylation resulting 
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from sulfate or iron reduction were implemented in different ways 
to compare model response to factors such as sulfate concentration, 
organic matter, and inorganic mercury (hg(II)) concentration. The 
model can take into account the adsorption of hg(II) to sediments, and 
dissolution and precipitation of nanosize mercury sulfide to determine 
hg(II) concentration. another parameter that is important but difficult 
to implement accurately is the model treatment of dissolved organic 
matter since it can both reduce the bioavailability of hg(II) through 
complexation that leads to particles that are too big to pass cell 
membranes, and it can increase methylation by stimulating bacterial 
growth. Moreover, the model had to be adapted to the different 
conditions of the two study sites, since they vary from each other in that 
one is a managed wetland while the other one is a reservoir impacted by 
legacy mercury. We compared the model simulations of the two sites as 
examples demonstrating how to build mechanistic models that can be 
used to plan remediation measures. for all processes described in the 
model, a balance between accuracy and practicality had to be found to 
make the model applicable.

RO-084

APPLICATION OF SWITCHGRASS BIOCHAR FOR 
MERCURY AND METHYLMERCURY CONTROL IN 
SEDIMENT UNDER REDUCING CONDITIONS: AN 
X-RAY ABSORPTION SPECTROSCOPY STUDY
lIu, Peng1; PTaCeK, Carol1; bloWes, David1; fInfroCK, y. Zou2; 
GorDon, robert3; lanDIs, richard4; Grosso, nancy5; WanG, alana1; 
Paulson, Krista1; fellIn, sara1; 
(1) University of Waterloo, Waterloo, ON, Canada; (2) Canadian Light Source 
Inc., Saskatoon, Saskatchewan, Canada; (3) Department of Physics, Simon 
Fraser University, Burnaby, BC, Canada; (4) Formerly at E. I. du Pont de 
Nemours and Company, Wilmington, DE, USA; (5) E. I. du Pont de Nemours 
and Company, Wilmington, DE, USA

p26liu@uwaterloo.ca

elevated concentrations of mercury (hg) distributed in a range of 
environmental compartments, including rivers, sediments, lakes, 
and oceans, are a world-wide concern. a number of remediation 
methods are available for removing or stabilizing hg at contaminated 
sites, including natural attenuation, sediment dredging, soil washing, 
phytoremediation, and soil and sediment amendments. here, we 
investigate the effectiveness of switchgrass biochars (pyrolyzed at 300 
and 600°C) as amendments to stabilize hg under anaerobic conditions. 
switchgrass is widely available in north america and can be used to 
produce biochar at low cost. Microcosm experiments were conducted 
to evaluate the control of total hg and methylmercury (Mehg) by mixing 
hg-contaminated sediment, biochar and river water under reducing 
conditions over 600 days. The results indicate aqueous concentrations 
of total hg and Mehg were greatly reduced in the presence of biochars 
over most of the experimental period, with the exception of a spike 
in Mehg concentration observed at ~440 days in the 600°C biochar 
system. The aqueous concentrations of hg were observed to vary over 
time. Initially, moderate concentrations of hg were leached from the 

sediment. With the onset of fe(III)-reducing conditions, large increases in 
hg concentrations were observed, likely due to the release of hg during 
reductive dissolution of fe(III)oxides. as sulfate-reducing conditions were 
established, aqueous concentrations of hg declined, likely through the 
formation of hg-sulfide phases. The first peak of Mehg concentrations 
was observed during the onset of fe(III)- and sulfate-reducing conditions. 
at late times, methanogenic conditions were established and a second 
peak of Mehg was observed. Micro-X-ray fluorescence mapping and 
confocal micro-X-ray fluorescence imaging showed the co-occurrence of 
hg with s, fe, Cu and other elements within or on the surface of biochar 
particles. hg lIII edge X-ray absorption near edge structure (Xanes) and 
extended X-ray absorption fine structure (eXafs) analyses indicated that 
the hg was present within the biochar particles as hg-sulfide phases. 
This study suggests that hg is bound as stable phases within biochar 
particles, potentially limiting its rate of transfer back to the aqueous 
phase and availability for methylation.

RO-085

METHOD OF POPS AND MERCURY CONTAMINATED 
WASTES DISPOSAL
holoubeK, Ivan1; horsÁK, Zdeněk2; bIbrlÍK, David3; 
(1) Global Change Research Institute, AC, CR, Brno, Czech Republic; (2) SUEZ 
Recycling and Recovery CZ, Praha, Czech Republic; (3) SUEZ Recycling and 
Recovery CZ, Ostrava, Czech Republic

holoubek.i@czechglobe.cz

Mercury polluted contaminated sites are very serious problems in 
many countries round the globe. history of industrial area in neratovice 
(company spolana, Czech republic) started at 1898. spolana used 
amalgam electrolysis to produce chlorine since 1948. In sixties, the 
production of chlorinated pesticides started including components for 
agent orange. In the production of these types of chemicals, a number 
of employees fell seriously ill and production led to the extensive 
contamination by dioxins and other persistent organic pollutants.

In 2001, the activities concerning to the decontamination and 
decommission production building operations contaminated with 
dioxins and mercury. In august 2002, during the catastrophic floods 
affecting the lower basin of the Vltava and elbe spolana site was 
inundated by overflowing labe.

Waste from old amalgam electrolysis spolana were weighed incinerator 
sPoVo ostrava during the years 2010 - 2012. for disposal of these 
waste the combustion part consists of a rotary kiln and secondary 
afterburner chamber where the wastes are removed at 1 100-1 200 C, 
was used. noncombustible leaving the rest in the form of slag. Providing 
the necessary combustion temperature during start, operation, and 
shutdown is achieved by additional gas burners. secondary afterburner 
chamber with a retention time of about 2 s to ensure total destruction 
of highly stable hazardous substances (eg. PCbs, CfCs). Cleaning flue gas 
- a set of several technics allowing to remove pollutants from flue gases - 
two-stage wet scrubbing, dioxin filter, Denox catalyst.
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Wastes were, according to the load mercury content, divided into 
two groups, namely waste and bulk piece with the different content 
of mercury.

overall, therefore, in the material contained an estimated 3 963 kg 
hg, 6.5 g of 2,3,7,8-TCDD and about 30 kg of PCb. sPoVo technology 
without issue warrants listed PoPs disposal, if we start from the above it 
can be assumed that up to around 3 600 kg hg would be left in the form 
of vapor into the separator device, which must be captured.

on the basis of the operating parameters of a hazardous waste 
incinerator sPoVo can assume that the device is completely satisfactory 
for the decomposition of the material present in the reporting of 
persistent organic pollutants. likewise, it is reasonable to assume 
that the mercury present will largely transferred to the gas phase 
and its disposal sufficient decides the effectiveness of cleaning of the 
incinerator. following these procedures can ensure appropriate disposal 
of such waste.

RO-086

BIOREMEDIATION OF MERCURY 
CONTAMINATED MATERIAL USING A 
BIO-FUNCTIONALIZED SUBSTRATE
MCCarThy, Damien1; GusTIn, Mae2; eDWarDs, Grant3; 
(1) Macquarie University, Macquarie Park, NSW, Australia; (2) University of 
Nevada at Reno, Reno Nevada, USA; (3) Macquarie University, Macquarie 
Park, Australia

damien.mccarthy@students.mq.edu.au

The remediation of mercury (hg) contaminated terrestrial sites is a 
challenging area because of the elements mobility and tendency to form 
toxic compounds which can bio-accumulate. nature may have provided 
a remedy. Certain bacteria have the ability to tolerate and disburse hg 
from their surroundings using intracellular reduction of hg2+ cations to 
elemental hg (hg0), which is volatile and disbursed passively in gaseous 
elemental form (GeM). enhanced hg emissions can be readily captured 
with existing technology. This biological redox reaction is controlled 
by a mercuric reductase enzyme that is coded for by the mera gene, 
and using mera carrying bacteria followed by hg capture and storage 
may assist in reducing the biogeochemical cycling of this toxic element. 
Delivery for bio-augmenting sites is challenging considering transport 
issues for microbial cultures in large volumes, the heterogeneous nature 
of the terrain, and locations of hg contaminated sites.

To overcome this delivery issue, this research used a biopolymer to 
immobilize Pseudomonas veronii, on a solid bulk substrate (zeolite). 
This bio-functionalized zeolite was dried and stored for several months, 
then applied to heavily hg contaminated material. GeM flux from the 
treated and control material was measured directly using a dual setup of 
Tekran 2537 ambient mercury analysers using dynamic flux chambers. 
oxidised mercury species were also measured using a dual pump set up 
with CeM filters that were later desorbed and total oxidized hg content 
measured using a Tekran 2600 analyser. Two watering regimes were 

used on both inoculated and control soil trays, 15 and 50 percentv/v, 
and no nutrients were applied. bio-functional zeolite was added in 
a ratio of 50%v/v or 15%w/w. Gaseous elemental mercury flux was 
measured for a minimum of twelve days post inoculation and three 
days prior.

results show a dramatic and distinct spike in GeM emissions after 
inoculation, with higher emissions under both watering regimes 
compared to water only and background emissions. a corresponding 
reduction in gaseous oxidised hg emissions was noted, as would be 
expected given the enhanced redox reactions going on. This evidence 
strongly suggests P.veronii were able to enhance GeM emissions to 
the point where capture and extraction become viable. further work 
is required to optimize the watering and nutrient regime to establish a 
colony sufficiently self- sustaining such that remediation management 
requirements are limited, and to establish kinetics parameters.

RO-087

CHEMICAL REDUCTION TO REMOVE MERCURY 
FROM A HIGHLY ALKALINE RADIOACTIVE WASTE
JaCKson, Dennis1; looney, brian1; WIlMarTh, William1; 
(1) Savannah River National Laboratory, Aiken, South Carolina, USA

dennis.jackson@srnl.doe.gov

Mercury is present in the liquid Waste system at the savannah river 
site (srs), a us Department of energy facility located near aiken, south 
Carolina. This system contains legacy radioactive liquid waste that 
was generated over several decades of nuclear material production 
in support of the us nuclear stockpile. historically inorganic mercury 
nitrate was used as a catalyst to dissolve aluminum assemblies following 
irradiation. approximately 60,000 kg of the mercury is present within 
the approximately 37 million gallons of radioactive waste that is present 
within this system. The mercury has the potential to impact waste 
disposal requirements of the final stabilized material.

The liquid waste system uses evaporators to vaporize water from the 
liquid solution to minimize volume (storage) requirements. analysis of 
the feedstock to the evaporators has revealed that the total mercury 
concentration is 234 mg/l. Mercury present in the soluble fraction (186 
mg/l) is distributed between the elemental state (3.46 mg/l), inorganic 
ionic (50.5 mg/l), and organic (134 mg/l) species. During evaporator 
operations elemental mercury accumulates and condenses as an 
immiscible liquid phase that is drained by gravity from the evaporator 
system. In 2015 over 33-liters of elemental mercury was removed from 
the liquid waste system during evaporator operations. The removal 
process for elemental mercury is based upon chemical thermodynamics 
that dictate the partitioning of elemental mercury between the liquid 
and vapor phase. This provides one of the most effective purge points 
for the removal of mercury from the system.

In this investigation chemical reduction and reductive demercuration 
processes are evaluated as mechanisms to increase the removal of 
mercury from the evaporator unit operation. The objective is to increase 
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the removal of elemental mercury by converting a fraction of either 
the ionic or the organic mercury that is present in the system. non-
radioactive waste simulants were used in laboratory scale investigations 
to determine the effectiveness of various industrial reducing agents in 
converting the various mercury species that are present in this complex-
alkaline solution. The investigation included a selected reductant that 
is known to facilitate reductive demercuration, an organic mercury 
removal component that is often coupled with oxymercuration 
processes used in organic synthesis. full-scale implementation of the 
processes within the evaporator unit operation could significantly 
increase the volume of mercury removed from an existing purge point 
in the liquid waste system.

RO-088

ADVANCED OXIDATION REACTIONS FOR 
TRANSFORMATION OF METHYLMERCURY IN 
ALKALINE SOLUTIONS
looney, brian1; sMITh, Charlyne2; JaCKson, Dennis1;  
WIlMarTh, William1; 
(1) Savannah River National Laboratory, Aiken SC, USA; (2) Coppin State 
University, Baltimore, MD, USA

brian02.looney@srnl.doe.gov

Monomethylmercury and other organomercury species which are 
present in the savannah river site (srs) liquid Waste system (lWs) 
decrease the effectiveness of mercury removal /control systems 
and increase the leachability of mercury from final wasteforms. 
an overarching objective of ongoing srs lWs mercury activities is 
removal of mercury from the lWs at a rate that would reduce overall 
mercury mass in the system over time thus making operations 
sustainable as the entire radioactive waste inventory is processed 
into final stabilized forms (primarily high level waste glass canisters 
and a cementitious saltstone). an emerging strategy to help meet this 
objective is deployment of technology to alter mercury speciation 
within the lWs to control mercury behavior. advanced oxidation 
processes, such as photoreactions and ozone reactions, have the 
potential to break down methylmercury into ionic and elemental 
mercury forms. In this speciation-control example, conversion of 
organomercury to inorganic ionic mercury or elemental mercury 
would measurably improve saltstone performance and would provide 
a purge point for mercury from the lWs an existing high-quality 
environmentally-protective wasteform.

as a scoping step, the mechanisms and rates for the conversion of 
methylmercury to inorganic mercury species by advanced oxidation 
processes were evaluated/quantified. Two technology classes were 
studied, photooxidation with uVC wavelength light and oxidation by 
ozone. all phases of the research emphasized conditions that are 
applicable to the complex chemistry of alkaline liquid waste solutions/
simulants. The work was performed in several phases: 1) preparation 
of methylmercury simulants/solutions, 2) determination of the optical 
properties of the simulants/solutions, 3) development of rapid mercury 

speciation methods, 4) photoreactor tests, and 5) ozone tests. The 
research confirmed that advanced oxidation techniques, particularly 
photoreactions, are capable of converting monomethylmercury 
into inorganic mercury species such as inorganic ionic mercury and 
elemental mercury (along with other more recalcitrant mercury species). 
The rate of reactions was relatively slow, particularly in the complex 
redox chemistry of alkaline lWs simulants which contain a number 
of metals and high levels of nitrate/nitrite. The data suggest that 
developing effective oxidation processes will be a challenge and that 
such processes are likely to result in significant collateral impacts on the 
chemistry and flowsheet for the lWs.

4d-3: Technologies and approaches for 
mitigating mercury emissions

RO-089

OVERVIEW ON MERCURY CONTROL OPTIONS FOR 
COAL-BURNING POWER PLANTS
GranITe, evan1; 
(1) USDOE - NETL, Pittsburgh, PA, USA

evan.granite@netl.doe.gov

With the usePa issuing a national regulation requiring a minimum of 
91% removal of mercury, the need exists for low-cost mercury removal 
techniques that can be applied to coal-burning power plants. The 
injection of powdered activated carbon into the ductwork upstream 
of the particulate control device is the most developed technology for 
mercury capture. alternative techniques for mercury capture will also 
play a role in the near future because of the numerous configurations 
of air pollution control devices present within the power plants, 
as well as the many different coals being burned. These methods 
employ sorbents, catalysts, scrubber liquors, flue gas or coal additives, 
combustion modification, flue gas cooling, barrier discharges, and 
ultraviolet radiation for the removal of mercury from flue gas streams. 
The Doe Mercury Program has been a huge success, spurring 
continuing development, demonstration, and commercialization of 
many technologies for the capture of mercury.

an overview of current and alternative technologies for mercury capture 
from coal-derived flue gas will be provided. In addition, six patent/
patent pending methods for mercury as well as carbon dioxide control 
within coal-derived flue and fuel gases have been recently developed at 
neTl, and will be discussed. The on-going research needs for mercury 
control include improved sorbent-flue gas contact, development of 
poison-resistant sorbents and catalysts, novel sorbent promoters, new 
scrubber additives for retention of mercury within wet fGD systems, 
concrete-friendly activated carbons, new continuous measurement 
methods, byproducts research, development of an asTM standard 
lab test for sorbent activity for mercury capture, and exploration of 
international markets.
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RO-090

MONITORING GASEOUS MERCURY WITH A PRECISE, 
ACCURATE AND INEXPENSIVE PASSIVE SAMPLER
MClaGan, David1; MITChell, Carl1; MonaCI, fabrizio2; berGQuIsT, 
bridget3; huanG, haiyong1; leI, ying1; KaPlan, robert3; hunG, hayley4; 
sTeffen, alexandra4; WanIa, frank1; 
(1) University of Toronto Scarborough, Toronto, Canada; (2) University 
of Siena, Siena, Italy; (3) University of Toronto, Toronto, Canada; 
(4) Environment and Climate Change Canada, Toronto, Canada

david.mclagan@mail.utoronto.ca

our recently introduced passive air sampler for gaseous mercury 
(hg) uses a radial diffusive barrier to control uptake kinetics and 
sulfur-impregnated activated carbon as a sorbent. an initial outdoor 
calibration in Toronto revealed highly linear uptake over a one-year 
period and unprecedented precision. The accuracy of this sampler 
depends on the extent (i) of the variability of its sampling rate sr (i.e. the 
volume of air stripped of mercury per unit of time) between different 
deployment locations and periods, and (ii) to which it will be possible 
to account for that variability. We addressed this issue two-fold. on the 
one hand, we measured uptake in passive samplers deployed for up 
to one year at 22 locations with ongoing active sampling for mercury 
around the world. The sites in Canada, usa, australia, China, Germany 
and Taiwan varied widely in terms of climate (tropical to polar regions) 
and concentration levels. on the other hand, we quantified in the 
laboratory how the sr varies with tightly controlled temperature, wind 
speed and relative humidity. The results in either case confirm that 
the sr of the sampler varies only to a minor extent and the variability 
is predictable. When accounting for this variability, the sampler can 
discriminate even very small concentration differences on the order of 
0.2 ng/m3. successful early applications of the new sampler include (i) 
the detailed characterization of the spatial and temporal variability of hg 
concentration around a major known source, which allows for long term 
exposure assessment of the local population and for the estimation of a 
hg emission rate, (ii) the identification of unknown hg emission sources 
within a large urban conglomeration, and (iii) the reliable quantification 
of the isotopic signature of atmospheric hg.

RO-091

FABRICATION OF SILVER NANO-PARTICLES 
FUNCTIONALIZED ADSORBENTS FOR HG0 
ADSORPTION
TIan, Chong1; ZhanG, Junying2; Zhao, yongchun2; 
(1) School of Power and Mechanical Engineering, Wuhan University, Wuhan/
Hubei, China; (2) State Key Laboratory of Coal Combustion, Huazhong 
University of Science and Technology, Wuhan/Hubei, China

ctian@hust.edu.cn

Mercury, emitted from coal-fired power plant, is a serious threat to 
human beings. Mercury from combustion flue gas commonly displays 
three chemical forms: elemental (hg0), particulate-bound (hgp) and 

oxidized (hg2+) form. Despite that the oxidized (hg2+) and particulate-
bound (hgp) mercury can be relatively easily captured by conventional 
pollution control facilities, it is more challenging to remove hg0 than 
other forms of mercury because of its insolubility in water and weak 
interaction on conventional adsorbent particles.

To suppress the emissions of the mercury in flue gas, especially for the 
removal of hg0. Various novel adsorbents based on silver nanoparticles 
(nPs) functionalized materials, including zeolite derived from fly ash 
(Zfa), garphene oxide (Go), and mesoporous silica (sba-15) were 
prepared by facile chemical methods. and the mercury cold vapour 
atomic fluorescence spectrophotometry (CVafs) was applied to explore 
the mercury adsorption capacity on the adsorbents. The functionalized 
materials were successfully synthesized and well characterized. ag nPs 
were found to be homogeneously deposited on all the substrates. all 
the adsorbents demonstrate excellent hg0 adsorption capacity and 
fast hg0 adsorption rate at medium and low temperature. Moreover, 
our adsorbents show excellent cyclic performance. Certain adsorbents 
could be reused for at least five successive adsorption-desorption 
cycles without any significant loss in adsorption performance, providing 
great advantages in practical applications. our study clearly indicated 
that our silver nPs functionalized materials could be used as potential 
adsorbents for mercury emission control in coal-fired power plant.

RO-092

NANOSENSORS FROM SUSTAINABLE PROCESSES 
TO SUPPORT MITIGATION OF MERCURY 
CONTAMINATION RESULTING FROM ILLEGAL 
MINING IN COLOMBIA
MorGan, V.1; VaneGas, D.2; VÉleZ, I.2; MClaMore, e.s.1; 
(1) University of Florida, Gainesville/Florida, United States; (2) University of 
Valle, Cali/Valle del Cauca, Colombia

tvlmorgan@ufl.edu

afro-Colombians inhabitingPacific rural regions of Colombia havebuilt 
their subsistence economy onfarming, fishing, and chemical-free 
artisanal mining. recently, illegal, small-scale gold mining is increasing 
in these Pacific rural regions.Many affected rural communities suffer 
from public health issues and environmental degradationas a result 
ofirresponsible use ofmercuryamalgamate during mining.bio-
accumulation of mercury potentiallyleads todevastating public health 
problems onthe nervous, immune, and digestive system for affected 
local community members. The goal of this project was to developa 
low-cost portable nanosensor that was durable enough for field use 
in a variety of applications.To accomplish this, we have developeda 
laser inscribed grapheneelectrode on a biodegradable polymer for 
under $1 per electrode. We metalized the graphene electrode with 
nanometals,such ascopper and platinum andtested for detection of 
ionic mercury using anodic stripping voltammetry. Theresults show 
thequantitative limit of detection in lake water was 11.1 ppb, and we 
are testing other nanometal structures with the aim of measuring hg2+ 
as low as 1 ppb (4.5 nM). The response time of the sensor is less than 5 
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min, and the range extends to 1000 ppb.We are currently comparing the 
nanoplatinum-graphene sensor to the nanocopper-graphene sensor to 
create the most effective sensor for thesecommunities.The future work 
aims to develop methods incorporating metal from waste and to recycle 
the polymer in an effort to minimize the environmental footprint of 
the work and extend the sensor to other communities in need of quick 
detection formercury. These sensors will be used to create mercury heat 
maps of the local region, providing critical high resolution datasets that 
will be used to develop public health risk analysis models.

RO-093

REMOVAL OF GASEOUS MERCURY CHLORIDE BY A 
MODIFIED ACTIVATED CARBON
luo, Jinjing1; lu, Jinjing1; nIu, Qiang1; 
(1) Xiamen University, Xiamen, China

luojj27@xmu.edu.cn

The properties of surface oxygen-containing functional groups (sofG) 
on activated carbons was investigated, and their effects on removal 
of gaseous mercury chloride (hgCl2) was studied. for this purpose, 
the surface of a coal-based commercial activated carbon bPl was 
modified by heating in an inert atmosphere and then impregnated 
with benzoic acid solution. afterwards, all carbonaceous samples were 
tested for their hgCl2 adsorption capacities. nitrogen (n2) adsorption, 
fourier Transform Infrared spectroscopy (fT-Ir) and boehm titration 
were applied to study the surface characteristics of carbon samples. It 
was found that after benzoic acid impregnation, the amounts of sofG 
improved with the increasing of benzoic acid concentration, especially 
carboxylic and carbonyl groups. adsorption experiments showed that 
higher hgCl2 adsorption capacities were obtained with more carboxyl 
and carbonyl groups. and the largest capacity obtained in this study was 
484.7 lg/g of carbon with carboxyl and carbonyl concentrations of 0.570 
mmol/g and 0.706 mmol/g, respectively. This suggests that carboxylic 
and carbonyl groups play predominant roles in hgCl2 removal. and 
carboxylic groups are believed to contribute more than that of carbonyl 
groups in hgCl2 capture process.

RO-094

MAGNETIC SBA-15 SUPPORTED SILVER 
NANOCOMPOSITES AS NOVEL REGENERABLE 
SORBENTS FOR HG0 REMOVAL FROM FLUE GAS
Cao, Tiantian1; Xu, Zhenghe2; Xu, shengming1; 
(1) Tsinghua University, Beijing, China; (2) University of Alberta, Edmonton, 
Alberta, Canada

caott13@mails.tsinghua.edu.cn

Mercury pollution from flue gas of coal-fired power plants has attracted 
worldwide attention in recent years, and elemental mercury (hg0) is 
the most challenging form to be removed and often escapes into the 
atmosphere directly. In this work, a new class of regenerable magnetically 

responsive nanocomposites is synthesized by a novel, yet simple and 
robust approach for efficient hg0 capture. The sorbents (denoted 
as Mags-ag) are composed of silica film-coated magnetite fe3o4, 
mesoporous silica sba-15 and supported silver nanoparticles. each 
component has a specially designed function. The silica-coated fe3o4 
makes the sorbents easily separated from fly ash for further recovery 
and regeneration. sba-15 is a potential scaffold loading highly disperse 
and small-sized silver nanoparticles due to extremely high specific 
surface areas, highly uniform mesopores and favorable mass transfer 
performance. on the basis of well-known amalgamation mechanism, the 
silver nanoparticles can effectively capture hg0 at lower temperatures 
and release it at higher temperatures accordingly. The physical and 
chemical properties of Mags-ag sorbents were investigated by various 
characterization methods. In hg0 breakthough tests, a complete hg0 
capture by Mags-ag was achieved at 150°C, which reflects the typical real 
flue gas temperature. The sorbents were found to possess a hg0 capture 
capacity as high as 5.2 mg·g-1 when the hg0 breakthrough reached 
only 1%, extremely higher than present ag-based sorbents and even 
comparable with some modified activated carbons. In addition, Mags-ag 
were able to achieve a 90.4% hg0 removal efficiency and 226.1 μg·g-1 
capacity when exposed to more stringent flue gas flow for 1 hour with 
a space velocity of 260,000 h-1. More importantly, the spent sorbents 
could be effectively regenerated and reused multiple times without 
any performance degradation. The excellent hg0 removal capability in 
combination of facile synthesis, strong tolerance to complicated flue gas, 
superior thermal stability, and outstanding separation and regeneration 
performance makes Mags-ag promising magnetically responsive 
sorbents for practical application in hg0 capture from coal-fired flue gas.

RO-095

DFT STUDY OF HG COOPERATIVE OXIDATION 
CATALYZED BY V2O5/TIO2 DURING 
DENITRIFICATION PROCESS
fan, yaming1; Zhuo, yuqun1; 
(1) Tsinghua University, Beijing, China

fanym13@mails.tsinghua.edu.cn

Chinese coal-fired plants are now commonly equipped with sCr catalyst 
for nox removal. Through injecting nh3, it will catalyze the no reduce to 
n2. Many researchers have found the cooperative effect of sCr catalyst 
on hg0 oxidation. The sCr catalyst will facilitate the hg0 oxidized by hCl 
and o2 during the denitrification process. some researchers have also 
established the oxidation mechanisms of hg0 using experiment and DfT 
calculation. The mechanisms consistently reflect the fundamental effect 
of hCl on the hg0 oxidation. however, before sCr catalyst, nh3 will be 
injected into the flue gas to reduce nox. nh3 and no will play important 
role in hg0 process.

nh3 has been certified by experiment as a prohibitive factor on hg 
oxidation. both promotion and prohibition effect of no on hg oxidation 
have been reported in experiment tests. however, the most likely 
cooperative removal mechanisms have not been fully determined now.
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In this paper, quantum chemistry calculation based on density 
functional theory (DfT) was applied to reveal the influence of nh3, no 
on hg0 oxidization catalyzed by V2o5/Tio2. firstly, the related V2o5/
Tio2 surface model was established. secondly, the of reduction of 
nox and nh3 was calculated. next, The oxidization of hg0 under sCr 
surface was established. finally, reaction path was established between 
denitrification and hg0 oxidization on V2o5/Tio2 catalyst process. 
experimental data obtained from previous studies was used to validate 
some of the simulation results as well.

RO-096

MIGRATION AND EMISSION CHARACTERISTICS 
OF HG IN COAL-FIRED POWER PLANT OF CHINA 
WITH ULTRA LOW EMISSION AIR POLLUTION 
CONTROL DEVICES
Zhao, yongchun1; 
(1) Huazhong University of Science and Technology, Wuhan, China

yczhao@hust.edu.cn

The emission and migration characteristics of hg from an ultra low 
emission (ule) coal-fired power plant in China was investigated. The 
flue gas was sampled simultaneously at the inlet and outlet of selective 
catalytic reduction (sCr) system, low temperature economizer (lTe), 
electrostatic precipitators (esP), wet flue gas desulfurization (WfGD), 
and wet electrostatic precipitators (WesP) by ePa 30b method. The feed 
coal, lime, limestone slurry, process water, fly ash, bottom ash, gypsum, 
fGD effluent, and WesP effluent were also sampled. The results showed 
that hg concentration in flue gas at the outlet of boilers and stacks was 
in the range of 4.46-5.17μg/m3 and 0.51-1.22 μg/m3, respectively. The 
overall gaseous hg removal efficiencies of existing air pollution control 
devices (aPCDs) ranged from 88.5% to 89.6%. about 41.43%-51.61% of 
hg0 was oxidized across sCr systems, and most of hgp and hg2+ was 
captured by esP and WfGD, respectively. The lTe could significantly 
affect the distribution and speciation of hg. The WesP could result in 
the oxidation of hg0, which could enhance the removal of hg. Mass 
distribution of hg in the whole system showed that about 70% of hg 
present in solid and liquid combustion products and 30% of hg emitted 
into atmosphere. The atmospheric emission factor of the power plant 
before ule reformation is in the range of 2.18-2.34 g/TJ, which are 
decreased dramatically to 0.39-0.81 g/TJ after ule reformation. Thus, the 
ule reformation for coal-fired plants is beneficial for the reduction of hg 
emission to atmosphere.

1a-3: Atmospheric mercury cycling 
and transformations: Insights from 
measurements and models

FO-001

GLOBAL DISTRIBUTION OF MICROBIAL GENES 
INVOLVED IN THE HG CYCLE IN THE ATMOSPHERE
TIGnaT-PerrIer, romie1; TholloT, alban1; MaGanD, olivier1; VoGel, 
Timothy2; DoMMerGue, aurélien1; larose, Catherine2; 
(1) Laboratoire de Glaciologie et Géophysique de l'Environnement, Grenoble, 
France; (2) Environmental Microbial Genomics Group- Laboratoire Ampère - 
Ecole Centrale de Lyon, Lyon, France

romie.tignat-perrier@univ-grenoble-alpes.fr

Microorganisms play a fundamental role in the mercury cycle 
on a global scale. In both terrestrial and aquatic environments, 
microorganisms modify hg speciation and thereby change the 
contamination potential of hg. bacteria are able to magnify the 
toxicity of this compound via the methylation of inorganic forms of 
hg (Jensen and Jernelv, nature 1969) and they can act as detoxifiers 
through the reduction of divalent hg species with the mer operon 
(hamlett et al., J. bacteriol 1992). The atmosphere is an important 
route for transporting hg over long distances and is also where hg 
is converted into soluble, labile species that are likely to interact with 
microorganisms. yet, atmospheric studies tend to disregard the role 
of airborne microorganisms in the transformation of hg species. only 
recently have studies shown that up to 105 microbial cells can inhabit 
one cubic meter of air and that they might be metabolically active in 
the atmosphere (Klein et al., front Microbiol 2016). Given the potential 
for microbial activity in the atmosphere coupled with the different 
forms of mercury, microorganisms might be transforming mercury in 
the atmosphere. Inhale (Investigation of the atmosphere as a real 
ecosystem, anr) is one of the first projects to assess the hg-microbial 
interaction in the atmosphere and to determine the potential role 
of airborne microorganisms in altering the speciation of hg and its 
contamination potential at a global scale. We investigated air samples 
taken from several high altitude sites around the world involved in hg 
geochemical cycling investigations. hg cycling gene quantification was 
carried out following atmospheric Dna extraction from filters to assess 
the presence and abundance of these genes in the atmosphere. The 
global distribution of the genetic determinants involved in biological hg 
cycling in atmospheric microbial communities was then determined. 
based on these preliminary results, we proposed a potential role for 
airborne microorganisms in hg transformations in the atmosphere. This 
atmospheric microbial activity may explain changes in hg speciation and 
toxicity and help us to understand its potential impact on ecosystem and 
human health, and to improve global hg cycling models.
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FO-002

TOWARDS MOLECULAR-LEVEL UNDERSTANDING 
OF THE ATMOSPHERIC MERCURY CHEMISTRY
KhalIZoV, alexei1; CooPer, Matthew1; 
(1) New Jersey Institute of Technology, Newark, NJ, United States

khalizov@njit.edu

Vast quantities of gaseous elemental mercury (GeM) are released to 
the atmosphere by fossil fuel combustion and waste incineration. The 
oxidation and precipitation of atmospheric GeM are principal processes 
governing the transfer of mercury to the ocean and soil environments. 
Molecular mechanisms of GeM transformation to gaseous oxidized 
mercury (GoM) and subsequent removal of GoM by surfaces are 
poorly understood. on the basis of recent experimental, field, and 
modeling studies, the reaction of GeM with atomic bromine has been 
suggested as the first step in GoM formation. We will present our work 
focused on the development of a flow reactor chemical ionization mass 
spectrometry approach for investigation of gas-phase and gas-surface 
reaction mechanisms of GeM and GoM. The implications of our work 
towards understanding of complete mercury oxidation mechanism and 
achieving chemically-resolved detection GoM in the atmosphere will 
be discussed.

FO-003

ATMOSPHERIC MERCURY MODELING: 
COMPARISON OF LAGRANGIAN, EULERIAN, AND 
HYBRID METHODOLOGIES
Cohen, Mark1; louGhner, Christopher2; arTZ, richard1; luKe, 
Winston1; Kelley, Paul3; ren, Xinrong3; 
(1) NOAA Air Resources Laboratory, College Park, Maryland, USA; (2) NOAA 
Air Resources Laboratory and Earth System Science Interdisciplinary Center 
(ESSIC), University of Maryland, College Park, USA; (3) NOAA Air Resources 
Laboratory and Cooperative Institute for Climate and Satellites, University of 
Maryland, College Park, Maryland, USA

mark.cohen@noaa.gov

The noaa hysPlIT-hg model has been applied to simulate the fate and 
transport of mercury emitted to the atmosphere using lagrangian (i.e., 
plume-oriented), eulerian (i.e., gridded), and hybrid lagrangian/eulerian 
simulation methodologies. The hybrid approach has been implemented 
in several ways, but essentially utilizes a lagrangian methodology to 
simulate local and regional fate/transport and an eulerian framework 
at further distances from a given source. In each case, the model has 
been used to estimate: (a) the wet and dry deposition to selected 
receptors (e.g., the laurentian Great lakes), and (b) source-attribution 
for this deposition, including the relative importance of anthropogenic 
vs. other emissions sources, and among anthropogenic sources, 
the relative importance of different countrys emissions. In addition, 
concentrations and deposition at selected measurement sites ‒ e.g., 
beltsville (Maryland, usa), Grand bay (Mississippi, usa), and Mauna loa 
(hawaii, usa) ‒ have been estimated by the model and compared with 

observations at the sites. There are numerous computational and other 
tradeoffs among the different approaches. The different computational 
fate and transport frameworks can, in principle, yield equivalent results, 
if each was able to accurately capture all relevant phenomena. In 
practice, each has a number of limitations and inherent uncertainties. 
further, uncertainties in emissions, atmospheric chemistry, and 
deposition processes can manifest differently in modeling using 
the different frameworks. all of these factors lead to variations in 
simulation results. Differences in deposition and source attribution 
results for key receptors are sometimes found among the different 
methodologies, as well as variations in the estimated concentrations 
and deposition at measurement sites. The relative importance of these 
discrepancies in different cases will be presented and discussed, along 
with estimates of the relative contributions of different computational 
factors to the dissimilarities found. These results provide useful 
insights into uncertainties in atmospheric mercury modeling due to 
the characterization of dispersion phenomena. Where the modeling 
results are compared with ambient measurements, the results show the 
relative ability of the different approaches -- in the cases and conditions 
studied to reproduce spatial, temporal, and chemical variations in 
observed mercury concentrations and deposition.

FO-004

WHAT MODELERS MAY NEED TO ADD TO 
MECHANISMS OF GLOBAL OXIDATION OF GASEOUS 
ELEMENTAL MERCURY INITIATED BY BROMINE
DIbble, Theodore1; JIao, yuge1; laM, Khoa1; sChWID, abraham1; 
WIlhelMsen, Curtis1; 
(1) SUNY-Environmental Science and Forestry, Syracuse, NY, USA

tsdibble@esf.edu

Goodsite et al. (2004) published the first mechanism for the br-initiated 
oxidation of gaseous elemental mercury (hg(0), aka GeM). Their 
mechanism considered brhg radical reacting with oh or br to form 
hgbr2 and brhgoh as stable hg(II) species (gaseous oxidized mercury, 
GoM). In 2012, Dibble et al. used quantum chemistry to verify the 
stability of a number of brhgy species (y=no2, hoo, bro, Clo). We 
noted that these radicals, y, should react with brhg with rate constants 
similar to those of brhg + br. since these radicals, y, are much more 
abundant than br or oh, reaction of brhg with y should dominate over 
reaction with br and oh throughout most of the atmosphere. recent 
kinetic studies in our group confirm the high rate constant for brhg 
reacting with no2 and hoo to make brhgono and brhgooh.

unfortunately for modelers, there is a great deal of additional chemistry 
that will likely need to be added to mechanisms of br-initiated oxidation 
of mercury:

a) near ground level, except in polar regions, brhg tends to fall apart to br + 
hg before it can react with radicals. however, we find that brhg may react 
with alkenes. as alkenes are much more abundant than radicals, reaction of 
brhg with alkenes could enable efficient conversion of GeM to GoM. This 
would be of particular importance in the marine boundary layer influenced 
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by continental air. We are computing rate constants for the reactions of 
brhg with alkenes and will investigate the fate of the resulting radicals.

b) recent findings suggest that brhgono will rapidly (~1 hour) photolyze 
to form brhgo. our results to date indicate that brhgo will abstract 
hydrogen atoms from organic compounds in the gaseous atmosphere 
to form brhgoh. Ironically, this was the major product of GeM oxidation 
in models based on the work of Goodsite et al. Competing reactions of 
brhgo can lead to brhgono2 or regenerate brhgono.

These results point to significant interactions of oxidation pathways of 
atmospheric mercury with trace organic compounds. We hope that these 
results are incorporated into models and support the development of 
methods to identify hg(II) compounds in the atmosphere.

FO-005

WET AND DRY DEPOSITION OF TOTAL MERCURY 
AND METHYLMERCURY AT AN UNPOLLUTED SITE 
IN PUERTO RICO
shanley, James1; rIsCh, Martin2; bruneTTe, robert3; MCDoWell, 
William4; GonZaleZ, Grizelle5; enGle, Mark6; DeWIlD, John7; 
KrabbenhofT, David7; sCholl, Martha8; 
(1) U.S. Geological Survey, Montpelier, VT, USA; (2) U.S. Geological Survey, 
Indianapolis, IN, USA; (3) Eurofins Frontier Global Sciences, Bothell, WA, 
USA; (4) University of New Hampshire, Durham, NH, USA; (5) U.S. Forest 
Service, San Juan, PR, USA; (6) U.S. Geological Survey, El Paso, TX, USA; (7) U.S. 
Geological Survey, Middleton, WI, USA; (8) U.S. Geological Survey, Reston, 
VA, USA

jshanley@usgs.gov

Wet deposition of mercury (hg) at an unpolluted site in windward 
northeastern Puerto rico is comparable to the highest levels in the 
continental usa. here we update the existing seven-year record after 
two years of measurements at a relocated station, provide estimates 
of dry hg deposition based on throughfall and litterfall, and quantify 
methylmercury (Mehg) in wet and dry deposition. In 2006-2007 (the most 
complete record), annual wet hg deposition averaged 27.9 g m-2. high 
deposition is attributed to scouring of global pool hg from the upper 
free troposphere by rain near the tops of high convective clouds, as well 
as high rainfall amounts (2855 mm y-1). after years of logistical difficulty 
operating the station at a remote ridgetop tower, we relocated the station 
11 km west to a naDP site in august 2014. This station has less rainfall due 
to its lower elevation (360 vs. 480 m) and the measurements coincided 
with a significant drought in 2015. Wet hg deposition in calendar year 
2015 was 14.3 g m-2 with 1777 mm rainfall. Weighted average hg 
concentration decreased from 9.8 ng l-1 at the original site to 8.0 ng l-1 
at the new site, perhaps because the drought was most intense during 
the summer months when rainfall hg concentrations are typically highest. 
Preliminary wet and dry deposition measurements did not overlap 
well in time and space, but indicate that dry hg deposition is important. 
for calendar year 2014, litterfall hg deposition (representing primarily 
dry deposition of hg0) at the naDP site was 38.0 g m-2. Throughfall hg 
deposition (representing primarily dry deposition of hg2+) for 9 months 

of overlapping measurements at the original site in 2006-2007 was 54% 
greater than wet hg deposition. The percentage total hg as Mehg was 
0.06 % in rainfall, 0.56% in throughfall, and 0.31% in litterfall. Combined, 
these measurements suggest that dry hg deposition is considerably 
greater than wet, and that relative input of (or conversion to) Mehg in the 
forest canopy is considerably less than published values.

FO-006

EMISSIONS FROM BIOMASS BURNING: A 
MODELLING ASSESSMENT OF THE PARTICULATE-
PHASE MERCURY IMPACT ON DEPOSITIONS OVER 
LAND AND OCEANS
De sIMone, francesco1; CInnIrella, sergio1; Carbone, francesco1; 
GenCarellI, Christian1; heDGeCoCK, Ian1; PIrrone, nicola2; 
(1) CNR-Institute of Atmospheric Pollution Research, Rende, Italy; (2) CNR-
Institute of Atmospheric Pollution Research, Rome, Italy

f.desimone@iia.cnr.it

biomass burning (bb) is an important source of mercury (hg) in the 
atmosphere. a largest fraction of this hg is released in the form of 
elemental hg, however there are many experimental evidences that an 
important fraction (up to the 30%) is released bounded to particulate 
matter (PbM). The exact mechanisms and factors that control emission 
and speciation are highly uncertain. Indeed, hg speciation is one of the 
most important factors affecting hg deposition and the ratio local/non-
local contribution. This work was aimed to investigate the speciation 
process during bb and its impact on hg deposition by using the Global 
fire emissions Database (GfeDv4.1s) included into a global hg chemistry 
transport model. results showed that quantity and the geographical 
distribution of hg species emitted by bb has a limited impact on a global 
scale. on the other hand, this impact is remarkable at local scale on 
those ecosystems close to the bb process. one of the most important 
consequence is the reduction of the hg fraction amount deriving from 
bb, which deposits to the worlds oceans (from 71% to 62%). In addition, 
results of the model were compared with measurement made within 
GMos network. Inclusion into the model of PbM released by bb showed 
a better agreement between modeled and observed PbM concentrations 
at remote sites. In light of the Minamata Convention and the progressive 
decline of hg emissions from anthropogenic activities, this work shows 
the growing impact of bb contribution on hg deposition.

FO-007

REASSESSMENT OF MERCURY EMISSION OUTFLOW 
FROM CHINA AND EAST ASIA
WanG, Xun1; lIn, Che-Jen2; fenG, Xinbin1; soMMar, Jonas1; yuan, Wei1; 
(1) State Key Laboratory of Environmental Geochemistry, Institute of 
Geochemistry, Chinese Academy of Sciences, Guiyang, Guizhou, China; 
(2) Center for Advances in Water and Air Quality, Lamar University, 
Beaumont, TX, USA

wangxun@mail.gyig.ac.cn
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east asia is the largest emission region of anthropogenic mercury 
(hg) in the world, with China as the biggest emitter. There have been 
concerns regarding the transport budget of mercury in the region. earlier 
assessments of transport budget are based on relatively outdated emission 
estimates, which does not represent the regional emission appropriately. 
since then, new estimates on anthropogenic (Wu et al., 2016, doi: 10.1021/
acs.est.6b04308) and natural emissions (Wang et al., 2016, aCP, doi:10.5194/
acp-16-11125-2016) in the region show substantial different from earlier 
estimate. Most notably, anthropogenic hg emission in China gradually 
decreased since 2011 due to better emission control, with a much larger 
fraction of oxidized mercury than previously thought (56/43/3 for hg0/
hgII/hgp in 2014). The natural release of elemental mercury vapor from 
soil, vegetation and water surfaces using new soil hg data in China and 
updated model schemes shows a distinct spatial distribution of estimated 
mercury release compared to the previous estimate (shetty et al., 2008, 
doi:10.1016/j.atmosenv.2008.08.026), despite a similar net natural release 
at ~460 Mg y-1 in China. such a spatial distribution transition also has an 
impact on regional model results. In this study, we applied the updated hg 
emission estimates to reassess the regional transport budget using CMaQ-
hg v5.1. The emission differences are compared and the model results 
detailing the emission, deposition and air hg enrichment are presented. 
Total hg deposition in east asia is 746 Mg yr-1 (422 Mg yr-1 in China). Given 
the changes in anthropogenic emission, speciation and natural emissions 
spatial distribution, the transport budget in the east asia region is 25% 
lower (631 Mg yr-1) than the previous estimate by lin et al. (835 Mg yr-1, 
doi:10.5194/acp-10-1853-2010). The greater hg mass accumulated within 
the regional domain also better explains the elevated atmospheric hg 
concentrations observed in China recently. at least 60% of hg deposition 
in China is caused by local anthropogenic emissions. The overall transport 
budget in China is 505 Mg yr-1, 55% of which is contributed by natural hg 
emission. The hg emission outflow from east asia can contribute to 10-15% 
of hg deposition in other regions of the world.

FO-008

SOURCES AND THUNDERSTORM EFFECTS ON 
MERCURY AND TRACE METAL WET DEPOSITION 
ALONG THE NORTHERN GULF OF MEXICO
KrIshnaMurThy, nishanth1; holMes, Chistopher1; lanDInG, William1; 
Caffrey, Jane2; 
(1) Florida State University, Tallahassee, FL, USA; (2) University of West Florida, 
Pensacola, FL, USA

nk08d@my.fsu.edu

Continuous event-based rainfall samples were collected at three sites 
throughout the Pensacola airshed from 2005 - 2011. samples were 
analyzed for total mercury (hg), a suite of trace metals (TMs), and 
major ions to understand atmospheric hg transport and estimate the 
contribution from regional coal-combustion on hg wet deposition. our 
findings show that summertime hg rain concentrations are higher 
compared to other months despite higher rainfall amounts. In contrast, 
other measured pollutant TMs or ions did not show a consistent seasonal 
pattern. by incorporating automated surface observing system data 

from nearby Pensacola airport and Wsr-88D (nexrad) data from eglin 
air force base, we are able to classify the storm type (thunderstorms or 
non-thunderstorms) and analyze altitudes of hydrometeor formation for 
individual rain events. This showed that mid-altitude and high-altitude 
composite reflectivity nexrad values were higher for both thunderstorm 
and non-thunderstorm warm season (May sept) rain events compared to 
cool season (oct apr) events including cool season thunderstorms. Thus, 
warm season events can scavenge more soluble reactive gaseous hg from 
the free troposphere. Two separate multiple linear regression analyses 
were conducted on log-transformed data using interaction and non-
interaction terms to understand the relationship between precipitation 
depth, season, and storm-type on sample concentrations. The regressions 
without interaction terms showed that the washout coefficients for more 
volatile TMs like hg and selenium were less pronounced compared to 
other pollution-type elements and were therefore less diluted for a given 
increase in precipitation depth, but otherwise displayed similar coefficients 
for season and storm-type. The regression analysis with interaction terms 
revealed a more interesting dynamic where thunderstorms caused 
enhanced rainfall hg concentrations regardless of season while causing 
increased dilution for all other TMs compared to non-thunderstorm 
samples for a given precipitation depth. however, concentrations 
increased during thunderstorms for all non-hg TMs with increasing sample 
depth. This suggests a vacuum cleaner effect was occurring such that for 
increasing storm strength, non-hg aerosol TMs in the boundary layer are 
further entrained into a storm cell. With this understanding, a positive 
matrix factorization (PMf) analysis was conducted using the ePa PMf 5.0 
software to estimate the contribution of different sources to hg deposition. 
Preliminary results suggest that approximately 81% (71 92%; 95% CI) of 
hg wet deposition along the northern Gulf of Mexico is due to long-range 
sources while 17% (0 18%; 95% CI) comes from regional coal-combustion.

2d-3: Mercury fate in aquatic and 
terrestrial food webs

FO-009

MERCURY BIOMAGNIFICATION IN AQUATIC FOOD 
WEBS ON A GLOBAL SCALE
laVoIe, raphael1; aMyoT, Marc1; CaMPbell, linda2; ChuMChal, 
Matthew3; JarDIne, Timothy4; KIDD, Karen5; 
(1) University of Montreal, Montréal, QC, Canada; (2) Saint Mary's University, 
Halifax, NS, Canada; (3) Texas Christian University, Fort Worth, TX, United 
States; (4) University of Saskatchewan, Saskatoon, SK, Canada; (5) University 
of New Brunswick, Saint John, NB, Canada

lavoie.raphael@gmail.com

Mercury (hg) concentrations in aquatic organisms of a food 
web increase with trophic level (Tl) through a process called 
biomagnification. The trophic magnification factor (TMf) metric using the 
slope of the relationship between hg concentration and Tl (measured 
using ratios of stable isotopes of nitrogen; d15n) is generally used to 
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quantify biomagnification. TMfs can be compared among systems to 
understand drivers of biomagnification. TMf averages approximately 
8 times increase of hg concentrations per trophic level (times/Tl) 
for methyl hg, but ranges from 1 to 64 times/Tl across diverse food 
webs on a global scale. based on an analysis of 69 food web studies 
conducted between 1992 and 2013 in marine and freshwater systems 
across the globe, we previously showed that some of this variation is 
related to latitude, with arctic food webs having higher TMfs (~10 times/
Tl) than those from the tropics (~4 times/Tl). higher biomagnification 
in colder food webs is believed to be the result of slower growth rate 
leading to accrued bioaccumulation. also, areas with high hg inputs 
(via atmospheric deposition) tend to have food webs that exhibit lower 
trophic magnification of this metal, thus lessening risk from exposure 
in these otherwise contaminated food webs. however, much of the 
variation in TMfs across aquatic systems remains unexplained. here 
we revisit and add TMf and ancillary (e.g., ph) data to this global dataset 
to further explore patterns and drivers. We identified an additional 
74 studies completed between 2013 and 2017 for potential inclusion 
in the existing database. These include studies on under-represented 
systems such as hydroelectric reservoirs that are known to result in 
high hg concentrations in predatory fishes after dam construction. In 
addition, we assess whether variations in bioenergetics and food web 
dynamics could explain variations in TMf. Given ongoing hg emissions, 
deposition and transformations, understanding hg behavior in food 
webs at a global scale allows for critical links to be made between 
system characteristics and top predators in food webs that can be used 
to identify areas at greatest risk from legacy inputs or those that may 
respond more quickly to global reductions in hg emissions.

FO-010

RECOVERY OF AQUATIC INSECT-MEDIATED 
METHYLMERCURY FLUX FROM PONDS FOLLOWING 
DRYING DISTURBANCE
ChuMChal, Matthew1; Drenner, ray1; GreenhIll, frank1; KenneDy, 
James2; CourVIlle, ashlyn1; Gober, Charlie1; lossau, luke1; 
(1) TCU, Fort Worth, Texas, USA; (2) University of North Texas, Denton, 
Texas, USA

m.m.chumchal@tcu.edu

small ponds exist across a permanence gradient and pond permanence 
is hypothesized to be a primary determinant of insect community 
structure and insect-mediated methylmercury (Mehg) flux from ponds 
to the surrounding terrestrial landscape. here we present the first 
experiment examining the recovery of insect-mediated Mehg flux 
following a drying disturbance that converted permanent ponds with 
insectivorous fish to semi-permanent ponds without fish. We used 
floating emergence traps to collect emergent insects for 10 weeks 
in the spring and summer from five ponds with fish (permanent) 
and five ponds that were drained to remove fish, dried and refilled 
with water (semi-permanent). Methylmercury flux from dragonflies 
(odonata: anisoptera) and phantom midges (Diptera: Chaoboridae) 
was significantly greater from newly refilled semi-permanent ponds 

than permanent ponds but the other eight taxa did not differ between 
treatments. beginning 11 days after semi-permanent ponds were 
refilled, total Mehg flux from semi-permanent ponds was never 
significantly less than permanent ponds, indicating that insect-mediated 
Mehg flux had rapidly recovered in semi-permanent ponds following 
the drying disturbance. The present study demonstrates the impact 
of an ecological factor like drying disturbance on the cross-system 
transport of contaminants from aquatic to terrestrial ecosystems.

FO-011

MERCURY AND STABLE ISOTOPES OF NITROGEN 
REVEAL AN AQUATIC DIET FOR SEVEN TAXA OF 
SHORELINE SPIDERS
orTeGa-roDrIGueZ, Celeste1; ChuMChal, Matthew1; Drenner, ray1; 
KenneDy, James2; lauCK, Kyle1; PolK, Kirkland1; hall, MacGregor1; 
barsT, benjamin3; sanTa rIos, andrea3; basu, niladri3; 
(1) Texas Christian University, Fort Worth, Texas, USA; (2) University of North 
Texas, Denton, Texas, USA; (3) McGill University, Montreal, Canada

celeste.ortega@tcu.edu

Mercury (hg) is a hazardous aquatic contaminant that can be 
transferred from the aquatic to the terrestrial environment via emerging 
aquatic insects. spiders transfer hg to terrestrial consumers such 
as birds, but how spiders become contaminated with hg is not well 
understood. In the present study, we used stable isotopes of nitrogen 
(δ15n) in combination with total hg (Thg) to determine the source of hg 
to seven taxa of shoreline spiders. We collected orb weavers (araneidae), 
wolf spiders (lycosidae), long-jawed orb weavers (Tetragnathidae), 
lynx spiders (oxyopidae), fishing spiders (Pisauridae), jumping spiders 
(salticidae), and crab spiders (Thomisidae) along with a variety of 
aquatic and terrestrial plant, invertebrate, and vertebrate samples 
from 10 experimental ponds located in north Texas, usa. orb weavers, 
long-jawed orb weavers and fishing spiders were the most strongly 
connected to the aquatic food web and had the highest concentrations 
of Thg. however, δ15n and Thg values suggest that all taxa of shoreline 
spiders examined in the present study consume aquatic organisms.

FO-012

PATTERNS OF MERCURY AND ORGANIC 
CO-CONTAMINANTS IN MARINE AND 
FRESHWATER FISH
Chen, Celia1; CurTIs, amanda1; bourne, Kimberly2; borsuK, Mark2; 
(1) Dartmouth College, Hanover, USA; (2) Duke University, Durham, USA

celia.chen@dartmouth.edu

fish consumption advisories have been established throughout the us 
for freshwater and coastal ecosystems. Most of the fish consumption 
advisories in the us are for mercury (81%), but significant numbers 
of others have been established for organic contaminants including 
PCbs and their congeners, chlordane, DDT, and others. although the 
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advisories are contaminant specific, humans are exposed to multiple 
contaminants through fish consumption. Past studies have focused 
only on individual contaminants, in particular mercury, without relating 
those exposures to others such as organic contaminants. using publicly 
available datasets in which multiple contaminants were measured in 
individual fish and invertebrate samples, we examined the relationships 
between different contaminants (metals, pesticides, PCbs, Pahs, 
and PfCs) from the ePas environmental Monitoring and assessment 
Program (eMaP) in lakes, national Coastal Condition assessment 
(nCCa), national rivers and streams assessment (nrsa), and the 
Mussel Watch Program. Preliminary results indicate species-specific 
relationships between contaminants and some general differences 
between freshwater species and marine species. across datasets, hg 
in fish and invertebrate tissue correlates both positively and negatively 
with PCbs, DDT formulations, and some pesticides (e.g., dieldrin, aldrin, 
chlordane). Correlations of hg with organic contaminants appear to be 
mostly negative in rivers and lakes but positive in coastal waters. We 
examined the co-occurrence of mercury and organic contaminants 
in fish from a range of ecosystems in order to begin to evaluate the 
risk of human exposure to multiple contaminants posed by eating 
seafood and understand the processes related to their co-occurance in 
aquatic organisms.

FO-013

SYSTEMATIC REVIEW OF TRENDS IN FISH TISSUE 
MERCURY CONCENTRATIONS
GrIeb, Thomas1; KarIMI, roxanne2; fIsher, nicholas2; Ter sChure, 
arnout3; leVIn, leonard3; 
(1) Tetra Tech, Inc., Lafayette/CA, USA; (2) State University of New York, Stony 
Brook, NY, USA; (3) Electric Power Research Institute, Palo Alto/CA, USA

tom.grieb@tetratech.com

since the 1970s there has been a major international effort to monitor 
mercury (hg) concentrations in fish tissue to identify areas with fish hg 
concentrations that are of concern to human health and wildlife. More 
recently, numerous data sets, based on these monitoring programs, 
have been compiled and used to evaluate trends in mercury in fish 
from both freshwater and marine systems. We reviewed the academic 
literature and published government reports that assessed temporal 
trends in fish or invertebrate tissue mercury concentrations. our 
goals were to summarize the overall trend patterns in fish tissue hg 
concentrations, and to review and evaluate the statistical methods used 
for trend assessment.

We identified more than 180 papers published between 2005 and 
2015. Together, these papers reported on the analysis of over 1,050,000 
tissue samples from at least 17,000 sampling sites. In many cases, these 
studies compared fish hg data to hg emissions and deposition data 
to assess the effects of local controls on hg emissions as well as the 
influence of global atmospheric hg emissions. We summarized and 
catalogued the results of the trend analyses by waterbody type, species, 
and geographic location, and by the direction (increase/decrease) and 

magnitude of trends. Generally, the results of the published studies 
are equivocal. The direction and magnitude of significant trends 
in fish tissue hg concentrations vary by region and are not always 
consistent with trends in atmospheric emissions. In some analyses, 
where consistent trends have been identified in a geographic area, the 
results indicate that the fish hg levels either declined or remained stable 
between 1970 and 1990 during the period of the largest reductions in 
mercury emissions. numerous studies show no trend or an increasing 
trend in fish tissue concentrations between 1995 and 2012.

During the course of the review, information on the influence of other 
factors that affect the relationship between atmospheric hg deposition 
and tissue hg levels was recorded. These factors include temperature 
effects and food web structure. The statistical methods used in the 
reviewed trend analyses are summarized with the goal of providing 
information to optimize future sampling and analysis efforts.

FO-014

EFFECTS OF POND PERMANENCE AND 
SEASON ON ODONATE-MEDIATED MERCURY 
FLUX AND ASSOCIATED RISK TO NESTLING 
RED-WINGED BLACKBIRDS
WIllIaMs, edward1; Drenner, ray2; ChuMChal, Matt2; KenneDy, 
James3; 
(1) Texas Christian University, San Diego, CA, USA; (2) Texas Christian 
University, Fort Worth, TX, USA; (3) University of North Texas, Denton, TX, USA

ebwillia12@gmail.com

In the u.s. Great Plains, millions of human-made ponds have been 
contaminated with mercury (hg) deposited from the atmosphere. 
Methylmercury (Mehg) can be transferred from these ponds to 
terrestrial predators by emergent aquatic insects. The effects of pond 
permanence and season on insect-mediated Mehg flux from ponds 
have not been well studied. small human-made ponds exist across a 
permanence gradient from permanent, that always contain water and 
fish, to temporary, that dry periodically and are fishless. The presence 
of fish reduces the population sizes of odonate taxa (damselflies and 
dragonflies) and could therefore reduce odonate-mediated Mehg flux 
from permanent ponds. We examined the effects of pond permanence 
and season on odonate-mediated Mehg flux in experimental ponds and 
its potential risk to nestling red-winged blackbirds (agelaius phoeniceus), 
an odonate predator. exuviae of emergent odonates were collected 
from emergence platforms in permanent ponds with bluegill (lepomis 
macrochirus) (n = 5) and temporary ponds without fish (n = 5) over an 
eight-month period (January august, 2015). Methylmercury flux was 
computed by multiplying the number of exuvia collected on emergence 
platforms by the biomass of adult odonates and the average Mehg 
concentration of adult odonates captured in floating-emergence traps. 
fish predation reduced odonate-mediated Mehg flux by suppressing 
emergence of damseflies and aeshnid and libellulid dragonflies. 
emergence of damselflies, aeshnid dragonflies and libellulid dragonflies 
peaked in april, May, and June, respectively, and overlapped with 
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reproduction of red-winged blackbirds. We calculated odonate-based 
wildlife values (the minimum odonate Mehg concentrations causing 
physiologically significant doses in consumers) to assess exposure 
risks for three sizes (0.004, 0.02 and 0.04 kg) of nestling red-winged 
blackbirds with diets consisting of a low (40%) and high (90%) percentage 
of odonates. Methylmercury concentrations in odonates exceeded 
wildlife values for all three sizes of nestlings with both low- and high-
odonate diets. The present study suggests that Mehg concentrations in 
odonates can pose a threat to small-bodied nestling birds that consume 
large amounts of odonates. This Mehg threat to songbirds may extend 
throughout the u.s. Great Plains.

FO-015

SPANNING THE (ECOSYSTEM) GAP: AQUATIC 
INVERTEBRATES SUBSIDIZE NUTRIENTS AND 
MERCURY TO TERRESTRIAL RIPARIAN SONGBIRDS 
IN LENTIC AND LOTIC HABITATS OF THE 
WILLAMETTE RIVER, OREGON
JaCKson, allyson1; robInson, W.1; eaGles-sMITh, Collin2; 
(1) Oregon State University, Corvallis, OR, United States; (2) USGS, Corvallis, 
OR, United States

allysonkjackson@gmail.com

aquatic and terrestrial food webs are intrinsically linked through cross-
ecosystem subsidies of nutrients. Despite the importance of cross-
ecosystem nutrient subsidies for ecological function, bioaccumulative 
and harmful contaminants, such as mercury (hg), also follow these 
subsidies through energy pathways. The flux of hg out of aquatic 
systems may cause deleterious impacts to terrestrial species that rely on 
aquatic subsidies. riparian songbirds, in particular, are sensitive to hg 
effects and can be heavily dependent on the flux of emergent aquatic 
insects for prey sources during the breeding season. In this study, we 
elucidated the relationship between carbon and hg movement from 
aquatic to terrestrial ecosystems along the Willamette river in western 
oregon, a water body with a legacy of hg pollution from gold and hg 
mining in its headwaters. The Willamette river, though now largely 
channelized, was historically made up of a series of braided channels. 
The legacy of this braided system is found in backwater lentic habitats 
with varying degrees of connection to the main stem lotic habitats. 
These lentic habitats serve an integral conservation role for fish, 
flood control, and riparian habitat, but also may facilitate higher hg 
methylation rates.

This study quantifies Mehg and carbon-13 isotope in terrestrial and 
aquatic invertebrate communities in both lentic and lotic systems of 
the Willamette river. In 2013, riparian songbird blood samples (n = 
480) and baseline aquatic and terrestrial invertebrate (non-predators 
and predators) were collected at 12 sites (7 lotic and 5 lentic). We then 
compared Mehg and carbon signatures in the base of the food web 
with Thg and carbon-13 in blood samples from riparian songbirds. 
our preliminary findings indicated that terrestrial and aquatic non-
predatory invertebrates differ in both hg and carbon-13 signature, 

when accounting for site, date, and invertebrate family. non-predatory 
aquatic insects in lentic habitats had higher hg concentrations than 
in lotic habitats, but no there was no difference in hg between 
terrestrial invertebrates living near lentic or lotic habitats. Predatory 
invertebrates in terrestrial habitats showed hg bioaccumulation and 
carbon signatures that suggest a reliance on aquatic-based nutrients. 
Preliminary data suggest that birds that forage on more aquatic based 
carbon (based on carbon-13 isotope) also showed higher levels of hg in 
their blood.

FO-016

MERCURY EXPOSURE OF BREEDING LEACH’S 
STORM-PETRELS RELATED TO THEIR FORAGING 
HABITATS IN THE NORTHWEST ATLANTIC OCEAN
burGess, neil1; heDD, april1; PolleT, Ingrid2; MauCK, robert3; 
DIaMonD, antony4; burKe, Chantelle5; MCfarlane TranQuIlla, 
laura6; MonTeVeCChI, William5; VallIanT, Michelle5; roberTson, 
Gregory1; 
(1) Environment & Climate Change Canada, Mount Pearl, NL, Canada; 
(2) Dalhousie University, Halifax, NS, Canada; (3) Kenyon College, Gambier, 
OH, USA; (4) University of New Brunswick, Fredericton, NB, Canada; 
(5) Memorial University, St. John's, NL, Canada; (6) Bird Studies Canada, 
Sackville, NB, Canada

neil.burgess@canada.ca

leach’s storm-petrels (oceanodroma leucorhoa = hydrobates 
leucorhous) are small seabirds that breed on coastal islands and make 
long, multi-day foraging trips during incubation, often beyond the 
continental shelf. We are working to assess the role of mercury as a 
stressor on breeding populations of this bird, which are declining at 
many breeding colonies in atlantic Canada. In 2013-15, we attached 
geolocator tags to adult storm-petrels at seven breeding colonies in 
atlantic Canada, to monitor their foraging trips during incubation. When 
the birds were recaptured 2-4 weeks later, the geolocator data were 
downloaded and a small blood sample was collected for analysis of 
total mercury and stable carbon and nitrogen isotope ratios (δ13C and 
δ15n). leach’s storm-petrels made offshore foraging trips that averaged 
4.3 days in length, covered 1,481 km in total distance, and foraged over 
ocean depths ranging 44 – 5700 m. Mean mercury concentrations (± se) 
in leach’s storm-petrel blood (n=193) were significantly greater from 
four colonies around newfoundland (baccalieu 1.11 ± 0.05 μg/g, Gull 
1.00 ± 0.06 μg/g, Middle lawn 1.28 ± 0.09 μg/g, and Grand Colombier 
Islands 1.27 ± 0.05 μg/g) than from three colonies in the Gulf of Maine 
(bon Portage 0.65 ± 0.08 μg/g, Kent 0.57 ± 0.04 μg/g, and Machias seal 
Islands 0.37 ± 0.06 μg/g). blood mercury concentrations were positively 
related to the depth of the ocean over which birds foraged and to the 
distance that they foraged away from their breeding colonies, and were 
negatively related to sea surface temperatures where they foraged. 
blood mercury concentrations were also positively related to δ15n. 
storm-petrels breeding at newfoundland colonies consistently foraged 
over deep ocean beyond the edge of the continental shelf and had 
higher blood mercury levels. In contrast, some birds in the Gulf of Maine 
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foraged over shallow ocean on the continental shelf and had lower 
blood mercury concentrations. Determining mercury concentrations in 
the blood of these seabirds, along with their foraging patterns, allows us 
learn about methylmercury dynamics in offshore ocean foodwebs.

2h-2: Mercury cycling in response to 
ecosystem perturbations

FO-017

MERCURY CYCLE IN HYDROELECTRIC BOREAL 
RESERVOIRS IN QUÉBEC, CANADA
bIloDeau, françois1; TreMblay, alain1; 
(1) Hydro-Québec, Montréal, Canada

bilodeau.francois@hydro.qc.ca

at the la Grande hydroelectric complex located in northern Qubec, 
Canada, the evolution of mercury (hg) was monitored for over 35 years 
in natural and modified environments. hg and methylmercury (Mehg) 
measurements were carried out in soil, sediment and biota (plankton, 
insects, fish) to better understand the processes involved in the mercury 
cycle and ultimately, understand and predict the impact of hydroelectric 
reservoirs. Impoundment of reservoirs leads to the conversion (hg to 
Mehg) and circulation of hg already present in plants and flooded soil in 
the aquatic environment. This organic form, Mehg, is easily accumulated 
by living organisms, from plankton and aquatic insects to fish that 
can be consumed by humans. In reservoirs, concentrations in all fish 
species increased rapidly after impoundment, peaking after 5 to 13 
years in non-piscivorous species, and after 9 to 14 years in piscivorous 
species. These concentrations increase at levels 2 to 8 times higher 
than those measured in surrounding natural lakes. Depending on the 
reservoir, the return to levels found in fish of natural surrounding lakes 
was completed after 10 to 20 years for non-piscivorous species and 
after 20 to 31 years in most piscivorous species. Contamination of the 
food chain is mainly explained by changes in the hg form present in soil 
after impoundment. The progressive methylation of initial inorganic hg 
content increased from 1% in natural soil and up to 30% after 13 years 
of flooding. The following mechanisms appear to be most important in 
the increasing mercury level in fish: 1) increased bacterial methylation 
of hg and its passive diffusion through the water column; 2) erosion 
of flooded organic matter in the drawdown zone, which makes fine, 
hg-rich organic particles available for aquatic filter feeders, and active 
transfer of hg by aquatic insects burrowing in flooded soil rich in Mehg; 
3) periphyton development on flooded soils and vegetation, which 
promotes the methylation of hg and its active transfer to fish via aquatic 
insects and zooplankton feeding on it. The increased Mehg production 
generally ends 8 to 10 years after impoundment due to rapid depletion 
of the readily decomposable elements of flooded soil and vegetation. 
after this time, Mehg transfer to fish by periphyton, zooplankton and 
insect larvae is reduced to levels occurring in natural lakes.

FO-018

METHYLMERCURY PRODUCTION IN URBAN 
STORMWATER PONDS
sTrICKMan, rachel1; MITChell, Carl1; 
(1) University of Toronto Scarborough, Toronto, Canada

rachel.strickman@mail.utoronto.ca

stormwater ponds are a type of green infrastructure that effectively 
manage erosion, flooding, and pollutant loadings related to new residential 
and industrial development. stormwater ponds are effective sinks for total 
mercury (hg), but very little is known about their capacity to contribute 
significantly to the production of methylmercury (Mehg). Moreover, 
the spatial variability in hg methylation, the possible geochemical and 
biological controls, and the impact of active management in these 
systems on Mehg production are entirely unknown. This characterization 
is necessary to better inform green infrastructure design that reduces 
Mehg-associated risk; for example, understanding spatial variability is 
important for inferring implications related to the extent of island and mid-
bay bar construction in these systems. here, we present hg methylation 
potential rate constants (K-meth) and sediment Mehg and inorganic hg 
concentrations in relation to a suite of ancillary biogeochemical and plant 
community data from several stormwater ponds across seasons within 
the Greater Toronto area in ontario, Canada. We find significant in situ 
Mehg production (mean K-meth increases with pond age up to 0.06 / day) 
in stormwater pond sediment. Mercury methylation rate constants and 
Mehg concentrations in older stormwater ponds are not substantially 
different from most other natural and constructed wetlands, whereas 
Mehg production and concentrations in younger stormwater ponds are 
lower in comparison. The approximate 10-15 year dredging management 
cycle of stormwater ponds significantly reduces mercury methylation 
and Mehg concentrations by removing organic sediment, but only 
temporarily, as K-meth values and Mehg concentrations increase nearly 
to pre-dredging levels within a single year. The role of aquatic plants and 
rhizosphere processes in controlling Mehg production in stormwater 
ponds is ambiguous; however organic matter availability and links with 
nitrogen cycling are important modulators of Mehg in these systems. The 
capacity of stormwater ponds to produce Mehg indicates a need for better 
characterization of both the Mehg mass balance of these systems and 
potential biological risk.

FO-019

MERCURY TRANSFORMATIONS IN RESUSPENDED 
CONTAMINATED SEDIMENTS CONTROLLED BY 
REDOX CONDITIONS, MERCURY SPECIATION AND 
SOURCES OF ORGANIC MATTER
Zhu, Wei1; sonG, yu2; aDeDIran, Gbotemi1; JIanG, Tao2; reIs, ana3; 
PereIra, eduarda3; sKyllberG, ulf2; bJÖrn, erik1; 
(1) Umeå University, Umeå, Sweden; (2) Swedish University of Agricultural 
Science, Umeå, Sweden; (3) Universidade de Aveiro, Aveiro, Portugal

wei.zhu@umu.se
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legacy mercury (hg) contaminated sediments can be a significant source 
of hg to the aquatic system and atmosphere. The release of hg can 
potentially be enhanced by various sediment perturbation processes, 
but the biogeochemical factors controlling hg dynamics under transient 
redox resuspension events remain unclear. solubility and transformation 
processes of hg were investigated at different depths (0-2, 0-5 and 0-10 
cm) in hg contaminated pulp fiber sediment microcosms subjected to 
different levels of oxidation. four different chemical species of inorganic 
divalent hg (hgII) and methyl mercury (Mehg), enriched in different 
hg isotope tracers, were added to sediment-bottom water microcosm 
systems: 201hg(no3)2(aq), 202hgII adsorbed to natural organic matter 
(202hgII-noM), 198hgII as microcrystalline metacinnabar (β-198hgs(s)) 
and Me204hgCl(aq). The microcosms were exposed to air for different 
time periods (0-24h) and thereby spanned a wide range of redox 
potential, as reflected by a dissolved sulfide concentration range of ≤ 
0.3 - 97 µM. The potential methylation rate constant (kmeth) and net 
formation of ambient Mehg (Mehg/Thg molar ratio) were enhanced by 
up to 50% and a factor of 4, respectively at intermediate oxidation of the 
sediment microcosms, likely because of an observed 2-fold increase in 
sulfate concentration stimulating the activity of sulfate reducing bacteria 
methylating hgII. Differences in the chemical speciation of hgII in the 
solid/adsorbed phase caused kmeth to vary by a factor of 11-70 in this 
study due to differences in hgII partitioning for the different species. 
Chemical speciation was a major controlling factor both for the absolute 
hgII methylation rate, and for the response in the rate following increased 
oxidation of the system. The composition of organic matter (oM) varied 
with sediment depth such that compared to the deeper sediments, the 0-2 
cm sediment contained a 2-fold higher proportion of labile oM originating 
from algal and terrestrial inputs, which serve as metabolic electron donor 
for microorganisms. This caused kmeth to be up to a factor of 3 higher 
in the 0-2 cm sediment compared to the deeper ones. The kmeth was 
lowest and constrained by redox-driven solubility for the β-198hgs(s), 
intermediate and controlled by both hgII solubility and bacterial activity for 
the 202hgII-noM tracer, and highest and controlled by bacterial activity 
for the 201hg(no3)2(aq) tracer. The results in this study provide important 
knowledge to identify “high-risk” contaminated sites regarding reactivation 
of hg following transient redox resuspension events.

FO-020

RESPONSE OF STREAMWATER MERCURY 
CONCENTRATIONS TO WATERSHED AND IN-
STREAM LIME APPLICATIONS IN AN ADIRONDACK, 
USA WATERSHED
MIllarD, Geoffrey1; DrIsColl, Charles1; MonTesDeoCa, Mario1; 
burns, Douglas2; rIVa-Murray, Karen3; 
(1) Syracuse University, Syracuse, New York, United States of America; (2) US 
Geological Survey, Troy, New York, United States of America; (3) US Geological 
Survey, Troy, NY, United States of America

gmillard@syr.edu

In the honnedaga liming project the response of mercury (hg) and 
dissolved organic carbon (DoC) are investigated in response to both 

watershed and in-channel additions of calcium carbonate. In northern 
europe and northeastern north america, many aquatic ecosystems are 
experiencing increases in DoC concentrations as a result of decreases 
in acidic deposition. These increases in DoC have been correlated 
with elevated concentrations of hg in fish. large scale changes in 
biogeochemical cycling are being driven by processes such as climate 
change and recovery from acidic deposition. honnedaga lake, located 
in the southwestern adirondack Park of new york state has been 
recovering from acidic deposition. Despite improvements in chemistry, 
many of the tributaries to honnedaga lake remain chronically or 
episodically acidic, which has limited successful reproduction of lake-
resident heritage strain brook Trout (salvelinus fontinalis) in these 
critical spawning and nursery habitats. To improve tributary chemistry 
and enhance brook Trout recruitment to the lakes population, lime was 
applied once in 2013 to the watershed of a chronically-acidic tributary, 
and every year during 2013-2015 to an episodically acidic tributary 
stream channel. In this study, we examine the impact of watershed 
and in-channel liming on streamwater hg dynamics, including DoC 
concentrations. The watershed lime application resulted in increases in 
concentrations of DoC (18.4 mg C/l), total hg (5.50 ng/l) and methyl hg 
(1.94 ng/l) to previously unobserved levels. The Mehg concentrations 
were not significantly different, even though DoC and Thg remained 
significantly elevated. stream water of the tributary to which lime was 
directly applied exhibited a similar response, with short lived increases in 
hg following annual applications. The results showed that mobilization 
of dissolved organic carbon from soils to surface waters may facilitate 
increases in hg concentrations because of a strong affinity for hg. This 
research suggests that concentrations of Thg in streams may increase 
as impacted systems return to pre-acidification conditions.

FO-021

SPATIAL PATTERNS AND TEMPORAL TRENDS IN 
ATMOSPHERIC DEPOSITION, SURFACE WATER AND 
FISH MERCURY IN THE ADIRONDACK REGION OF 
NEW YORK, USA
DrIsColl, Charles1; Gerson, Jacqueline1; Taylor, Mariah1; MIllarD, 
Geoff1; shaW, amy1; yanG, yang1; Paul, eric2; 
(1) Syracuse University, Syracuse, NY, United States; (2) New York State 
Department of Environmental Conservation, Rome, NY, United States

ctdrisco@syr.edu

While the adirondack region of new york experiences modest 
atmospheric mercury deposition, it is considered a biological mercury 
hotspot. The adirondacks are also recovering from severe impacts of 
acid deposition. Wet and litter mercury deposition, and stream and lake 
mercury are monitored at huntington forest in the central adirondacks. 
We have found no changes in wet mercury deposition since 
measurements were initiated in 2000, but litter mercury appears to be 
decreasing. arbutus lake inlet and outlet samples at huntington forest 
show long-term decreases in concentrations and fluxes of both total and 
methyl mercury, despite increases in dissolved organic carbon. More 
broadly we examined spatial patterns and temporal trends in mercury 
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in standard length yellow perch (Perca flavescens) across adirondack 
lakes. We find elevated concentrations of mercury in fish, particularly in 
the western adirondacks. Mercury in yellow perch are elevated in lakes 
with low ph and acid neutralizing capacity and high concentrations of 
monomeric aluminum, indicative of sites acidified by acid deposition. 
We did not observe any relationship between fish mercury and lake 
concentrations of dissolved organic carbon, although we did find strong 
correlations between total and methyl mercury concentrations and 
dissolved organic carbon in the water column. 17 adirondack lakes have 
multiple year observations of mercury in yellow perch. Trend analysis 
indicates that all but one of these lake are showing statistically significant 
decreases in mercury concentration at a mean rate of 0.007 µg g-1 ww 
yr-1, with the greatest decreases occurring in lakes with the lowest ph 
and acid neutralizing capacity. These patterns suggest strong linkages 
between effects of acid and mercury deposition, and recovery of fish 
mercury may reflect emission control of both contaminants.

FO-022

POTENTIAL FOR WATER LEVEL REGULATION 
IN THE ST. LAWRENCE RIVER TO AFFECT 
SUSTAINABLE FISH POPULATIONS IN THE FACE OF 
MERCURY BIOACCUMULATION
brahMsTeDT, evie1; hao, Zhou1; eGGlesTon, erIn2; holsen, 
ThoMas3; sKufCa, JosePh4; TWIss, MIChael5; 
(1) Institute for a Sustainable Environment, Clarkson University, Potsdam, NY, 
United States; (2) Department of Biology, St. Lawrence University, Canton, NY, 
United States; (3) Department of Civil & Environmental Engineering, Clarkson 
University, Potsdam, NY, United States; (4) Department of Mathematics, 
Clarkson University, Potsdam, NY, United States; (5) Department of Biology, 
Clarkson University, Potsdam, NY, United States
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The International Joint Commission is enacting a plan (Plan 2014) to 
alter water levels above the Moses-saunders power dam to simulate 
natural fluctuations and restore biodiversity in this river ecosystem. 
If the dominant macrophyte, Typha, is reduced in abundance, there 
is potential for large amounts of sediment, containing mercury (hg), 
to become mobilized into the food web. hg becomes hazardous if 
sulfate-reducing bacteria (srb) are present. The st. lawrence river 
has historically been impacted by fossil fuel emissions that deposit 
both sulfur and hg. Due to extensive Typha, there is likely sufficient 
organic matter and phosphorous to support srb. here, the capacity of 
upper st. lawrence river wetlands to support srb was determined by 
quantifying concentrations of total mercury, sulfur, phosphorous and 
organic matter, as well as extracting srb and hg-methylating genes 
from sediments. four wetland types were compared: barrier beaches, 
drowned river mouths, protected embayments and open embayments. 
Protected embayments contained significantly higher hg concentrations 
than other wetland types. an estimated 71kgof hg will be re-suspended 
and flushed downstream should water levels fluctuate post-enactment 
of Plan 2014. In addition to economic costs from decreasing water 
flow through the dam, costs to fish population sustainability from hg 

bioaccumulation need be considered. hg concentrations in water and 
methylmercury (Mehg) concentrations in wildlife, such as predatory fish 
and water birds, need to be monitored as Plan 2014 ensues.
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HG RETENTION AND TRANSPORT IN TERRESTRIAL 
ECOSYSTEMS IN THE INTERMOUNTAIN WEST, 
U.S.A. FOLLOWING SEVERE WILDFIRE
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Vegetation and soil are known reservoirs for atmospheric mercury 
(hg) uptake and sequestration. Wildfire is an important ecosystem 
perturbation, releasing stored hg back to the atmosphere and also 
changing important ecosystem properties including canopy cover and 
soil structure and quality. a limited number of studies have quantified 
the release of hg to the atmosphere from wildfire, confirming that 
there are losses of hg from vegetation and soil during a fire, with the 
duration and intensity of heating affecting the amount of hg loss. 
beyond the release of hg to the atmosphere at the time of the fire, it 
is also beneficial to understand how hg is cycled within the ecosystem 
following a severe fire, specifically the ability of the soil to take up, retain, 
and transport hg as the ecosystem recovers from the disturbance. 
This has implications for hg transport to aquatic ecosystems as well 
as the fate of atmospherically deposited hg. To assess the impact of 
severe fire on hg retention and transport within forest ecosystems, 
we quantified the hg and carbon (C) content of soil cores collected 
within the burn scars and nearby reference sites of three severe 2002 
wildfires in Colorado, u.s.a. The fires encompass large precipitation and 
ecosystem gradients (ranging from relatively dry montane Ponderosa 
forests to relatively wet subalpine fir-spruce forests) and there is little 
forest regrowth more than a decade later. soil cores were divided 
into 1-cm increments and separated into coarse and fine fractions. as 
samples were collected on the toe slope, mid-slope, and crest of the 
representative watershed in each site, we have a unique opportunity 
to look at the effects of hillslope mobilization of soil-bound hg. analysis 
of the crest sites shows relatively similar hg content in the top 6-cm of 
soil (ranging from 5.27 to 16.4 g hg/ha, on average) between burned 
and unburned sites, indicative of relatively low hg accumulation. We 
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also find the hg:C molar ratio in the coarse and fine fractions to be 
significantly higher at the burned sites compared to their corresponding 
unburned sites, consistent with hg uptake from atmospheric deposition 
in the absence of C input in the burn areas. In addition to the effects of 
hillslope transport, the low moisture content and relatively organic-poor 
soil in these Intermountain West ecosystems allow us to isolate the 
effect of the forest canopy on hg uptake and retention in comparison to 
the burn scars with no canopy.

FO-024

MERCURY BINDING BY ASH-LADEN SEDIMENT 
GENERATED BY WILDFIRE INCREASES FOLLOWING 
SIMULATED RESERVOIR DEPOSITION
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erosion of watersheds following wildfire leads to the deposition of ash-
laden sediment and associated mercury in receiving water bodies. This 
study investigated the influence of reducing conditions on total mercury 
retention and divalent mercury (hg(II)) binding in ash-laden sediments. 
sediments were collected from a watershed that had burned within five 
months. sediments were incubated under anoxic conditions to simulate 
reservoir deposition. Pore water was sampled over 30 days to monitor 
total mercury, dissolved organic matter, and major ions as the surface 
sediments transitioned from oxic to sulfate-reducing conditions. The 
organic matter of the sediments was characterized using sulfur X-ray 
absorption near-edge structure spectroscopy to assess changes in sulfur 
oxidation state. a competitive ligand exchange technique was used to 
quantify changes in hg(II) binding capacity of the sediment. over the 
incubation period, sulfur oxidation state transitions were observed as 
a loss of highly oxidized sulfur (Δsox = -9%), and an increase in reduced 
organic sulfur (Δsred = +10%). some of the total mercury in the sediment 
was initially released to pore water (0.2%), but the transition to reducing 
conditions produced increased association between total aqueous 
mercury and the ash-laden sediment. The reducing conditions resulted 
in a 60% decrease of filter-passing total mercury (≤ 0.2 µm) and an 80% 
decrease in colloidal total mercury (0.2 µm ≤ X ≤ 10 µm) in the porewater 
over the 30 day incubation. During the incubation, hg(II) binding capacity 
of ash-laden sediment increased by 10-fold based on competitive ligand 
exchange measurements. The results of this study demonstrate that 
ash-laden sediments deposited following wildfire can sequester more 
hg(II) if the sediment is subjected to reducing conditions following burial.

2i: Regional and local scale stable isotope 
studies of mercury biogeochemical cycling 
and bioaccumulation
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A MERCURY ISOTOPE STUDY ON TERRESTRIAL 
- ATMOSPHERE MERCURY EXCHANGE IN THE 
ARCTIC TUNDRA
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atmospheric hg deposition to Polar regions has been extensively 
studied in coastal zones with the goal to better understand the nature 
and relevance of aMDe's. little attention has been given so far to the 
interior, continental arctic. We will present a comprehensive hg stable 
isotope mass balance of the arctic tundra made at Toolik field station, 
aK and compare our findings with extensive terrestrial - atmosphere 
hg0 flux measurements conducted at the same site. We measured 
stable hg isotope signatures of all important atmospheric (hg0, hgII in 
precipitation, hgII from aMDe's) and geogenic (bedrock) sources and 
major ecosystem reservoirs (vegetation, organic and mineral soils).

The results suggest that vegetation uptake of gaseous elemental 
mercury from the atmosphere is the dominant deposition pathway to 
the terrestrial ecosystem, and contributes about 70% to hg in organic 
soils. We have observed large mass-independent hg isotope anomalies 
in snow during spring, with minimal D199hg values of -1.4‰, which are 
in agreement with previously observed hg isotope signatures during 
the aMDe season at the arctic coast. however, the transfer of hgII from 
aMDe's to the terrestrial ecosystem does not represent a significant 
source (0-5 %), suggesting that most hgII deposited during aMDe's was 
re-emitted prior to snow-melt. The hg isotope signatures in the soils 
and the atmosphere show no indication for substantial re-emission of 
gaseous elemental mercury from the soils.

The hg stable isotope results agree well with micro-metrological flux 
measurements conducted at the same location. both independent 
approaches suggest that vegetation uptake of gaseous elemental hg 
represents the dominant hg flux between the atmosphere and arctic 
tundra soils and they thus represent a net sink for atmospheric hg.
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SEDIMENT HG HOTSPOTS IN THE HURON-ERIE 
CORRIDOR OF THE LAURENTIAN GREAT LAKES 
HAVE CONTRASTING ISOTOPIC SIGNATURES IN 
CANADIAN VERSUS US WATERS, DEMONSTRATING 
LIMITED CROSS-CHANNEL TRANSPORT.
DeMers, Jason1; bluM, Joel1; DrouIllarD, Kenneth2; GrGICaK-
MannIon, alice2; 
(1) University of Michigan, Ann Arbor, United States; (2) University of Windsor, 
Ontario, Canada
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The huron-erie Corridor (heC) within the Great lakes of north america 
is a large riverine connecting channel that flows 157 km through the 
st. Clair river (sCr), lake st Clair (lsC), and the Detroit river (Dr). The 
heC is one of the most industrialized and environmentally impacted 
areas of the Great lakes, with highly hg-contaminated sediment located 
predominantly on the Canadian side of the sCr and on the us side 
of the Dr. The distribution of hg in sediment of the heC is generally 
thought to be a function of localized anthropogenic inputs; however, 
tracking the transport and fate of contaminated sediments in large 
riverine ecosystems is challenging.  We used stable hg isotopes to 
fingerprint and assess the redistribution of sediment hg hotspots. 
sediment samples from the heC had a large range in hg concentration 
(30-6,760 ng/g) and isotopic composition (δ202hg = -2.60 to -0.35‰, 
n=43). Mass independent fractionation was typically small (mean 
∆199hg = 0.06 ± 0.05‰, 1sD).  local background sediment (30 ± 1 
ng/g hg, 1sD, n=3) had a mean δ202hg value of -1.59 ± 0.15‰ (1sD). 
Mercury-contaminated sediment from Canadian waters of the sCr 
(2,560-3,100 ng/g) displayed the most negative δ202hg values (mean 
δ202hg: -2.55 ± 0.07‰, 1sD, n=2), resulting from historic chlor-alkali 
operations.  Within the upstream reach of the Dr, sediment had 
moderately elevated hg concentrations (150-250 ng/g, n=4) and was 
isotopically similar in Canadian and us waters (δ202hg values from 
-2.03 to -1.49‰  and -1.89 to -1.65‰, ± 0.11‰, 2sD; respectively), with 
the exception of one sample from along the us shoreline (80 ng/g 
hg, δ202hg = -1.19 ± 0.11‰, 2sD), generally suggesting the influence 
of upstream inputs from sCr and lsC. Within the midstream and 
downstream Dr, in contrast, the isotopic composition of hg in sediment 
from us waters (δ202hg = -1.53 to -0.43 ± 11‰, 2sD, n=15) was distinct 
from Canadian waters (δ202hg = -1.94 to -1.60 ± 0.11‰, 2sD, n=11), 
excluding one outlier. our results suggest a complex mosaic of localized 
mercury sources with limited cross-channel transport and demonstrates 
the utility of hg isotopes to improve our understanding of contaminated 
sediment redistribution in large riverine ecosystems.  Moreover, the 
large variation in isotopic composition among high hg concentration 
sediment hotspots demonstrates that industrial processes can 
fractionate hg prior to release, and that caution should be used when 
choosing mixing model end members to represent industrial releases 
on regional scales.
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MERCURY ISOTOPIC COMPOSITIONS IN WATER 
COLUMN OF THE HIGH LATITUDE FORESTED LAKES
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lakes are important ecosystems where mercury (hg) may be 
methylated into methylmercury (MMhg) which can pose serious threat 
on aquatic ecosystem through food web bioaccumulation. Therefore, 
it’s crucial to understand the sources and biogeochemical processes 
of hg in lake systems. recent studies demonstrated that mercury 
isotope composition is a powerful tool for tracing its behaviors in 
the environment (1). nevertheless, limited by pre-treatment method 
of dilute hg in natural water, few studies were carried out on hg 
isotope compositions in lake systems (2), and weather the hg isotopic 
fractionation could be triggered by in-lake processes still remain unclear. 
The forested lakes characterized by high ToC concentration in high 
latitude region are such important concern, because the stratification 
in water column caused by temperature gradient in summer and the 
decrease of illumination intensity downward (due to the high ToC 
content) may trigger different hg isotopic fractionation.

In this study, samples from water columns of seven lakes in finland and 
sweden were collected to investigate the fractionation mechanisms 
of hg isotopes. Preliminary results showed that the stratification 
phenomenon is obvious in these lakes in summer.  a concomitant 
decrease of δ 202hg and Δ199hg values towards deeper water was 
observed, likely caused by the various isotopic fractionations induced 
by in-lake processes at different layers. In fact, the Δ199hg/ Δ201hg 
ratio in surface water is about 1.03, very close to that found in the 
photoreduction of hg2+ (3), indicating that the hg isotopic signature 
in surface water is potentially derived from photoreduction of hg2+, 
with a possible contribution of rainwater. The Δ199hg/ Δ201hg slope in 
middle water is 1.19, between 1.00 of hg2+ photoreduction and 1.36 of 
photo-degradation of MMhg, possibly suggesting a mixture of these two 
processes. finally, the Δ199hg/ Δ201hg ratio in bottom water is around 
1.64, similar to the Δ199hg/ Δ201hg (~1.6) introduced by dark reduction 
of hg (4), suggesting a possible control of dark reduction. Thus, the 
application of mercury isotopes may be helpful for better understanding 
the biogeochemical cycle of hg in complicated lake systems.

1) blum J. D., sherman l. s. and Johnson M. W., arePs. 2014, 42, 249-269. 
2) Chen J. b. et al., CG. 2016, 426, 33-44. 3) bergquist, b. a. and  blum, J. 
D., sci. 2007, 318, 417-420. 4) Zheng W. et al, JPCa 2010, 114, 4238-4245.
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IDENTIFICATION OF TWO ISOTOPICALLY DISTINCT 
INDUSTRIAL MERCURY END-MEMBERS IN THE 
SOUTH RIVER, VA
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historic point source mercury (hg) inputs from industrial processes on the 
south river (Waynesboro, Virginia) ended many decades ago, however 
concentrations of hg in the physical reservoirs of the south river remain 
elevated relative to regional background concentrations. To better 
understand hg sources, mobility, and bioavailability in the south river, 
we analyzed Thg concentrations and hg stable isotope compositions 
of streambed sediments, bank soils, suspended particles, and filtered 
surface and bank pore waters. an end-member mixing model is proposed 
which identifies three isotopically distinct pools of hg in the south river 
channel environment near the historic point source. In addition to 
isotopically distinct regional background (low Thg conc., δ202hg~=-1.22‰) 
and contamination-derived hg sources (high Thg conc., δ202hg~=-0.59‰), 
a third end-member was identified with high Thg concentrations and 
relatively low δ202hg values (δ202hg~=-1.00‰). To further elucidate 
the potential source of this previously unidentified hg end-member 
and to constrain the end-member isotopic compositions, higher spatial 
resolution sampling was conducted of previously collected abiotic hg 
reservoirs and of channel-margin hyporheic waters near the historic 
hg point source. These analyses will better constrain the hg isotope 
composition in the river reaches in which the unknown hg end-member is 
present and may allow for determination of the processes from which the 
unknown hg end-member originates. additionally, high volume sampling 
of uncontaminated waters upstream of the former industrial facility was 
conducted to more accurately determine the hg isotopic composition 
of the regional background end-members. analysis of the hg isotope 
composition of dated sediment cores from a hg contamination impacted 
floodplain will further constrain the temporal variability of the hg isotopic 
composition of legacy hg released from the former industrial facility. 
by improving understanding about the spatial and temporal variations 
in hg isotopic composition, this study aims to provide insights into the 
processes that control hg mobility in the south river.
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MERCURY SPECIATION AND ISOTOPE SIGNATURES 
IN SOILS AND GROUNDWATER AT A HGCL<sub>2</
sub> CONTAMINATED SITE - EVIDENCE FOR 
FRACTIONATION PROCESSES DURING SPECIES 
TRANSFORMATIONS CONTROLLING HG MOBILITY 
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even though hg has now been phased out in most industrial applications, 
a large number of legacy sites exist that have been affected by historical 
hg releases. elevated hg levels in soils and waters at these sites represent 
a serious threat for the environment at local and regional scales. The 
long-term fate, mobility, and bioavailability of hg strongly depend on its 
speciation, which is determined by the initial hg compound from the 
industrial contamination source as well as biogeochemical transformation 
processes after release into the environment. understanding the governing 
processes and controls on hg speciation in contaminated subsurface 
environments is essential for risk assessment and site management.

Transformations of hg species cause mass-dependent and mass-
independent fractionation of stable hg isotopes. Thus, variations in hg 
isotope signatures may help identifying and quantifying transformation 
processes of hg species. Previous studies at contaminated sites have 
largely focused on hg isotopes as source tracer, whereas the application 
as process tracer has not been sufficiently explored yet.

here, we present hg speciation and isotope data from soil and 
groundwater collected at a former industrial facility in sW-Germany where 
wood was preserved by hgCl2 treatment (kyanization). up to 25 tons of 
hgCl2 have been released to soil and aquifer during operation, resulting 
in a groundwater contamination plume of 1.3 km length. however, 
fast flowing groundwater and high hg concentrations contrast sharply 
with extremely slow plume movement. It is unclear whether sorption/
desorption or species transformation processes control the strong hg 
retardation in the subsurface.

Thermodesorption analyses indicated the presence of different hg 
species and partial transformation of hgCl2 to hg0 in the contaminated soil 
layers (up to 635 µg g-1 hg). Isotope analyses by CV-MC-ICP-Ms revealed 
significant d202hg variations between sections of a soil core taken close 
to the contamination source and groundwater collected nearby. Most 
groundwater samples (up to 192 µg l-1 hg) were enriched in heavy hg 
isotopes (up to +0.75‰) relative to nIsT-3133. The most contaminated 
soil layers exhibited d202hg values of -0.4‰, consistent with signatures 
of industrial hg sources, whereas layers with lower hg contents were 
isotopically heavier. sequential extractions revealed significant variations 
between different hg soil pools, e.g., isotopically heavy water-extractable 
hg relative to bulk soil in the most contaminated layers. our findings 
provide evidence for hg isotope fractionation in the subsurface of 
contaminated sites and indicate the potential of hg isotope signatures as 
tracer for species transformation processes controlling hg mobility.
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CHANGES IN STABLE ISOTOPE COMPOSITION IN 
LAKE MICHIGAN TROUT – A 40 YEAR PERSPECTIVE
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researchers have frequently sought to use environmental archives 
of sediment, peat and glacial ice to try and assess historical trends in 
atmospheric mercury (hg) deposition to aquatic ecosystems. While 
this information is valuable in the context of identifying temporal 
source trends, these types of assessments cannot account for likely 
changes in bioavailability of hg sources that are tied to the formation 
of methylmercury (Mehg) and accumulation in fish tissues. for this 
study we propose the use of long-term fish archives and hg stable 
isotope determination as an improved means to relate temporal 
changes in fish hg levels to varying hg sources in the Great lakes.  
for this study we acquired 180 archived fish composites from lake 
Michigan over a 40-year time period (1975 to 2014) from the Great 
lakes fish Monitoring and surveillance Program, which were analyzed 
for their total hg content and hg isotope abundances.  The results 
reveal that hg sources to lake Michigan trout (salvelinus namaycush) 
have encountered considerable changes as well as a large shift in the 
food web trophic position as a result of the introduction of several 
invasive species, especially the recent invasion of dreissenid mussels. 
Total hg concentrations span a large range (1,600 to 150 ng g-1) and 
exhibit large variations from 1975 to 1985. Δ199hg signatures similarly 
exhibit large variation (3.2 to 6.9‰) until 1985, followed by less variation 
through the end of the data record in 2014. δ202hg showed a relatively 
consistent value of about 0.4 – 0.8‰ from 1975 to 1988, followed by 
a significant (P<0.0001) shift of about 0.7‰ between 1989 and 1996, 
with relative stability through the end of the record (1.2 - 1.6‰).  This 
δ202hg shift may be linked to a combination of the contemporaneous 
implementation of Clear air act rules limiting hg emissions from waste 
incineration and to changes in carbon cycling resulting from invasive 
mussels.  utilizing annual hg stable isotope variability, we propose a 
dietary convergence in trout isotope values is observable following 
the onset of dreissenid invasion. We aim to independently confirm 
this observation using more traditional stable isotopes (C and n) as 
well as statistical modeling of isotopic shifts. We propose that with the 
combined use of hg, C and n stable isotopes, we can begin to identify 
how hg in fish have been affected by shifting sources portfolios of hg 
and restructuring of food webs over the past 40 years in lake Michigan.
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MERCURY ISOTOPE FRACTIONATION IN THE IDRIJA 
MINING REGION, SLOVENIA
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Idrija mercury mine is world second largest with 500 years history and 
total production of 144.800 tons of mercury, which represents over 
13% of the entire world production. During that time, 107.700 tons of 
commercial mercury have been sold and 37.100 tons of mercury were 
lost into the environment which is after 20 years of mine closure still 
persistent in local environment. Mercury is present in two main forms 
as cinnabar ore (70%) and as native hg(0) (30%). nowadays, the main 
sources of hg in Idrija are: still active mine ventilation shafts, evaporation 
of hg from the heavily polluted surroundings of the former smelting 
plant, mineralized rock dumps of primary or partially exploited ore, 
outcrops of the ore deposit, and ore residues treated in various ways. 
novel methodologies and approaches are developed and used, based 
on identification of mercury isotope fractionation caused by different 
processes and sources of hg during formation of Idrija mine in Triassic. 
This will enable identification of mercury isotope ratios (Ir) characteristic 
for different environmental hg sources and reconstruction of hg mass 
balance in wider Idrija environment, and will significantly contribute 
to assess dynamics and transformations of mercury between former 
mining and smelting operations and local environment. The objective 
of this research was to study hg isotopic compositions and evaluate 
hg isotopic fractionation of different ores from the mercury mine, 
processed (retorted) ore, native elemental hg present in the mine and 
appeared in near-by Idrijca river, and elemental hg, produced in Idrija 
smelting plant. analysis has been done on Cold Vapour Generator 
system (CVG) coupled with MC-ICP-Ms (nu plasma II, nu instruments 
ltd, uK). Initial measurements showed huge difference in δ202hg values 
were obtained for elemental hg, from -4.06 ± 0.19 ‰ in produced 
mercury to -0.74 ± 0.12 ‰ in the native mercury from the mine, whereas 
the native mercury from the Idrijca river presented δ202hg value of 
-0.35 ± 0.15‰. soil core samples from different locations in the mining 
district were analysed and δ202hg values from -1.11 to 0.26 ‰ (2sD = 
0.20 ‰) are presented. hg isotope fingerprints in core samples close 
to the smelting plant show a big difference in comparison with other 
cores. The results, which give new information about hg sources in Idrija 
mining region, will be presented.

FO-032

CAN GOLD-MINING IMPACTS ON THE AQUATIC 
FOOD CHAIN OF THE OYAPOCK RIVER BASIN BE 
DISCRIMINATED BY MERCURY STABLE ISOTOPES?
laffonT, laure1; GoIX, sylvaine2; MenGes, Johannes3; sonKe, Jeroen4; 
Maury-braCheT, régine5; MaurICe, laurence2; 
(1) Univ. Toulouse/OMP-GET, Toulouse, France; (2) IRD/OMP-GET, Toulouse, 
France; (3) U. Postdam, Postdam, Germany; (4) CNRS/OMP-GET, Toulouse, 
Toulouse; (5) Univ. Bordeaux, Bordeaux, France

laure.laffont@get.omp.eu

french Guiana is subjected to intense gold-mining since 1850. 
amalgamation of gold with liquid hg(0) is the main exploitation process 
and, once in the environment, hg is subjected to various biogeochemical 
transformations leading to its methylation in monomethylmercury 
(MMhg). This study aims to determine the influence of gold-mining 
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activities on fish hg contamination. fish constitutes the main source of 
proteins of indigenous populations and their high MMhg concentrations 
could impact human health. We studied total concentration, speciation 
and stable isotopes fractionation of hg in fish of both mining (Camopi) 
and pristine (Trois sauts) areas along the oyapock river and tributaries, 
in french Guiana.

In six fish piscivorous and periphytophageous species studied, a 
bioaccumulation of hg along the trophic chain was clearly shown, with 
average Thg concentrations varying from 20 ng.g-1 d.w. in herbivorous 
species to up to 1750 ng.g-1 d.w. in piscivorous species for the whole 
oyapock r. basin. In the mining area, average Thg concentrations in 
piscivorous species (2450 ng.g-1 d.w.) are significantly higher than in the 
pristine area (1570 ng.g-1 d.w.) while no significant difference is noticed 
for periphytophageous species. speciation analysis showed that hg in 
flesh was mainly in the organic form even in periphytophageous fish, 
representing 75% to 90% of the Thg. analyses of n and C stable isotopes 
also revealed differences between the two locations: two species (one 
herbivorous and one periphytophageous) presented different trophic 
level between Camopi and Trois sauts, d13C being slightly higher in 
the gold-mining area than in the pristine one. Consequently, diet of low 
trophic levels fish species seemed different between both locations. hg 
sources in fish could be discriminated with hg isotope signatures only 
in piscivorous species. anomalies D199hg vs D201hg linear regression 
showed a slope of 0.89 at Camopi and 1.30 at Trois sauts meaning that 
at Camopi, inorganic hg undergone photoreduction before methylation 
and ingestion by piscivorous fish. d13C is correlated with D201hg in 
piscivorous fish showing that hg in Camopi river has different sources 
than in the oyapock r. upstream. The positive shift observed in D201hg 
in piscivorous (+0.12 ‰) fish species between the pristine and the gold 
mining area suggests another hg source in the hydrosystem possibly 
linked to the gold-mining activities. Periphytophageous species have 
D201hg and d202hg higher than the ones of piscivorous species 
reflecting the difference of hg sources inside the trophic chain. The 
hg speciation and stable isotopes fractionation study in the aquatic 
food chain in french Guiana is relevant to limit the hg exposure of 
native population.

2k: Mercury in the oil and gas industry, 
from initial exploration through 
production to end-of-life decommissioning

FO-033

IMPROVED EARLY DETECTION OF MERCURY FOR 
OIL AND GAS DEVELOPMENTS
CooPer, russell1; loPeZ-lInares, francisco1; WanG, Wei2; house, 
andrew3; PesCoD, John3; 
(1) Chevron, Richmond, CA, USA; (2) Chevron, Houston, TX, USA,; (3) Chevron, 
Perth, WA, Australia

russell.cooper@chevron.com

Detection of mercury in early stages of oil and gas project development 
allows for better incorporation of facility designs and hes procedures 
to manage potential risks associated with produced fluids. The ability 
to detect mercury during exploration and appraisal drilling activities 
has improved through enhancements to mercury analysis of downhole 
samples, and increased knowledge of the key geologic risk factors. This 
presentation will discuss an improvement to the analysis of downhole 
fluid samples for mercury content, and illustrate various limitations with 
conventional analysis methods. The improved analysis method includes 
a post-wash of samples chambers to capture mercury which is retained 
in sample chambers (even with so-called inert coatings) this retention 
can range from minimal to concentrations exceeding 1 ppm wt. of 
the original reservoir fluid. under some circumstances, conventional 
analysis of downhole samples can significantly under report mercury 
concentrations. The importance of rigorous Qa/QC protocols will be 
highlighted. reservoir mercury results will be shared that indicate that 
bottom-hole temperature might correlate with mercury concentration 
in produced fluids, and that the equilibrium of mercury and mercury 
sulfide in the reservoir could be the basis for this correlation.

FO-034

ANALYTICAL CHALLENGES - DETERMINATION OF 
MERCURY IN RAW WET NATURAL GAS
Corns, Warren1; shaMaKh, Mohamed2; 
(1) PS Analytical, Orpington/Kent, UK; (2) Khalda Petroleum Company, Salam 
Gas Plant, Egypt

wtc@psanalytical.com

The determination of hg in natural gas is a well-established procedure 
which is routinely used by many laboratories at gas processing plants 
worldwide. Iso 6978 and asTM 6350 are the two methods that are most 
commonly used and these methods are based on gold amalgamation 
with atomic absorption/fluorescence spectrometry. These methods 
however were developed and originally validated for dry export gas. 
In this case, the sample matrix is relatively simple as the sample has 
undergone numerous gas processing purification steps including 
dehydration, acid gas treatment, removal of contaminants such 
as hydrogen sulphide and mercury and also separation of heavier 
hydrocarbons. When the methods are applied to sample point locations 
upstream of gas treatment numerous issues may be encountered and 
as such special sampling precautions have to be made to ensure that 
the accuracy of the method is not compromised. Data will be presented 
from an inter-laboratory field study highlighting the complications of 
determining hg in raw untreated natural gas.

laboratory studies were subsequently conducted using a simulated raw 
natural gas stream containing saturated water and bTeX components. 
The gas stream was spiked with a known concentration of elemental hg 
using a dynamic hg generator system. The effect of these components 
on the accuracy of gold amalgamation with atomic fluorescence was 
studied. several types of gold adsorbents including silica coated with gold 
nanoparticles and gold-platinum wire were studied at different collection 
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temperatures. This work led to the development of a new sampling 
arrangement which was tested in the field on wet untreated natural gas. 
field data will be presented from gas plant in egypt where upstream 
measurements of hg are conducted as process monitoring on site. This 
accuracy of the measurement is crucially important to the oil gas and 
petrochemical industry because of the requirements of these sites to fully 
understand the fate and transport of hg across the processing plant.

FO-035

DEMERCURISATION SOLUTION TO PURIFY 
STREAMS CONTAINING MERCURY UNDER 
DIFFERENT FORMS
barTheleT, Karin1; huGon, antoine1; GuIllou, florent1; GIberT, 
alexandre1; TanGuy, anthony1; lIeneMann, Charles-Philippe1; 
huGues, françois1; bauDoT, arnaud1; 
(1) IFPEN, Vernaison, France

karin.barthelet@ifpen.fr

elemental mercury is a natural contaminant of hydrocarbons streams 
(natural gas, gas condensates, crude oil). In particular, mercury is a safety 
issue in lnG plants, as mercury forms amalgams with aluminum-based 
alloys, leading to corrosion issues on cryogenic exchangers required to 
liquefy natural gas. In hydrocarbon cuts, it will poison refining catalysts, 
especially those containing noble metals.

In natural gas, mercury is essentially present as elemental mercury. 
however, in crude oil or even in gas condensates, mercury is not 
necessarily only under this form, especially if they are submitted to 
air. Indeed, it could be in combination with sulfur. for instance, some 
streams contain solid particles that have been identified as being hgs. In 
other case, they are some mercury compounds that cannot be stripped 
out by gaseous streams. They are considered as refractory compounds. 
although their nature are not very well known, it is supposed that at 
least one part of them are mercury mercaptide, that is to say the result 
of the reaction between mercury and mercaptans.

yet, solutions to eliminate elemental mercury are based on redox 
reaction between elemental mercury and sulfur or metallic sulfur. 
but if mercury is already at a +II oxidation state as it is the case in 
hgs or mercury mercaptides, these reactions cannot occur anymore. 
Consequently either a specific solution has to be developed to trap 
these others types of mercury compounds, or they have to be transform 
into elemental mercury before being trapped. This second option 
is the preferred one as mercury can be under many forms having 
different reactivity.

The way IfPen has optimized solutions dedicated to the total elimination 
of mercury whatever its form is based on the comparison of the 
behavior of synthetic and real crude oil. The objective was double : 
verifying that our hypotheses on the nature of refractory mercury 
compound was reasonable and developing an efficient method to 
eliminate mercury from all kind of hydrocarbon streams. This implies to 
decompose mercury compounds and to trap elemental mercury.

FO-036

FUNCTIONAL SPECIATION OF NON-
VOLATILE, SOLUBLE FORMS OF MERCURY 
IN LIQUID HYDROCARBONS (CRUDE OIL, 
CONDENSATE, NAPHTHA)
KIrby, Matt1; boWer, Matt1; baKer, stuart1; Walls, David1;  
anDreW, Mark1; 
(1) Qa<sup>3</sup>, Winchester, United Kingdom

matt.kirby@qa3.co.uk

Mercury is a naturally occuring contaminant found in almost all oil and 
gas reservoirs, existing in a range of concentrations and in a number of 
different forms.

This causes a number of issues when the oil is processed, including 
corrosion and the potential for worker exposure and release to the 
environment. There are a number of options for removal of mercury 
from liquid hydrocarbons, which are predominantly focused on 
removal of elemental mercury. In order to understand how much 
mercury will be removed by a given process the mercury needs to be 
speciated to ascertain which forms are present. Due to the losses of 
mercury observed over time when samples are stored and the proven 
transformation of mercury from one species to another in relatively 
short time periods in liquid hydrocarbons, it is desirable to perform 
speciation analysis immediately after sampling. This limits the use of 
analytical molecular speciation techniques such as GC-ICP-Ms since 
these instrumental techniques are not portable.

The international standard test method uoP-938 allows on-site 
functional speciation using the physical and chemical properties of 
mercury species to categorise mercury as; elemental / soluble ionic / 
soluble non-ionic / insoluble.

This presentation details work carried out to better understand which 
mercury compounds are included in the groups labelled soluble ionic 
and soluble non-ionic as there is very little literature information 
available on this subject. This study has provided information on which 
compounds fall into which category, which is valuable in the evaluation 
of whether a removal technology will in fact remove the mercury 
(without having to instigate a live trial), and where the mercury can be 
expected to partition within the hydrocarbon processing system.

FO-037

MANAGING MERCURY CONTAMINATED WASTES 
FROM THE OIL AND GAS INDUSTRY
KerferD, Jeffrey1; 
(1) Contract Resources, Western Australia, Australia

jkerferd@contractresources.com

Trace concentrations of mercury are found in all hydrocarbon reservoirs 
across the world presenting risks to personnel, process equipment, 
and the environment. The effects of mercury on personnel has been 
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well researched with exposure limits in place for both inhalation and 
skin absorption exposure routes. The effect of mercury in oil and 
gas processing equipment has also been well documented due to a 
number catastrophic, mercury related incidents such as skikida (algeria) 
and Moomba (australia). In both of these incidents the occurrence of 
liquid Metal embrittlement resulted in critical failure of an aluminum 
component within the process system. These failures led to explosions, 
which caused significant damage to the facilities and in the case of 
skikida a significant loss of life. learnings from these incidents have 
resulted in improved understanding and accepted industry standards 
for the removal of mercury from feed streams in both oil and gas 
processing facilities. To date, however no such standards have been 
developed for the disposal of mercury or mercury associated waste 
streams that are generated through scrubbing or maintenance activities 
at these facilities. Waste streams can include mercury contaminated 
PPe, piping/plant, equipment, sludges, scale and mercury guard bed 
adsorbents. Treatment processes for mercury waste streams are varied 
and requirements for disposal are largely driven by regulation. This has 
resulted in variation of mercury waste management practices not only 
between geographical regions, but also from country to country.

This session investigates mercury processing technologies and how 
the limited availability of dedicated mercury treatment facilities has 
limited standardization of mercury waste management across the 
industry. It also explores the suitability of the current hub and spoke 
model utilized by the major mercury recyclers given the requirementsfor 
international trans-country movements of mercury waste under the 
basel Convention.

FO-038

EXPERIMENTAL RESULTS AND 
PHENOMENOLOGICAL MODELING OF ELEMENTAL 
MERCURY ADSORPTION ON SULFIDED 
HYDROXYAPATITE ADSORBENTS
CaMarGo, Carla1; De resenDe, neuman1; salIM, Vera1; 
(1) Universidade Federal do Rio de Janeiro, Chemical Engineering Program 
(PEQ/COPPE), Rio de Janeiro, Brazil

cmanske@peq.coppe.ufrj.br

hydroxyapatite-based adsorbents have been pointed out as high 
capacity adsorbents for the mercury removal from liquid or vapor 
phase. In this work, hydroxyapatites modified with metal sulfides were 
successfully employed for adsorption of trace elemental mercury (hg0) 
from gaseous hydrocarbon streams such as natural gas.

Dynamics of mercury adsorption by the synthesized adsorbents was 
investigated in a fixed-bed adsorption process, one of most promising 
technologies for elemental mercury (hg0) removal from gaseous 
streams. four different adsorption tests were carried out with the 
following operational conditions, respectively for the T-1, T-2, T-3, and 
T-4 tests: initial mercury concentrations of 9.46, 8.96, 12.5, and 11.2 
ng.ml-1; adsorbent metal content of 2.1, 2.1, 5.4 and 4.8 %; bed length 
of 1.25, 0.5, 0.5, and 1.0 cm. other conditions are the same for all tests: 

temperature and diameter of reactor of 301K and 0.5 cm, respectively, 
and gas flow rate of 30ml.min-1.

a mathematical model were developed based on experimental 
information of nitrogen physisorption at 77K, X-ray diffraction (XrD), 
X-ray fluorescence (Xrf), scanning electron microscopy (seM), and 
energy dispersive X-ray spectroscopy (eDs) techniques of the raw 
and modified adsorbent and thermal desorption of used adsorbent 
samples. The proposed model includes intraparticle diffusion and 
chemical reaction between hg0 and two types of metal sulfides present 
in the internal surface of adsorbent particle.

Model parameters such as bed porosity, particle porosity and 
intraparticle diffusion coefficient were calculated based on adsorbent 
characterization results. Kinetic and maximum capacity parameters 
were estimated from the experimental breakthrough curves of the 
two longer adsorption tests (T-1 and T-3, with time duration of 95 and 
49 days, respectively). Calculated results were in good agreement with 
experimental breakthrough curves and estimated model parameters 
were statistically significant. Indeed, these parameters were validated 
with the experimental breakthrough curves of the two other adsorption 
tests (T-2 and T-4) and the similarity between experimental and 
calculated results corroborate the proposed phenomenology of mercury 
removal by hydroxyapatite-based adsorbents.

FO-039

THE MITIGATION AND ELIMINATION OF MERCURY 
BY DECONTAMINATION AND REHABILITATION 
OF CONTAMINATED PROCESS SYSTEMS, 
ASSETS AND THEIR WASTE STREAMS FOR SAFER 
TRANSPORTATION, TREATMENT AND DISPOSAL
hunTer, lee1; 
(1) Total Hazardous and Integrated Solutions, Chonburi, Thailand

lee.jr.hunter@isthesolution.com

even though it is just a metal, in industries where Mercury is a naturally 
occurring contaminant or even a required process component its 
dynamic and phenomenal cyclic characteristics are still not widely 
known or fully understood.

Global industry continues to drive forward with production, research, 
development, adaptation, mitigation, treatment and disposal of 
mercury, mercury compounds and mercury-contaminated products, 
but there are still large areas of the industrial process that have yet 
to be fully or properly addressed, although it could be argued that is 
mainly due to it being directly related to end-of-life on the process and 
containment infrastructure. The issue is carbon steel.

Carbon steel acts as a scavenger, capturing any mercury or mercury 
compounds from within process streams and retaining it, in various 
conditional states, along the surface of the steel, within layers of 
corrosion, areas of deposition and within the surface matrix of the 
steel substrate.
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In particular, Mercury contamination can cause problems to offshore 
processing platforms and other downstream hydrocarbon production 
facilities, as well as the intermediate infrastructure. The oil Gas industry 
is aware of the cycle phenomenon whereby Mercury is absorbed 
into the surface matrix of carbon steel pipelines during the process 
and transportation of contaminated hydrocarbon mediums and its 
subsequent ability to desorb back out from the steel surface and return 
to those same, or new uncontaminated, streams. however, the fate of 
the carbon steel pipelines, vessels and equipment falls under further 
limitations with lengthy, costly and typically unverifiable results until 
now!

as a growing concern among operators and companies around the 
world the decommissioning, disassembly and disposal of contaminated 
assets, subsea pipelines, platforms and refineries has always had its 
limits with current legislation, and most commercial applications, only 
dealing with the decontamination of free (adsorbed) Mercury from 
system internals prior to its decommissioning.

It is now possible to fully remove mercury from the surface matrix 
of carbon steel, in a repeatable manner, which ensures that the 
decontaminated carbon steel sections meet the strict acceptance criteria 
for recycling purposes using a licensed steel smelter.

understanding the contaminant and how it behaves under certain 
conditions has been key to developing a selection of decontamination 
methods and applications that can now be applied quickly and 
methodically in remote locations as well as sensitive and dynamic 
environments while also providing flexibility and certainty to meet 
limited, but licensed, final waste disposal routes and best practices.

FO-040

AXENS MERCURY REMOVAL SOLUTIONS 
APPROACH FOR OIL & GAS INDUSTRY
JubIn, Clotilde1; DuCreuX, olivier1; 
(1) Axens, Rueil Malmaison, France

clotilde.jubin@axens.net

Mercury has to be removed from hydrocarbon streams due to safety 
issues and to protect health, environment and equipment. We are 
going to focus on a non-regenerative adsorbent based on the chemical 
reaction between mercury and the sulphur of active phase (metal 
sulphide) to form non-hazardous and very stable cinnabar (hgs). The 
limitation factor of this chemisorption mechanism is the mercury 
diffusion. Mercury diffusion issues lead to an increase of the axial 
dispersion inside the vessel which can be responsible for a premature 
mercury breakthrough. Therefore adsorbents have to be designed to 
minimize the diffusion issues.

This innovative technology consists of an active phase highly dispersed 
on an optimized alumina carrier. The specificity of these adsorbents is to 
maximize the number of active sites accessible for the chemical reaction 
with the mercury. Indeed, the active sites number has been maximized 
and the porosity design has been tailored. This alumina carrier is highly 

mechanically resistant and thanks to its way of preparation, the active 
phase is strongly linked to the alumina carrier. Different adsorbents 
devoted to specific gas or liquid application have been developed.

experience in the manufacturing of mercury removal adsorbents is 
completed with licensing and associated technical services activities, 
leading to a mercury removal global offer from design to disposal. This 
complete integrated offer covers: mercury analyses, pilot tests, on-site 
tests, process selection, performances and lifetime projections, process 
design package delivery, skid-mounted packages delivery, adsorbent 
loading supervision, unit follow-up and adsorbent unloading supervision 
and spent adsorbent disposal logistic.

feasibility study of the adsorbent solution and performances simulation 
are also required for selection of the most appropriate adsorbent for 
specific operating conditions. The modeling tool takes into account 
diffusion limitation and provides mercury adsorption profile within 
adsorbent bed and mercury breakthrough curves versus time. This 
model fits with pilot tests and industrial units results. on-site tests are 
also very useful to confirm this selection.

In this presentation the mercury removal performances of the latest 
adsorbent developed with this technology, axTrap 283, will be discussed. 
Then, based on case studies, the interest of the modeling tool and of 
on-site tests to predict the mercury adsorption profile within adsorbent 
bed will be highlighted.

4d-4: Technologies and approaches for 
mitigating mercury emissions

FO-041

CURRENT STATUS OF COMPLIANCE MERCURY 
MONITORING AT COAL FIRED POWER AND CEMENT 
PLANTS IN THE USA
sIPersTeIn, Joseph1; sChneIDer, anthony1; neyMan, Mike1; WooD, 
shawn1; MerTZ, andrew1; 
(1) Ohio Lumex, Solon, Ohio, USA

jsiperstein@ohiolumex.com

Mercury emissions from coal - fired power and Cement producing plants 
have been recently regulated in the u.s. by a set of rules set forth in the 
Mercury and air Toxics standards (MaTs) and national emission standards 
for hazardous air Pollutant (neshaP). These rules are anticipated to 
significantly reduce mercury emissions and consequently lower the 
concentration of mercury in the flue gas effluent from these facilities.

This presentation will give an overview and discuss the current status 
of mercury measurements and compliance methods available for 
Plant operators.

accumulated field experience on continuous monitoring at very low 
levels using sorbent trap technology will be presented. as sorbent 
traps pre-concentrate the sample prior to analysis, they have the ability 
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to accurately measure very low mercury levels. In fact, sorbent trap-
based mercury monitors (sTMM) might be the only approach that can 
accurately measure at the levels mandated by MaTs.

a number of sTMM systems have been operating in states that required 
mercury emission monitoring prior to MaTs. as a result, electric 
utilities have become familiar with the technology and maintenance 
requirements and costs are well characterized. although operating 
costs are comparable to those of a traditional continuous emission 
monitoring system (CeMs), the annualized total cost for sTMM systems 
is considerably less.

The disadvantage of sorbent - trap based mercury monitoring is the 
lack of temporal resolution in the data as would be required for process 
control. however, sTMM systems could be coupled with a CeMs if feedback 
for process control is needed. The CeMs could be configured just for 
process intelligence without the constraints when accumulating data for 
compliance demonstration. experience from different Power Plants using 
portable CeMs for process control along with sTMM will be presented.

FO-042

IMPROVING MERCURY REMOVAL EFFICIENCY 
BY CATALYTIC MEANS FOR BITUMINOUS AND 
LIGNITE FIRED POWER PLANTS IN EUROPE AND 
NORTH AMERICA
alCoVe-ClaVe, silvia1; nash, Michael2; branDMaIr, Maria3; huber, 
Manop3; rePP, David2; yeh, Thomas4; anDersen, Paul4; 
(1) Johnson Matthey, Reading, United Kingdom; (2) Johnson Matthey, 
Alpharetta, GA , USA; (3) Johnson Matthey Catalysts GmbH, Redwitz, Germany

alcovs@matthey.com

Mercury emissions from coal - fired power and Cement producing 
plants have been recently regulated in the u.s. by a set of rules set forth 
in the Mercury and air Toxics standards (MaTs) and national emission 
standards for hazardous air Pollutant (neshaP). These rules are 
anticipated to significantly reduce mercury emissions and consequently 
lower the concentration of mercury in the flue gas effluent from 
these facilities.

This presentation will give an overview and discuss the current status 
of mercury measurements and compliance methods available for 
Plant operators.

accumulated field experience on continuous monitoring at very low 
levels using sorbent trap technology will be presented. as sorbent 
traps pre-concentrate the sample prior to analysis, they have the ability 
to accurately measure very low mercury levels. In fact, sorbent trap-
based mercury monitors (sTMM) might be the only approach that can 
accurately measure at the levels mandated by MaTs.

a number of sTMM systems have been operating in states that required 
mercury emission monitoring prior to MaTs. as a result, electric 
utilities have become familiar with the technology and maintenance 
requirements and costs are well characterized. although operating 

costs are comparable to those of a traditional continuous emission 
monitoring system (CeMs), the annualized total cost for sTMM systems 
is considerably less.

The disadvantage of sorbent - trap based mercury monitoring is the 
lack of temporal resolution in the data as would be required for process 
control. however, sTMM systems could be coupled with a CeMs if 
feedback for process control is needed. The CeMs could be configured 
just for process intelligence without the constraints when accumulating 
data for compliance demonstration. experience from different Power 
Plants using portable CeMs for process control along with sTMM will 
be presented.

FO-043

THERMAL DESORPTION OF HG COMPOUNDS 
FROM THE WFGD GYPSUM STUDIED BY MASS 
SPECTROMETRIC DETECTION
PaVlIn, Majda1; PoPoVIĆ, arkadij2; horVaT, Milena1; 
(1) Jožef Stefan Institute; Jožef Stefan International Postgraduate School, 
Ljubljana, Slovenia; (2) Jožef Stefan Institute, Ljubljana, Slovenia

majda.pavlin@ijs.si

Gypsum is a byproduct of the wet flue gas desulphurization (WfGD) 
system, which is most commonly used clean technology in the coal 
burning industry. In addition to gypsum, being the main product of 
desulphurization process, several other compounds are formed, 
among which ferro-ferry oxy-hydroxides are very important due to 
their abundances in WfGD gypsum and their adsorptive properties. 
The thermal stability of mercury compounds in gypsum has become an 
important issue recently, due to a potential use of gypsum in the context 
of circular economy.

In this work, quadrupole mass spectrometer (QMs), with direct sampling 
into the closed ion source with cross beam configuration was applied 
as a detector, instead of commonly used CV-aas. The arrangement 
enabled us to measure samples with hg concentration bellow 50 ng 
g-1 using at least 5 mg of sample. The QMs allows the detection of 
several ions simultaneously with a dynamic range of 107. In addition 
to hg, other ionic species such as hCl+, h2s+, so2+, so3+ can also be 
measured. unfortunately no correlation could be found with hg+ ions in 
desorption spectra, probably due to high difference in hg+ versus hCl+ 
etc. concentrations.

Three different gypsum slurries of block 6 were taken from lignite 
burning power plant. all gypsum slurries were additionally separated 
into two phases by gravitation (particle size of finer ~0.1-50 µm and 
coarse ~10-150 µm fraction). Thermograms (desorption spectra) 
obtained from all analysed samples exhibit one single desorption peak 
at about 230±20°C. Considering iron as a crucial factor in understanding 
adsorption/desorption process we performed a number of simulation 
experiments with and without iron, in the form of feooh, using 
saturated solution of Caso4·2h2o (~2g/l) and different hg-compounds 
such as hgCl2, hg2Cl2, hgo, hgso4 and hg2so4. In all cases the 



ORAL ABSTRACTS ICMGP2017 The 13Th InTernaTIonal ConferenCe on MerCury as a Global PolluTanT InTeGRATInG MeRCuRy ReSeARCh And POLICy In A ChAnGInG WORLd July 16 – 21, 2017 · ProVIDenCe, rhoDe IslanD, usa 177

resulting thermograms (that contain feooh) exhibit single peak at 
similar temperature (230±30°C) irrespective to the form of hg that was 
added to gypsum solution showing similar picture to the WfGD samples.

Thermograms obtained in this study differ from those in previous work, 
where gypsum slurry was taken from different blocks. This reflects 
importance of WfGD chemistry and aPCDs (only block 6 has installed 
sCr). It is assumed that in a specific gypsum slurry adsorption/binding 
process of hg is similar in all cases no matter to hg-species present. 
further studies are needed to confirm this.

FO-044

DFT AND EXPERIMENTAL STUDIES ON EFFECT 
MECHANISM OF H2S ON MERCURY REMOVAL 
DURING COAL GASIFICATION
shen, fenghua1; lIu, Jing1; yanG, yingju1; MIao, sen1; 
(1) Huazhong University of Science and Technology, Wuhan, Hubei Province, 
P.R. China

fhshen@163.com

The development of effective sorbents for hg0 removal during coal 
gasification has attracted increasing concern in recent years. h2s 
presents in the flue gas of coal gasification and plays an important role 
in hg0 adsorption. however, the effect of h2s on hg0 adsorption and 
the stable forms of mercury on carbon surface during coal gasification 
are still unclear. furthermore, there is even controversy on the effect 
of h2s on hg0 adsorption. understanding the effect mechanism of 
h2s on hg0 adsorption is important to the design of carbons with 
faster kinetics and greater capacities for hg0 removal during coal 
gasification. The present study addressed the effect mechanism of 
h2s on hg0 adsorption at the molecular level by performing density 
functional calculations. The theoretical results indicate that the eley-
rideal mechanism with hg0 adsorption on sulfur adsorbed carbon 
surface is the most possible reaction process for the formation of hgs. 
The theoretical results are further verified by experiment and a group 
of adsorption experiments are conducted. The hg0 removal efficiency 
of carbon increases significantly in the presence of h2s. The hg0 
removal efficiency of h2s pre-adsorbed carbon is higher than that of 
the adsorption on original carbon. This suggests that h2s adsorption 
can form active sites on carbon surface and then improve the removal 
of hg0, which is in good agreement with the DfT calculation results. 
Temperature programmed desorption results indicate that hg0 is more 
likely to be adsorbed by active sites which formed by h2s adsorption. 
XPs analysis suggests that hg0 can react with sulfur species on carbon 
surface. Combining experimental and computational results together, 
the eleyrideal mechanism with h2s pre-adsorption can be determined.

FO-045

MERCURY ADSORPTION ON POROUS CARBON 
AND THE EFFECT MECHANISM OF OXYGEN 
FUNCTIONAL GROUPS
shen, fenghua1; lIu, Jing1; ZhanG, shihong1; yanG, yingju1; MIao, sen1; 
(1) State Key Laboratory of Coal Combustion, Huazhong University of Science 
and Technology, Wuhan, China

m201571176@hust.edu.cn

Porous carbons have ordered pore structure and high surface area, 
and are much more renewable than activated carbons. They have the 
potential to remove hg0 from flue gas effectively. The hg0 removal 
ability of porous carbon is higher than that of activated carbon. This is 
owing to the excellent surface physical properties of porous carbon. 
non-thermal plasma is used to modify porous carbon to achieve better 
hg0 adsorption efficiency. This modification method can produce active 
species to improve the surface chemical properties of porous carbon in 
a less costly way. The results indicate that porous carbon treated with 
non-thermal plasma has higher hg0 removal efficiency than others, 
and longer treatment time results in higher efficiency. The main reason 
is that non-thermal plasma treatment increases oxygen functional 
groups on porous carbon surface, which plays an important role in hg0 
absorption. Density functional calculations were performed to provide 
molecular-level understanding of the effects of oxygen functional groups 
on hg0 adsorption on porous carbon. The results indicate that oxygen 
functional groups can improve the adsorption of hg0 because they 
increase the neighboring site’s activity for hg0 adsorption.

FO-046

AN EFFICIENT SORBENT BASED ON CUCL2 LOADED 
CEO2-ZRO2 SOLID SOLUTION FOR ELEMENTAL 
MERCURY REMOVAL FROM CHLORINE-FREE 
FLUE GAS
Zhou, Zijian1; lIu, Xiaowei1; Xu, Minghou1; 
(1) Huazhong University of Science & Technology, Wuhan, China

zhouzj_sklcc@hust.edu.cn

To remove elemental mercury (hg0) in chlorine-free coal combustion 
flue gas efficiently, a series of sorbents based on CuCl2 loaded 
Ce0.67Zr0.33o2 solid solution (denoted as CuCl2/CZ) were developed. 
In this way, the abundant Cl and affluent active chemical adsorbed 
oxygen (o*) on the sorbent would be combined and made full use for 
hg0 removal. The XrD, XPs, fseM-eDX, raman, TG, and n2 adsorption/
desorption were employed to characterize the catalysts. The hg0 
removal behaviors over CuCl2/CZ were studied using a laboratory-scale 
fixed-bed reactor. The catalyst with optimal loading 6% CuCl2 exhibited 
better performances (89.6%-97.1%) within a much wider applicable 
temperature range (100-300°C) in the absence of hCl with a much 
higher gas hourly space velocity (380,000 h-1). The results indicated that 
the mercury removal efficiency over CuCl2/CZ was higher than those 
over the reported CuCl2 supported on al2o3, fe2o3, Tio2, activated 
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carbon, zeolites, etc. The interaction between Cl and chemical adsorbed 
oxygen was probably responsible for its superior performance. The 
XPs results of the fresh, thermally treated, and spent 6% CuCl2/CZ 
might explain the hg0 oxidation process. hg0 was firstly oxidized by 
consuming lattice Cl in CuCl2, and reducing it to CuCl. Then, the CuCl 
will be oxidized to an intermediate product (Cu2oCl2) by o2. as no Cu+ 
was observed and oxygen enrichment was detected on the spent CuCl2/
CZ sorbent, the Cu2oCl2 then could be decomposed and generated 
CuCl2. In this way, some lattice Cl was consumed and there was no 
more Cl species in the chlorine-free flue gas which could replenish the 
consumed lattice Cl. fortunately, for the 6% CuCl2/CZ, the hg0 removal 
efficiency still kept higher than 80% after 24 hour tests with 380,000 
h-1 space velocity. The spent catalyst could be regenerated under hCl 
and o2 stream after thermally treated at 350-450°C. so2 (1000 ppmv) 
just slightly inhibited the hg0 removal efficiency even though there was 
some steam (5% v/v) in the flue gas.

FO-047

MERCURY BEHAVIOR IN HYBRID FILTER WITH 
ACTIVATED CARBON COATING
sunG, Jin-ho1; seo, yong-Chil1; JanG, ha-na1; baCK, seung-Ki1; JurnG, 
Jong-soo2; 
(1) Yonsei university, Wonju, South Korea; (2) KIST, Seoul, South Korea

skssung@paran.com

air pollutant control devices in coal-fired power plant were mainly 
consisted of a selective catalyst reactor (sCr), an electrostatic precipitator 
(esP) and a flue gas desulfurization (fGD). In this configuration, 
elemental mercury was oxidized by temperature decrease, existence of 
complexity, and reaction with halogens. Then the oxidized mercury was 
usually removed by adsorption in fly ash or wet type control device. as a 
result, the elemental mercury was dominant in flue gas from coal-fired 
power plant. adsorption by activated carbon was introduced as one 
of the best available technologies in removal of element mercury in 
flue gas. In this study, mercury removal efficiency was investigated for 
the hybrid filter (hf) with activated carbon coating. hf was combined 
with bag filter and esP in a single chamber and originally designed to 
remove fine particulates and retrofitted to the flue gas control device 
for mercury simultaneously. In lab-scale experiment, pressure drop 
and mercury removal efficiency were analyzed for determining optimal 
activated carbon coating rate at the operating facility conditions at a 
coal-fired power plant. after then, the activated carbon optimally coated 
filter was applied to the pilot-scale hf which was installed between esP 
and fGD in a commercial coal-fired power plant. The effect of activated 
carbon filter in hf on mercury removal efficiency was investigated by 
measuring and comparing mercury concentrations between inlet and 
outlet of hf.

FO-048

MERCURY METHYLATION POTENTIAL OF WASTE 
CARBON SORBENTS USED FOR MERCURY 
VAPOR CAPTURE
DIrInGer, sarah1; rIVera, nelson1; Deshusses, Marc1; hsu-KIM, 
heileen1; 
(1) Duke University, Durham, NC, USA

sarah.diringer@duke.edu

black carbon sorbents, such as activated carbon and biochar, are used 
for mercury vapor capture for flue gas treatment and other applications. 
In our previous research, we developed easy-to-manufacture sulfurized 
activated carbon and biochar sorbents for hg(0) vapor capture for 
low-resource end-users such as artisanal mining operations. These 
sulfurized carbons sorbents substantially reduced hg vapors in gas 
streams relative to unsulfurized sorbents. however, the stability and 
bioavailability of the sorbed hg, particularly in landfills and other 
waste disposal impoundments, has not been closely studied. In this 
research, we examine methylmercury (Mehg) production potential of 
spent carbon sorbents after incubating in sediment slurries. five types 
of carbon sorbents (including sulfurized and unsulfurized activated 
carbon, biochar, and a commercially produced activated carbon for 
flue gas application) were each loaded with approximately 10 mg/kg of 
elemental hg. The sorbents were added to anaerobic sediment slurries 
to a mass content of 5% relative to sediment dry mass. a replicate slurry 
received dissolved hg as a control to simulate atmospheric deposition 
or highly reactive hg. after a 5 day incubation at room temperature, net 
Mehg production was ten times greater in slurries amended with low-
technology sulfurized sorbents as compared to unsulfurized activated 
carbon or biochar alone. sulfurized sorbents leached significantly more 
hg and sulfate than their non-sulfurized counterparts in desorption 
experiments performed in parallel to the sediment slurry experiments. 
analysis of the sulfurized sorbents via X-ray spectroscopic methods 
revealed that the sorbents contained a mixture of sulfur species, 
including sulfate, thiosulfate and reduced sulfur (oxidation state equal 
to 0 or less). sorbed hg tended to co-locate with reduced sulfur on the 
surface of the carbon particles. The substantial presence of sulfate 
on the sulfurized sorbents likely contributed to hg methylation by 
stimulating the growth of methylating sulfate reducing bacteria in the 
slurries. This research shows that spent sorbents for hg vapor capture 
can have unintended consequences if they are inappropriately disposed.
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1g: Mercury through time – Reconstructing 
Hg-deposition using natural archives

MP-001

SHIFTS IN HISTORIC MERCURY SOURCES IN SELECT 
UPPER MIDWEST USA LAKES: EVIDENCE FROM 
MERCURY STABLE ISOTOPES
Zhu, Chuanwei1; enGsTroM, Daniel2; KrabbenhofT, David3; lePaK, 
ryan4; Janssen, sarah3; yIn, runsheng1; hurley, James4; 
(1) State Key Laboratory of Ore Deposit Geochemistry, Guiyang, China; (2) St. 
Croix Watershed Research Station, Science Museum of Minnesota, Marine on 
St. Croix, MN, United States; (3) United States Geological Survey, Middleton, 
WI, United States; (4) University of Wisconsin - Madison Environmental 
Chemistry and Technology Program, Madison, WI, United States

hurley@aqua.wisc.edu

Mercury (hg), a globally distributed air pollutant, primarily enters 
aquatic ecosystems through watershed runoff, industrial discharges, 
soil erosion, and direct atmospheric deposition. The distribution of hg in 
sediment profiles, coupled with high-resolution age dating (e.g., 210Pb 
and 137Cs), have been broadly used to evaluate historical changes in 
hg inputs. In sediment cores lacking direct contaminant discharges, 
enrichment factors are typically 2-4 times due to atmospheric inputs. 
however, in lakes with obvious local contamination histories, it is often 
difficult to separate atmospheric inputs versus direct point source 
contamination and other enriched watershed inputs. recently, stable 
isotopic hg analyses of sediment cores have been shown to be powerful 
tools for identifying specific hg contamination events in rivers, lakes, and 
coastal regions. In this study, we investigated the deposition influx and 
isotopic composition of hg in several sediment cores from lakes with 
a history of contamination in the upper Midwest usa, including lake 
Pepin on the Mississippi river, lake Mendota, and lake Michigan (open 
lake and within Green bay). Mercury influx in these lake cores begin 
to increase in the mid-1800s, and peaked in the 1970s. In all instances, 
permanent enrichment of δ202hg was observed following the onset of 
industrial contamination. The utility of mass independent fractionation 
(mainly reported as Δ199hg) as a tracer for sources and processes 
became less apparent following industrial contamination. both lake 
Pepin and lake Michigan exhibit decreases in concentration following 
the 1970s peak, without obvious changes in isotopic composition, 
suggestive of a decrease in hg influx without changes in hg sources. 
In order to identify isotopic signatures representative of single sources 
of hg in the region, our ongoing studies include sediment cores from 
lakes with contrasting watershed to lake surface area ratios to assess 
atmospheric versus watershed influences. Through the comparison 
of lakes without a history of point source contamination, we expect 
to develop source attribution models for which we can apply to more 
complex systems in the upper Midwest (e.g., lake Pepin, lake Mendota 
and lake Michigan).

MP-002

EXAMINING THE EFFECTS OF CLEAR-CUT 
LOGGING-RELATED CANOPY REMOVAL 
ON HG ACCUMULATION AND STORAGE IN 
PACIFIC NORTHWEST (USA) OLD-GROWTH 
FOREST ECOSYSTEMS
bIsWas, abir1; bueChel, andrew2; burrIs, David2; KrueGer, Kyle2; 
sMITh, Mariah2; hIbI, Kazuki2; Zobel, Donald3; anTos, Joseph4; fIsCher, 
Dylan5; 
(1) Evegreen Biogeochemistry and Ecology Laboratory, The Evergreen State 
College, Olympia, WA, USA; (2) The Evergreen State College, Olympia, WA, 
USA; (3) Department of Botany and Plant Pathology, Oregon State University, 
Corvallis, OR, USA; (4) University of Victoria, Department of Biology, Victoria, 
BC, Canada; (5) Evergreen Ecosystem Ecology Laboratory, The Evergreen State 
College, Olympia, WA, USA

biswasa@evergreen.edu

Mercury inputs to forest ecosystems are driven by atmospheric 
deposition to the forest canopy and soils, and perturbations related 
to clear-cut logging practices, specifically the removal of the canopy, 
impact hg inputs and storage in these terrestrial ecosystems.  at our 
study sites in the tephra fall zone of the 1980 Mt. st helens volcanic 
eruption, the tephra deposits provide a clear marker that permits the 
study of mercury (and carbon) in surficial soils that have developed 
following the eruption at old-growth forest sites and adjacent sites that 
were clear-cut just prior to 1980. The ~15cm tephra deposition at these 
sites crushed the understory and left the forest overstory intact at the 
old-growth sites, allowing mercury deposition associated with canopy 
processes and litter deposition to be incorporated into overlying soils. 
We collected surficial soils and underlying 1980 tephra, at sites with 
known tree canopy species at the old growth and formerly clear-cut 
sites to quantify post-1980 mercury accumulation and storage in 
soils. at the old-growth sites, we mapped tree species and were able 
to investigate potential differences in the roles that specific species 
may play in influencing soil mercury accumulation. overall hg storage 
through the tephra layer in the soil at our sites averaged 18.60 ± 6.85 
g hg/ha at old growth and 8.86 ± 4.69 g hg/ha at clear-cut sites. The 
organic horizon of the soil accounted for 42% and 16% of hg storage in 
the old growth and clear-cut sites respectively. The enhanced hg storage 
observed in the old-growth forest soils illustrates the significant role the 
canopy played in both scavenging hg from the atmosphere (over the 
33 years between sampling and eruption) and likewise in the enhanced 
hg retention in underlying soils via carbon addition. a stronger positive 
correlation between hg and C concentrations was observed in the old 
growth sites (r2 = 0.63) than in those clear-cut in the past (r2= 0.49). We 
estimate that annual hg accumulation in soils at old growth and clear-
cut sites were 0.51 g hg/ha/yr and 0.22 g hg/ha/yr respectively, such that 
the old growth canopy resulted in 0.29 g hg/ha/yr more hg stored in 
underlying soils.
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MP-003

DISTRIBUTION OF TOTAL-HG IN A MARINE 
SAPROPEL FROM MANGROVE LAKE, BERMUDA
CIZDZIel, James1; Chen, Jingjing2; WallaCe, Davin3; sCIrCle, austin1; 
Zhou, ying2; 
(1) Department of Chemistry, University of Mississippi, Mississippi, United 
States; (2) Zheijiang University of Technology, Zhejiang, China; (3) Division of 
Marine Science, University of Southern Mississippi, Stennis Space Center, USA

cizdziel@olemiss.edu

Mercury (hg) is a toxic global pollutant emitted by both natural and 
anthropogenic sources and dispersed through the air. Mercury deposition 
rates have increased in the past century as documented by lake sediment 
cores and other markers. sapropels are organic-rich sediments composed 
primarily of dead algae, and include forms of sulfur that bind and retain 
hg.  Investigations into the distribution of hg in sapropel cores are 
relatively few and none have been measured on bermuda, a remote 
island in the atlantic ocean over a 1000 km from the us Coast. here, 
we determined total-hg in two sapropel cores from Mangrove lake, 
bermuda.  The cores dated back ~1800 years before present (bP) based 
on an independent bayesian-based age depth model. There was a sharp 
rise in the uppermost layers of the core starting at ~45 cm corresponding 
to the ~1900’s (aD).  Mean concentrations in this upper region were 317 
ng/g with a high of 420 ng/g (dw basis). There was also a general rise 
starting around the 1700’s with an anomalously high point at ~1800 aD, 
coinciding with ship and fortress building on the Island. background 
(pre-industrialization) levels were generally less than 100 ng/g. however, 
the lower portion of the two cores differed, with Ml3 having a relatively 
low & consistent background. In contrast, Ml1 had added features. from 
the core bottom, hg: (1) decreased during ~500 to ~1500 aD, (2) increased 
from ~1500 to ~1800 aD, (3) spiked at ~1800; (4) leveled out at ~70 ng/g 
during the 1800’s; and (5) rose sharply after. These trends are not fully 
explained by variations in organic matter. however, the proportion of 
source water (runoff vs. seawater intrusion) may have changed over 
time. bermuda is often impacted hurricanes which have altered deposits 
to Mangrove lake. To help interpret hg profiles, we determined trace 
elements and isotope ratios using ICPMs. heavy metals, including Pb, 
Cr, Cu, ni and Zn, were elevated in the upper core. several, but not all, 
elements followed the same depth profile as hg, including a spike at ~100-
cm (~1800 aD). Isotope ratios indicate gasoline as the likely source of Pb in 
the upper-most layers. Differences in the lower portion of the two cores is 
still under scrutiny, however, changes in the lower core demonstrate that 
early natural fluctuations in hg must be considered.

MP-004

USING TREE-RINGS TO RECONSTRUCT MERCURY 
EMISSIONS ASSOCIATED WITH GOLD MINING IN 
THE KLONDIKE (YUKON TERRITORY)
ClaCKeTT, sydney1; PorTer, Trevor1; lehnherr, Igor1; 
(1) University of Toronto Mississauga, Mississauga, Canada

sydney.clackett@mail.utoronto.ca

atmospherically mobile hg(0) can be converted, post-deposition, to 
toxic methylmercury in terrestrial and aquatic environments posing 
significant risks to human and ecosystem health in regions far from 
emission sources. accurate projections of future hg exposure and 
impacts will partly depend on our ability to understand changes in the 
atmospheric hg pool, but long-term knowledge of atmospheric hg 
variability is limited to ~2 decades of instrumental monitoring. natural 
hg archives such as ice cores, tree-rings and lake sediments have the 
potential to fill this knowledge gap. Tree-rings are ideal since they are 
annually resolved, span multiple centuries, and cover large areas of 
earth’s surface. few studies concerning a small number of species 
have shown the potential of tree-rings to record local hg emissions, 
but additional proof-of-concept is needed. We present an annually 
resolved tree-ring hg record from a stand of white spruce ~100 m from 
the bear Creek Gold room site, Klondike Goldfields, where the au-hg 
amalgam method was used to recover fine gold from placer ore. bear 
Creek operations began in 1905, but were greatly expanded in 1930 
when most Klondike recovery operations were consolidated  to the bear 
Creek site. results from 15 trees reveal a common pattern in tree-ring 
hg over the last ~150 years (mean r = 0.60, p<0.01), extending into 
the pre-mining era. The lowest hg concentrations occur prior to the 
Klondike Gold rush (1896-1899). Initial bear Creek operations mark a 
rise in tree-ring hg concentrations, but this signal is small compared to 
a major step to peak values in the 1930s coinciding with consolidated 
operations. Tree-ring hg declines rapidly after the cessation of bear 
Creek operations in ca. 1966. This result suggests the principle hg intake 
pathway is likely air-leaf assimilation rather than root uptake from 
contaminated soil, as there is no delayed decline in tree-ring hg after 
the cessation of bear Creek operations, despite a legacy of elevated 
soil hg concentrations to this day. finally, we observe that post-1966 
hg concentrations are slightly higher than pre-industrial values, likely 
reflecting higher global atmospheric hg(0) concentrations. This is the 
first study of white spruce tree-ring hg, and only the second to measure 
this variable at annual resolution. These results demonstrate that this 
species is a reliable recorder of local emissions, and offers great promise 
for longer-term reconstructions of atmospheric hg at potentially 
broader spatial scales.

MP-005

MERCURY AND LEAD RECORDS IN PERMAFROST 
PEAT IN NORTHERN QUEBEC
le rouX, Gaël1; enrICo, Maxime2; GIVeleT, nicolas3; ouTrIDGe, Peter4; 
sonKe, Jeroen5; shoTyK, William6; 
(1) CNRS EcoLab, Toulouse, France; (2) Université de Toulouse, Toulouse, 
France; (3) Institute of Environmental Geochemistry, University of Heidelberg, 
Heidelberg, Germany; (4) Geological Survey of Canada, Natural Resources 
Canada, Ottawa, Canada; (5) CNRS GET, Toulouse, France; (6) Department of 
Renewable Resources University of Alberta, Edmonton, Canada

gael.leroux@ensat.fr

Peat cores from filled thermokarst ponds within a subarctic permafrost 
peatland were used to reconstruct changes in atmospheric mercury 
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(hg) and lead (Pb) accumulation for the past 150 years and to distinguish 
between natural and anthropogenic atmospheric inputs. The study 
site is a permafrost peatland about 8 kilometres southeast from 
Kuujjuarapik, northern Quebec. The peatland covers approximately 5 
km2 at an elevation of about 110 m above sea level. The peatland is a 
sedge fen dotted with palsas. The study was undertaken on peat cores 
taken in the north-eastern part of the peatland (55.13 n, 77.41 W). The 
chronologies of the peat accumulation were determined using the 
210Pb constant rate of supply (Crs) model in three peat cores. Temporal 
accumulation of mercury show up to 16 times more hg accumulation 
during the mid XXth century compared to the average background 
mercury accumulation rate during the pre-anthropogenic period (1 g 
m-2 per year). Chronology of hg accumulation is relatively similar to Pb 
chronology. hg accumulation rates today still exceed the average natural 
background values by 4 to 5 times. Temporal variability in mercury 
stable isotope signatures in peat shows a clear shift between pre-
industrial and industrial periods. The emission of anthropogenic hg to 
the atmosphere appears to have caused variations in 202hg and 199hg 
in the uppermost layers of peatlands.

MP-006

UNDERSTANDING MECHANISMS 
UNDERLYING THE RATE OF RECOVERY OF 
MERCURY-CONTAMINATED LAKES
lynaM, Mary1; DreVnICK, Paul2; DeMers, Jason3; DVonCh, Joseph1; 
(1) University of Michigan Air Quality Laboratory, Ann Arbor, MI, USA; 
(2) University of Michigan Biological Station, Pellston, MI and Alberta 
Environment and Parks, Calgary, AB; (3) University of Michigan Department 
of Earth and Environmental Sciences, Ann Arbor, MI, USA

lynam@umich.edu

regulatory policies enacted since the 1970s at local, state and federal 
levels have led to considerable reduction in anthropogenic mercury 
emissions in the Great lakes region of north america. Initially, 
reductions in mercury concentrations in biota from the Great lakes and 
smaller inland lakes were apparent. More recently, however, increasing 
trends in hg concentration in fish and fish-eating birds have been 
reported. These trends coincide with an observed increase in watershed 
export of organic matter, beginning in the 1990s, that may attenuate 
recovery of mercury-contaminated lakes. Improved understanding of 
the causal mechanisms driving the rate of recovery requires knowledge 
of fluxes of mercury to lakes from atmospheric deposition and 
watershed runoff.

sediment cores were collected from five inland seepage lakes, near 
the university of Michigan biological station in Pellston, MI, that span a 
range of watershed area to lake area ratios (aW:al). Concentrations of 
mercury in sediment profiles for all lakes show (i) a stable pre-industrial 
background, (ii) a pulse event associated with land clearance (logging 
and agriculture), and (iii) a press event associated with industrialization. 
In some of the lakes, mercury concentrations decline towards the 
sediment surface, indicating (iv) a recovery phase. Dating of sediments is 

in progress and will allow for, through time, the calculation of sediment 
mercury fluxes and the estimation of net atmospheric mercury fluxes 
and the additional flux of mercury delivered from watershed to lake 
for each unit increase in aW:al. Measurement of natural abundance 
mercury isotopes in sediments from each lake for each of the four time 
periods will provide additional evidence of the contributions of mercury 
from atmospheric deposition and watershed runoff. finally, a decadal 
record (1998-2008) of total mercury in event precipitation, at Pellston, 
MI allows for an independent record of wet depositional flux during 
the industrialization and recovery periods. Mercury concentration in 
precipitation decreased -2.02 % year-1 during 1998-2008 (sens slope, 
95% confidence intervals -3.57, 0.22, p< 0.1), but mercury wet deposition 
(flux) showed no significant trend. our findings from the geochemical 
archive in combination with the decadal record of atmospheric 
monitoring are used to lend insight into the mechanisms controlling 
recovery in mercury-contaminated lakes.

MP-007

MERCURY POLLUTION IN CONNECTICUT RIVER 
COVES: A POINT SOURCE NEAR HARTFORD, CT?
MarTInI, anna1; WooDruff, John2; oWranG, shahandeh3; ThoMas, 
ellen4; ThIboDeau, alyson5; KruGe, Michael6; VareKaMP, Johan4; 
berGQuIsT, bridget7; 
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ammartini@amherst.edu

The Connecticut river has many narrow coves and oxbow lakes off its 
main channel that are partially filled with fine sediment, some displaying 
extremely high sedimentation rates (several cm/yr, Woodruff et al., 2013). 
sediment cores from six such Connecticut river coves were analysed for 
total hg, ~ 20 trace elements, organic pollutants, and dated with 210Pb-
137Cs. selected samples were analysed for hg isotopes as a source 
tracer. The general spatial trend shows a typical atmospherically derived 
record of hg contamination in both barton’s Cove and oxbow lake in 
Massachusetts, but much higher hg concentrations in Wethersfield 
Cove at the south end of hartford. all coves south of hartford show hg 
enrichments, reaching 2.8 ppm hg in hamburg Cove in the lower CT 
river estuary. The onset of hg pollution is broadly dated at the early 
1900s and diminishes greatly after 1970. The records from Wethersfield 
Cove, also an oxbow structure that formed through a cut off associated 
with the 1691 floods in the CT river, show pronounced Pb, Zn and Cu 
pollution and the highest hg contamination of all studied coves (~3 ppm 
hg). both the Keeney Cove and Wethersfield Cove sediments show a 
sharp V spike in the early 1960s. Potential sources for hg and some of 
the other metals are the sewage treatment plant of hartford situated 
just north of Wethersfield Cove (south Meadows). In that same area a 
power plant was operated between 1928 and 1961 that used hg as the 
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working fluid instead of steam. Mercury vapour was circulated through 
the turbines to generate electricity, and inspection of historic company 
documents at the smithsonian Museum (DC) showed severe hg losses 
during the early days of operation, especially in the mid 1930s with a 
>20,000 lbs hg loss. The Wethersfield Cove records show hg peak values 
in the mid 1930s. Preliminary hg isotope data show discrete changes in 
d202hg over time: more negative values (<-1 ‰) for the pre-industrial hg 
and d202hg values ~ -0.5‰ for post-industrialization. Peak hg loadings 
to the sediments in oxbow lake, Keeney Cove and hamburg Cove are 
associated with the highest d202hg values, suggesting a “pollution end 
member” with d202hg close to ~ 0‰.

MP-008

TREE RINGS AS A VALUABLE ARCHIVE OF 
ATMOSPHERIC HG EMISSIONS? HYPOTHESIS TEST 
UNDER THE CROSS-FIRE OF EMISSIONS FROM 
GOLD AMALGAMATION
naVraTIl, Tomas1; rohoVeC, Jan1; MaTouŠKoVÁ, Šárka1; TuhÝ, 
Marek1; noVÁKoVÁ, Tereza1; 
(1) Institute of Geology CAS, v.v.i., Prague, Czech Republic

navratilt@gli.cas.cz

The value and evidence potential of the tree ring archives as a proxy for 
changes of atmospheric hg pollution is still not overall accepted and 
appreciated. In this work, we present a proof advocating for acceptance 
of this archive, comparing tree ring hg record in larch (larix decidua) 
against known history of hg emissions from roudný gold mining site in 
the Czech republic, central europe. The period of large scale mining at 
roudný started 1904 and ceased in 1930. The amalgamation technique 
was used for the gold ore extraction and amalgam was decomposed 
at an in-site laboratory with distilling equipment. nevertheless the 
losses of hg during amalgam decomposition amounted at 5-7 g per 
ton of processed ore. Gold extracted from 664 400 tons of processed 
ore amounted at 5700 kg. The annual records of gold mined and hg 
lost during the extraction process are available for estimate calculation. 
besides that, period 1900-2016 is covered by the life span of a currently 
growing larch trees.

We sampled tree ring cores of four 120-140 years old larch trees at a 
distance of 32, 88, 275 and 313 m from the amalgamation laboratory. 
The most significant record of hg emissions was in the closest tree 32 
m from hg emission source. Its tree rings in sections corresponding to 
the period between 1905 and 1931 were typical with the highest hg 
concentrations up to 41 µg/kg. While hg concentration in tree rings 
before and after operation of laboratory averaged at 4.3 µg/kg. The 
relationship of the peak hg concentrations in the tree-rings to the 
peak usage of hg in amalgamation demonstrates that the hg record 
within the bole has been preserved. no signs of significant mercury 
migration into the heartwood have been noticed as claimed by some 
previous studies.

The financial support was provided by the Czech science foundation 
project no. Ga16-14762s.

MP-009

MERCURY RECORDS FROM BLOCK ISLAND, RI: 600 
YEARS OF ATMOSPHERIC HG DEPOSITION IN A 
REMOTE LOCATION
neuraTh, rachel1; neWTon, robert2; VareKaMP, Johan3; 
(1) Department of Environmental Science, Policy, and Management, 
UC Berkeley, Berkeley, CA, USA; (2) Dept. of Geosciences, Smith College, 
Northampton MA, USA; (3) Earth & Env. Sciences, Wesleyan University, 
Middletown, CT, USA

rneurath@gmail.com

regional hg atmospheric deposition records in southern new england 
are often impacted by local sources. block Island, rI, is a small glacial 
relic island just south of the rhode Island coastline. Its many seepage 
lakes and ponds have almost no drainage basins, and block Island has 
no industry and sparse population. We therefore expected block Island 
sediment records would capture local atmospheric hg deposition with 
little interference from other sources or watershed sediment focusing. 
We analysed 14 sediment cores for hg and then focussed on fresh Pond 
and a freshwater marsh near West beach. These cores were analysed 
for total hg, dated with 210Pb-137Cs, 14C, and pollen methods. 
from sedimentation rates and bulk dry densities we calculated hg 
accumulation rates and standing inventories for hg and 210Pb. Pre-
industrial concentrations were 30-40 ppb hg, whereas concentrations 
in the mid 20th century were up to 320 ppb hg. The hg accumulation 
rates increased from 2 ng hg/cm2 yr to 18 ng hg/cm2 yr in the mid 
20th century. some cores show a clear decrease in hg over the last 35 
years. The hg - 210Pb inventory ratios vary slightly for the two locations, 
indicating some sediment focussing, largely from aeolian transport. both 
records show gentle increases in the mid to late 1800s, but then a strong 
increase starting around 1940. The modern hg accumulation rates are 
of the same order as measured regional bulk hg deposition rates. long 
Island sound sediment cores show the start of strong hg contamination 
in the mid 1800s, and no clear change in slope at 1940. These 
contamination records are dominated by local hg sources, especially hg 
pollution from the Western Connecticut hat making industry, and also 
have higher hg-210Pb inventory ratios. The early part of the block Island 
record (1400-1600Ce) is characterized by natural background values 
only. evidence for atmospheric hg pollution associated with the early 
colonial era silver and gold mining by the spanish in s-america is absent. 
The magnitude of hg releases from these colonial mining operations 
would lead us to expect anomalous hg values during this era (1500-
1700 Ce). This missing hg is either the result of local retention of the 
mining hg or emission of hg species that were rapidly removed from 
the atmosphere.
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MP-010

DO CHANGES IN FOREST VEGETATION 
CHANGE MERCURY ACCUMULATION IN LAKE 
SEDIMENTS? - A CASE STUDY FROM THE BLACK 
FOREST (GERMANY)
sChÜTZe, Martin1; rÖsCh, Manfred2; bIesTer, harald1; 
(1) Technische Universität Braunschweig, Braunschweig, Germany; 
(2) Labor für Archäobotanik, Landesamt für Denkmalpflege im RP Stuttgart, 
Gaienhofen-Hemmenhofen, Germany

martin.schuetze@tu-bs.de

forest vegetation plays a key role of the cycling of mercury (hg) in 
terrestrial ecosystems and litterfall has been indicated to be the 
major transport vector of atmospheric hg to forest soils. soil organic 
matter (oM) is the dominant carrier of hg from catchment soil to 
lake sediments. hence, it is important to understand how changes 
in forest vegetation affect hg in soil and its biogeochemical cycling in 
lake systems. To evaluate whether long-term shifts in forest vegetation 
induced by climate- or land-use changes influenced hg-accumulation 
in lakes we investigated a sediment record from a cirque lake 
(Glaswaldsee) located in the black forest (southern Germany). We were 
particularly interested if coniferous vegetation leads to a larger export 
of hg to aquatic systems than deciduous vegetation. The radiocarbon-
dated sediment core shows a well-defined holocene vegetation history 
based on pollen-analyses. The forest vegetation during the Mesolithic 
at the Glaswaldsee was dominated by Corylus avellana (hazel) until ~ 
7800 year bP. hazel was replaced by Quercus robur (oak), which was 
replaced at ~ 5400 years bP by a mixed forest of abies alba (fir) and 
fagus sylvatica (beech). When oak replaced hazel, there was neither a 
significant change in mean hg-concentration (~ 117 ng g-1) nor a shift in 
hg:C ratio. however, hg-concentrations increase to 198 ng g-1 directly 
after the appearance of fir and beech. nevertheless, there was no 
substantial increase in hg-accumulation rates because the increased hg 
concentrations were caused by decreasing input of oM through litterfall 
in coniferous forest resulting in higher hg:C ratios. at around 1270 
years bP an additional increase in hg concentrations in the Glaswaldsee 
sediments was observed, which might be due to an increasing in 
atmospheric fluxes attributed to increasing human activities e.g., forest 
clearance or mining. hg concentrations peak (640 ng g-1) around 650 
years bP when deforestation was highest. our results contrast earlier 
studies that suggest an inevitable higher release of hg from coniferous 
than deciduous forests.

acknowledgement: This research is funded by the Deutsche 
forschungsgemeinschaft (DfG) by a grant to h. biester.

MP-011

THE ISOTOPIC COMPOSITION OF HG-ENRICHED 
MARINE SEDIMENTS: A GEOLOGIC PERSPECTIVE
ThIboDeau, alyson1; berGQuIsT, bridget2; CorseTTI, frank3; yaGer, 
Joyce3; WesT, a.J.3; boTTJer, David3; 

(1) Dickinson College, Carlisle, Pennsylvania, USA; (2) University of Toronto, 
Toronto, Ontario, Canada; (3) University of Southern California, Los Angeles, 
California, USA

thibodea@dickinson.edu

In the modern world, primary and legacy anthropogenic hg emissions 
account for most of the hg released to earths atmosphere and dwarf 
the contribution of hg from natural sources (e.g. volcanoes). however, 
there are intervals in the geologic past where natural processes, such 
as massive volcanism, likely emitted of large amounts of hg to earths 
atmosphere at rates comparable to human activities. evidence for 
enhanced hg emissions in the geologic past is recorded in marine 
sedimentary rocks, which contain global-scale spike(s) in their hg 
contents and/or hg/ToC ratios (i.e., hg anomalies) coincident with 
periods of prolonged, large-scale volcanism. here, we examine the hg 
stable isotopic composition of marine sediments deposited during times 
of massive volcanism, drawing both from our own work on Triassic-
Jurassic hg anomalies and the broader literature. In particular, we 
provide evidence that, over the past several hundred million years, the 
isotopic signature of near-shore sediments has been more sensitive to 
changes in hg-loading and hg cycle perturbations than deeper-water 
sediments. Investigating the isotopic composition of marine sediments 
deposited before, during, and after these ancient hg-loading events 
provides a geologic context for understanding the sources and pathways 
of anomalous hg deposition to the oceans and supplies insight into the 
ways that anthropogenic hg emissions may alter the hg isotopic ratios 
of modern marine sediments.

MP-012

ANTHROPOGENIC HG DEPOSITION HISTORY AND 
INVENTORIES NEAR POINT SOURCES AND IN 
REMOTE REGIONS USING MULTI-LAKE SEDIMENT 
CORE RECONSTRUCTIONS
WIKlunD, Johan1; KIrK, Jane1; MuIr, Derek1; eVans, Marlene2; 
Gleason, amber1; yanG, fan1; KeaTInG, Jonathan2; 
(1) Environment and Climate Change Canada, Burlington Ontario, 
Canada; (2) Environment and Climate Change Canada, Saskatoon 
Saskatchewan, Canada

johan.wiklund@canada.ca

The monitoring record of atmospheric hg content and deposition is 
both brief and natural as well as anthropogenic hg emission estimates 
have considerable uncertainties. Paleo-reconstructive methods are 
needed to determine the historical and natural deposition rates of 
hg and a wide variety of other contaminants as well as help constrain 
modeling of contemporary atmospheric processes of hg deposition and 
cycling between reservoirs. as part of the Government of Canadas Clean 
air regulatory agenda (now Climate Change and air Pollutants) program 
we have been trying fill in knowledge gaps regarding hg deposition 
history and inventories on the Canadian landscape near major point 
sources and in regions remote from population and industrial centres 
using multi-lake sediment core reconstructions. The aim of which is to 
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produce quantitative spatial and temporal hg deposition data spanning 
pre-industrial times through to the modern day, tracking the onset of 
hg emitting industries and the post regulation period comparing with 
contemporary monitoring data where possible. Multiple lake coring 
sites within a region serve as multiple receptors producing a coherent 
landscape signal after accounting for site specific natural hg background 
conditions, changes in sedimentation rates and sediment focusing. 
The combined signal from multiple lake sediment cores helps remove 
residual site specific biases and can be used to develop a temporal-
spatial distribution of hg inventory deposited on the landscape with 
respect to a major point source which can be compared directly with 
long-term estimated emission inventories from the point source. here 
we present some preliminary data collected from lake sediment cores 
in a region isolated from industry (Kejimkujik national Park nova scotia, 
Canada) and lake sediment cores collected various distances from 
the Pb-Zn smelter in Trail british Columbia, Canada which has been in 
operation for more than a century. as Trail is situated on the Columbia 
river 11 km from the us-Canada border it has given rise to in some of 
the earliest transborder pollution disputes in north america.

MP-014

UNDERSTANDING HISTORICAL CHANGES OF 
MERCURY OVER THE TIBETAN PLATEAU WITH A 
STRATEGY OF MULTIPLE MEDIA AND TECHNIQUES
ZhanG, Qianggong1; 
(1) Institute of Tibetan Plateau Research, Chinese Academy of Sciences, 
Beijing, China

qianggong.zhang@itpcas.ac.cn

The Tibetan Plateau (TP) is located in the Central asia and represents 
the highest and remotest landform on the earth. It is distant from point 
sources of mercury pollution and is relatively isolated. It is endowed 
with various environmental matrices such as glaciers, rivers and lakes, 
serving as a unique place for understanding the cycling of mercury and 
its history. reconstructed time series of hg deposition from ice core and 
lake sediments showed consistent patterns along with the asias mercury 
emission. however, the rough resolution of lake sediments and the loss 
of recent glacial records preclude detailed insights into recent changes in 
mercury over the TP. active monitoring of atmospheric mercury started 
from ~2010 at sporadic sites (e.g., Waliguan, nam Co, and everest) 
reported TGM of~1-2 ng/m3, which agrees well with the background 
of northern hemisphere. a combination of passive air sampling and 
biomonitoring of a native plant (androsace tapete) in the central TP 
revealed a general decline of atmospheric mercury since ~2010.

single environmental medium or monitoring technique can record 
mercury changes with respective advantages and limitations. for 
example, lake sediments can yield long term records (hundreds to 
tens of thousands of years) but has low resolution (5-10 years). Glacial 
ice cores span thousands of years with seasonal to annual resolution, 
however, ice core mercury records are sometimes questioned due to 
active mercury mobility in the interface of snow-atmosphere. active 

mercury monitoring is accurate but only covers very recent years and 
is deficient. We suggest undertaking intercomparison, integration, and 
reconciliation of historical mercury records and measurements from 
diverse natural archives and monitoring techniques, to reveal a larger 
and more detailed view of mercury changes over the TP.

MP-015

LATE HOLOCENE MERCURY DEPOSITION HISTORY 
IN LAKE CHUNGARÁ (4500 M A.S.L., CHILE): 
INFLUENCE OF VOLCANIC ERUPTIONS AND 
CHANGES IN PALEOLIMNOECOLOGY.
GuÉDron, stéphane1; Tolu, Julie2; brIsseT, elodie3; sabaTIer, Pierre4; 
DeVelle, anne-lise4; bouCheT, sylvain5; bInDler, richard2; DoMInIC, 
alejandra6; frITZ, sherilyn7; baKer, Paul8; aCha, Dario9; 
(1) IRD/ISTerre, Grenoble/La Paz, France; (2) Department of Ecology and 
Environmental Science, Umeå University, Umeå, Sweden; (3) IRD/ISTerre, 
Grenoble, France; (4) EDYTEM, Le bourget du Lac, France; (5) IPREM/LCABIE, 
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Agronómicas, Santiago, Chile; (7) University Nebraska, Lincoln, Nebraska, 
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lake Chungar is the largest and deepest lacustrine ecosystem in the 
Chilean altiplano located in the active volcanic setting of Parinacota 
(6348 m a.s.l.). The late holocene period is characterized by intense 
volcanic activities resulting in the deposition of numerous tephra 
layers followed by a gradual decrease of volcanic activity which 
stopped around ~500 cal yr bP. Two sediment cores collected in 
lake Chungar (4500 m a.s.l.) were analyzed in high-resolution (mm 
to cm scale) to provide mercury concentration (hg) profiles together 
with X-ray fluorescence (Xrf) geochemical parameters (e.g., K, fe, si) 
and molecular composition of organic matter (oM) determined by 
pyrolysis-gas chromatography-mass spectrometry (Py-GC/Ms). our 
high-throughput Py-GC/Ms method yielded semi-quantitative data on 
86 organic compounds belonging to different biochemical classes of 
oM (e.g., carbohydrate, lipid, chlorophyll). The combination of inorganic 
and organic geochemical properties allowed us reconstructing the hg 
deposition history and mechanisms with regard to the volcanic, limno-
ecological and anthropogenic history of the region during the last 3,000 
cal. yr bP.

results highlight that volcaniclastic layers (~ 12) are characterized by 
abrupt rises in dark mafic mineral enriched in fe and K accompanied 
with a strong decrease in hg concentrations and in the abundance of 
organic compounds associated to plant and/or algal production (e.g., 
carbohydrates, proteins and chlorophylls). This is followed by abrupt 
rises in hg and in abundances of carbohydrates, proteins and/or 
chlorophylls. such feature demonstrates the rapid deposition of coarse 
volcanic minerals impoverished in hg followed by a post-eruption 
deposition of hg due to atmospheric oxidation of hg and its recycling by 
lake biota (i.e., mostly phytoplankton) which recovers from the eruption.
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finally, for the last 500 years of our record, hg exhibited a sharp rise 
associated with ag mining activities during the Colonial era (15541900 
aD), followed by a hg steady decrease illustrating lower hg inputs during 
the twentieth century although they remain elevated relative to the 
pre-industrial background.

MP-016

SOLAR INSOLATION AND ALGAE PRODUCTIVITY 
CONTROLLED MERCURY ACCUMULATION IN 
THE PAST 5 KYRS IN A PRISTINE LAKE IN THE 
SOUTHERN HEMISPHERE
bIesTer, harald1; PÉreZ-roDrÍGueZ, Marta2; GIlfeDDer, benjamin3; 
(1) Technische Universität Braunschweig, Braunschweig, Germany; 
(2) Universidade de Santiago, Santiago de Compostela, Spain; (3) Universität 
Bayreuth, Bayreuth, Germany

h.biester@tu-bs.de

Mercury (hg) highly accumulates in aquatic biota and uptake by algae 
has been found to be its entry-point into the aquatic foodchain, but the 
contribution of hg uptake by algae under changing solar irradiance and 
climatic conditions has not yet been investigated for pre-industrial times. 
We analyzed the link between hg accumulation, cyclic changes in total 
solar insolation (TsI), related changes in productivity and climate during 
the past 5 kyrs in sediments of a small highly productive lake located 
in southern Patagonia (53°s). analyzes encompass proxies for solar 
irradiance (TsI based on 10be), sediment geochemical composition and 
lake productivity (fTIr spectra, and hydrogen-index (hI)).

The sediment record shows high accumulation of organic matter 
(median 70 %) and strong vari ations in hg accumulation which 
correspond to changes in TsI and productivity. accumulation of hg was 
highest during drier periods when insolation and lake productivity was 
high and erosion fluxes from the catchment were low. This indicates 
that sediment hg accu mulation and potential methylation in this highly 
productive lake are to a large extent controlled by insolation and related 
algae production and to a lesser extent by direct atmospheric deposition 
and hg fluxes supplied by erosion from catchment soils. We suggested 
that the high hg uptake by algae is attributed to oxic water-column 
methylation in settling patticles in anaerobic micro-niches at times of 
high productivity. hg accumulation during periods of high TsI and lake 
productivity were on an avergae threefold higher compared to periods 
of lower TsI and productivity and wetter conditions. our findings suggest 
that sediment hg accumulation releated to increased TsI, water phase 
methylation and algae uptake can surpass hg fluxes from the catchment 
in productive lakes.

1i: Comparable measurement results for 
mercury analysis and speciation

TO-006

SELECTIVE SEQUENTIAL EXTRACTION OF MERCURY 
IN HIGH LEVEL RADIOACTIVE WASTE
bannoChIe, Christopher1; lourIe, austin1; WIlMarTh, William1; 
GarCIa-sTrICKlanD, Patrick2; 
(1) Savannah River National Laboratory, Aiken, SC, USA; (2) Eurofins Frontier 
Global Sciences, Bothell, WA, USA

cj.bannochie@srnl.doe.gov

The liquid waste system at the Department of energy’s savannah river 
site contains an estimated 60,000 kg of mercury in both salt cake and 
insoluble metal oxide/hydroxide solids (sludge). Inorganic mercury was 
used as a catalyst to aid in the dissolution of aluminum clad fuel and 
target assemblies associated with separation processes that supported 
the united states nuclear stockpile. for long-term storage and disposal 
the radioactive liquid waste is being converted into a solid glass form 
using a vitrification process. This process immobilizes the radioactivity 
within a solid glass phase matrix. The baseline assumption employed 
for radioactive waste sludge used in the vitrification plant has been 
that incoming mercury is present only in the form of mercuric oxide. 
recent findings from other components of the liquid waste system 
have unveiled a considerable amount of methylmercury in the system, 
along with inorganic mercury, elemental mercury, dimethylmercury, 
and particulate mercury. These discoveries have challenged the validity 
of the assumption regarding mercury oxide as the only species in the 
insoluble sludge component.

The focus of this study was to develop and apply a modified selective 
sequential extraction (sse) technique to characterize mercury species 
that are present in the highly radioactive insoluble sludge component 
of the liquid waste system. sequential extraction is a proven analysis 
technique often used with environmental solid samples, typically 
soils. Due to the highly radioactive nature of the sludge samples, all 
manipulations of the material were conducted in the shielded Cells 
facility that is located at the savannah river national laboratory 
using remotely controlled master-slave manipulators. The remote 
application of the extractions required modification of the established 
sse techniques. The insoluble sludge solid extractions were compared 
to Kaolin Clay standards containing mercurous chloride, mercuric oxide, 
and mercuric sulfide that were processed in parallel with the radioactive 
insoluble sludge solids. The clay standard extracts, diluted samples of 
the sludge extracts, and diluted supernate were shipped to eurofins 
frontier Global sciences for mercury measurements. Prior to shipment, 
dilution of the extracts was necessary to reduce the radioactivity of the 
shipped samples. results from these extractions will be presented along 
with the implications for process development activities within the liquid 
waste system and recommendations for future study.
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MERCURY SPECIATION BY PYROLYSIS-THERMO-
DESORPTION AND HG ISOTOPE SIGNATURES BY 
CV-MC-ICP-MS IN METEORITES
bIesTer, harald1; WIeDerholD, Jan2; rICharD, Jan-helge1; 
sChÖnbÄChler, Maria3; 
(1) Technische Universität Braunschweig, Braunschweig, Germany; 
(2) University Vienna, Vienna, Austria; (3) ETH Zurich, Zurich, Switzerland

h.biester@tu-bs.de

Mercury is a highly volatile element and a potentially useful tracer for 
cosmochemical studies, but the controls on hg concentration and 
speciation in meteorites are poorly understood. Previous studies 
reported surprisingly large variations in hg concentrations (~101–104 
ppb) that did not follow the general volatile depletion trend of other 
elements. some studies proposed terrestrial contamination as the 
origin for the high hg concentrations, while others argued against 
this explanation. a key factor to solve this conundrum is the form, in 
which hg occurs in meteorites. In addition, mass-dependent (MDf) and 
mass-independent fractionation (MIf) of stable hg isotopes can provide 
additional constraints on the origin and modification of hg in meteorites.

here, we present data from three different meteorite groups (ordinary 
and carbonaceous chondrites, eucrites). Concentrations were 
determined by combustion aas, isotope ratios by CV-MC-ICP-Ms on 
acid digests and/or after pre-enrichment using a dual-stage combustion 
oven, and hg species by pyrolysis--thermo-desorption-aas (PTD), in 
which the hg release was continuously recorded up to 700°C under n2 
gas flow. a wide range of hg concentrations from 2.8 ppb (nWa 2714) to 
88420 ppb (orgueil) was found without systematic trends with meteorite 
class. MDf (δ202hg) relative to nIsT-3133 varied from -3.55‰ (orgueil, 
CI) to +0.14‰ (bouvante, eucrite), but no systematic trends with hg 
concentration or meteorite class were apparent. small but resolvable 
MIf (Δ199hg) was observed from -0.07‰ (bouvante) to +0.15‰ 
(orgueil) with a negative correlation between δ202hg and Δ199hg. This 
is a typical feature for MIf caused by the nuclear volume effect.

all TD hg release curves of ordinary chondrites showed a uniform 
single peak maximum temperature between 180 and 200°C. based 
on comparison with hg(0) incubated minerals, this may indicate the 
release of metallic hg trapped in pores of the mineral matrix. TD 
measurements of carbonaceous chondrites present a more nuanced 
picture: orgueil shows two distinct release peaks at ~200 and ~280°C 
representing 40% and 60% of total hg release, respectively. In contrast, 
allende and Vigerano yielded a main peak with an extinction maximum 
at 180-190°C and a small peak shoulder at ~230°C. The first orgueil 
peak falls between standards of hg(0) adsorbed on fe(oh)3 and β-hgs 
(metacinnabar). The second orgueil peak appears slightly earlier than 
our α-hgs (cinnabar) standard, which could indicate the presence of 
microcrystalline α-hgs. our data on hg concentrations, species and 
isotopic variations in meteorites argue against terrestrial contamination 
and provide new constraints for cosmochemical studies.

MP-019

AN ALTERNATIVE ANALYTICAL TECHNIQUE FOR 
MERCURY SPECIATION IN RADIOACTIVE TANK 
WASTE AT THE SAVANNAH RIVER SITE
CarTer, annie1; GurleyuK, hakan1; bannoChIe, Christopher2; 
WIlMarTh, bill2; 
(1) Brooks Applied Labs LLC, Bothell, Washington, United States; (2) Savannah 
River National Lab, Aiken, South Carolina, USA

annie@brooksapplied.com

significant levels of mercury (hg) are present in the underground 
storage tanks at the us Department of energy savannah river site, and 
removal of the hg from the radioactive liquid waste stored in these 
tanks is a major concern and challenge. The species of hg in the tank 
wastes are suspected to have changed over time, resulting in changes 
in the stabilization efficiency of hg in the solid waste products (e.g., 
saltstone). It was originally believed that the hg in the tank wastes 
was present primarily as hgo and hg(II). Increasing hg concentrations 
from leachate characterization testing (TClP) of the saltstone triggered 
an investigation. Initial testing of the saltstone waste feed showed a 
significant amount of organomercury species. as individual tanks were 
further tested, poor mass balance was often observed between the total 
hg concentration and the sum of the hg species that were measured, 
resulting in ambiguous data interpretation. since the efficacy of the 
treatment process is dependent on the molecular forms of hg present 
in the waste, the site contractors investigated whether alternative 
analytical techniques would yield a better mass balance.

Diluted tank waste samples were analyzed for total hg, dissolved 
hg, inorganic hg, elemental hg, methylmercury, ethylmercury, and 
dimethylmercury by brooks applied labs (bal) using methods 
based on CV-afs technology, which have been in use for many 
years. bal also developed alternative analytical techniques for the 
simultaneous analysis of inorganic hg, methylmercury, ethylmercury 
and phenylmercury using ion pairing chromatography with cold 
vapor generation and inductively coupled plasma mass spectrometry 
detection (IP-CV-ICP-Ms) and dimethylmercury by reverse phase 
chromatography (rP-ICP-Ms). additionally, methylethylmercury and 
diethylmercury reference materials were prepared as quality control 
standards. results from the two methods are compared and discussed.

MP-020

A COMPARATIVE ANALYSIS OF GOM 
MEASUREMENT USING TWO METHODOLOGIES 
AND ENVIRONMENTAL CORRELATES IN AN URBAN 
SETTING IN AUSTRALIA.
CooK, Kellie1; GusTIn, Mae2; MIller, Matthieu1; saWyer, Dan1; 
eDWarDs, Grant1; 
(1) Macquarie University, Macquarie Park, Australia; (2) University of Nevada 
at Reno, Reno, Nevada, United States

kellie.cook@hdr.mq.edu.au
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accurate quantification of atmospheric mercury (hg) concentrations 
are critical for understanding the hg biogeochemical cycle and for the 
development of effective policy and management. however, a number of 
recent studies have revealed uncertainties in the accurate measurement 
of gaseous oxidised mercury (GoM), where biased low measurement 
has shown to occur with the use of KCl-coated annular quartz denuders 
traditionally used for atmospheric GoM measurement. additionally, 
there is also evidence to suggest that environmental parameters affect 
the accurate quantification of GoM, including relative humidity and 
tropospheric ozone (o3) concentration. In this study, we present a method 
comparison between KCl-coated annular quartz denuder based methods 
and a novel method which utilises cation exchange membranes and 
nylon membranes to measure total GoM and differentiate GoM species. 
We additionally explore the dependence of GoM on environmental 
variables, and investigate the variables which control GoM events. This 
study presents the first of its kind within the southern hemisphere, and is 
undertaken at an urban site in sydney, australia, from the period april 2016 
onwards. Mean background concentrations at this location as determined 
by the unrarM system are 20.2 pg m-3, and 5.4. The findings from this 
study aim to assist in the development of more accurate GoM sampling 
methodology, as well as providing a greater understanding of the ways in 
which environmental parameters influence GoM measurement.

MP-021

AN SI TRACEABLE MERCURY VAPOUR CALIBRATION 
FACILITY FOR THE 5 NG – 55 µG HG/M3 RANGE
oTTerloo, Peter1; enT, hugo1; 
(1) VSL, Delft, Netherlands

rvotterloo@vsl.nl

Within the eMrP (european Metrology research Programme) project 
“MeTra” a mercury vapour generator is being developed to establish sI 
traceability for mercury vapour measurement results in the range from 5 
ng hg/m3 up to 55 µg hg/m3.

The novel calibration facility generates a tuneable mercury vapour directly 
traceable to primary mass standards. The facility can be used for the 
calibration of mercury monitors as well as for the loading of sorbent traps.

The facility consists of a modified type of diffusion tube, a new 
measurement method to weigh the loss in (mercury) mass of these 
diffusion tubes during use (with a minimum 6-8 μg mass difference 
between successive weighings), and a new housing for the diffusion tubes 
to optimize flow characteristics and to minimize temperature variations 
and adsorption effects.

The specifics of the newly introduced capabilities, to calibrate mercury 
monitors at levels of 5 ng hg/m3 and higher, will be highlighted. This new 
calibration service is especially important for measurement services testing 
ambient air monitoring (1 – 2 ng hg/m3), indoor and work place related 
mercury content levels according to health standards (from 50 ng hg/m3) 
as well as mercury vapour concentrations relevant to stationary source 
emissions (upwards of 1 µg hg/m3).

MP-022

SIMPLIFIED METHOD FOR DETERMINATION OF 
MONOMETHYLMERCURY (MMHG) IN SEDIMENT/
SOIL SAMPLES BASED ON SEPARATION OF HG 
DITHIZONATES AND CV AAS DETECTION
faJon, Vesna1; horVaT, Milena1; aKaGI, hirokatsu2; 
(1) Jozef Stefan Institute, Ljubljana, Slovenia; (2) International Mercury 
Laboratory Inc., Minamata, Kumamoto, Japan

vesna.fajon@ijs.si

Measurements of Mehg in sediment and soil samples represent a 
challenge. This is due to the nature of the matrix, high ratio between 
inorganic mercury (hg) and MMhg and risks of artefact MMhg formation 
during extraction and measurement procedures. The latter is of particular 
concern due to the high inorganic hg presence in sediments. simple 
extraction method for quantitative separation of MMhg from inorganic 
mercury has been developed.

The method consists of alkaline leaching with 1n Koh in ethanol from a 
sediment (usually 0.2-0.5 g of wet weight and 0.2 g of dry sample) followed 
by addition of nh2ohhCl and eDTa-4na. sample is then slightly acidified 
with 1n hCl and purged with nitrogen gas to remove possible s2+ ions as 
h2s. The next step involves derivatisation by dithizone and quantitative 
extraction of both MMhg and inorganic hg dithizone complexes into 
toluene. hg(II) and MMhg dithizonates are then separated on silica gel 
column and selectively collected into separate test tube. The collected 
sample is evaporated to dryness and digested with mixture of acids 
(hno3/hClo4 and h2so4) and measured by CV aas. The limit of detection 
and limit of quantification are 0.2 ng/g and 0.67 ng/g, respectively.

 separation of inorganic and organic mercury is quantitative, independent 
on inorganic mercury content and absence of artefact MMhg formation. 
The method was validated using certified reference materials (CrMs).

Compared to other methods this method is simple and inexpensive from 
the point of view that the instrumentation which is used for total mercury 
measurements can be used to measure organic mercury. The detailed 
analytical methods as well as the comparison of MMhg in various sediment 
samples between conventional methods and newly developed method will 
be presented.

MP-023

CAN FORMALIN-PRESERVED ZOOPLANKTON 
SHED LIGHT ON TEMPORAL PATTERNS OF 
METHYLMERCURY BIOACCUMULATION?
huffMan, Wesley1; DaM, hans1; Mason, robert1; bauMann, Zofia1; 
(1) University of Connecticut, Groton, USA

wesley.huffman@uconn.edu

Changes in climate, global and local mercury emissions into the 
environment may influence the cycling of methylmercury (Mehg) and 
its bioaccumulation in marine organisms. following the decrease of 
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atmospheric hg emissions or discharge into rivers a decline in biota 
Mehg concentrations is expected. analysis of historic biota samples for 
their Mehg concentrations could offer a pathway to unravel temporal 
patterns. because copepods are a strong link between primary 
producers and upper trophic levels it is important to better understand 
their Mehg bioaccumulation. There is a vast depository of biological 
samples preserved in formalin, but it is unclear if these samples can 
be used for Mehg measurements. We tested for temporal changes 
of Mehg concentrations in formalin-preserved copepods. because 
the life span of many copepod species is on the order of a weeks to 
months, and Mehg that is highly assimilated (>90%) is lost very slowly, 
copepod Mehg represents recent cumulative exposure. We tested the 
null hypothesis that formalin preservation does not influence Mehg 
concentration in copepods over time. We collected two copepod 
species acartia tonsa and Temora longicornis from a local embayment 
in Connecticut, us. These species were selected to represent smaller 
and larger size classes of copepods found in coastal embayments. 
Copepods (n=3 replicates of 50 individuals) were picked prior to formalin 
preservation and stored frozen on a polycarbonate filter. The remaining 
copepods were preserved with formalin for time intervals e.g. 1 week, 
1 month, 6 months and up to a year. at the end of each preservation 
period, copepods were filtered via polycarbonate filter and kept frozen 
prior to analysis. filters with copepods were acid-digested and analyzed 
for Mehg by direct ethylation of digest aliquot diluted in deionized water. 
Initial values were 0.20 pg per an individual for the small copepod, a. 
tonsa (average prosome length or Pl: 0.9 mm) and 0.30 ng per copepod 
for the larger T. longicornis (average Pl: 1.2 mm). Mehg concentrations 
dropped to ~ 25% of initial values within two weeks (T. longicornis) to a 
month (a. tonsa), and subsequently increased by a factor of ~7 within 
6-12 months for a. tonsa and 1.5 for T. longicornis. The mechanism for 
these dramatic increases has not been tested yet. additional research 
on abiotic Mehg formation during formalin incubation is needed.

MP-024

HG COMPOUND SPECIFIC STABLE ISOTOPE ANALYSIS 
(CSIA) AT ULTRA-TRACE LEVEL USING AN ON 
LINE PRE-CONCENTRATION AND GC SEPARATION 
STRATEGY HYPHENATED TO MC-ICP-MS
bÉraIl, sylvain1; bouCheT, sylvain1; aMourouX, David1; 
(1) IPREM UMR 5254 CNRS/University of Pau, Pau, France

sylvain.berail@univ-pau.fr

stable hg isotope analysis is now widely used in environmental sciences, 
essentially for discriminating hg sources and better understanding its 
bio-geochemical cycle. up to now, total hg isotopic composition has been 
mainly studied. further, the compound specific hg isotopic analysis (CsIa) 
is an emerging tool providing the isotopic signature of each different hg 
species such as inorganic hg (Inhg) and methyl hg (Mehg). however, 
one of the main challenges remains the low hg concentration in most 
environmental compartments. In this work, we propose to overcome this 
limitation using an on line hg pre-concentration strategy combined with 
gas chromatography (GC) hyphenated to MC-ICP-Ms.

The GC is here fitted with a programmable temperature volatilization 
(PTV) injector and a liner filled with a specific solid phase. This allows 
the injection of a large volume of sample (up to 100 times larger than 
conventional injector) and a pre-concentration of the hg species in the 
liner before their separation and detection. The pre-concentration and 
separation parameters such as the inlet and GC temperature during the 
injection phase, the gas flow and duration of the venting period, were 
first optimized using a regular quadrupole ICP-Ms instrument. When 
transferring the method to MC-ICP-Ms, the main challenge was to deal 
with very short transient signals (down to 11 s) and this aspect was 
solved using a suitable data treatment strategy. Contrary to previous 
GC/MC-ICP-Ms methods, we also demonstrated that our method 
required a compound specific standard bracketing procedure due to the 
nature of the pre-concentration involved.

The main advantage of the proposed methods is the high pre-concentration 
capability which allows the compound specific isotopic analysis with Inhg or 
Mehg concentrations down to 50 ng.l-1 in liquid matrices and 200 ng.g-1 
for solid samples (after extraction). at this level, the method gives a good 
accuracy and a maximum uncertainty of 0.30‰ (as 2sD) for both δ and Δ.

We will discuss the main advantages and limitations of the proposed 
method, such as the potential pre-concentration capabilities and 
associated limits in term of hg concentration. We’ll also present 
the critical steps of technical validations including the analysis of 
environmental CrMs and comparison to the actual reference technique.

MP-025

ATTAINING A LABORATORY REFERENCE 
MATERIAL FOR THE ROUTINE MEASUREMENT OF 
METHYLMERCURY IN RICE.
lanCasTer, shaun1; KruPP, eva1; abaTeMI-usMan, sa’adatu1; MarTIn, 
robert1; ManoruT, Parinda1; felDMann, Joerg1; Corns, Warren2; 
(1) Aberdeen University, Aberdeen, Scotland; (2) PS Analytical, Orpington, UK

shaun.lancaster.12@aberdeen.ac.uk

rice is a staple food for many countries around the globe, but it is also 
known to accumulate Mehg the most toxic mercury species to humans. 
Therefore, accurate determination of this species in rice ismandatory.
however, while a certified reference material (CrM) exists for total hg 
in rice,there is noCrMfor Mehg in a rice matrix. In earlier work, we could 
show that the % of Mehg in rice can vary substantially. Therefore, we 
aimed tocreate alaboratory reference material(lrM) for our purposes,in 
order toassess theperformance ofroutine measurements.onekg of long 
grain white rice was purchased from a local supermarket and ground 
into a fine powder and mixed well. It was thenanalysedrepeatedly,using 
a TMah/hCl digestion followed bypre-concentration CV-afs.Mehg 
and hg2+were separated by rP-lC and on-line chemical oxidation 
and reduction with acidified br-/bro3-and snCl2was used prior to afs 
detection. This method hasbeen proven to be accurate and precise by 
cross-calibration using species specificisotope dilution mass spectrometry.

for the determination of precision and accuracy, the rice powder was split 
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into several sub-sets andanalysed repeatedlyto assess variation between 
the sub-sets. The measurement of the samples gave a concentration 
range between 3.05mg kg-1and 3.68mg kg-1, averaging at 3.36mg kg-1.
further analysis will include the testing of the materials shelf-life.

MP-026

PECULIARITIES OF MERCURY DISTRIBUTION 
IN COALS
MashyanoV, nikolay1; PoGareV, sergey1; PanoVa, elena1; ryZhoV, 
Vladimir1; sholuPoV, sergey2; PanICheV, nikolay3; 
(1) St. Petersburg State University, St. Petersburg, Russia; (2) Lumex-Marketing 
LLC, St. Petersburg, Russia; (3) Tshwane University of Technology, Pretoria, 
Republic of South Africa

nrm@lumex.ru

Coal is apt to concentrate mercury and other toxic elements whose 
content is governed by geological and geochemical specificity of the coal 
basins. The mercury concentration in coal varies in a wide range from 
< 1 ppb to 300 ppm. Metamorphism and subsequent hydrothermal 
processes generate different mercury species in coal and in coal-bearing 
strata. The mercury species having different matrix binding energy can 
be determined by thermospeciation technique based on the study of 
mercury release from a sample during its gradual heating. Total mercury 
concentration and mercury thermospeciation in coal were determined 
using ra-915M Zeeman atomic absorption spectrometer. We studied 
features of the mercury distribution in samples of brown and hard coals 
with different metamorphism degree of the organic matrix.

Total mercury concentration in the studied coal samples lies in a wide 
range of less than 2 to 7600 ppb. The thermoscanning reveals various 
mercury thermospecies in coal. The low-temperature peaks, below 200 
oC, can be attributed to mercury bound by physical sorption, and the 
mid- and high- temperature peaks to mercury bound to organic coal 
matrix, sulfides (mainly pyrite), and silicates. low-temperature forms of 
mercury evaporating at 240-350 oC prevail in brown coal. The most high-
temperature species releasing at 640 900 oC were found in shungite.

The scanning electron microscopy and electron probe microanalysis 
reveal peculiarities of mercury and other chemical elements distribution 
in organic matrix and inorganic impurities. The mercury accumulation in 
coals was found in organic matrix, sulfides, iron oxides and hydroxides, 
clay minerals and phosphates. The scanning electron microscopy helped 
us to identify the following terrigenous minerals within coal matrix: 
quartz, potassium and sodium feldspars, hydromica, kaolinite, chlorite, 
rutile, apatite, and sphene. Correlation analysis has shown that the 
mercury concentration correlates with the elements of the halophile 
group: fe, Mo, ag, ni, Zn, sb, Cu. Correlation coefficients vary from 
0.74 to 0.94. Mercury has significant correlation with V, Ge, K, and al, 
which can be explained by the effective mercury hg(0) sorption by clay 
minerals; this finding is supported by the thermoscanning data.

This research is supported by the national research foundation of south 
africa and the russian foundation for basic research, project № 14-05-93961.

MP-027

TESTING THE EFFECTS OF WIND SPEED, HUMIDITY, 
AND TEMPERATURE ON THE SAMPLING RATE OF A 
PASSIVE AIR SAMPLER FOR GASEOUS MERCURY
MClaGan, David1; huanG, haiyong1; abDul hussaIn, batual1; leI, 
ying1; MITChell, Carl1; WanIa, frank1; 
(1) University of Toronto Scarborough, Toronto, Canada

david.mclagan@mail.utoronto.ca

We recently developed a passive air sampler (Pas) for gaseous mercury, 
and determined a sampling rate (sr; defined as the volume of air 
stripped of analyte per unit time) of 0.121 ± 0.005 m3 day−1 in a year-
long, outdoor calibration in a temperate environment. a model based on 
fick’s first law of Diffusion predicted a sr within 10% of this calibrated 
value. here, we present results from a series of controlled laboratory 
studies that tested the potential impacts of variable wind speed, relative 
humidity, and temperature on the sr of the Pas. We find a logarithmic 
relationship between wind speed and sr, with the greatest impacts 
at wind speeds less than 1 m s-1, which are not common for outdoor 
deployments. When we consider only data from wind speeds between 
1 and 6 m s-1 we find a significant positive linear relationship (p < 0.001), 
indicating a 0.003 m3 day-1 increase in sr (corresponding to 2.3% of 
the previously calibrated sr) for every m s-1 increase in wind speed. 
similarly, sr increases linearly with temperature in the range -15 to 
+35°C (p < 0.001). This temperature dependence can be fully explained 
by the effect of temperature on the molecular diffusivity of gaseous 
mercury in air, which is calculated to lead to a 0.008 m3 day-1 increase 
in sr (6.9% of the calibrated sr) per 10 K increase in temperature. sr is 
not significant affected by relative humidity, tested between 44 to 80% 
at 20°C (p = 0.08). While differences in sr caused by wind speed and 
temperature are relatively small, the accuracy of passively sampling 
gaseous hg in air can be improved by adjusting srs using the slope of 
the relationships described here, if measured or estimated temperature 
and wind speed data at or near sampling sites are available.

MP-028

QUALITY-SCREENING FOR ATMOSPHERIC MERCURY 
DATA WITHIN THE GMOS NETWORK
benCarDIno, Mariantonia1; D'aMore, francesco1; CInnIrella, sergio1; 
sProVIerI, francesca1; PIrrone, nicola2; 
(1) CNR-Institute of Atmospheric Pollution Research, Division of Rende, 
Cosenza, Italy; (2) CNR-Institute of Atmospheric Pollution Research, 
Montelibretti, Rome, Italy

bencardino@iia.cnr.it

In response to the increasingly severe issue of mercury pollution, the 
eu funded Global Mercury observation system (GMos) project (fP7) 
established a global monitoring network, that in the last five years 
provided harmonized and detailed information on mercury ambient 
measurements through a dedicated database platforms (www.gmos.
eu). among others, the atmospheric mercury data obtained from 
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the GMos network has become an essential data source for many 
current and forthcoming studies as well as for the formulation and 
implementation of the Minamata regulatory policies. In respect to data 
management, within this project an ad-hoc centralized system, namely 
GMos-Data Quality Management (G-DQM), was developed and used to 
release high-quality atmospheric mercury data collected with the Tekran 
speciation instrument. based on a web application, the system is able 
to fulfil the demands of processing monitoring data in near real-time, 
verifying if instruments adhere to standard procedures, and rapidly 
identifying non-representative measurements. The use of automated 
common checks represents an improvement because it ensures 
consistency and reduces human bias thus avoiding misinterpretation 
and inappropriate data use. Despite the wide use of the Tekran 
speciation system, recent studies increasingly acknowledge that the 
atmospheric reactive mercury species, Gaseous oxidized Mercury 
(GoM) and Particle-bound Mercury (PbM), have large measurement 
uncertainties. besides that, in our study we want to elucidate how 
significant are the quality control issues and identify how much they-self 
can additionally affect the resulting validated datasets. referring to 2013 
and 2014 years, during which we had a good coverage of speciation data 
for 7 GMos Master stations, at the end of the whole validation process 
we were able to discriminate between valid and invalid speciated data. 
for both the years, we had an average percentage data loss of about 
30%. The incidence of rejected data, in terms of discrepancy from the 
final quality-validated concentrations was, on annual basis, in the range 
from 0.02 to 4.89 pg.m-3 for PbM, and from -0.79 to 3.11 pg.m-3 for 
GoM, respectively. In terms of monthly means, we obtained a larger 
gap ranging from -0.46 to 40.23 pg.m-3 for PbM and from -0.79 to16.40 
pg.m-3 for GoM, respectively. based on GMos monitoring data, this 
work thus intend to highlightthat quality control issues could significantly 
affect the resulting atmospheric mercury data. furthermore, it suggests 
that researchers using data from any source be expected to manage 
data with due caution depending on the fact that they are or not 
quality controlled.

MP-029

EVALUATION OF FACTORS AFFECTING THE 
USE OF DRIED BLOOD SPOTS FOR MERCURY 
EXPOSURE ASSESSMENT
sanTa-rIos, andrea1; PaWly, Jessica1; basu, nil1; 
(1) McGill University, Sainte Anne de Bellevue, Canada

andrea.santa@mail.mcgill.ca

Dried blood spots (Dbs) are drops of whole blood collected on 
standardized paper from a finger or heel prick. They have been used 
since the 1960s for newborn screening programs, pharmacokinetics 
studies, and demographic health surveys. The use of Dbs for the 
analysis of mercury exposure in newborns has been studied previously 
in two studies, although both suffered from poor detection limits 
and challenges with accuracy and precision. Challenges in measuring 
mercury in Dbs (as supported by the european bioanalysis forum) 
include: 1) the impact of hematocrit levels on analyte and spot 

formation; 2) differences between measures taken from venous 
and capillary blood; and 3) matrix effects. Therefore the objective of 
this study is to evaluate whether total mercury and methylmercury 
content in Dbs differs between blood sources (venous or capillary), 
and hematocrit levels. Whole blood and Dbs from venous and capillary 
sources were obtained from 49 healthy individuals associated with 
McGill university (Canada). Total mercury in the blood and Dbs will be 
determined by acid digestion and by Dual-stage Gold Preconcentration, 
and methylmercury by tetramethylammonium digestion and Gas 
Chromatography (GC) - Cold Vapor atomic fluorescence spectrometry 
(CVafs). Initial blood analysis showed no significant difference in 
hematocrit levels between venous and capillary blood, although a range 
of other clinical blood parameters are under investigation. We are 
currently in the midst of analyzing all samples for mercury. The results 
are expected to increase our understanding of Dbs as a potentially 
novel means to assess mercury exposure. This could have immediate 
applications in established programs such as newborn screening and 
demographic health surveys.

MP-030

COMPARATIVE ANALYSIS: VARIOUS STATISTICAL 
FISH MERCURY STANDARDIZATION METHODS
TanG, Chuan1; holsen, Thomas1; lanGen, Tom1; Zhou, hao1; 
(1) Clarkson University, Potsdam/NY, U.S.A

chutang@clarkson.edu

Monitoring fish mercury spatiotemporal concentration trends is of 
great importance in terms of scientific research and regulatory design. 
a robust and reliable analysis of trends of fish mercury is not only 
evidence for identifying sites with elevated mercury but also crucial 
reference for proposing mercury mitigation strategies and developing 
fish consumption advisories. unfortunately, effective analysis based on 
fish monitoring data is normally hindered by difficulties in distinguishing 
the true spatial and temporal trends from total variances in fish-mercury 
concentrations complexed due to heterogeneity in fish samples of 
diverse species and trophic levels. This problem occurs since collecting 
fish samples with consistent characteristics (e.g., fish species, size, 
and sex) over large regions or over long time is difficult. furthermore, 
budgetary constraints lead to a shortage of well-designed continuous 
monitoring programs, which force scientists studying spatiotemporal 
trends of fish mercury concentrations to use composite monitoring 
database. Composite database commonly integrates data from different 
monitoring program with distinct research objectives and protocols 
(e.g., aiming at specific species, regions and using different fish-cut 
for analysis). using a composite database would thus complicate the 
interpretation of long-term trends embedded within fish mercury 
monitoring data. surprisingly, there has been minimal efforts to evaluate 
the relative performance of these methods systematically. This research 
aims to review and to evaluate the performance of several published 
and representative statistical standardization models/methods on fish 
mercury: anCoVa, multivariate regression, mixed-effects regression, 
polynomial regression, partial least squares regression and biotic 
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mercury partitioning index (bMPI). We employed several statistical 
techniques (e.g., Principle Component analysis (PCa), ManoVa, etc.) 
and the concept of machine learning (i.e., cross validation) to test the 
accuracy and robustness of the targeted standardization methods. 
This research is important since any further analysis (e.g., economics 
valuations, policy analysis) based on monitoring data may reach 
spurious results and misleading conclusions if the true spatial and 
temporal trends of fish mercury are not properly elucidated. This study 
is striving to serve as a clear guide on how to choose the right model for 
further research involving fish mercury trend analysis.

MP-031

COMPARISON OF UNCERTAINTY CONTRIBUTIONS 
TO THE EXPANDED RELATIVE STANDARD 
UNCERTAINTY OF HYDRIDE GENERATION AND 
ETHYLATION METHODS FOR THE DETERMINATION 
OF METHYLMERCURY IN SEAWATER
ZIVKoVIC, Igor1; faJon, Vesna1; TulasI, Delali1; obu VaZber, Kristina1; 
horVaT, Milena1; 
(1) Jozef Stefan Institute, Ljubljana, Slovenia

igor.zivkovic@ijs.si

Measurement of low methylmercury concentrations (Mehg) in 
seawater represents a major analytical problem due to low natural 
concentrations. reference analytical method (aqueous phase ethylation 
coupled with gas chromatography and cold vapor atomic fluorescence 
spectrometry, eth-GC-CVafs) is widely used for Mehg determinations. 
Derivatisation of mercury species by hydride generation (hG), coupled 
with cryogenic trapping (CT), gas chromatography (GC) and cold vapor 
atomic fluorescence spectrometry has an advantage due to lower 
detection limits. following optimization of hG-CT-GC-CVafs for Mehg 
determination in seawater, we calculated measurement uncertainty 
budget using GuM/eurachem guidelines for both methods. expanded 
relative combined standard uncertainty (uex,r) at the 95% confidence 
interval is obtained by applying a coverage factor k=2. at the highest 
Mehg concentration level (>80 pg/l), middle (2030 pg/l) and the lowest 
(<10 pg/l), uex,r has a value of 11.1%, 15.0% and 21.3% for hydride 
generation, and 15.8%, 18.2% and 19.3% for ethylation, respectively. The 
highest relative contribution (index) to the expanded relative standard 
uncertainty in hG is from sample repeatability which accounts for 
46.6% of uex,r at the lower concentration level and slightly lower value 
at the highest Mehg level (39.9%). similar trend is also observed in 
ethylation method, but the contribution indexes are lower (29.936.4%). 
Contribution indexes of Mehg standard repeatability are increasing with 
increased Mehg concentration in both methods; however, this trend is 
directly proportional to uex,r decrease. relative standard uncertainties 
for recovery are about 1.4% and 5% at all Mehg concentration levels 
for hydride generation and ethylation, respectively. higher values in 
ethylation method are due to unreproducible and lower recoveries 
in ethylation (average 79%) caused by several procedure steps and 
incomplete sample extraction. at the highest Mehg concentration level 
(>80 pg/l), recovery has the highest uncertainty index for ethylation 

method (37%). sample areas have a big contribution to uex,r at lower 
Mehg concentrations for hydride generation (24.3%) due to readability 
of small peaks which is a consequence of 35% lower sensitivity of this 
method. sample volume has three-fold higher uncertainty contribution 
index in ethylation than in hydride generation. This uncertainty is caused 
by sample losses during phase separation, back-extraction of sample, 
incomplete sample transfer to measuring vial and to instrument. other 
uncertainty sources do not represent a significant contribution to 
expanded relative standard uncertainty of both methods.

MP-032

FIT FOR PURPOSE ANALYTICAL PROCEDURES 
FOR DETERMINATION OF METHYL MERCURY IN 
MARINE ENVIRONMENT
VasIleVa-VeleVa, emiliya1; aZeMarD, sabine1; Cabrera, luis1; 
(1) IAEA Environmental Laboratories, Monaco

e.vasileva-veleva@iaea.org

Mercury is a global pollutant released into the environment from both 
natural and anthropogenic sources. Various mercury species differ 
greatly in their bio-physico-chemical properties such as toxicity and rate 
of bioaccumulation by organisms. Therefore the analysis of samples 
only for total mercury is no longer completely acceptable and provides 
only partial information about their impact on human health and the 
environment. as a consequence, considerable progress has been made 
in the development of techniques, which are capable of quantifying 
various mercury species. future regulations on Mehg will require the 
standardized procedures for quantitative determination of alkylmercury 
species, therefore there is a strong need for development of robust 
analytical procedures providing reliable data on both, total mercury and 
its chemical species in the complex marine matrices.

among its multiple tasks, Iaea environment laboratories (Iaea el) 
in Monaco acts as the analytical support center for Iaea Member 
states laboratories and is the pillar of the Quality assurance program 
for determination of contaminants in the marine environment. 
several recommended methods for mercury and Mehg, based 
on the application of different analytical techniques are set up. 
Development and validation of reliable and sensitive method based 
on gas chromatographic separation and pyrolysis-atomic fluorescence 
spectroscopy (GC-py-afs) in a variety of marine matrices is described in 
the the present study.

since reliable results are still mostly dependent on sample preparation, 
this study aims to evaluate the efficiency of different procedures, 
namely microwave-assisted extraction (Mae) with hCl, TMah Koh, 
alkaline digestion with Koh and enzymatic hydrolysis with protease, 
for the extraction of Mehg in marine samples. Determination was 
accomplished by hyphenated GC-py-afs. The full validation process 
following international guidelines is presented and described.

The estimation of the total uncertainty associated to each measurement 
result was fundamental tool for sorting the main sources of measurement 
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biases. Preliminary forecast of the uncertainty budgets was used as a 
strategy to ensure that determination of methyl mercury in biota samples 
could be achieved with demonstrated traceability to a stated system of 
reference within less than 3 % expanded uncertainty (k=2).

overall, the results obtained with the developed analytical procedures 
are reliable, with stated expanded uncertainty, demonstrated traceability 
and fully validated methods. hence, the methods presented could be 
recommended for its implementation in Iaea Member states laboratories.

MP-033

A FIT FOR PURPOSE ANALYTICAL METHOD FOR 
DETERMINATION OF LOW LEVEL MERCURY IN 
SEAWATER: AN EXTENDED VALIDATION STUDY
ThoMPson, Charles1; VasIleVa-VeleVa, emiliya1; aZeMarD, sabine1; 
(1) IAEA Environmental Laboratories, Monaco

c.d.thompson@iaea.org

With the eventual ratification of the Minamata Convention on Mercury, 
united nations/Iaea Member states will be required to establish or 
strengthen environmental mercury monitoring efforts. among its many 
tasks, the Iaea Marine environment studies laboratories (Iaea-Mesl) 
in Monaco acts as the analytical support center for Iaea Member states 
laboratories and is the pillar of the Iaea Quality assurance program for 
determination of contaminants in the marine environment. as such, Iaea-
Mesl has developed and validated a method for ultra-low level analysis 
of total mercury (Thg) in seawater in order to better assist Member states 
laboratories with mercury analysis and mercury data quality assurance.

an analytical procedure using cold-vapor atomic fluorescence 
spectrophotometry (CVafs) along with improved cleaning and sample 
processing methods was optimized and validated according to the 
recommendations of Iso-17025 standard and eurachem guidelines. 
Importantly, a limit of detection and limit of quantification, after 
extensive cleaning and careful sample preparation, was possible 
at ultra-low levels (loD = 0.01 ng kg-1; loQ = 0.04 ng kg-1) using a 
relatively small sample volume (25ml). however, these values were 
variable over time and highly dependent on clean analytical technique. 
additional parameters such as recovery, working range, repeatability, 
intermediate precision and combined uncertainty (28%, k=2; ~ 0.2 ng 
kg-1 concentration levels) were also carefully estimated.

 all sample preparation steps were carried out in a clean laboratory 
environment under clean hoods (Class 100).

The traceability of obtained measurement results was also demonstrated. 
Particular attention was paid to the correct definition of the measurand in 
this validation study. The mass fraction of mercury dissolved in seawater 
(~0.20 ng kg-1) and mercury associated with solid particles (~0.22 ng kg-1) 
was estimated for a coastal seawater sample (~0.43 ng kg-1) from the 
Mediterranean sea and the respective mass balance provided.

as part of the method validation, sample preservation methods, sample 
preparation methods and stability of samples were also investigated. 

as was found in previous research, preservation of seawater samples 
with 0.1% (v/v) nitric acid was acceptable for short-duration (up to 1 
month) holding times. In this instance, nitric acid proved effective for 
sample stability for both unfiltered and filtered sample processing at 
concentrations around 0.47 ng kg-1 and 0.20 ng kg-1, respectively.

additional validation of the proposed analytical procedure was achieved 
by participation in an Inter-laboratory Comparison (IlC) study. The results 
provided were in excellent agreement with the assigned values of the IlC.

MP-034

DEVICE FOR SYRINGE (INJECTION) MERCURY 
CALIBRATION IN PICOGRAM RANGE
TaTsy, yury1; 
(1) Vernadsky Institute of Geochemistry and Analytical Chemistry of RAS, 
Moscow, Russian Federation

yutatsy@mail.ru

The simple portable device for calibration of mercury analyzers is 
offered. The device uses a known method introduction of microvolumes 
of saturated mercury vapors in analytical cell. The basis of the method 
- known concentration of mercury vapor in unit volume at a specific 
temperature and pressure. In the proposed device the glass conical flask 
with mercury installed in thermal insulation box with melting ice, and 
microvolumes of saturated vapors sampled at 0°C. The concentration of 
mercury vapor at 0°C is 2.205 ng/ml. The dosage of saturated mercury 
vapors was performed by conventional insulin syringes with volume of 
1 ml. The minimum volume for these syringes is 0.1 ml, i.e. at 0°C and 
760 mm hg. 220 pg of hg. using gas-tight chromatographic syringes with 
volume of 0.05 ml and below it is possible to dose amounts of mercury 
since 10 pg. The closed 75 ml flask is completely saturated with mercury 
for 4 minutes. The effect of reduction of mercury concentration in flask 
at selection intervals more than 30 s is absent. for stable results it is 
necessary to carry out preliminary training of syringes and introduce 
amendments to the atmospheric pressure. The assessment of possible 
diffusive losses of mercury from a syringe needle during transfer of vapors 
to analyzer was made. reproducibility of various volumes dosage does 
not exceed 2%. requirements to carrying out of calibration in pg range 
are developed. filled with ice device keeps the temperature not less than 
8 hours. This simple and cheap method provides precise, accurate and 
reproduced calibration. The device can be used in field conditions.

MP-071

TRACEABLE METHOD FOR MERCURY TOTAL MASS 
MEASUREMENT EMITTED FOLLOWING COMPACT 
FLUORESCENCE LAMP BREAKAGE
KoTnIK, Joze1; shlyaPnIKoV, yaroslav1; enT, hugo2; horVaT, Milena1; 
(1) Jozef Stefan Institute, Ljubljana, Slovenia; (2) VSL, Dutch Metrology 
Institute, Delft, the Netherlands

joze.kotnik@ijs.si
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Mercury is widely used in compact fluorescent lamps. The demand for 
these lamps is rising due to Cfls energy efficiency. Increased use of 
Cfls raised concerns due to potential exposure to toxic mercury vapour 
when broken indoor. Moreover, inappropriate storage, handling and 
recycling causes environmental concerns. fully traceable data on total 
mass of hg released after Cfl breakage and validated measurement 
methods is currently lacking.

Mercury was trapped (preconcentrated) under constant flow of hg free 
gas (i.e. nitrogen, argon, air) by several absorbers including gold traps 
and activated carbon traps. The most frequently used method for pre-
concentration of hg is based on amalgamation of elemental hg using 
gold (au) traps, which is followed by thermal desorption of hg at 600 
C and detection by CV aas or CV afs. The method is suitable for lower 
masses of mercury (up to 1000 ng). The precision of measurements is 
less than 15 %. Memory effects and passivation of au traps can lead to 
loss of mercury or reduction in the amalgamation efficiency. au coated 
silica sand is mostly used as absorbing media, however other noble 
metals as au-Pt can be used to pre-concentrate hg. Instead of silica 
al2o3 can be used as al2o3 is more stable at high temperatures. au and 
au-Pt coated al2o3 sand were also used during experiment, however 
further research is still needed.

for higher hg levels (in range of ng and g) traps with activated carbon 
are widely used. Mercury adsorbed on carbon from traps is further 
analysed by pyrolysis and CV aas, CV afs, and mass spectrometry (Ms). 
neutron activation analysis (naa) is also used as a reference method. 
activated carbon traps impregnated by sulphur or chlorine were tested 
for trapping elemental mercury in ng and g levels.

The main goal of this work was to develop an easy, on-line, sensitive and 
traceable method for the determination of released hg from broken 
Cfl bulb. a procedure involving a gas tight Plexiglas box with bulb 
crushing system, heated gold amalgamation trap coupled to a CV aas 
mercury analyser with Zeeman background correction was developed. 
Calibrations of the CVaas detection were conducted using diluted 
nIsT 3133 hg standard solution where the mass fraction of mercury is 
certified and traceable. Certified reference materials were used to check 
performance of analytical methods used.

2c: Sources and cycling of mercury in 
terrestrial ecosystems

MP-035

ENVIRONMENTAL GEOCHEMISTRY AND 
BIOAVAILABILITY OF MERCURY IN VICINITY OF 
KARABASH CU SMELTER
TaTsy, yury1; 
(1) Vernadsky Institute of Geochemistry and Analytical Chemistry of RAS, 
Moscow, Russian Federation

yutatsu@mail.ru

by present time have been published large amount of data on heavy 
metals (but not on mercury) in environment of regions subjected to 
pollution of mining and nonferrous metallurgy. Mercury is constantly 
exist in the ores and concentrates as well as in industrial emissions and 
releases. unfortunately, mercury emission from smelters not controlled 
officially. research carried out in test site around the Karabash copper 
smelter (southern ural). The objective of this study was to investigate 
mercury cycle as result of atmospheric emission: precipitations (dry and 
wet) – soil – lake (water and sediments) – fish. Mercury concentrations 
in atmospheric dust deposition and rainwaters has been assessed. The 
results showed that mercury in precipitation mainly was in particulate 
(>2 μm) phase in the form of poorly soluble compounds, likely sulfides. 
The mercury content of atmospheric dust in 5-7 times higher local soils 
background; rainwater concentrations rarely exceed 0.5 µg/l. The area 
continues to suffer of acid rains (рН 3.5-4.5). Mercury concentrations 
in soils within 5 km zone from smelter stack (n = 20) ranged from 0.17 
to 12.0 mg/kg. The maximum acceptable concentration (2.1 mg/kg) 
was exceeded in 30% of soils. The upper layer of bottom sediments in 
lake serebry showed extremely high concentration of mercury (up to 
19 mg/kg), as well as other heavy metals from smelter emission (Pb, 
Zn, Cd, Cu and as). The assessment of bioaccumulation of mercury in 
physiological systems of fishes in comparison with background lake is 
made. The territory of Karabash geochemical anomaly is the natural-
technogenic test area, which makes it possible to study degradation and 
restoration of environment at a changing technogenic load. It is shown 
that accumulation of mercury in fish tissue prevents the high content of 
se in water and sediments.

MP-036

EFFECT OF ORGANIC MATTER DECOMPOSITION, 
SULFUR, SOIL TYPE AND FOREST GROWTH ON 
HG RETENTION AND BINDING STRENGTH IN 
FOREST SOIL
baJraCharya, urshula1; JaCKson, brian1; fenG, Xiahong1; 
(1) Dartmouth College, Hanover/NH, USA

urshula.bajracharya.gr@dartmouth.edu

soil is the largest terrestrial sink for hg and soils of northeast us are 
elevated in hg compared to us as a whole. soil hg concentrations are 
highly correlated to C and the fate of hg in soil will be influenced by 
changes in climate and land use because these processes affect the C 
cycle. similarly, changes in organic matter quality should affect hg soil 
concentrations, because, presumably, hg binding will change as quality 
changes. In this regard organic s is of particular importance because of 
the known high affinity of organic s groups to bind hg. In this study, we 
look at the effects of oM decomposition (measured by δ13C), s, land use 
practice and soil type (ph) on hg retention in forest soil in bartlett, nh, 
u.s.a. The forests studied are of three ages – 15, 45 and 120 years, and 
contain two soil types - Inceptisol and spodosol; spodosols being more 
strongly acidic than Inceptisol soils. We collected soil from 10 replicate 
sites and oven dried at 30 0C. The soil samples were analyzed for C, 
δ13C, s, hg, and bulk density. soils were also extracted using DI water 
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and analyzed for dissolved organic carbon (DoC) and hg concentration, 
and partition coefficients (Kd) were calculated. The multiple regression 
of log10 (hg/C) vs. δ13C, log10 (s/C), soil ph and forest growth was 
significant (p-value<0.0001; r2=0.92) and the three variables were 
individually significant (p-value<0.0001). The δ13C explains 33%, s/C 
23%, ph 34% and forest growth 3% of the total variance in hg/C ratio. 
Multiple regression of log10 Kd vs. δ13C, log10 s, ph and forest 
growth was also significant (p-value<0.0001, r2=0.56). again the first 
three variables were individually significant (p-value<0.0001). Most 
variance is explained by log10 s (27%), δ13C (18%) and ph (10%), These 
results demonstrate that hg retention (hg/C) and binding strength 
(Kd) are strongly associated with the degree of oM decomposition, s 
concentration and soil type (ph). We do not see a significant effect of 
forest growth on hg retention. however, there is slight difference in hg 
retention between the three-forest growths which contributes to the 
total hg retention in soil.

MP-037

GRAIN-SIZE DEPENDENCE OF MERCURY 
SPECIATION IN RIVER SUSPENDED MATTER AND 
SOILS IN A MERCURY MINING AREA AT VARYING 
HYDROLOGICAL CONDITIONS
baPTIsTa-salaZar, Carluvy1; rICharD, Jan-helge1; horf, Michael1; reJC, 
Mateja2; Gosar, Mateja3; bIesTer, harald1; 
(1) Technische Universität Braunschweig, Braunschweig, Germany; 
(2) Komunala komunalno podjetje Idrija d.o.o, Idrija, Slovenia; (3) Geological 
Survey of Slovenia, Ljubljana, Slovenia

c.baptista-salazar@tu-braunschweig.de

suspended matter (sM) plays an important role in the transport of 
mercury (hg) in aquatic systems. Information about hg-species in 
this material is crucial to understand risk potential especially for hg 
methylation and bioavailability. In the Idrija hg mine (slovenia) cinnabar 
(α-hgs) was mined and processed for centuries. These activities 
caused contamination of the Idrijca river system by dumping of ore 
roasting residues and atmospheric hg deposition to soils attributed 
to excessive hg emissions from the roasting plant. Cinnabar is the 
dominant hg-species in the coarse-grained sediments of the Idrijca 
river where hg methylation is general low, whereas organically-bound 
hg has caused intense hg methylation in the Gulf of Trieste (GT), the 
final sink for hg released from the Idrijca catchment. hydrology of the 
Idrijca river is characterized by high discharge events during heavy rains 
and snowmelt, which transports large amounts of sM towards the GT. 
however, the dominant hg-species transported in sM and their specific 
source under varying hydrological conditions is largely unknown, but 
crucial to predict future transport of bioavailable hg forms from the 
mining area to the GT.

We analyzed hg concentrations and hg-species (hg-thermo-desorption) 
in sM and different grain size fractions of soils from the Idrijca 
catchment to evaluate changes in solid phase hg-species under low 
and high flow conditions. Concentrations of dissolved hg did not 

change significantly during low and high flow (median: 21.3 to 28.1 ng 
l-1, respectively). hg concentrations in sM in tributaries decreased with 
distance (~ 30 km) from the mine from 32.7 to 0.47 mg kg-1 related to 
hg concentrations in fine particulate soil fractions (0.45-20 μm) which 
ranged from 56.2 to 0.53 mg kg-1. hg speciation in sM was dominated by 
organically-bound hg forms at low flow (median: 95.5%) which decrease 
during high flow conditions (median: 53.8%) attributed to increased 
mobilization of cinnabar from riverbanks and mine residues. our results 
show that aqueous hg transport in the Idrija mining area is dominated 
by heavy rain events and mobilization of organically-bound hg from soils 
indicating that the frequency of heavy rain events will control transport 
of bioavailable hg to the marine environment.

MP-038

INFLUENCE OF AGRICULTURAL PRACTICES 
AND FLOODING EVENTS ON THE RELEASE AND 
BIOMETHYLATION OF MERCURY IN SOILS.
Gfeller, lorenz1; GyGaX, sebastian1; WIlCKe, Wolfgang2; MesTroT, 
adrien1; 
(1) Institute of Geography, University of Bern, Trace Element Speciation 
Group, Bern, Switzerland; (2) Institute of Geography and Geoecology, 
Karlsruhe Institute of Technology, Karlsruhe, Germany

lorenz.gfeller@giub.unibe.ch

The influence of temperature, redox conditions and organic matter on 
the release and biomethylation of mercury (hg) is well documented 
but mechanistic processes in the terrestrial environment are ill-
characterized although they might have a substantial impact on hg 
behavior. This is particularly true for agricultural floodplain soils, where 
manure is commonly applied and also because climate predictions 
postulate an increase in temperatures and extreme weather events 
such as flooding. To study the effects of temperature, redox conditions 
and manure addition on the biogeochemical cycling of hg, we chose a 
hg-contaminated agricultural floodplain situated near Visp, switzerland. 
There, between 1930 and 1976, an acetaldehyde-producing company 
released an estimated 50 t of hg into a canal. During this period, the 
canal was cleaned multiple times and the hg-rich sediments were 
distributed throughout the agricultural fields and private gardens, 
contaminating the whole valley. We studied three agricultural 
soils situated near the canal. The soils were incubated in triplicate 
microcosms under flooded conditions both with and without the 
addition of 2 wt.% organic matter (oM) for 11 days. bulk soils were 
sampled before and after the incubation to test soil biomethylation 
while the soil pore water was sampled throughout the experiment 
to assess the presence of dissolved Mehg and the release of hg. 
Mehg was extracted from soils with an optimized three-step selective 
extraction using 35% hCl, dichloromethane and l-cysteine. hg species 
were measured with hPlC-ICP-Ms, while total hg and a range of 
relevant elements (e.g. fe, Mn) were measured by ICP-Ms. further 
soil properties potentially affecting biomethylation and release of hg 
were also measured (e.g. DoC, eh and ph). under these conditions, 
hg concentrations in the pore water increased to over 40 µg/l within a 
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few days, with a higher release in the manure-amended microcosms. 
Increasing hg concentrations were correlated with those of Mn in 
pore water, suggesting a reductive dissolution of Mn (oxy-)hydroxides. 
The hg release was followed by a subsequent decrease within two 
days. Interestingly, an increase in Mehg concentration was measured 
in the soils during the incubation (up to 28 µg/kg) while no Mehg 
could be detected in the pore water. ongoing investigations include 
incubation experiments to determine more precisely the biomethylation 
mechanism and the decrease of dissolved hg in pore water. This work 
is important in order to understand the influence of climate change and 
agricultural practices on the biomethylation and the release of hg in the 
terrestrial environment.

MP-039

DISTRIBUTION OF MERCURY IN SLOVENIAN SOIL 
ACCORDING TO HIGH, MEDIUM AND LOW SAMPLE 
DENSITY SURVEYS
Gosar, Mateja1; ŠaJn, robert1; TerŠIČ, Tamara1; 
(1) Geological Survey of Slovenia, ljubljana, Slovenia

mateja.gosar@geo-zs.si

regional geochemical survey was conducted in whole territory of 
slovenia (20273 km2). high, medium and low sample density surveys 
were compared. high sample density represented the regional 
geochemical data set supplemented by local high-density sampling data 
(irregular grid, n=2835). Medium-density soil sampling was performed 
in a 5 x 5 km grid (n=817) and low-density geochemical survey was 
conducted in a sampling grid 25 x 25 km (n=54). Mercury distribution 
in slovenian soils was determined with models of mercury distribution 
in soil using all three data sets. a distinct hg anomaly in western part of 
slovenia is evident on all three models. It is a consequence of 500-years 
of mining and ore processing in the second largest mercury mine in the 
world, the Idrija mine. The determined mercury concentrations revealed 
an important difference between the western and the eastern parts of 
the country. for the medium scale geochemical mapping is the median 
value (0.151 mg /kg) for western slovenia almost 2-fold higher than the 
median value (0.083 mg/kg) in eastern slovenia. besides the hg median 
for the western part of slovenia exceeds the hg median for european 
soil by a factor of 4.

Comparing these sample density surveys, it was shown that high 
sampling density allows the identification and characterization of 
anthropogenic influences on a local scale, while medium- and low-density 
sampling reveal general trends in the mercury spatial distribution, but are 
not appropriate for identifying local contamination in industrial regions 
and urban areas. The resolution of the pattern generated is the best 
when the high-density survey on a regional scale is supplemented with 
the geochemical data of the high-density surveys on a local scale.

references: 
Gosar, M, Šajn, r, Teršič, T. Distribution pattern of mercury in the 
slovenian soil: geochemical mapping based on multiple geochemical 
datasets. Journal of geochemical exploration, 2016, 167/38-48.

MP-040

GEOCHEMICAL CONTROLS ON 
METHYLMERCURY PRODUCTION IN SHALLOW 
ALLUVIAL GROUNDWATERS IN THE CEDAR 
RIVER FLOODPLAIN
Van helTen, seth1; loPeZ, samuel1; GrahaM, andrew1; 
(1) Grinnell College, Grinnell, IA, USA

vanhelte17@grinnell.edu

The Cedar river watershed (20,800 km2 at study location) comprises 
much of eastern Iowa where row crop agriculture is the dominant 
land use resulting in disturbances of hydrology and nutrient cycling. 
Climatic change has likely driven increases in baseflow and the 
frequency of flood events in the region. Within this context, we report on 
hydrogeochemical controls on methylmercury (Mehg) production within 
a savanna oak floodplain and terrace fen complex along the Cedar river, 
with emphasis on microtopography and groundwater-surface water 
interaction in controlling Mehg production.

Total hg (Thg) in the Cedar river averaged 8.4±1.2 ng/l, with a 
mean filterable Thg of 1.1±0.55 ng/l and a mean filterable Mehg of 
0.085±0.020 ng/l. Within the floodplain where groundwater-surface 
water exchange occurs, filterable Mehg was elevated compared to the 
Cedar river, averaging 0.14±0.16 ng/l in shallow alluvial groundwaters 
and 0.34±0.17 ng/l in wetland ponds. Wells in sandy ridges had lower 
TDs, were more oxic (higher dissolved oxygen, lower fe(II) and dissolved 
Mn) and had lower filterable Mehg (median = 0.049 ng/l) than silty 
swales (median = 0.098 ng/l). our findings point to the importance 
of microtopography in controlling groundwater flow paths, dominant 
terminal electron acceptor processes and hg methylation in alluvial 
groundwaters. across all wells and sampling events, dissolved Mn was 
the only variable significantly correlated with filterable Mehg (r = 0.46, 
p = 0.01). Wetland surface water Mehg was also significantly correlated 
with dissolved Mn (r = 0.70, p = 0.01), suggesting involvement of Mn-
reducing bacteria in hg methylation at our study location.

Within the terrace fen complex, a strong redox gradient across the 
terrace (oxic) to fen (anoxic) boundary was accompanied by increased 
filterable Mehg in groundwater (0.054±0.035 ng/l in upland terrace 
vs. 0.11±0.12 ng/l in fen). Mehg concentrations in fen peat reached 6 
ng/g dry weight or nearly 5% of total hg; low Mehg concentrations in 
peat groundwater are attributable to strong Mehg sorption to peat 
organic matter and/or iron sulfide minerals. hg concentrations in 
the macroinvertebrate Gammarus were nearly twice as high in fen 
organisms compared to those dwelling near the terrace discharge (52 
vs. 28 ng/g dry weight median hg), and indicate potential for trophic 
transfer of hg in this high value ecosystem. overall, our results suggest 
that alluvial groundwaters may be important zones of hg methylation in 
terrestrial ecosystems. ongoing work aims to quantify the importance of 
flood events to hg cycling within this system.
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MP-041

RADIOMETRIC TRACERS OF ATMOSPHERIC HG 
DEPOSITION TO VEGETATION
lanDIs, Joshua1; Taylor, Vivien1; 
(1) Dartmouth College, Hanover, United States

joshua.d.landis@dartmouth.edu

The radioisotopes beryllium-7 (7be, half-life 54 days) and lead-210 
(210Pb, half-life 22 years) are produced in the atmosphere, are 
globally distributed, and by virtue of their radioactive decay provide 
time information for a variety of earth system processes. because the 
occurrence of 7be, 210Pb and hg in terrestrial systems derives from a 
shared atmospheric source, an understanding of their relative behaviors 
during deposition and interaction with vegetation may provide insights 
into hg post-depositional fate. To investigate the deposition and 
interception of atmospherically derived elements we measured 7be, 
210Pb, total hg (hgT) and other metals in tree leaves (Quercus rubra, 
eastern red oak) over four years in annual time series. Depositional flux 
of 7be, 210Pb and major and trace elements was also measured weekly 
for five years at a site co-located with leaf collections. In oak leaves the 
concentrations of 7be, 210Pb, hgT, al, stable Pb and certain transition 
metals all increased linearly with time through the growing season, and 
this trend continued through autumn and winter senescence; red oak 
retains some dead leaves in the canopy through the dormant season. 
after 1 year of atmospheric exposure hgT concentrations averaged 92 
±33 ng g-1 leaf dry weight (mean ±1sD, n=7). The 7be:210Pb ratio of the 
leaves maintained a dynamic equilibrium with measured atmospheric 
deposition, but due to the short 7be half-life this ratio is sensitive to 
seasonal changes in leaf interception efficiency. a monotonic increase 
in 210Pb, 7be, total Pb and hgT leaf concentrations through the annual 
seasonal cycle indicates that a portion of the depositional flux of each 
metal becomes irreversibly bound to leaf matter. litterfall is the primary 
source of Pb and hg to underlying soils in vegetated terrestrial systems, 
and our observations thus suggests that 210Pb may provide a valuable 
tracer and chronometer of hg fate during its deposition from the 
atmosphere and transfer to soil systems.

MP-042

WHAT CAUSES INCREASED MERCURY FLUX FROM 
WET SOILS?
KhusIal, richard1; huI, Christina1; Mann, erin1; CarPI, anthony1; 
(1) John Jay College, New York City, USA

rdk2292@gmail.com

Mercury is a neurotoxin that has significant impact on human health. 
Mercury is commonly found in its divalent form in environmental 
soils; however it can be converted to elemental mercury (hg0), which 
can move from the soil to the atmosphere. It has been found that the 
addition of water to a soil can result in an increase in hg0 emissions. 
The mechanism by which water influences mercury flux from soil, 
however, remains unclear. In 2005, Gustin stamenkovic proposed that 

water could lead to a redistribution of reducible mercury within the soil 
matrix thus facilitating subsequent reduction and emission. however, 
water appears to increase mercury reduction in soils in the absence of 
a third party mechanism of said reduction. We conducted a number of 
controlled laboratory experiments in which dry, sifted soil samples were 
placed under Teflon flux chambers, and purified water was then added 
in distinct events at timed intervals. Consistent with reported studies, 
an increase in hg0 flux was seen with the addition of water, with larger 
volumes of water led to larger hg0 fluxes up to a point. however, in our 
work when a soil sample was wet with a given volume of water, allowed 
to dry and then wet with the same volume of water and left in the dark 
in the dark, the second wetting led to a larger increase in hg0 emissions 
than the first water addition this was consistent across multiple samples 
and multiple subsequent wettings. These preliminary results suggest 
that additional factors may be at play when soil is wet in addition to the 
redistribution of reducible mercury.

MP-043

USING MOSS AS BIOMONITOR TO DETECT 
ATMOSPHERIC SOURCES OF MERCURY
MenDoZa, ana1; PeralTa, ronal1; Mann, erin1; leVIn, erica1; CarPI, 
anthony1; 
(1) John Jay College, New York, United States

ana.mendoza@jjay.cuny.edu

Mercury is a global health concern because of its toxicity to the 
human brain. Coal fired plants and sewage sludge incinerators are 
anthropogenic sources of mercury emission to the environment. 
ambient air monitoring of such sources is expensive; however, moss 
has been used as a passive bio-monitor for airborne mercury due to its 
ability to absorb ions from the atmosphere. The purpose of this research 
was to study potential sources of mercury in new haven, Connecticut, 
and determine whether moss is sensitive enough to detect a relatively 
small point source of atmospheric mercury pollution in a non-pristine 
environment. We hypothesized that there would be a direct relationship 
between the distance of the moss to identified sources of mercury, and 
the concentration of mercury in the moss samples. local sources and 
patterns of distribution were studied by placing 21 samples of moss in 
three transects around a sewage sludge incinerator in new haven and 
exposing them to ambient conditions for three weeks in July of 2015 
and 2016. after collection, samples were analyzed and the patterns of 
mercury accumulation in the samples were correlated with distance 
from local sources of the metal. In 2015, moss samples closest to the 
incinerator showed mercury concentrations from 0.03 to 0.04 ppm, 
while moss placed further away had mercury concentrations from 0.02 
to 0.03 ppm. although samples from 2016 are still undergoing analysis, 
preliminary data corroborates the 2015 findings. our data suggests new 
haven (small source, non-pristine environment), and that the sewage 
sludge incinerator is acting a s a mercury source in the area.
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MP-044

ATMOSPHERIC MERCURY DEPOSITION TO FORESTS 
IN THE EASTERN USA
rIsCh, Martin1; DeWIlD, John2; Gay, David3; ZhanG, leiming4; boyer, 
elizabeth5; KrabbenhofT, David2; 
(1) US Geological Survey, Indianapolis, IN, USA; (2) U.S. Geological 
Survey, Middleton, WI, USA; (3) University of Illinois, Champaign, IL, USA; 
(4) Environment Canada, Toronto, Ontario, Canada; (5) The Pennsylvania 
State University, University Park, PA, USA

mrrisch@usgs.gov

atmospheric mercury in litterfall is an important form of deposition to 
forests, which comprise 50 percent of the land cover in the eastern usa. 
Mercury (hg) was measured in autumn litterfall samples during 2007 to 
2014 at a total of 27 national atmospheric Deposition Program (naDP) 
precipitation-hg monitoring sites in deciduous and mixed deciduous-
coniferous forests in 16 states in the eastern usa. These data comprise one 
of the broadest and longest studies to date and captured the maximum 
litterfall-hg concentrations and litterfall mass at the study sites each year, 
along with annual precipitation-hg data. rates of litterfall-hg deposition 
were higher than or equal to precipitation-hg deposition rates in 70 
percent of the annual data, which indicates a substantial contribution from 
litterfall to total atmospheric-hg deposition. annual litterfall-hg deposition 
rates from this study matched modeled dry-hg deposition rates at naDP 
hg-monitoring sites and may indicate the low end of the range of dry-hg 
deposition to forests. atmospheric-hg deposition rates were statistically 
different among five forest-cover types in this study, and rates were highest 
in oak-hickory and maple-beech-birch types. forest canopies apparently 
recorded changes in atmospheric-hg concentrations over time because 
litterfall-hg concentrations were significantly higher in 2007-2009 than in 
2012-2014 and litterfall-hg concentrations decreased year to year for all 
sites in the study periodfindings consistent with reported decreases in hg 
emissions and atmospheric elemental hg concentrations during this same 
time period. Methylmercury, the organic form of hg which accumulates 
and concentrates in food webs, was detected in all litterfall samples at 
the study sites, documenting part of a terrestrial hg cycle reported to 
affect wildlife such as songbirds and raptors and their prey. findings from 
this study indicate that long-term measurements of hg in litterfall and 
precipitation help to quantify most of the atmospheric-hg deposition to 
deciduous and mixed deciduous-coniferous forests in the eastern usa.

MP-045

IMPACT OF ROOT SPIKES AND AIR HG EXPOSURES 
ON FOLIAGE, BARK, AND TREE RINGS OF 
AUSTRIAN PINES
arnolD, Jennifer1; WeIsberG, Peter1; GusTIn, Mae1; 
(1) University of Nevada-Reno, Reno, NV, USA

arnoldjennifer22@gmail.com

The relative importance of root exposure versus air exposure for plant 
uptake of oxidized mercury compounds has not been investigated 

extensively in controlled experiments. This project was a component 
of a larger one investigating the accuracy of tree rings as proxies for air 
exposures (i.e. atmospheric composition of hg). This project involves 
the use of data collected from pines that were moved to different 
air exposures at 4, and 6-to-7 years old. In addition, tree cores were 
collected in multiple locations from trees >80 years old.

here we discuss data collected using 4-year old austrian pine trees 
grown from common genetic stock in oregon that were exposed 
to three air treatments differing in GoM chemistry and GeM 
concentrations, and retained in the same soil. The trees were placed 
in: a greenhouse with GoM emitted from mining material (hg-sulfur 
compounds), a greenhouse with hgbr2 permeated into ambient air, and 
a greenhouse with ambient air. In addition, a subset of trees was spiked 
with hgbr2 concentrations in solution of 100 ng/l applied to the roots 
2-times a week for 5 weeks prior to being placed in different settings to 
investigate the impact of a root exposure versus air exposure. foliar hg 
concentrations, after growing in the different settings, were greater than 
the control trees (trees sacrificed when initially received), and increased 
over the growing season (June-september) for all exposures. There was 
no significant effect of the spike on tree ring concentrations. In addition, 
all tree rings were consistently higher relative to the controls. These 
results indicate permeation throughout the whole young tree.

MP-046

LINKING MINE WASTEWATER DISCHARGE 
TO INCREASES IN METHYLMERCURY 
CONCENTRATIONS IN A SUB-ARCTIC FEN
TWIble, lauren1; branfIreun, brian2; PrICe, Jonathan3;  
MCCarTer, Colin3; 
(1) Department of Earth Sciences, Western University, London, ON, Canada; 
(2) Department of Biology and Centre for Environment and Sustainability, 
Western University, London, ON, Canada; (3) Department of Geography and 
Environmental Management, University of Waterloo, Waterloo, ON, Canada

ltwible@uwo.ca

Mines in remote northern regions have limited options for handling 
their wastewater produced through industrial and processing activities 
due to geographic isolation, cost, and energy requirements. Wetlands 
have a recognized capacity to assimilate nutrients and particulate 
matter, and since they are often geographically ubiquitous in these 
regions, are thus are an appealing water polishing option. however, 
some wastewaters contain elevated concentrations of sulphate, which is 
known to stimulate methylmercury (Mehg) production in wetlands, and 
in particular peatlands. To evaluate the potential impact of wastewater 
discharge containing sulphate on net Mehg production in peatlands, 
we conducted a large-scale field experiment that added simulated 
wastewater (containing nutrients and ~35 ppm sulphate) to a 0.98 
hectare fen in the James bay lowland. In the summers of 2014 and 
2015, simulated wastewater was loaded to the peatland at ~40,000 
l/day for ~45 days each year. samples were taken throughout the 
experimental site from pools and porewater via wells and piezometers. 
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In 2016, the site water was sampled as in previous years, but no 
additions were made to evaluate the potential recovery from nutrient 
loading. Two reference peatlands were also sampled. In both 2014 and 
2015, the fen showed a dramatic increase in Mehg concentrations (site 
average 1.53 ng/l vs. 0.075 ng/l for reference sites) concurrent with 
the addition of sulphate, and an accompanying site average increase 
in %Mehg from ~4.21% before loading to ~28.9% during additions 
and ~18.0% post additions. In 2016, Mehg, concentrations at the 
experimental site dropped significantly from the years with additions, 
but remained above the reference site (background) concentrations. 
In all years, there was no measurable increase in Mehg concentrations 
at the outflow of the peatland, despite the dramatic increases in 
Mehg concentrations seen in the porewaters. These results reveal 
the sensitivity of pristine northern peatlands to sulphate addition with 
respect to Mehg, however we also found that increases in production do 
not necessarily translate into increases in export, and that recovery after 
additions may be relatively rapid.

MP-047

EVALUATING THE IMPACT OF ADDITIONS 
OF SULPHATE ON NET METHYLMERCURY 
PRODUCTION IN PRISTINE SUB-ARCTIC PEATS
TWIble, lauren1; branfIreun, brian2; 
(1) Department of Earth Sciences, University of Western Ontario, London, 
Ontario, Canada; (2) Department of Biology and Centre for Environment & 
Sustainability, University of Western Ontario, London, Ontario, Canada

ltwible@uwo.ca

sulphate additions to peatlands are known to increase methylmercury 
(Mehg) concentrations over time but little information exists about 
the effects of different levels of sulphate loading on the magnitude 
in intact natural peats. In remote, northern higher latitude peatlands, 
atmospheric loading of sulphate is extremely low areas where sulphate 
is higher are some sites of groundwater-surface water interaction, or 
where there has been land use change such as extractive mining. here 
we present results from a replicated laboratory column experiment 
designed to examine a) the impact of different sulphate loads on 
net Mehg production in pristine peats naturally low in sulphate, 
and b) the degree to which sulphate derived from crushed mine 
waste rock stimulated net Mehg production in these same peats. 
Glass chromatography columns (30cm long, 4.8cm wide) with Teflon 
fittings were packed with peat, under anaerobic conditions. for the 
first experiment, continuous additions of three different sulphate 
concentrations (1, 5, and 30 ppm, plus controls) into the columns 
to simulate/represent the addition of sulphate-rich groundwater or 
wastewater containing sulphate to peat. for the second experiment, 
sulphate was delivered to the peat column by passing ph adjusted 
distilled water through a column packed with milled waste rock to 
simulate the pulse of sulphate that might be delivered from mine 
tailings. all sulphate additions stimulated net Mehg production, 
however the highest Mehg concentrations were seen in the 5 and 30 
ppm treatments (1.82 +/- 0.18 ng/l and 1.23 +/- 0.11 ng/l, respectively 

vs 0.242 +/- 0.03 ng/l for the control columns) with the 5 and 30 
ppm treatments also showing a more lagged response (48-72 hours) 
than 1 ppm, which was <24 hours. results suggest that even very 
modest additions of sulphate to these pristine peats would result in a 
significant increase in Mehg in pore waters and potential downstream 
effects requiring careful consideration of both water and waste rock 
management for sulphate.

MP-048

DYNAMICS AND BUDGET OF MERCURY IN A 
SUBTROPICAL FOREST IN SOUTHWESTERN CHINA
sun, Tao1; Ma, Ming1; Du, hongxia1; WanG, Dingyong1; 
(1) College of Resources and Environment, Southwest University, Beibei/
Chongqing, China

suntao81589@126.com

forests are considered as a pool of mercury (hg) in the global mercury 
cycle, hg pollutions have also attracted many attentions for decades in 
suburb of southwestern China with a rapid economic growth. studies 
have pointed out that the forest hg is from atmosphere, dynamics and 
budget of mercury in some remote forests are not comprehensive 
and this risk of hg releasing probably occur with the increasing of hg 
accumulating in forest. however, limited data were published about 
dynamics and budget of mercury in a suburb area. In this study, a 
subtropical forest (nearby an industrial city, Chongqing) in southwestern 
China was chosen to study dynamics and budget of mercury in the 
forest, aiming to: 1) investigate the hg concentration in various forest 
layers and analyze the dynamics of hg in this forest; 2) understand 
the characteristics of hg migration; 3) calculate the budget of hg in 
this system. The results showed that the volume-weighted mean 
concentrations (VWM) and hg fluxes of total hg (Thg) in precipitation, 
throughfall and runoff were 14.68 ± 6.13 ng·l-1, 31.64 ± 15.04 ng·l-1and 
4.86 ± 0.31 ng·l-1, respectively and 16.51 µg·m-2·yr-1, 29.92 µg·m-2·yr-1, 
1.29 µg·m-2·yr-1, respectively, which were higher than remote forests. 
seasonal variations were also observed with peak Thg value in winter 
and highest Mehg concentration in summer. hg evaporation from 
soil/air interface (62.49 µg·m-2·yr-1) was the dominant pathway for hg 
release from forest. The main pathway for hg input into forest was 
litterfall (42 µg·m-2·yr-1), followed by throughfall and precipitation. The 
storage of hg in forest field (including forest floor and soil profiles) was 
130.37 mg·m-2·yr-1, which was much larger than input, this implied 
that the forest field was a big receiver for hg. In this study, the hg 
source was mainly from atmosphere in this forest system, and the hg 
VWM in runoff has no risk for drinking water, but with the increasing 
accumulation of hg in soil, this risk may be emerged.
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MP-049

OBSERVATION AND ANALYSIS OF TOTAL GASEOUS 
MERCURY IN NAM CO STATION (4730 M A.S.L), A 
HIGHLAND BACKGROUND SITE IN THE INLAND 
TIBETAN PLATEAU
yIn, Xiufeng1; De foy, benjamin2; KanG, shichang3; ZhanG, Guoshuai4; 
ZhanG, Qianggong5; 
(1) State Key Laboratory of Cryosphere Sciences, Northwest Institute of 
Eco-Environment and Resources, Chinese Academy of Science; University of 
Chinese Academy of Sciences, Beijing, China; (2) Department of Earth and 
Atmospheric Sciences, Saint Louis University, St. Louis, MO, USA; (3) State Key 
Laboratory of Cryosphere Sciences, Northwest Institute of Eco-Environment 
and Resources, Chinese Academy of Science; CAS Center for Excellence in 
Tibetan Plateau Earth Sciences, Beijing, China; (4) Key Laboratory of Tibetan 
Environment Changes and Land Surface Processes, Institute of Tibetan 
Plateau Research, Chinese, Academy of Sciences, Beijing, China; (5) CAS 
Center for Excellence in Tibetan Plateau Earth Sciences; Key Laboratory 
of Tibetan Environment Changes and Land Surface Processes, Institute of 
Tibetan Plateau Research, Chinese, Academy of Sciences, Beijing, China

1988yinxiufeng@163.com

a field campaign was conducted from 2 november 2014 to 22 March 2015 
at nam Co (Tibet, China) using a set of automatic atmospheric mercury 
speciation analyzers (Tekran 2537b with 1130 and 1135 units) for the 
measurements of Gaseous elemental Mercury (GeM), reactive Gaseous 
Mercury (rGM) and Particle-bound mercury (hgP). This study is one of 
attempts to present the valuable data sets of continuous measurements 
of atmospheric mercury species in the inland of the TP (Tibetan Plateau). 
average concentrations of GeM, hgP and rGM were 0.94±0.19 ng m-3, 
50.61±26.74 pg m-3 and 3.15±2.79 pg m-3 (mean±sD), respectively. The 
range of GeM, hgP and rGM as: GeM: 0.39-1.66 ng m-3; hgP: 4.88-157.84 
pg m-3 and rGM: 0.18-29.73 pg m-3. for daily variation, GeM and rGM 
were relatively stable during monitoring, and hgP concentrations were 
much higher in wintertime than in later autumn and early spring. for 
details in diurnal variations of the mercury species, maximum GeM 
concentration was measured normally after sunrise whereas hgP reached 
its maximum before sunrise and rGM was maximum in the afternoon. 
both convention and photochemical production were responsible 
for diurnal cycle of atmospheric mercury. Modeling results were 
relatively similar from potential source contribution function (PsCf) and 
concentration weighted trajectory (CWT) and results indicated that nam 
Co station was mainly affected by the air mass from south asia. Western 
and central nepal, central and east Pakistan and northern India were 
considered as potential source of nam Co.

MP-050

A SIMULATION STUDY OF MERCURY EMISSIONS 
FROM THREE TYPES OF SOILS
XIe, han1; he, yipeng1; WanG, Xuejun1; TonG, yindong2; lIu, Maodian1; 
ZhanG, Wei3; lIn, huiming1; Chen, long4; WanG, huanhuan1; lI, Jinling1; 
(1) Peking University, Beijing, China; (2) Tianjing University, Tianjing, China; 

(3) Renmin University, Beijing, China; (4) East China Normal University, 
Shanghai, China

flyxh@pku.edu.cn

It is widely accepted that the amount of nature mercury emission is 
much larger than that of anthropogenic mercury emission. Multiple 
soil and meteorological parameters have been suggested to influence 
mercury release from soils. however, the relationships between the 
parameters and mercury release are still not very clear. In this study, 
we conducted a series of simulation experiments in lab to explore the 
effects of soil temperature and solar radiation on emission of mercury 
from soil. field measurements were also conducted to verify the results. 
Three types of soil were collected in China including brown earth, black 
soil and red earth. The mercury concentrations in the three soils were 
25.1 ± 0.4, 73.8 ± 2.1, 75.7 ± 2.4 ng/g, respectively, which are close to the 
background values of Chinese soils. Different gradients of solar radiation 
and soil temperature were designed in the orthogonal experiment. 
In addition, the concentrations of soil organic matter and other soil 
properties were examined, in order to investigate their influences. There 
are significantly logarithmic linear positive correlation between mercury 
emission and solar radiation, and significantly positive correlation 
between mercury emission and soil temperature. The minimum 
mercury emission flux (0.2, 0.6, 0.8 ng/m3/h) was observed under the 
dark condition and the maximum (2.1, 4.8, 6.3 ng/m3/h) was observed 
under the highest radiation intensity. The results showed that solar 
radiation is the primary driver for mercury emission from soil, which is 
the same as previous studies. Mercury emission flux in dark condition 
is about 5% - 15% of the flux in light condition and the percentage 
increases significantly as the soil temperature increasing. The flux in 
dark condition could be explained by thermal reduction of reactive 
mercury. soil samples with similar mercury concentrations could 
have a difference of ~ 30% in mercury emission flux under the same 
experiment condition. The difference might be caused by the variation 
of soil organic matter and other soil properties.

MP-051

MERCURY AND METHYLMERCURY RELEASE FROM 
DOMESTIC SEWAGE TO THE ENVIRONMENT: 
SOURCE, DISTRIBUTION, SINK AND MASS FLOW 
FROM 2000 TO 2014 IN CHINA
lIu, Maodian1; Du, Peng1; yu, Chenghao1; he, yipeng1; WanG, Xuejun1; 
ZhanG, Wei2; 
(1) Peking University, Beijing, China; (2) Renmin University, Beijing, China

liumd@pku.edu.cn

based on the measurement of domestic sewage samples from 59 
sewage treatment plants in China, we built the mass flows of total 
mercury (Thg) and methylmercury (Mehg) release from this sector to 
the environment. as an important anthropogenic source which was 
frequently neglected before, Thg and Mehg release from domestic 
sewage increased rapidly due to the population increase and economic 
development in China. There were 160 (-17% to 24% of overall 



POSTeR ABSTRACTS ICMGP2017 The 13Th InTernaTIonal ConferenCe on MerCury as a Global PolluTanT InTeGRATInG MeRCuRy ReSeARCh And POLICy In A ChAnGInG WORLd July 16 – 21, 2017 · ProVIDenCe, rhoDe IslanD, usa 200

uncertainties) tons of Thg and 260 (-17% to 25%) kg of Mehg released 
to the environment in 2014. both Thg and Mehg released to the aquatic 
environment decreased from 2000 to 2014, since the improvement of 
treatment rate in this period. Thg and Mehg release to the pedosphere, 
such as land application and dumping of sludge produced by the 
sewage treatment plants, increased rapidly and threatened the local 
residents. Thg emission from the disposition of sludge might be a 
neglected atmospheric source in China. The study on the release of Thg 
and Mehg from urban areas to the environment by domestic sewage 
can fill the vacancy of anthropogenic source inventory, and could help 
identify feasible management measures in China.

2f: Mercury methylation: microbial and 
geochemical constraints

MP-052

EXPLORATION OF THE PHYSIOLOGY OF 
DESULFOVIBRIO SP. ND132 Δ(HGCA HGCB) 
MUTANT BY WHOLE GENOME RANDOM 
TRANSPOSON MUTAGENESIS AND MASSIVELY 
PARALLEL SEQUENCING
harVey, K1; sMITh, steven1; brIDou, romain1; elIas, Dwayne2; PIerCe, 
eric2; Wall, Judy1; 
(1) University of Missouri, Columbia/MO, United States of America; (2) Oak 
Ridge National Laboratory, Oak Ridge/TN, United States of America

krhvf9@mail.missouri.edu

Methylmercury (Mehg) is a neurotoxin generated by a subset of 
anaerobic bacteria. The overall process of methylation has been 
intensely investigated but until recently little has been understood about 
the molecular mechanism. Two genes, hgca and hgcb, encoding for 
a corrinoid protein and 2[4fe-4s] ferrodoxin respectively, have been 
shown to be essential for production of Mehg. Deletions of these genes 
in the model methylating organism Desulfovibrio desulfuricans nD132, 
both single gene deletions and in combination, show complete ablation 
of Mehg production. Currently, no data implicate hgca and hgcb as part 
of a mercury detoxification system and, thus, a putative native function 
for these proteins remains in question. a newly described protocol, 
rapid transposon liquid enrichment sequencing (Tnle-seq), allows for 
the rapid generation of mutant transposon libraries in the wild-type 
and mutant strains. Dna from each mutant pool will be prepared for 
next generation sequencing to determine the location of transposition 
and abundance of each mutant recovered. Identifying genes differing 
in fitness levels between the two strains may lead to physiological 
functions that are altered in the mutant. To date, no data have been 
provided on the overall response of methylating bacteria to mercury. 
utilizing Tnle-seq, we will also stress both wild-type and double deletion 
strains in order to observe the global response of the cell to toxic 
mercury levels.

MP-053

CHANGING PATHWAYS OF MERCURY 
METHYLATION ALONG TROPHIC GRADIENTS IN 
NORTHERN WETLANDS
hInes, Mark1; ZhanG, lin2; lIu, Xiao1; barKay, Tamar3; sChaefer, 
Jeffra3; KrabbenhofT, David4; PoulIn, brett5; aIKen, George5; 
(1) University of Massachusetts Lowell, Lowell, MA, USA; (2) Texas A&M 
University Corpus Christi, Corpus Christi, TX, USA; (3) Rutgers University, New 
Brunswick, NJ, USA; (4) U.S. Geological Survey, Middleton WI, USA; (5) U.S. 
Geological Survey, Denver CO, USA

mark_hines@uml.edu

Methyl mercury (Mehg) can be produced by diverse microbes besides 
sulfate (so42-) and iron-reducing bacteria, including syntrophs, 
methanogens, and fermenters. Many freshwater wetlands, especially those 
in high norther regions, are deficient in electron acceptors that support 
the traditional respiratory pathways of methylation. however, Mehg tends 
to accumulate to high levels in these wetlands. To investigate methylation 
pathways and to connect these with surface vegetation and microbial 
communities, experiments were conducted using peats from close to 50 
sites in alaska collected during the summers of 2014-2016. The sites were 
clustered using multiple factor analysis based on 1) ph and temperature; 2) 
Ch4, Co2, and volatile fatty acids (Vfa) production rates; 3) vascular plant 
composition, and; 4) non-vascular plant composition. phs varied from 
<4 to >6. Mercury (hg) methylation activity in laboratory incubations was 
determined using the short-lived radioisotope 197hg(II) (½ life 2.67 days).

In the low ph sphagnum dominated clusters, methylation rates were 
less than 0.1% day-1, while the high ph clusters dominated by Carex 
spp. and active methanogenesis, exhibited hg methylation rates as high 
as 10% day-1. In intermediate sites, rich in sphagnum with less Carex, a 
gradient in syntrophy and hg methylation paths was observed. Molecular 
data revealed a gradient in methanogenic pathways, and an increased 
importance of fermentation as ph decreased. Incubation data also 
revealed a sequential loss in the use of specific Vfa along the gradient 
from minerotrophy to ombrotrophy (ph decrease), signifying a gradient in 
syntrophy pathways. hg methylation rates in conjunction with the use of 
microbial inhibitors and stimulators exhibited wide differences in effects 
along the trophic gradient, e.g., the methanogenic inhibitor bes lead to 
an inhibition of hg methylation in minerotrophic sites, but stimulated 
methylation in intermediates sites, whereas inhibitors had no effect in 
highly ombrotrophic bogs.

Methanogens were the primary methylators in minerotrophic sites, 
whereas syntrophs were important methylators in intermediate sites. 
however, the type of syntrophy responsible for methylation likely varied 
along the trophic gradient. Primary fermenters were responsible for 
methylation in the most ombrotrophic sites. as high latitudes warm 
and decomposition rates and vegetation cover evolve, pathways of 
hg methylation should change greatly with an increase in the role of 
respiratory processes like methanogenesis and probably so42- and iron 
reduction, and a decrease in hg methylation by primary and secondary 
fermenters (syntrophs).
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MP-054

BIOLOGICAL MERCURY METHYLATION IN A 
CHRONOSEQUENCE OF WETLANDS: WHAT 
METHYLATORS DOMINATE THE METHYLATION 
ACROSS THE AGE GRADIENT?
hu, haiyan1; WanG, baolin2; braVo, andrea1; sKyllberG, ulf3; 
nIlsson, Mats3; fenG, Xinbin4; bIshoP, Kevin2; berTIlsson, stefan1; 
(1) Uppsala University, Uppsala, Sweden; (2) Swedish University of 
Agricultural Sciences, Uppsala, Sweden; (3) Swedish University of Agricultural 
Sciences, Umeå, Sweden; (4) Institute of Geochemistry, Chinese Academic of 
Sciences, Guiyang, Guizhou, China

huhaiyan@mail.gyig.ac.cn

earlier pure cultures studies showed that Mehg formation is mainly 
performed by microorganisms that metabolically rely on anaerobic 
respiration of sulfate and iron. additionally, methylating srb can still 
methylate hg in the absence of sulfate via either fermentative growth 
or syntrophic interactions with methanogens. yet, the role of syntrophy 
or fermentation in methylation has not been thoroughly examined in 
environmental samples. We made use of a unique natural geochemical 
gradient in a chronosequence of wetlands, where the young mires are 
more nutrient rich with circumneutral ph and feature an abundance 
of electron acceptors such as sulfate, while older mires hold much less 
nutrients, sulfate is scarce and ph is lower. samples collected from 
three of these wetlands, representing a gradient in ages, were used for 
microcosm incubation experiments with specific metabolic resources, 
inhibitors and hg isotope tracers. The experimental incubations were 
used to test the hypothesis that the pathway of hg methylation varies 
as a function of wetland age and trophic status. The expectation would 
be that syntrophy dominates in old and intermediate wetlands, while 
respiratory pathway is more prominent in young, more nutrient-rich 
mires. The hg methylation/demethylation rate constants (Km and Kd) 
were determined and by means of genomic analyses of incubated 
samples, microbial populations hosting and expressing the hgca gene 
involved in the formation of Mehg could be determined. This was used to 
establish a relationship between the capacity for net hg methylation and 
microbial community composition, with the aim to revealing the pathways 
of Mehg formation in the three wetlands. our incubation results showed 
that microorganisms in young mires had the highest activity because of 
the highest Co2 and Ch4 productions, then followed by intermediate and 
old ones. The addition of molybdate which is a specific inhibitor of srb, 
and sulfate both inhibited Ch4 productions but with a decrease and an 
increase in Co2 productions, respectively. The addition of volatile fatty 
acids (Vfas) such as lactate, propionate and butyrate, which are important 
substrates for syntrophic bacteria, enhanced the productions of Co2 and 
Ch4. all of these findings may imply that syntrophic coupling of srb and 
methanogens plays an important role on anaerobic respiration of organic 
matter in wetlands, subsequently impact the formation of Mehg.
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MERCURY UPTAKE AND BIOAVAILABILITY 
IN A GRAM-POSITIVE FIRMICUTE, 
DESULFITOBACTERIUM METALLIREDUCENS
Janssen, sarah1; sChaefer, Jeffra1; 
(1) Rutgers University, New Brunswick, NJ, USA

sjanssen30@gmail.com

The transport of inorganic hg into the cell is a key step in the production 
of methylmercury in anaerobic organisms containing hgcab. The 
ability to methylate is distributed across diverse phyla; however, 
intracellular uptake has only been studied in the δ-Proteobacteria 
and γ-Proteobacteria. In this study an iron-reducing firmicute, 
Desulfitobacterium metallireducens, was examined for intracellular 
hg(II) transport to determine if the bioavailability and uptake of hg(II) in 
this bacterium is similar to that observed in the proteobacteria. Washed 
cell suspensions of D. metallireducens accumulated hg(II) when exposed 
to either hg-cysteine or hgCl2 complexes, but did not support uptake 
in the presence of hg-binding ligands such as sulfide, penicillamine, 
and glutathione relative to heat-killed controls. uptake rates in the 
presence of hg-cysteine complexes were linear for more than 4 hours; 
however, no methylmercury production was observed during the 
20 h incubation. In contrast, similar experiments in the presence of 
hg-cysteine with the hg-methylating proteobacterium, Geobacter 
sulffurreducens, showed rapid hg(II) uptake, methylation, and export 
of the newly produced methylmercury such that almost 100% of the 
added hg(II) was methylated in ~4 h. These differences between these 
two iron-reducing strains are not due to changes in hg-speciation, but 
rather due to enzymatic differences in the hg methylating proteins, 
hgcab, and/or other physiological differences in membrane structure, 
transporters, or the cytosol. Differences in the putative transporters 
responsible for hg(II) uptake were observed between this firmicute 
and the proteobacteria. unlike the proteobacteria studied (e.g. G. 
sulfurreducens), the protonophore, CCCP, failed to inhibit hg(II) 
uptake in the firmicute, D. metallireducens. furthermore, Zn(II) also 
had minimal or no effect on the cellular accumulation of hg(II) when 
complexed to either chloride or cysteine. These specific results indicate 
that the model of active hg(II) uptake through Zn transporters observed 
in proteobacteria may not be the primary mechanism of hg(II) transport 
in D. metallireducens. Instead, hg uptake in this firmicute appears to be 
a passive process likely mediated by facillitated diffusion through pores 
or channels in the membrane. These apparent differences in uptake 
and bioavailability of hg(II) across phyla are critical to understanding the 
diverse microbial populations in the environment which are responsible 
for the production and accumulation of methylmercury.
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MP-056

INSIGHTS INTO THE BIOMOLECULAR MECHANISM 
OF MICROBIAL MERCURY METHYLATION
DaTe, swapneeta1; sMITh, steven2; rush, Katherine3; ParKs, Jerry1; 
raGsDale, stephen3; Wall, Judy2; Johs, alexander1; 
(1) Oak Ridge National Laboratory, Oak Ridge, TN, U.S.A.; (2) University 
of Missouri, Columbia, MO, U.S.A.; (3) University of Michigan, Ann Arbor, 
MI, U.S.A.
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Mercury emissions as a result of silver mining, energy production and 
industrial use have led to a fourfold increase in mercury concentrations 
near the surface of oceans over the past 500 years. bioaccumulation 
of highly toxic methylmercury (Mehg) in the food web is a significant 
public health concern. Mehg typically accounts for at least 90% of the 
mercury in fish. Inorganic mercury deposited in soils and sediments is 
transformed to Mehg by the metabolic activity of anaerobic bacteria and 
archaea. a two-gene cluster (hgcab) is required for mercury methylation, 
and homologs of hgca and hgcb have been identified in the genomes 
of more than 150 bacteria and archaea to date. The two genes are 
predicted to encode a corrinoid-dependent protein, hgca, and a 2[4fe-
4s] ferredoxin, hgcb, consistent with roles as a methyl carrier and 
electron shuttle, respectively. however, the molecular structures of hgca 
and hgcb and the specific mechanism of mercury methylation have 
not been determined. furthermore, there is only limited knowledge 
about metabolic pathways linked to mercury methylation. This work 
aims to identify molecular interactions of hgca and hgcb to elucidate 
the biochemistry of mercury methylation. Desulfovibrio desulfuricans 
nD132 strains were engineered for tandem affinity purification of hgca 
and hgcb with 3xflaG/TeV/strepII tags in order to overcome limitations 
resulting from low abundance of the native proteins in cells. nD132 
strains expressing tagged hgca or hgcb retain mercury methylation 
activity at >50% of the wild-type strain. Tandem affinity purification, 
immunoblotting, crosslinking, and pull-down assays in combination with 
mass spectrometry are being used to identify other cellular proteins that 
interact with hgca and hgcb. The results are expected to reveal protein-
protein interactions, which will help delineate the roles of hgca and 
hgcb in the context of microbial metabolism. furthermore, identification 
of multiprotein complexes may enable molecular characterization 
that will provide insights into the mechanism of mercury methylation. 
a comprehensive understanding of the various geochemical and 
biochemical factors culminating in the production of Mehg will facilitate 
the development of effective strategies to reduce exposure to this 
pervasive neurotoxin.

MP-057

ABIOTIC AND BIOTIC PATHWAYS FOR 
DIMETHYLMERCURY PRODUCTION IN 
AQUATIC SYSTEMS
Jonsson, sofi1; MaZruI, nashaat1; VIssCher, Pieter1; GIlMour, 
Cynthia2; Mason, robert1; 

(1) University of Connecticut, Groton, USA; (2) Smithsonian Environmental 
Research Center, Edgewater, USA

sofijon84@gmail.com

The biogeochemistry of hg in the oceans and the bioaccumulation of 
MMehg in its food webs are of particular interest given that marine 
fish are the major source of exposure of people to MMehg. a distinct 
characteristic of the hg biogeochemical cycle in the ocean is the 
occurrence of dimethylmercury (DMehg), a highly toxic and volatile 
form of hg. reported concentrations of DMehg in marine waters 
range from 0.01-0.4 pM and DMehg has been found to constitute up 
to 80% of the methylated hg pool (MMehg + DMehg). The underlying 
formation pathways of DMehg in the ocean however remains unknown. 
for the arctic system, where a singifcant fraction of the methylated 
pool is present as DMehg, incubation experiments have shown the 
methyation rate for the conversion of MMehg to DMehg to be one to 
two orders of mangitue higher than the methylation rate for inorganic 
hg to DMehg. Modelling work by soerensen et al. futher suggest in 
situ formation of DMehg in sea water from MMehg, rather than from 
inorganic hg. suggested pathways of DMehg formation from MMehg 
under environmentally-relevant conditions include reaction of MMehg 
with hydrogen sulfide, selenoaminoacids and methylcobalamin. 
formation of DMehg from MMehg reacted with l-cysteine has also 
been suggested, however supporting experimental data is lacking. up 
to 90% of the MMehg in marine waters, and over 99% of the MMehg 
in sediments and inside cells, is adsorbed to reduced sulfur groups on 
mineral surfaces or bound to thiol groups within organic matter. Thus, 
surface mediated processes leading to DMehg production could be of 
great significance. here, we experimentally show that the methylation 
of MMehg to DMehg can be mediated by different sulfide minerals, 
of different thermodynamic stability, as well as by organic dithiol 
compounds. We also show that the reaction can take place on mineral 
surfaces in either artificial sea water and/or when algal cell components 
are present, suggesting that MMehg could be methylated intracellularly 
by iron-sulfur clusters on protein surfaces. We have also studied the 
formation of DMehg from inorganic hg and MMehg in pure cultures 
of bacterial strains previously known to methylate inorganic hg to 
MMehg to examine bacterial production of DMehg. We will contrast 
the importance of these various pathways based on our results and 
information about the potential for these reactions to occur in the 
marine environment.

MP-059

MICROBIAL METHYLATION OF MERCURY IN PADDY 
SOILS AND ITS MAJOR DRIVING FACTORS
lIu, yu-rong1; he, Ji-Zheng2; 
(1) Research Center for Eco-Environmental Sciences, Chinese Academy of 
Sciences, Beijing, China; (2) The University of Melbourne, Victoria, Australia
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Mercury (hg) has been considered to be a global pollutant because it 
can be transported over long distances. The hg in environments could 
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be microbially transformed into highly toxic methylmercury (Mehg), 
which would threaten human health and ecosystem safety. The Mehg 
in paddy soil is mainly from hg microbial methylation, however, the 
underlying mechanisms of hg methylation in the soil still remains 
poorly understood. This study is integrating chemical analysis and 
microbial ecology to explore the Mehg biosynthesis and characterize 
the community of hg microbial methylators in paddy soils. results 
show that Mehg concentration in soils was significantly correlated to 
hg methylating gene (hgca) abundance, which mainly distributed into 
sulfate-reducing microorganisms and iron-reducing microorganisms. In 
addition, geochemical factors such as soil contents of organic carbon, 
nh4+, so42-, and hg also influence the Mehg biosynthesis. Dynamics 
of Mehg formation and key microbial groups involved in hg methylation 
will be monitored based on a series of mesocosm experiments, and 
the results will help to unravel the relative contribution of these hg 
microbial methylators to Mehg production and the key geochemical 
factors influencing hg methylation in the paddy soils. finally, data from 
both field studies and incubation experiments will be incorporated to 
develop biogeochemical models for clarifying the microbial pathways 
and mechanisms of hg methylation in paddy soils, which will be helpful 
to mitigate or manage soil Mehg pollution.

MP-060

USING MOLECULAR PROBES TO DETECT HGCAB 
FROM ENRICHED PERIPHYTON BIOFILM SAMPLES 
FROM THE EAST FORK POPLAR CREEK MERCURY 
CONTAMINATED SYSTEM
lynes, Mackenzie1; KInG, andrew1; ChrIsTensen, Geoff1; WyMore, 
ann1; PaluMbo, anthony1; olsen, Todd2; brooKs, scott2; elIas, 
Dwayne1; 
(1) Biosciences Division, Oak Ridge National Laboratory, Oak Ridge, TN, 
United States; (2) Environmental Sciences Division, Oak Ridge National 
Laboratory, Oak Ridge, TN, United States
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Methylmercury (Mehg) is a harmful neurotoxin that bioaccumulates, 
thus posing risks to consumers and the environment. While a great deal 
of mercury (hg) research has been conducted in aquatic environments, 
most work has taken place in lakes, reservoirs, and wetlands, with rivers 
and streams less well studied. The majority of research has also focused 
on macroscopic Mehg contributors like water and sediment as opposed 
to microscopic biofilms. Periphyton biofilms in the hg contaminated 
east fork Poplar Creek (efPC) are a net source of Mehg in the system. 
Periphyton is a complex mixture of algae, microbes, and detritus 
that is attached to submerged surfaces in most aquatic ecosystems. 
These complex assemblages are ubiquitous throughout the creek and 
contain redox gradients that support hg-methylating microbial activity 
even though the bulk water is well oxygenated. These biofilms include 
metal and sulfate-reducing Deltaproteobacteria and firmicutes as 
well as methanogenic archaea. our initial attempt to utilize our hgcab 
molecular probes on genomic Dna isolated from periphyton samples 
have been met with challenges. Direct analysis of periphyton was 

inconclusive, and likely due to the interference of abundant algal Dna in 
the gDna extractions.

To increase PCr assay resolution and identify hg-methylators, 
periphyton grown on silica disks deployed at upstream (closer to 
historic point of contamination) and downstream locations (~17km 
apart) of the efPC were used to inoculate anaerobic enrichments. 
Three separate growth conditions for sulfate-reducing, fe(III)-reducing, 
and methanogenic bacteria were established to promote growth of 
potential hg-methylators and select against algae and other eukaryotes. 
PCr for hgcab with gDna isolated from these enrichments yielded 
conclusive evidence of hgcab presence with a decrease in previously 
observed mispriming from untreated samples. Continuing studies will 
explore ways to process samples before extraction to better separate 
bacterial and archaeal organisms and Dna from eukaryotes. This 
accomplishment will allow for direct interrogation of the periphyton 
to identify hg-methylators but also determine their native relative 
abundances. The latter is critical since the methylation extent and 
potential differs widely amongst hg-methylating species.

finally, the enrichments are being used to obtain site representative 
isolates from the efPC which will be characterized and used to construct 
synthetic communities. This approach will allow for the observation 
of microbial interactions between hg-methylators. such interactions 
which may alter hg-methylation and demethylation rates, extents, and 
potentials observed in single cultures, thus providing new and critical 
information to inform site management and restoration policies.

MP-061

THE EFFECT OF MARINE DISSOLVED ORGANIC 
MATTER ON THE FORMATION AND FATE OF Β-HGS 
NANOPARTICLES
MaZruI, nashaat1; KInG'onDu, Cecil2; aWIno, Joseph1; ThoTa, sravan1; 
Zhao, Jing1; rouGe, Jessica1; Mason, robert1; 
(1) University of Connecticut, CT, USA; (2) South Eastern Kenya University, 
Kitui, Kenya
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The methylation of mercury is known to depend on the chemical forms 
of mercury present in the environment and the bacterial methylating 
activity. In sulfidic sediments, under conditions of supersaturation 
with respect to metacinnabar, mercury precipitates as β-hgs(s) 
nanoparticles. nano-sized particles have enhanced mobility, reactivity, 
and bioavailability relative to their micro-sized counterparts. few studies 
have looked at the formation of β-hgs(s) nanoparticles precipitated in 
presence of marine DoM. In this work, we use dynamic light scattering 
(Dls), uV-Vis spectroscopy, and transmission electron microscopy (TeM) 
to investigate the formation and fate of β-hgs(s) nanoparticles (β-hgs(s)
nano). They were formed from solutions containing inorganic mercury 
(hgII), dissolved sulfide, and marine DoM extracted from: eastern long 
Island sound, Western long Island sound and at the shelf break of the 
north atlantic ocean, as well as with low molecular weight thiols. all the 
DoM used led to the formation of stable β-hgs(s)nano however, DoM 
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extracted from the shelf break was less effective at inhibiting growth 
of β-hgs(s)nano relative to coastal DoM. In addition, multiple thiol 
groups on DoM likely cause inter-staple crosslinking of the β-hgs(s)nano 
leading to aggregation of particles, increasing their size as measured 
by Dls. electron microscopy and calculations based on uV-Vis spectra 
confirmed that the β-hgs(s)nano however had similar radii, indicating 
that aggregation was occurring. We also showed that under anoxic 
conditions, β-hgs(s)nano can remain stable for weeks but will aggregate 
rapidly on exposure to air and light, suggesting limited persistence 
of the β-hgs(s)nano in surface waters. furthermore, we showed that 
only at very high hgII:DoM ratios (>40 µmole/mg C), much higher than 
environmental levels, is the DoM concentration insufficient to effectively 
passivate the surface of β-hgs(s)nano. our results also suggest that 
functional groups other than thiols could be involved in the passivation 
of β-hgs(s)nano by DoM. We will discuss the implications of the results 
from this work towards understanding the cycling of mercury and the 
presence of β-hgs(s)nano in sulfidic systems and, as β-hgs(s)nano 
are bioavailable to methylating bacteria, the implications to mercury 
methylation in natural ecosystems.

MP-062

DISTRIBUTION OF MERCURY-METHYLATING 
MICROBES ALONG SPATIAL AND TEMPORAL 
REDOX GRADIENTS IN A FRESHWATER LAKE
PeTerson, benjamin1; MCMahon, Katherine1; 
(1) University of Wisconsin - Madison, Madison/Wisconsin, United States
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Methylmercury (Mehg) is the bioaccumulative, neurotoxic form of 
mercury (hg). It is taken up by algae and biomagnifies to dangerously 
high levels up the food chain. Mehg in freshwater lakes is either received 
from riverine runoff or is produced in situ from inorganic hg(II) by 
anaerobic bacteria and archea that contain the hgcab gene cluster. 
These microorganisms are tremendously diverse both metabolically and 
phylogenetically, and produce Mehg at different rates. In freshwater 
lakes, Mehg production can occur both in anoxic lake sediments 
and the anoxic water column, suggesting that these microorganisms 
inhabit both niches. In the water column of stratified lakes, changing 
redox conditions due to the onset of anoxia establishes a temporal 
and spatial gradient of electron acceptors and nutrients. The impact 
of these gradients on the distribution and identity of hgcab-containing 
organisms, and thus on methylation potential, is not well understood.

here, we examined the distribution of hgcab-containing 
microorganisms relative to these gradients in water chemistry in a 
dimictic, eutrophic lake with high levels of Mehg. We collected depth-
discrete Dna samples from lake Mendota approximately every two 
weeks over the course of the summer, starting at the onset of anoxia 
and concluding at fall turnover. We also collected samples for water 
chemistry analysis to establish redox conditions and nutrient status 
at each of our sample sites. We performed PCr using primers for the 
hgcab genes to determine which sites had organisms that contained 

hgcab, then sequenced hgcab amplicons from each of these sites for 
an overview of the diversity of hgcab-containing organisms. samples 
from representative sites were used to generate clone libraries for 
sanger sequencing to further probe the diversity and to identify the 
organisms. These samples will be used for metagenomic sequencing 
to characterize the metabolic context for hg methylation, as well as the 
community structure around methylation. understanding how these 
varying conditions affect the identity of the methylating organisms will 
lead to a greater understanding of how Mehg production is influenced 
by the water chemistry of a lake, where and why methylation hotspots 
occur, and what role the methylating machinery plays in the physiology 
of methylating organisms.

MP-063

SORPTION OF MERCURY TO AGED IRON SULFIDES 
AND THE IMPLICATIONS FOR HG BIOAVAILABILITY
rIVera, nelson1; bIPPus, Paige1; hsu-KIM, heileen1; 
(1) Duke University, Durham, NC, United States of America

nelson.rivera@duke.edu

The potential for inorganic mercury (hg) to be converted to 
methylmercury depends on its bioavailability to microorganisms, which 
is in part controlled by the chemical speciation of hg. In anaerobic 
settings, sulfides play an important role in controlling hg speciation with 
numerous studies focusing on the formation of hgs and hg-organic 
matter interactions and their effects on hg bioavailability. likewise, 
sulfide speciation can be dominated by ferrous iron sulfide (fes), which 
can sorb or coprecipitate with hg. The objective of this study was to 
determine if the aging state of fes alters the reactivity and bioavailability 
of sorbed and coprecipitated hg species. synthesized fes particles (with 
and without hg) were aged under anaerobic conditions for multiple 
time frames spanning 1 hour to 1 month. Divalent hg was subsequently 
sorbed to the non-hg fes for 1 day. The results indicated that more than 
99% of the hg sorbed to fes (33 ug hg per g fes), regardless of the fes 
aging state but in the hg-fe-s system aging affected hg uptake (56% 
(1 hr) to 76% (1 month)). The recalcitrance of the hg was assessed by 
exposing the particles to a solution of dissolved glutathione (a thiolate-
based hg chelator). In the sorbed hg-fes system, more hg desorbed 
from the 1 month-old fes than from the 1-h old fes. for the hg-fe-s 
coprecipitate system, the desorption potential of hg decreased with 
hg-fe-s aging time. analysis of hg speciation by X-ray absorption near 
edge spectroscopy (Xanes) revealed qualitative differences between 
sorbed and coprecipitated hg-fes forms indicating a possible difference 
in binding mechanisms. however, the spectral quality was insufficient in 
elucidating quantitative information on the hg phases present. In future 
work, these various forms of synthesized hg-fes will be exposed to 
cultures of methylating bacteria in order to compare bioavailability and 
hg desorption potential from fes particles.
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SOIL CHEMISTRY IMPACTS ON hgcAB 
DISTRIBUTION AND MERCURY METHYLATION 
RATES IN WETLAND SOILS
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The discovery of the genes responsible for microbial methylmercury 
production, hgcA and hgcB, has led to the identification of novel mercury (hg) 
methylators with diverse metabolisms including iron and sulfate -reducing 
bacteria, syntrophs, and methanogens. although these microorganisms are 
known to be widespread in nature, little is known about how soil chemistry 
shapes the distribution and abundance of hg-methylating microorganisms. 
The objectives of this work were to 1) determine the abundance and 
distribution of hgcAB+ organisms in mid-atlantic marshes and 2) to evaluate 
their distribution in relation to biogeochemical parameters in the marsh 
soils, including hg methylation rates. The overall goal of this research 
is to assess the relative importance of site geochemistry and microbial 
community structure on hg-methylation.

soil cores were obtained from several marsh sites in the mid-atlantic with 
salinities ranging from 2 to 13 parts per thousand. The sites were selected 
to contain different dominant vegetation types, including: no vegetation, 
Typha latifolia and angustifolia, Phragmites australis, and Spartina patens. 
The soil organic content varied from 1% to 73%, and porewater iron and 
sulfate concentrations varied according to both salinity and vegetation 
type. Microbial activity, as assessed by Co2 and methane production, 
varied widely across sites, with methane production being highest in 
the lowest salinity marsh site and Co2 production highest in the site 
dominated by Spartina patens. Co2 production correlated with soil Mehg 
concentration, and methylation rates were highest in the low-salinity 
marsh samples. hgcA was found in all samples tested, and methylation 
rates correlated with hgcA copy number for deltas and methanogens for 
samples with a core depth of 0-4 cm. Work is ongoing to expand the data 
set for hgcA abundance across all the sample sites and core depths.

MP-065

IONIC STRENGTH CONTROLS ANAEROBIC 
HG UPTAKE
sTenZler, benjamin1; ruusKanen, Matti1; hInZ, aaron1; PoulaIn, 
alexandre1; 
(1) University of Ottawa, Ottawa/Ontario, Canada

bsten104@uottawa.ca

In the absence of dissolved organic matter, chloride and sulphide are 
the dominant complexing agents affecting mercury (hg) speciation in 
the environment. bioreporters are good tools in evaluating bioavailable 

species of hg. however, signal production for current hg bioreporters 
requires oxygen, namely for lux and gfp gene encoded proteins, 
resulting in a paucity of data in anaerobic bioavailability of hg species 
where it is methylated to toxic Ch3hg+. We developed and optimized a 
whole-cell hg bioreporter using escherichia coli 5 capable of functioning 
in aerobic and anaerobic conditions by transforming a vector containing 
the gene fusion between the regulatory circuitry of the mer-operon and 
a flavin mononucleotide-based fluorescent protein. The bioreporter 
exhibited no physiological limitations with respect to signal production 
over a chloride gradient ranging from 0 to 0.55 M. The bioreporter had a 
detection limit of 1 nM hg(II) however we used 5nM hg(II) as the optimal 
working concentration for hg speciation assays. We report that hgCl4-2 
is highly bioavailable under anoxic conditions in contrast to what was 
observed under oxic conditions where hg was not bioavailable. hgCl3- 
was not bioavailable regardless of the presence of oxygen which we 
attributed to either coordination polymers consisting of [hgCl3-]x chains 
on the cell surface or molecular mimicry of hgCl4-2 onto anaerobically 
expressed periplasmic binding proteins specific for divalent polyatomic 
anions shuttling hg to the inner membrane. The unexpected 
bioavailability of hgCl4-2 indicates the possibility of a novel mechanism 
for hg uptake in marine environments.

MP-066

METHYLMERCURY FORMATION AND 
MOBILIZATION IN TROPICAL SOILS FROM A 
RAINFOREST WATERSHED (FRENCH GUIANA)
aMourouX, David1; TessIer, emmanuel2; ColIn, yannick2; GueDron, 
stéphane3; MonPerrus, Mathilde2; GonI, Maria2; GuyoneauD, rémy2; 
(1) CNRS, Pau, France; (2) UPPA, Pau, France; (3) IRD, Grenoble, France

david.amouroux@univ-pau.fr

small scale gold-mining activities are both releasing anthropogenic 
amalgamated hg and remobilizing endogenous hg naturally 
accumulated in tropical forest soils. on the other hand, the main sources 
of methylmercury (Mehg) in tropical rainforest environments are still 
under debate. In this way, we investigated mercury (hg) methylation 
pathways and microbial diversity in french Guiana rainforest soils 
from a small scale watershed containing significant concentration of 
endogenous hg during early and late wet season (febr June 2013). The 
experiments were realized along a typical soil gradient from upper 
oxisols down to hydromorphic soils. all these soils were strongly 
different in term of redox conditions, the hydromorphic soils being 
much more under reducing conditions, especially during the late wet 
season. selected samples from different types of soils were investigated 
for potential methylation and demethylation rates during in situ 
experiments after incubations with isotopic tracers in the presence or 
absence of potential stimulators (sulfate, reducible iron or propionate). 
soils and incubation batches bacterial communities diversity was 
characterized by nGs methods.

The microbial communities structure was extremely different 
between communities from upper oxisols, intermediate ultisols and 
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hydromorphic soils periodically flooded with water. In most samples, 
community composition exhibit high proportions of Deltaproteobacteria 
dominated by syntrophic bacteria and Geobacteraceae, while sulfate 
reducers were mostly found in reduced hydromorphic soils. Microbial 
diversity was compared with mercury transformation potentials (i.e. 
methylation and demethylation) in order to identify the main hg 
methylators in tropical forest soils, especially taking into account sulfate 
reducers, iron reducers and syntrophs that were found at significant 
abundance. While the hg methylation in oxisols remains negligible, 
significant methylation extent has been measured (up to ~1%.day-1) in 
hydromorphic soils during the late wet season. such larger methylation 
extent was strongly enhanced by iron or sulfate amendment which 
suggests the main implication of both sulfate and iron reducing 
bacteria. The seasonal hydromorphic alteration in the lower section 
of the watershed (ie hydromorphic soils) provides geochemical and 
microbial conditions in soils favorable for in situ hg methylation. 
During rain events, Mehg was also found to be actively remobilized 
into soil porewater and superficial flood stream. Tropical forest soils 
are thus able to generate significant amount of Mehg which can be 
further released to downstream hydrosystems, suggesting important 
implications for the environmental impact of hg in such environments.

MP-067

ADSORPTION OF METHYLMERCURY ONTO 
GEOBACTER BEMIDIJENSIS BEM
WanG, yuwei1; sChaefer, Jeffra1; MIshra, bhoopesh2; yee, nathan1; 
(1) Rutgers University, New Brunswick, New Jersey, United States; (2) University 
of Leeds, Leeds, UK

yw445@scarletmail.rutgers.edu

anaerobic bacteria play an important role in the production and 
degradation of methylmercury (Mehg). The adsorption of Mehg onto 
anaerobic bacterial cells can affect the release of Mehg into aquatic 
environments as well as the uptake of Mehg for demethylation. The 
anaerobic bacterium Geobacter bemidijensis bem has the unique ability 
to both produce and degrade methylmercury. To date, the binding 
of Mehg onto hg-methylating and Mehg degrading bacteria remains 
poorly understood. In this study, we quantified the adsorption of Mehg 
onto G. bemidijensis bem and applied X-ray absorption spectroscopy 
to elucidate the mechanism of Mehg binding on the bacterial cell wall. 
We hypothesized that Mehg adsorption on bacterial surfaces occurs 
via complexation with thiol functional groups in the cell wall. To test this 
hypothesis, fluorescent thiol-specific probes were used to determine 
the concentration of thiol functional groups on the bacterial surface. 
Methylmercury adsorption experiments were conducted over a range 
of Mehg concentrations and adsorption isotherms were used to 
quantify Mehg binding constants. The local coordination environment of 
methylmercury adsorbed onto G. bemidijensis bem was then examined 
using extended X-ray absorption fine structure (eXafs) spectroscopy. 
The results showed that Mehg adsorption onto G. bemidijensis bem 
was rapid and equilibrium was reached in less than 1 hour. at low Mehg 
concentrations, up to 95% of Mehg was adsorbed to the bacterial cells. 

blocking of the thiol functional groups with fluorescent thiol-specific 
probes significantly decreased the extent of Mehg binding. results 
from the eXafs analysis will be discussed in the presentation. our study 
indicates that Mehg binds strongly onto G. bemidijensis bem and that 
complexation reactions with cell wall thiol functional groups can affect 
the release and uptake of Mehg in anaerobic bacteria.

MP-068

EXPLORING ENVIRONMENTS FOR THE PRESENCE 
OF MICROBIAL MERCURY METHYLATORS USING 
HGCAB MOLECULAR PROBES
WyMore, ann1; ChrIsTensen, Geoff1; lynes, Mackenzie1; PoDar, 
Mircea1; broWn, steven1; PaluMbo, anthony1; GIlMour, Cynthia2; 
brooKs, scott1; branDT, Craig1; elIas, Dwayne1; 
(1) Oak Ridge National Laboratory, Oak Ridge/TN, USA; (2) Smithsonian 
Environmental Research Center, Edgewater/MD, USA

wy4@ornl.gov

The genes hgca and hgcb have been shown to be responsible for 
microbial mercury (hg) methylation. recently, we developed a cost-
effective PCr-based assay utilizing degenerate primers to assess the 
presence of hgcab in genomic Dna (gDna) from 30 pure cultures 
with the intention of application in the field. The goal for the present 
work was to survey environmental samples, including multiple soil/
sediment/periphyton types from diverse geographical locations, for 
the detection and quantification of hgcab from both known and 
novel microorganisms.

here we present a selection of those environments which were 
examined, including; 1) sediment and periphyton collected from the 
hg-contaminated east fork Poplar Creek as well as the background 
hinds Creek in oak ridge, Tennessee, each differing in relative methyl 
mercury (Mehg) and total mercury (hgT) concentrations, 2) sediment 
from microcosm experiments originating from these locations amended 
with carbon sources, 3) soil cores from the Marcell experimental 
forest in Minnesota, 4) organic carbon-rich permafrost cores from the 
seward peninsula in alaska, part of the next-Generation ecosystem 
experiments (nGee-arctic), and 5) salt-marsh soils from the smithsonian 
environmental research Center (serC) on the shores of the Chesapeake 
bay sub-estuary in Maryland. The hgcab gene pair was present across 
all locations and the obtained PCr products amplified were observed 
at the expected size. Within each set of samples, hgcab was only 
detected within the anaerobic zone. for each unique environment, 
gDna isolation required optimization in order to account for differences 
in sediment texture, organic carbon content and ph, to name a few. 
Most importantly, our degenerate primers worked efficiently to amplify 
hgcab and sequencing data revealed these genes were captured from 
uncultured and novel microorganisms among the samples as well as 
those known to be present at a particular location.
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MP-069

EFFECTS OF NATURAL ORGANIC MATTER ON 
MICROBIAL METHYLATION OF MERCURY (HG) 
UNDER ANAEROBIC CONDITIONS
lInDuo, Zhao1; XIa, lu1; honGMeI, Chen1; Gu, baohua1; 
(1) Oak Ridge National Lab, Oak Ridge, TN, United States

zhaol@ornl.gov

naturally dissolved organic matter (DoM) is known to affect mercury 
(hg) redox reactions and microbial methylation in the environment. 
several studies have shown that DoM may enhance hg methylation, 
particularly under sulfidic conditions, whereas others found that DoM 
inhibits hg methylation due to strong complexation between hg and 
DoM molecules. In this study, we systematically investigated and 
compared the effects of DoM in hg methylation by an iron-reducing 
bacterium Geobacter sulfurreducens PCa and a sulfate-reducing 
bacterium Desulfovibrio desulfuricans nD132 under anaerobic 
conditions. The experiment was performed with washed cells in 
laboratory incubations in a phosphate buffered saline either in the 
presence or absence of a DoM isolate extracted from a mercury-
contaminated creek water. additionally, we compared DoM effects on 
hg methylation in the presence or absence of 20 µM cysteine, which 
is known to enhance hg methylation. our results demonstrate that 
DoM effects on microbial methylation are bacterial strain-specific, time- 
and DoM-concentration dependent. addition of DoM (at 0.1–5 mg/l 
DoC (dissolved organic carbon)) greatly inhibited hg methylation by 
Geobacter sulfurreducens PCa but somewhat enhanced methylation by 
Desulfovibrio desulfuricans nD132. however, addition of cysteine with 
DoM not only alleviated the inhibitory effects of DoM but enhanced hg 
methylation by Geobacter sulfurreducens PCa (at 0.1-2.5 mg/l DoC). 
These observations suggest that the effects of DoM and small thiol 
compounds such as cysteine on hg methylation vary greatly, likely due 
to their influences on hg bioavailability through complexation, and this 
effect should be considered when evaluating hg methylation potential in 
the natural environment.

MP-070

CONTRASTING RESPONSES OF METHYLMERCURY 
ACCUMULATION IN RICE AND WHEAT TO 
BIOCHAR AMENDMENT
ZhonG, huan1; ZhanG, yue1; WanG, yong-Jie2; Zhao, Jia-Ting3; 
(1) Nanjing University, Nanjing, China; (2) East China Normal University, 
Shanghai, China; (3) Institute of High Energy Physics, Chinese Academy of 
Sciences, Beijing, China

zhonghuan@nju.edu.cn

There is growing concern about methylmercury (Mehg) accumulation in 
crops and thus enhanced dietary exposure to Mehg. here, we explored 
the possibility of reducing grain Mehg levels by biochar amendment, 
and the underlying mechanisms. Two-year pot (i.e., rice-wheat-rice 
cultivation in biochar amended soils) and batch experiments (i.e., 

incubation of amended soils under laboratory conditions) were carried 
out, to investigate Mehg dynamics (i.e., Mehg production, partitioning 
and phytoavailability in soils, and Mehg uptake by rice or wheat) under 
biochar amendment (14% of soil mass). We demonstrate for the first 
time that biochar amendment could evidently increase net Mehg 
production in soils during rice (36-303% higher, compared to control) 
or wheat (52-292%) cultivation, probably explained by the release 
of dissolvable sulfate from biochar and thus enhanced microbial 
production of Mehg (e.g., by sulfate-reducing bacteria, indicated by 
copies of dsrab genes). Interestingly, contrasting responses of Mehg 
accumulation in rice and wheat to biochar amendment were observed: 
biochar amendment resulted in reduced Mehg levels in rice (4992% 
lower, compared to control), but enhanced Mehg concentrations in 
wheat (48-84% higher). The differences were attributed to the changes 
in sulfur speciation in soils during rice (generally anoxic) or wheat (oxic) 
cultivation, examined by Xanes, and thus different binding strength 
between Mehg and biochar amended soils. These observations 
together with mechanistic explanations improve understanding of Mehg 
dynamics in soil-plant systems, and support the possibility of reducing 
Mehg phytoaccumulation under biochar amendment.

2m: Monitoring regulatory effectiveness

MP-073

THE USE OF GEOMATICAL DATA IN THE 
DESERTIFICATION RISK’S CARTOGRAPHY-CASE OF 
SOUTH OF THE AURÈS REGION (ALGERIA).
benMessaouD, hassen1; 
(1) University of Batna; (2) , Batna, Algeria

ha123_m123@yahoo.fr

The risks cartography is a primordial step for the valuation and 
management of desertification phenomenon but it is a complicated 
spot, which necessitate a big amount of spatial and statistics data. The 
use of GIs permits to manage and use these data efficiency.

The objective of our study is the realization of the sensitivity to 
the desertification map of south of the aurs region by means of 
Geographical information system in accordance with the MeDalus 
method (Mediterranean Desertification and land use), which use 
the qualitative indices to define the sensitive environment zones to 
the desertification.

The creation of the database consist of four information layer (soil 
quality, vegetation quality, climate quality and the socioeconomic state) 
when the articulation in the space and in the time is submit to the 
validation on ground.

once the database has corrected it help to the elaboration of the 
sensitivity to the desertification map with calculation of the indices of the 
sensitivity to the desertification (IsD).



POSTeR ABSTRACTS ICMGP2017 The 13Th InTernaTIonal ConferenCe on MerCury as a Global PolluTanT InTeGRATInG MeRCuRy ReSeARCh And POLICy In A ChAnGInG WORLd July 16 – 21, 2017 · ProVIDenCe, rhoDe IslanD, usa 208

MP-074

ENVIRONMENTAL MONITORING DURING THE 
U-864 COUNTER FILL INSTALLATION
haGen, anders1; sChaannInG, Morten1; MorTensholM, hans2; 
lauGesen, Jens3; MØsKelanD, Thomas3; Van WIeChen, Joost4; 
VeITeberG braaTen, hans1; 
(1) Norwegian Institute for Water Research, Oslo, Norway; (2) Norwegian 
Coastal Administration, Horten, Norway; (3) DNV GL, Høvik, Norway; (4) Van 
Oord Dredging and Marine Contractors bv, Rotterdam, The Netherlands

agh@niva.no

The wreck site of the World War II submarine u-864 is located at 
160m depth near the island of fedje on the west coast of norway. 
The submarine carried 67 tons of metallic mercury. The sediment 
surrounding the wreck is heavily contaminated, and steel containers 
holding the cargo is still considered to be present inside the wreck. In 
2015 it was decided to place a counter fill in front of the bow section 
which has been found to rest on a slope with unstable sediments. 
The norwegian institute for water research (nIVa) was assigned to be 
responsible for implementation of the monitoring program required 
during the operations in May-June 2016, where objectives were to 
minimize spreading of mercury during installation of the counter fill 
material and to estimate the total amount of mercury transported out of 
the working area.

The counter fill covered a 200m by 60m area immediately north of the 
bow section of the wreck. five landers measuring turbidity at 1,5m and 
10m above sea floor surrounded the area. Data values were transmitted 
every five minutes through a connected buoy and Iridium satellite, 
presented visually on a website, and used to generate automatic alarms 
(when turbidity was >10 nTu). alarms enforced water sampling from the 
designated environmental Monitoring Vessel (eMV, siddis Mariner), and 
the content of mercury was analyzed at the onboard laboratory within 
30 minutes to a detection limit of 0.5 ng/l. Mercury levels above the 
threshold would trigger construction stop and mitigation actions. Daily 
routine sampling was done using hydrographic instruments for salinity, 
temperature, and turbidity (CTD) and lIssT which measures particle 
size distribution. analyses of mercury and grain size was performed on 
particles collected in sediment traps and vibrocore samples.

Mercury concentrations in the water samples never exceeded 1.3 
ng/l, much less than the predetermined limit of 50 ng/l for initiation 
of mitigating actions. operations were never stopped due to risk of 
mercury spreading. estimated total flux of 34 g of mercury for the entire 
operation was two orders of magnitude less than the predetermined 
acceptance criterion of 3 kg. all the data collected through mercury 
analyses, CTD, lIssT and the online monitoring provided information 
contributing to a more complete understanding of the mechanisms 
controlling the spreading of mercury during such operations. all relevant 
data consistently confirmed that the particle clouds observed was 
dust from the counter fill material with negligible contributions from 
resuspended sediments.

MP-075

TRENDS AND CURRENT STATUS OF MERCURY 
DEPOSITION IN NEW YORK STATE, USA
CIVerolo, Kevin1; felTon, Dirk1; hIrsCh, Matthew1; DrIsColl, 
Charles2; Gay, David3; holsen, Thomas4; rIsCh, Martin5; ZhanG, 
leiming6; 
(1) New York State DEC, Albany, NY, United States; (2) Syracuse University, 
Syracuse, NY, United States; (3) NADP, Champaign, IL, United States; 
(4) Clarkson University, Potsdam, NY, United States; (5) USGS, Indianapolis, 
IN, United States; (6) Environment and Climate Change Canada, Toronto, 
ON, Canada

kevin.civerolo@dec.ny.gov

Mercury (hg), emitted through various fuel combustion, incineration, 
and industrial processes, primarily reaches sensitive ecosystems and 
built-up land via deposition. since the 1990s, there have been numerous 
efforts to monitor hg deposition in new york state, usa across a range 
of land uses and elevations. In this poster we summarize measurements 
of wet, dry, throughfall, and litterfall deposition across the state, 
including short-term intensive monitoring as well as long-term routine 
surveillance. such measurements have provided a reference deposition 
baseline in new york, and continued monitoring will be needed to track 
emissions changes due to environmental policy at the federal and 
regional levels.

MP-076

MONITORING TO EVALUATE TRENDS AND 
PATTERNS OF MERCURY CONCENTRATIONS IN 
PISCIVOROUS FISH OF NEW YORK STATE
MIllarD, Geoffrey1; DrIsColl, Charles1; MonTesDeoCa, Mario1; 
Taylor, Mariah1; bouCher, stephen1; shaW, amy1; Paul, eric2; 
ParKer, Colleen3; yoKoTa, Kiyoko3; 
(1) Syracuse University, Syracuse, NY, USA; (2) New York Department of 
Environmental Conservation, Rome, NY, USA; (3) SUNY Oneonta, Oneonta, 
NY, USA

gmillard@syr.edu

a spatial survey was conducted to examine the current status of 
mercury in fish in lakes across new york state, compare values with 
a previous survey conducted by new york state and identify trends in 
fish mercury concentrations that might be consistent with reductions 
in national emissions. In new york state alone, there are over 100 fish 
consumption advisories due to mercury contamination and elevated 
fish mercury concentrations remain a critical environmental issue. 
human exposure to mercury largely occurs through the consumption 
of contaminated fish. The previous state wide survey completed in the 
early 2000s revealed high mercury concentrations in large piscivorous 
fish across the state, with the highest concentrations and most of the 
fish consumption advisories occurring in the adirondack and Catskill 
regions. With recent decreases in u.s. mercury emissions, an effort to re-
survey many of these lakes in new york state is nearing completion. This 
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resurvey will focus on biophysical characteristics that were identified 
as important for mercury concentrations in the previous survey and to 
identify temporal trends and spatial patterns within new york state.

MP-078

AUTOMATIC SORBENT TRAP MONITORING SYSTEM 
- NEW NORMATIVE STANDARDS AND APPLICATION 
OF THIS COST EFFICIENT CONTINUOUS EMISSION 
MONITORING TECHNOLOGY
reInMann, Jurgen1; 
(1) Environnement S.A Deutschland, Bad Homburg, Germany

j.reinmann@environnement-sa.com

large Combustion Plants as e.g. coal and lignite fired power plants 
and cement kilns are worldwide one of the biggest mercury sources 
with emissions of more than 1.000 tons per year. as more and more 
countries sign the Minamata Convention there is an increasing request 
to reduce the mercury emissions of such plants. In the us were already 
published and were getting into force the us-regulations as e.g. the final 
national emission standards for hazardous air Pollutants (neshaP) 
from the Portland Cement Manufacturing Industry the Mercury air Toxic 
standards (MaTs) for combustion plants. both rules have high demands 
on mercury emission control and continuous emission monitoring 
including very low emission limit values (elVs) of approx. 1.5 µg/nm3. 
In the european union (eu) the revision of the bref-document (best 
available Technology reference document) for large Combustion Plants 
is almost finished. The final document will be published in 2017. In the 
conclusions of the final draft is requested for e.g. coal fired power plants 
(with > 300 MWth) a continuous monitoring of the mercury emissions, 
with so called annual emission levels (aels) of 1 – 4 µg/nm3.

In the us and also in the coming european regulations the continuous 
emission monitoring can be realized by hg-CeMs or continuous 
sampling systems as sorbent Trap Monitoring systems (sTMs). In the 
us the used sampling method is described in Performance specification 
12 b (Ps 12b).In europe will be published in 2017 a standard as Cen/Ts, 
which describes the sampling method and the minimum requirements 
for the quality control.

This paper will give an overview of this coming Cen/Ts. It will describe 
the method and the minimum and quality control requirements to 
assure reliable results. The paper will also show examples of flue gas 
conditions, under which the sampling method was modified to realize a 
possible sampling. Why and in which way such modifications can have 
influences on the measurement results are discussed in this paper. 
additional it will show examples of realized applications on different 
industrial sites with the aMesa M sTMs, including the description of the 
challenges which needed to be solved to realize successful monitoring.

MP-079

TRENDS IN MERCURY USE IN PRODUCTS: AN 
OVERVIEW OF MERCURY-ADDED PRODUCTS IN THE 
U.S. SINCE 2001
sMITh, rachel1; 
(1) NEWMOA/IMERC, Boston, MA, USA

rsmith@newmoa.org

because mercury is a good conductor of electricity and has unique 
characteristics, it has been utilized in a wide variety of products, 
including barometers, thermometers and other measuring devices; 
switches and relays in commercial and industrial equipment; 
thermostats; button-cell batteries; dental amalgam; formulated 
products; energy-efficient light bulbs; and such novelty items as games 
and jewelry. although overall use has declined in the u.s., mercury is still 
used in many applications, especially fluorescent and other lighting and 
dental amalgam. These mercury-added products are used in residential, 
commercial, as well as industrial environments.

since 2001, the Interstate Mercury education and reduction 
Clearinghouse (IMerC) has collected information on mercury-added 
products sold in the u.s. This information is submitted by hundreds 
of manufacturers to satisfy notification requirements of the states of 
Connecticut, louisiana, Maine, Massachusetts, new hampshire, new 
york, rhode Island, and Vermont. The notification reports are submitted 
every three years through IMerCs online system.

This poster shows mercury use in products every three years from 2001-
2013, including data and graphs. IMerCs analysis of the 2016 data is not 
yet complete, but the poster does include general observations for the 
most recent information available at this time.

3b: Rice and other foods as sources of 
methylmercury exposure to humans

MP-080

PRODUCTION OF METHYLMERCURY IN HG(II) 
ION-ADDED FLOODED PADDY FIELD SOIL AND ITS 
ACCUMULATION IN RICE
KoDaMaTanI, hitoshi1; DaIba, yuri1; TaKeuChI, akinori2; IChITanI, 
Katsuyuki1; KanZaKI, ryo1; ToMIyasu, Takashi1; 
(1) Kagoshima University, Kagoshima, Japan; (2) National Institute for 
Environmental Studies, Tukuba, Japan

kodama@sci.kagoshima-u.ac.jp

recent studies have shown that rice is a significant source of dietary 
exposure to methylmercury (Mehg) for humans. The use of hg in 
artisanal and small-scale gold mining (asGM) has increased in many 
developing countries in rice-producing regions worldwide. The hg 
released into rice paddy fields as a result of asGM activity pollutes the 
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paddy soil. anaerobic soil bacteria in flooded rice paddy synthesize 
Mehg from hg, leading to accumulation of Mehg in the rice plants. 
however, Mehg production from inorganic hg in flooded paddy soil 
and its bioaccumulation in rice plants have not been extensively studied 
thus far. here, we prepared different samples of hg(II) ion-contaminated 
soils and cultivated rice therein, to confirm the differences in Mehg 
production in soils and its effect on Mehg accumulation in rice grain.

Pot experiments were performed in two different soil types—soil I and 
soil II, to each of which 10 mg/kg hg(II) ion was added. although the 
soils were well mixed under flooded condition, the vertical distribution 
of T-hg concentration in these soils was not uniform, with higher 
concentrations in the upper layer and drastically reduced concentrations 
below. rice was planted on June 12, 2015 and harvested on november 
16. The flooded condition was maintained throughout the rice-growing 
season; the surface layer soil (about 3-cm thickness) and leaf and ear 
samples were collected every month. T-hg and Mehg concentrations 
in these samples were measured using thermal decomposition-CV-aas 
and hPlC-chemiluminescence method, respectively.

T-hg and Mehg concentrations in the surface layer soil were monitored 
during the rice-growing season. Mehg production was confirmed in soil 
I after two weeks but in soil II after 3 months (october). The maximum 
Mehg concentration of soil I was 0.13 mg/kg in august and that of soil II 
was 0.11 mg/kg in october. Mehg concentrations in the flooded paddy 
soil showed wide variations. Mehg concentrations in the ear samples of 
brown rice from soil I and soil II were 0.52 ± 0.08 mg/kg (n=87) and 0.22 
± 0.03 mg/kg (n=96), respectively. Mehg and T-hg concentrations were 
measured in all three parts of the brown rice grain—embryo, bran, and 
endosperm and found to be 3.18 and 3.86 mg/kg, 0.74 and 0.90 mg/kg, 
and 0.49 and 0.53 mg/kg, respectively. These results would be presented 
in detail in our subsequent study.

MP-081

QUANTIFYING THE HEALTH IMPACTS OF 
DIETARY FISH CONSUMPTION ADVISORIES FOR 
METHYLMERCURY AMONG INUIT IN LABRADOR
CalDer, ryan1; sunDerlanD, elsie1; 
(1) Harvard University, Cambridge, MA, USA

ry.calder@mail.harvard.edu

Traditional diets of northern indigenous populations are rich in birds, 
fish and marine mammals, leading to high exposures to methylmercury 
(Mehg) and polychlorinated biphenyls (PCbs). Dietary advisories 
restricting consumption of local traditional foods are the predominant 
tool used to reduce risks associated with bioaccumulative contaminants. 
however, traditional foods contribute disproportionately to overall 
intakes of vitamin D, omega-3 fatty acids and other essential nutrients, 
and the transition to diets based on store-bought foods has been 
linked to adverse health outcomes including increased rates of obesity, 
cardiovascular disease and diabetes. Therefore, dietary advisories 
must weigh the risks posed by increased exposures to bioaccumulative 
contaminants against the risks posed by the loss of key nutrients, which 

act alternately on cardiovascular, neurodevelopmental and oncogenic 
endpoints. We quantify for the Inuit of labrador, Canada the significance 
of local and store-bought foods to the overall dietary calories, Mehg, 
PCbs and a suite of nutrients. While local foods account for only 10% 
of total calories, they are the main source of Mehg (70%), PCbs (>90%) 
and a disproportionate source of omega-3 fatty acids (36%) and 
vitamin D (39%). We construct scenarios to forecast the cardiovascular, 
neurodevelopmental, cancer and nutritional impacts of substituting 
store-bought foods for local foods in comparison to the risks posed 
by increasing levels of Mehg. We find that substituting store-bought 
foods for local foods to preserve baseline Mehg exposures can reduce 
but not completely eliminate neurological impacts on developing 
children. however, the relative risk of cardiovascular death is greater 
for store-bought food substitution scenarios (population mean < 1.5) 
than the baseline diet for Mehg increases in local foods up to roughly 
seven times the baseline measured values. food substitution scenarios 
generally increase population-wide cancer risks (population mean 
relative risk < 1.1, hepatic and colorectal cancers) relative to baseline and 
are associated with a decline in sufficiency of key nutrients (e.g., iron, 
phosphorus) of < 10% required daily intake. This work demonstrates 
that dietary advisories alone cannot be used to mitigate risks associated 
with increased exposures to Mehg and, in many cases, may increase 
these risks.

MP-082

SELENIUM-INDUCED REDUCTION IN 
METHYLMERCURY ACCUMULATION IN RICE: 
ANTAGONISTIC INTERACTION IN SOIL OR 
WITHIN PLANT
DanG, fei1; WanG, yongjie2; eVans, Douglas3; Zhou, Dongmei1; 
ZhonG, huan2; 
(1) Institute of Soil Science, Chinese Academy of Sciences, Jiangsu Province, 
China; (2) Nanjing University, Jiangsu Province, China; (3) Trent University, 
Ontario, Canada

fdang@issas.ac.cn

Methylmercury (Mehg) accumulation in rice has great implications for 
human health. here, effects of selenium (se) on Mehg availability to 
rice are explored by growing rice under soil or foliar fertilization with 
se. results indicate that soil amendment with se could reduce Mehg 
levels in soil and grain (maximally 73%). In contrast, foliar fertilization 
with se (examining Mehg-se interactions within plant) enhanced plant 
se levels (312 folds) without affecting grain Mehg concentrations. These 
evidences, along with distinct distribution of Mehg and se within plant, 
demonstrate for the first time that Mehg-se antagonism in soil (i.e., 
reduced soil Mehg due to se) rather than Mehg-se interactions within 
plant might be the key process triggering the decreased grain Mehg 
levels under se amendment. The observed Mehg-se antagonism in 
soil could be mainly attributed to the formation of hg-se complexes 
(detected by TeM-eDX and Xanes) and thus reduced microbial Mehg 
production. Moreover, selenite and selenate were equally effective in 
reducing soil Mehg concentrations, possibly because of rapid changes in 
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se speciation. The dominant role of se-induced reduction in soil Mehg 
levels, which has been largely underestimated previously, together with 
the possible mechanisms advance our mechanistic understanding about 
Mehg dynamics in soil-rice systems.

MP-084

MERCURY IN 15 DEEP SEA FISH SPECIES FROM 
THE NORTHEAST ATLANTIC AND FOOD 
SAFETY CONSIDERATION
franTZen, sylvia1; MaaGe, amund1; 
(1) NIFES, Bergen, Norway

sylvia.frantzen@nifes.no

Previous studies have shown that tusk (brosme brosme) is a species 
which seems to accumulate relatively high concentrations of mercury. 
levels of mercury in tusk have exceeded the eus maximum level for 
food safety in some fjord- and coastal areas. There has therefore been 
a need for a comprehensive survey of mercury levels in tusk caught 
in different geographical areas. There has also been a knowledge gap 
about the level of mercury in common ling (Molva molva) and other 
deep sea species caught in the same areas as tusk. During 2013-2016, 
1396 tusk were sampled at 64 positions, distributed on fjord, coast and 
open sea areas from the barents sea in the north to the skagerrak in 
the south and from Iceland in the west to eastern finnmark in the east. 
additionally, 822 common ling were sampled from 41 positions, and 
554 individuals of 15 different species were taken as bycatch. fillets 
from each fish were analysed for a range of metals, including total 
mercury (hg).

The results verified that mercury levels are relatively high in tusk fillet, 
with a total average of 0.34 mg/kg wet weight and mean concentrations 
above the maximum level of 0.5 mg/kg wet weight in fjords in western 
norway, on the skagerrak coast and in the Vestfjord area. Moreover, 
mean concentrations of 0.2 mg/kg wet weight and higher were found 
most places both along the coast and in open sea to the south of 
lofoten. To the north of lofoten levels were lower, and there was a 
general increase in mercury levels from north to south and from open 
sea to coast, and from the north sea coast further into the fjords. 
frequent consumption of tusk caught in many areas, particularly in 
the southern part of norway, may thus contribute considerably to the 
tolerable weekly intake for mercury. for common ling and haddock a 
similar pattern was found for mercury levels, although concentrations 
were lower than in tusk. The order of species ranged by mercury 
concentration in fillet was this: blackmouth catshark > ratfish > blue ling 
> tusk > hake > common ling > beaked redfish > rose fish > whiting = 
greater forkbeard = atlantic wolffish > cod > haddock > spotted wolffish 
> northern wolffish.

MP-086

THE BIO-AVAILABILITY OF MERCURIC SULFIDE IN 
PADDY FIELD ECOSYSTEM
lI, hong1; Gao, yuxi1; 
(1) Institute of High Energy Physics, Beijing, China

lihong@ihep.ac.cn

Mercuric sulfide widely exists in the ore, sediment and soil of mercury 
mine area, which has a extremely low solubility in the nature. Its 
bio-availability is a focus of peoples concerning. In this study, rice was 
cultured in root boxes filled with paddy soil. mercuric sulfide with 
different polymorph and size were added, together with different 
species of sulfur-containing materials to investigate bio-availability of 
mercuric sulfide and its influence factors. ICP-Ms, synchrotron radiation 
and molecular ecology methods were used for analyzing the content, 
distribution, speciation of sulfur and mercury in soil and rice samples. 
The results showed that the mercury content decreased from roots to 
stems and leaves then rice grains, and the main existence form was 
analogous to hg(sG))2 in roots. With the increase of particle size of the 
mercuric sulfide, the content of mercury increased in brown rice. and 
different crystal type of mercuric sulfide was utilizated differently by rice, 
nano-metacinnabar was easier used than nano-cinnabar.

MP-087

MERCURY AND SELENIUM CONCENTRATIONS 
IN SEVERAL SPECIES OF COMMERCIAL SHRIMPS 
IN JAPAN
hoanG, anh1; saKaMoTo, Mineshi1; yaMaMoTo, Megumi1; 
(1) National Institute of Minamata Disease, Minamata, Japan

hoangvananh0701@gmail.com

Methylmercury (Mehg) is a neurotoxicant and people are mainly 
exposed to Mehg through the consumption of seafood. selenium (se) 
is known to antagonize the toxicity of mercury (hg). Therefore, both 
Mehg concentration and se/hg ratio in seafood are important factors 
to consider the risk of seafood consumption. The muscles of 114 
commercial shrimps representing 8 species from 10 countries were 
obtained at supermarkets in Kumamoto and Kagoshima prefecture. 
We determined the concentration of total mercury (T-hg) and Mehg 
in the muscle of several species of commercial shrimp using heating 
vaporization aas (simple analytical method: J. Toxicol. sci. 41, 489-500, 
2016), and se concentration using ICP-Ms. The median T-hg and Mehg 
in muscle of black tiger shrimp from australia were 62.1 ng/g and 
58.6 ng/g wet weight (ww) and they were higher (p<0.01) than that of 
shrimp from Vietnam (8.5 ng/g ww: T-hg; 8.2 ng/g ww: Mehg) and India 
(10.8 ng/g ww: T-hg; 9.1 ng/g ww: Mehg). T-hg and Mehg of vannamei 
shrimps from ecuador were 31.1 ng/g ww and 30.6 ng/g ww, and they 
were higher (p<0.01) than that of shrimps from India (5.3 ng/g ww: T-hg; 
5.3 ng/g ww: Mehg) and Malaysia (11.2 ng/g ww: T-hg; 11.0 ng/g ww: 
Mehg). T-hg and Mehg of white shrimp from bangladesh were 39.1 
ng/g ww and 35.4 ng/g ww, and they were higher (p<0.01) than that of 
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shrimps from Indonesia (16.0 ng/g ww: T-hg; 14.6 ng/g ww: Mehg). The 
mean of Mehg/T-hg ratios in all species of shrimps examined in this 
study were in the range of 90-99%. Median of se concentrations (ng/g 
ww) in the muscle of shrimps from 3 countries were 322 (Vietnam), 
343 (India) and 446 (australia) for black tiger shrimp, 219 (India), 289 
(ecuador) and 305 (Malaysia) for vanammei shrimp, 391 (India), 412 
(bangladesh) and 385 (Indonesia) for white shrimp, respectively, 
indicating that se levels in the muscle of these shrimps were similar 
compared to variation of hg concentration. The results indicated 
that T-hg and Mehg levels in the imported and domestic commercial 
shrimps in Japan were lower than the Japanese regulation levels of 
300 ng/g ww for Mehg for fish, and the mean of se/T-hg molar ratios 
(16-106) were comparatively high. We can conclude that the shrimps 
examined in this survey will not pose particularly high risk concerning 
Mehg exposure.

MP-090

SCREENING OF HG LEVELS AND SPECIATION 
IN FISH SPECIES REPRESENTATIVE OF LOCAL 
CONSUMPTION FROM THE CHILEAN COAST
lobos, Maria-Gabriela1; DÍaZ, Patricia1; reneDo, Marina2; GaeTe, 
hernán3; ValDÉs, felipe1; TessIer, emmanuel2; PeDrero, Zoyne2; 
aMourouX, David2; 
(1) Instituto de Química y Bioquímica, Facultad de Ciencias, Universidad 
de Valparaíso, Valparaiso, Chile; (2) Laboratoire de Chimie Analytique 
Bio-Inorganique et Environnement, Institut des Sciences Analytiques et de 
Physico-chimie Pour l'Environnement et les Matériaux, UMR 5254, CNRS 
Université de Pau et des Pays de l'Adour, Pau, France

gabriela.lobos@uv.cl

Mercury pollution is considered a major environmental and public 
health concern. Considering its toxicity, hg has been recently included 
in the top ten hazardous chemicals by the World health organization 
(1). Pregnant women and children in early life are considered the most 
vulnerable population to hg harmfulness. In general, fish and seafood 
consumption is recognized as the most common pathway of hg human 
exposure. It is especially troubling considering the recent and important 
increase of hg in oceanic waters, recently reported (2).

fishing is one of the most important industries in Chile and its 
commercial catch is the seventh-largest in the world. In Chile, the 
amount of mercury in marine species is regulated by the food health 
regulations. It should not exceed 0.5 mg kg-1 for small fish species 
and for larger species, such as shark and albacore, the maximum 
limit is 1.5 mg kg-1 (3). however, the extent of coastal hg levels and its 
concentration in fish is unknown. It is essential to establish a baseline 
contamination of Mehg in fish to further develop risk assessment 
actions in order to prevent hg exposure via fish consumption and 
better inform environmental policy makers. The main aim of this work is 
determining the distribution and bioconcentrationof hg in fish from the 
coasts of this south american country.

representative fish species (such Merluccius gayi gayi and Genypterus 

chilensis) of local consumption were collected all over Chile’s long 
coastline. approximatively 0.1 g of muscle was digested and hg content 
was determined by CV-afs. speciation was carried out by isotopic 
dilution GC -ICP-Ms. The hg content varies between 0.1 and 4.6 mg kg 
-1(dry weight). The highest hg values correspond to Graus nigra, an 
endemic fish species. regarding speciation, Mehg represents more 
than 95% of the total hg content, irrespective of the fish species. The 
hg levels associated to the different fish species and coastal regions 
will be discussed. The main perspective of this study is the elucidation 
of hg potential sources and its fate in the marine systems by hg stable 
isotopic characterization.

references: 
World health organization 2010 
C.h. lamborg, C.r. hammerschmidt, K.l. bowman, G.J. swarr, K.M. 
Munson, D.C. ohnemus, P.J. lam, l.e heimbürger, M.J.a. rijkenberg, 
M.a. saito. nature 512 (7512): 65. 2014. 
reglamento sanitario de los alimentos (rsa- legislación y resoluciones 
del Ministerio de salud - D.s.n°977, 2011. www.minsal.cl. 
acknowledgements: Project eCos C15e04 and fonDeCyT 1150855

MP-091

SELENIUM TO MERCURY MOLAR RATIOS IN WILD 
FISH SPECIES FROM NORTHEASTERN ATLANTIC 
OCEAN: INTER- AND INTRASPECIES VARIATION
MahJour aZaD, atabak1; franTZen, sylvia1; nIlsen, bente1; DuInKer, 
arne1; MaDsen, lise1; MaaGe, amund1; 
(1) NIFES, Bergen, Norway

ata@nifes.no

seafood is the main dietary source of mercury (hg) for humans and the 
trade-off between beneficial nutrients and undesirable elements is still 
a core for many studies. selenium (se) and hg interaction in seafood is 
a particular example of this trade-off where their co-occurrence directly 
affect their bioavailability and toxicity. since 50 years ago, protective 
effect of se against hg has been addressed, and within the last 10 years, 
se:hg molar ratio has received increased attention with regards to hg 
risk evaluation , particularly for saltwater fish.

In this study, we examined the concentrations of hg and se and 
the se:hg molar ratios in 17 teleost fish species from barents sea, 
norwegian sea, north sea, skagerrak, north atlantic and norwegian 
fjords and coastal areas. The sampling area is limited to svalbard Islands 
in the north, yuzhny Island in the east, strait of Dover in the south and 
west of Iceland in the west.

The mean se levels ranged from 0.27 to 0.78 mgkg-1 in atlantic cod 
(Gadus morhua) and wolffish (anarhichas spp.) respectively. The 
mean hg levels ranged from 0.04 to 0.77 mgkg-1 with the lowest 
level in atlantic mackerel (scomber scombrus) and the highest in 
blue ling (Molva dipterygia), and the mean se:hg molar ratios varied 
between 1.93 in blue ling and 43.18 in atlantic mackerel with the major 
contribution of hg levels. In general pelagic species had lower hg levels 
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and higher se:hg ratio and deep water demersal species had higher hg 
levels and lower se:hg ratios. Most species had large portion (more than 
50%) of specimens with se:hg ratio exceeding 5 except for tusk (brosme 
brosme) (4% less than 1, 53% between 1 and 5) and blue ling (19% less 
than 1, 80% between 1 and 5).

In general, hg concentration showed a gradually increasing trend from 
north to south and the rate of accumulation with increasing size also 
increased gradually towards the south. se and hg levels showed weak 
positive correlation (r-square from 0.15 to 0.47) except in mackerel, 
pollack, herring and saithe. se:hg ratios were negatively correlated 
to the fish length and the hg levels. for all species, se:hg ratios 
were significantly different (p <0.05) when individuals from different 
geographical areas were compared.

In conclusion, we can emphasize that fish from northeastern atlantic 
ocean are generally safe regarding hg with few exceptions and se may 
ameliorate the toxic effect of hg to some extent.

MP-092

HIGH CONCENTRATIONS OF MERCURY IN 
YELLOWFIN TUNA (THUNNUS ALBACARES) 
FROM THE GALÁPAGOS MARINE RESERVE AND 
CONTINENTAL WATERS, ECUADOR
MuÑoZ, laia1; Valle, Carlos a.1; eMslIe, steven2; alaVa, Juan José3; 
(1) Universidad San Francisco de Quito, Quito, Ecuador; (2) UNCW, North 
Carolina, United States; (3) Institute for the Oceans and Fisheries, University 
of British Columbia, Vancouver, British Columbia, Canada

laiajulianamu@gmail.com

yellowfin tuna (Thunnus albacares) is one of the major large pelagic fish 
harvested in the southeastern Tropical Pacific and also one of the most 
exported and traded. The tuna fishery is both industrial and artisanal in 
ecuador, being the eighth country with most metric tons of tuna caught. 
This species is highly consumed by the coastal population in ecuador 
and the Galápagos Island, an insular region part of ecuador’s territory. 
While the consumption of tuna fish is considered a source of nutrients 
that brings health benefits, tuna fish meat can also impose potential 
risks because of contamination by methylmercury. Methylmercury is 
a bioaccumulative and neurotoxic pollutant causing neurological and 
neurodevelopmental health effects in exposed people, mainly pregnant 
women and children, who may consume mercury-contaminated fish 
harvested from the sea. Very few studies have investigated mercury in 
large predatory fish in this equatorial region of the Pacific. The objective 
of this study was to assess the concentrations of total mercury (Thg) 
in the red muscle of yellowfin tuna caught by artisanal fisheries in the 
Galápagos Marine reserve and ecuador’s mainland coast. a total of 
347 tuna were sampled (243 from the Galápagos and 104 from waters 
offshore ecuador’s coast). Muscle samples were analyzed using a DMa 
80 mercury analyzer. 62.3 % of tuna samples exhibited size less than 
70 cm. The mean concentration ± sD of mercury was 0.53 ± 0.55 μg/g 
(ppm)  wet weight (ww). It was found that 8% of the tunas analyzed (n = 
28) in this study were above the tolerable levels of Mercury established 

by fao and the World health organization (1 ppm). The maximum 
concentration found was 6.8  (ppm) ww, being this one of the highest 
values of mercury reported for yellowfin tuna in the Pacific when 
compared to other studies. This study contributed with new baseline 
data on mercury concentrations in tuna from this region of the Pacific 
ocean basin and the initial information to establish tuna fish advisories 
with a limit of consumption of this species in both ecuador and the 
Galapagos Islands with implications for public health in the long term.

MP-093

MERCURY RISK IN POULTRY IN THE WANSHAN 
MERCURY MINE, CHINA
shanG, lihai1; yIn, runsheng1; ZhanG, Wei1; sun, Guangyi1; fenG, 
Zhaohui2; hurley, James3; fenG, Xinbin1; 
(1) State Key Laboratory of Environmental Geochemistry, Institute of 
Geochemistry, Chinese Academy of Sciences, Guiyang, Guizhou, China; 
(2) Institute of Resources and Environment, Henan Polytechnic University, 
Jiaozuo, Henan, China; (3) Department of Civil and Environmental 
Engineering, University of Wisconsin-Madison, Madison, WI, US

shanglihai@vip.skleg.cn

rice, rather than fish, has recently been identified as the major exposure 
pathway of mercury (hg) to inland populations of China. In recent years, 
in the Wanshan Mercury Mine (WMM), sW China, local crops were used 
more extensively to feed poultry and the awareness of hg pollution in 
crops, led to a concern over hg contamination in poultry. In this study, 
total mercury (Thg) and methylmercury (Mehg) burdens in muscles 
(leg and breast), organs (intestine, heart, stomach, liver) and blood were 
investigated for chickens, ducks and geese in the WMM. elevated Thg 
and Mehg levels, especially in livers and blood, were observed in WMM 
poultry. The liver may serve as a filter of blood hg, and may be a site of 
Mehg demethylation. elevated Thg and Mehg burdens were observed 
in chickens (Thg: 15.3 to 238.1 μg; Mehg: 2.2 to 15.6 μg), ducks (Thg: 15.3 
to 238.1 μg; Mehg: 3.5 to 14.7 μg) and geese (Thg: 83.8 to 93.4 μg; Mehg: 
15.4 to 29.7 μg). organs and blood constitute more than 50% of total 
burdens of Thg and Mehg in poultry. This study demonstrated poultry 
can be a new important hg exposure source for the WMM residents, and 
identified a high risk of hg exposure for the local population.

MP-094

A NEW PATHWAY FOR METHYLMERCURY 
ACCUMULATION IN RICE PLANT: USING A 
STABLE ISOTOPE TRACER TECHNIQUE AND 
FIELD INVESTIGATION
WanG, Zhangwei1; sun, Ting2; ZhanG, Xiaoshan1; lun, Xiaoxiu3; 
(1) Research Center for Eco-Environmental Sciences, Chinese Academy 
of Sciences/University of Chinese Academy of Sciences, Beijing, China; 
(2) Research Center for Eco-Environmental Sciences, Chinese Academy of 
Sciences, Beijing, China; (3) Beijing Forestry University, Beijing, China

wangzhw@rcees.ac.cn
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Methylmercury (Mehg) is a potent toxicant. fish consumption is 
considered as the primary pathway of human Mehg exposure, and 
yet recent studies highlighted that rice is the main route of human 
Mehg exposure in inland areas polluted by mercury. amounts of field 
investigations from mining and no-mining areas showed that rice plant, 
especially in grain has the highest ability for Mehg accumulation among 
crops. Where does this accumulation Mehg in rice plants come from, 
and how does it get there? so far, a consistent view think that Mehg 
in rice plant was originated from soil. In this study we hypothesized 
that air is another important pathway for Mehg accumulation in the 
rice plant. stable isotope addition technique through field in-situ 
open top chambers(oTCs) experiments was performed to trace the 
uptake and translocation of gaseous organic mercury in rice plant 
and then quantify and assess the relative importance for assimilation 
of atmospheric organic hg in rice plant. firstly, we established a 
continuous low concentration DMe199hg generation system based 
on the reaction of 2Ch3-b12+hg2++2h2o---(Ch3)2hg +2h2o-b12. five 
levels of DMe199hg in mixed air were set for oTCs experiments during 
rice growing stages. Me202hg and Me199hg concentration in rice 
tissues were determined by GC-ICPMs in rice tillering, jointing, heading, 
milk and mature stage. results showed that total and tracer Me199hg 
concentrations in rice tissues were statistical significance increase with 
the air DMe199hg levels and the extension of growth period, which 
clearly reveal that rice can uptake DMehg from air. examining to the 
percentage of Me199hg (tracer) in rice tissues to those in whole plant 
suggests that leaf and stem absorb large amounts of DMehg during 
tillering and jointing stages, and then most of those translocated to ear 
of rice, and finally accumulated in the rice grain. The relative contribution 
percentages of tracer DMehg to total Mehg in rice tissues calculated by 
model are increasing with the gaseous DMehg concentration, and more 
than half of Mehg in rice leaves and about 40% to 90% of Mehg in rice 
grain are obtained from air with DMehg concentrations from 16.0 to 
1033.3 pg m-3. furthermore, the preliminary investigations show that 
DMehg concentration was 2 to 20 pg m-3 in surface air and 1-15pg l-1 in 
surface water at flooding paddy field in Wanshan mining areas, implying 
that the new pathway from air for Mehg accumulation in rice plant 
should be comprehensive evaluation at this mining areas.

MP-096

SULFUR MODULATES MERCURY TRANSFORMATION 
AND ACCUMULATION IN RICE PLANT GROWN IN 
MERCURY CONTAMINATED SOILS
Zhao, Jiating1; lI, yunyun1; lI, yu-feng1; ZhonG, huan2; ZhanG, 
Zhiyong1; Gao, yuxi1; 
(1) Institute of High Energy Physics, Chinese Academy of Sciences, Beijing, 
China; (2) Nanjing University, Nanjing, China

zhaojt@ihep.ac.cn

sulfur (s) is an essential element for plants and its biogeochemical cycling 
is strongly linked to the species of heavy metals and their transformation 
in soils. In this work, the effects of s (elemental sulfur and sulfate) 
treatment on rice growth, hg accumulation in rice, and hg geochemical 

fractions in rice rhizosphere soil were investigated. It was found that 
both elemental sulfur and sulfate promoted the total hg (T-hg) and 
methylmercury (Mehg) accumulation in rice grains, stalkleaf, and root 
but did not affect the rice growth. sequential extraction analysis of hg 
geochemical fractions in rhizosphere soil displayed increased bioavailable 
hg in paddy soils. The result was further proved with hg l3-edge X-ray 
absorption near-edge structure (hg l3-edge Xanes), indicating that 
s treatment reactivated the non-bioavailable hg in the rhizosphere 
soils. This finding is significant since it suggests that the application of s 
fertilizers in hg contaminated farmland can increase the accumulation 
of both T-hg and Mehg in crops, which may bring much serious health 
problems to people depending on them. It should raise cautiousness 
when using sulfur-containing agents in hg contaminated soils. on the 
other hand, this study also suggests that s treatment could be an effective 
measure to mobilize the hg that was hard to be absorbed by plants and to 
accelerate the phytoremediation efficiency in hg contaminated soils.

MP-097

ELEVATED MERCURY BODY BURDEN IN PACIFIC 
SIDS WOMEN OF CHILDBEARING AGE
bell, lee1; InGraM, Imogen2; 
(1) International POPs Elimination Network, Perth, WA, Australia; 
(2) International POPs Elimination Network, Rarotonga, Cook Islands

lee.bell@ipen.org

There is little information about the body burden of mercury in Pacific 
small Island Developing states (sIDs) populations, and consequently 
little understanding in this un subregion about the potential adverse 
impacts on human health, development, intelligence and, by association, 
economic costs. What little data exists highlights the unusual 
phenomenon of high mercury levels  in places where there is limited 
industrial pollution or coal-based power generation.

To advance the understanding of global mercury pollution impacts, IPen 
undertook a study focussing on determining the methylmercury levels 
borne by women of childbearing age (18-44 years) in Pacific sIDs, on the 
basis that they represent a vulnerable sub-population. Methylmercury 
body burdens are particularly important for women contemplating 
pregnancy, because of the possible impacts of methylmercury on the 
developing foetus with regard to health and development endpoints.

The hypothesis for this study is that women from Pacific Islands have 
elevated mercury body burdens due to consumption of seafood. 
Members of IPens global network coordinated with civil society partners 
to collect hair samples from female participants. In total, 239 hair samples 
from 7 Pacific sIDs were taken, analysed for mercury concentrations and 
compared against the 1 ppm level that approximately corresponds to the 
usa ePa reference dose. Preliminary results show highly-elevated mercury 
body burden for women in Pacific sIDs, with the most likely exposure 
pathway being seafood consumed as the principal dietary protein.

as methylmercury is considered an endocrine-disruptor, this may have 
some bearing on the rapid increase of non-communicable diseases 
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(including diabetes and hypertension) that were deemed high priority in 
the outcome report from the 2014 Third International sIDs Conference.

Industrial and related sources of mercury pollution are negligible in the 
Pacific subregion, suggesting diffuse atmospheric mercury deposition to 
oceans is a key source of methylmercury contamination in seafood. While 
this sample size is relatively small, it illustrates a disturbing trend that may 
compel Pacific sIDs governments to request a broader, deeper study 
through the Who. We conclude that greater efforts are needed to reduce 
atmospheric mercury emissions, in order to avoid contamination of fish 
and thus protect Pacific sIDs women and their unborn children countries 
from the adverse impacts of elevated methylmercury body burden.

3c: Risk assessment of mercury exposure 
to fish, birds, and wildlife

MP-098

AVIAN MERCURY EXPOSURE AND TOXICOLOGICAL 
RISK ACROSS WESTERN NORTH AMERICA: 
A SYNTHESIS
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Survey, Corvallis, Oregon, United States; (3) Biodiversity Research Institute, 
Portland, Maine, United States; (4) Oregon State University, Corvallis, 
Oregon, United States; (5) Environment Canada, British Columbia , Canada; 
(6) National Institute of Standards and Technology, South Carolina, 
United States

jackerman@usgs.gov

Methylmercury contamination of the environment is an important 
issue globally and birds are useful bioindicators for mercury monitoring 
programs. We synthesized all of the available data on mercury 
contamination of birds in western north america. We obtained original 
data from multiple databases and conducted a literature review to 
obtain additional mercury concentrations. In total, we compiled 29,219 
original bird mercury concentrations from 225 species, and obtained 
an additional 1,712 mean mercury concentrations, representing 19,998 
individuals and 176 species, from 200 publications. To make mercury 
data comparable across bird tissues, we used published equations 
of tissue mercury correlations to convert all mercury concentrations 
into blood-equivalent mercury concentrations (µg/g wet weight [ww]). 
blood-equivalent mercury concentrations differed among species, 
foraging guilds, habitat types, locations, and ecoregions. Piscivores and 
carnivores exhibited the greatest mercury concentrations, whereas 
herbivores and granivores exhibited the lowest mercury concentrations. 
bird mercury concentrations were greatest in ocean and salt marsh 
habitats and lowest in terrestrial habitats. bird mercury concentrations 
were above toxicity benchmarks in many areas throughout western 
north america, and multiple hotspots were identified. We also 

summarized the published toxicity benchmarks established for multiple 
tissues, and translated them into a common blood-equivalent mercury 
concentration. bird health, physiology, behavior, and reproduction were 
affected across a range of blood-equivalent mercury concentrations, 
with many documented effects in the range of 1.0 to 3.0 µg/g ww and 
more severe effects occurring over 3.0 µg/g ww. overall, 66% of birds 
sampled in western north american exceeded a blood-equivalent 
mercury concentration of 0.2 µg/g ww (above background levels), 
which is the lowest-observed effect level, 28% exceeded 1.0 µg/g ww 
(moderate risk), 8% exceeded 3.0 µg/g ww (high risk), and 4% exceeded 
4.0 µg/g ww (severe risk). Mercury monitoring programs should sample 
bird tissues that are most-easily translated into tissues with well-
developed toxicity benchmarks and that are directly relevant to bird 
reproduction. These high priority sampling tissues include whole blood, 
eggs, and juvenile down feathers. our results indicate that mercury 
contamination of birds is prevalent in many areas throughout western 
north america, and large-scale ecological attributes are important 
factors influencing bird mercury concentrations.

MP-099

A CRITICAL EVALUATION OF THE UTILITY 
OF EGGSHELLS FOR ESTIMATING MERCURY 
CONCENTRATIONS IN AVIAN EGGS
PeTerson, sarah1; aCKerMan, Joshua1; eaGles-sMITh, Collin2; 
harTMan, C.1; herZoG, Mark1; 
(1) USGS Western Ecological Research Center, Dixon Field Station, Dixon, CA, 
USA; (2) USGS Forest and Rangeland Ecosystem Science Center, Corvallis, 
OR, USA

sepeterson@usgs.gov

eggshells are a potential tool for non-lethally sampling contaminant 
concentrations in bird eggs, yet few studies have examined their utility 
to represent mercury exposure. We assessed mercury concentrations 
in eggshell components for 23 bird species and determined whether 
they correlated with total mercury (Thg) in egg contents. additionally, we 
designed a multi-experiment analysis to examine how Thg is partitioned 
into eggshell components, specifically the hardened eggshells, the 
material adhered to the eggshell, and the inner eggshell membrane. 
Thg concentrations in eggshells were much lower than in egg contents, 
and almost all of the Thg within the eggshell was contained within the 
material adhered to eggshells and the inner eggshell membrane, and 
specifically not within the calcium-rich hardened eggshells. Despite 
having very little mercury, Thg concentrations in hardened eggshells 
had the strongest correlation with egg contents among all eggshell 
components. however, species with the same Thg concentrations in 
eggshells had different Thg concentrations in egg contents, indicating 
that there is no global predictive equation among species for the 
relationship between eggshell and egg content Thg concentrations. 
further, for all species, Thg concentrations in eggshells decreased with 
relative embryo age. although the majority of mercury in eggshells was 
contained within the inner membrane and material adhered to the 
eggshell, and not within the hardened eggshell, Thg concentrations in 
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hardened eggshells can be used to estimate Thg concentrations in egg 
contents if embryo age and species are addressed.

MP-100

SEASON, MOLT, AND BODY SIZE INFLUENCE 
MERCURY CONCENTRATIONS IN 
AECHMOPHOROUS GREBES: IMPLICATIONS FOR 
ESTIMATING EXPOSURE RISK
harTMan, Christopher1; aCKerMan, Joshua1; herZoG, Mark1; eaGles-
sMITh, Collin2; 
(1) U.S. Geological Survey, Western Ecological Research Center, Dixon/CA, 
USA; (2) U.S. Geological Survey, Forest and Rangeland Ecosystem Science 
Center, Corvallis/OR, USA

chartman@usgs.gov

Mercury is highly toxic to fish and wildlife, and can impair behavior, 
physiology, survival, and reproduction. sampling bird blood is a 
common means for evaluating site-specific exposure risk of mercury 
to wildlife. however, blood mercury concentrations can change rapidly 
through time, due to changing environmental factors at a site and 
changing physiological factors within the birds themselves. We studied 
seasonal and physiological influences on mercury concentrations 
in western grebes (aechmophorus occidentalis) and Clark’s grebes 
(a. occidentalis) across 29 lakes and reservoirs in California, usa. 
additionally, at three of these lakes, we conducted a time series study, 
in which we repeatedly sampled grebe blood mercury concentrations 
during the spring, summer, and early fall. Grebe blood mercury 
concentrations were higher among males (0.61±0.12 µg/g ww) than 
females (0.52±0.10 µg/g ww), higher in Clark’s grebes (0.58±0.12 µg/g 
ww) than western grebes (0.51±0.10 µg/g ww), and exhibited a strong 
seasonal pattern (decreasing by 60% from spring to fall). further, the 
relationship between grebe blood mercury concentrations and wing 
primary feather molt exhibited a shallow u-shaped pattern, where 
mercury concentrations were highest among birds that had not yet 
begun molting, decreased approximately 24% between pre-molt and 
late molt, and rising approximately 19% from late molt to post-molt. 
because grebes did not begin molting until mid-summer, lower grebe 
blood mercury concentrations observed in late summer and early 
fall were consistent with the onset of primary feather molt. however, 
because sampling date was a much stronger predictor of grebe mercury 
concentrations than molt, other seasonally changing environmental 
factors likely played a larger role than molt in the seasonal variation 
in grebe mercury concentrations. In the time series study, we found 
that seasonal trends in grebe mercury concentrations were not 
consistent among lakes, indicating that lake-specific variation in mercury 
dynamics influence the overall seasonal decline in grebe blood mercury 
concentrations. These results highlight the importance of accounting 
for sampling date, as well as ecological processes that may influence 
mercury concentrations, when developing monitoring programs to 
assess site-specific exposure risk of mercury to wildlife.

MP-101

SUBCELLULAR DISTRIBUTION OF MERCURY IN 
POLAR BEAR (URSUS MARITIMUS) LIVER
barsT, benjamin1; haDraVa, Justine1; PerKIns, Marie2; DIeTZ, rune3; 
sonne, Christian3; basu, niladri1; 
(1) Department of Natural Resource Sciences, McGill University, Ste Anne de 
Bellevue, QC, Canada; (2) McGill University, Ste Anne de Bellevue, QC, Canada; 
(3) Aarhus University, Roskilde, Denmark

benjamin.barst@mcgill.ca

Polar bears are long-lived marine mammals, which occupy apical trophic 
positions in arctic food webs. accordingly, they are exposed to high 
levels of dietary mercury (hg), the majority of which is likely derived from 
anthropogenic sources. Despite high levels of exposure, recent data indicate 
that polar bears accumulate relatively low concentrations of total hg in 
their brain stems (~0.07 ppm wet weight). Conversely, concentrations of 
total hg of 30 ppm wet weight, mainly in the form of inorganic hg, have 
been reported for polar bear liver tissues. The accumulation of high 
concentrations of inorganic hg in the liver may be a result of demethylation 
of more toxic methylmercury (Mehg). Mehg demethylation in the liver is 
often considered a detoxification mechanism and may serve to protect 
the brain and explain the low total hg concentrations observed therein. 
While it is well known that polar bears accumulate elevated inorganic hg 
concentrations in liver, it is not well understood how inorganic and Mehg 
are distributed at the subcellular level. In this context, we measured total hg 
and Mehg in the livers of 42 polar bears and explore how these forms of hg 
are distributed at the subcellular level. We aim to better asses the risk of hg 
exposure in polar bear by applying a subcellular partitioning procedure to 
separate a subset of livers into putative metal-sensitive fractions (cytosolic 
enzymes, organelles) and detoxified metal fractions (metallothionein-like 
proteins and peptides, granule-like structures). Mercury in metal-sensitive 
fractions has the potential to cause negative health effects. Polar bear livers 
were subjected to a subcellular partitioning procedure using differential 
centrifugation, naoh digestion, and heat denaturation techniques. The 
resulting fractions were analyzed for total and Mehg by direct mercury 
analyzer and GC-CVafs, respectively. results of this research indicate that 
inorganic hg is the predominant form of hg in polar bear livers (mean 
= 99%) over a wide range of total hg concentrations (3.5 to 32 ppm wet 
weight). The subcellular distributions of non-essential metals, such as hg, 
may provide important insight into detoxification/toxicity mechanisms at 
the subcellular level, and may ultimately allow for better risk assessments.

MP-102

INFLUENCE OF A DAM ON THE MERCURY 
CONTAMINATION OF FISH IN FRENCH GUIANA 
SINNAMARY RIVER
Maury-braCheT, regine1; feurTeT MaZel, agnès1; DoMInIQue, 
yannick2; VIGourouX, régis3; 
(1) University Bordeaux, Arcachon, France; (2) Bio Eko, Nouméa, Nouvelle 
Calédonie; (3) Hydreco, Kourou (Guyane), France

regine.maury-brachet@u-bordeaux.fr
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The Petit-saut hydroelectric dam was filled in 1994 on the sinnamary 
river in french Guiana (amazonian basin). since dams construction 
physicochemical conditions were monitored in the reservoir and in the 
river downstream to characterize the impact of rain forest flooding and 
role of hydroelectric reservoir on mercury methylation. Indeed, french 
Guiana soils contain high level of mercury coming from atmospheric 
depositions and also from illegal goldmining sites that use elemental 
mercury for gold extraction.

Previous studies that analyzed monitoring results showed that 
physicochemical modifications generated by dam construction led to an 
important production of methylmercury (Mehg) in the anoxic part of the 
reservoir and in the downstream river.

sampling was carried out over 22 years and 5500 fish were analyzed (57 
species and 7 different diets). and we distinguished 4 different sites: the 
upstream part of the river defined as reference and the upstream part 
under the influence of the goldming, the reservoir and the downstream 
part of the sinnamary river.

This high level of Mehg newly produced after dams construction 
impacted fish mercury concentrations. Monitoring of Mehg 
concentrations in muscle of hoplias aimara, a piscivorous fish used 
as mercury sentinel, shows a progressive increase between 1994 and 
2007 in the reservoir and downstream river. Mehg concentrations 
were multiplied by a factor 2 in ten years in the two sites. levels of 
mercury contamination analyzed in other fish species characterized 
by other diets (omnivorous, herbivorous ...) confirmed this trend with 
contamination 2 to 10 times higher in fish collected in sinnamary river, 
according to the diet. In other compartments of the ecosystem the same 
thing is noticed.

Comparatively to Mehg concentrations measured in h. aimara muscle 
collected in the main rivers of french Guiana between 2003 and 2006, 
were significantly lowest than sinnamary ones.

after 20 years of increase, Mehg in h. aimara muscle seems to point out 
a decrease in the reservoir and in the downstream river. This decrease 
is to be compared with the improvement of the physicochemical 
characteristics of the environment. Indeed decrease of the organic 
matter concentrations issued from flooded rain forest degradation, 
lead to an increase of oxygenated water layer in the reservoir. This 
newly conditions are less propitious to mercury methylation. This 
tends to show that the influence of the dam on the levels of mercury 
contamination in organisms might decrease with time and consequently 
that water quality improves.

MP-103

BASELINE MERCURY CONCENTRATIONS IN 
SEABIRD EGGS IN LAKE MELVILLE, LABRADOR, 
CANADA BEFORE FLOODING OF THE MUSKRAT 
FALLS HYDROELECTRIC DAM
burGess, neil1; ChaulK, Keith2; Wells, regina3; 
(1) Environment & Climate Change Canada, Mount Pearl, NL, Canada; 

(2) Labrador Institute of Memorial University, Happy Valley-Goose Bay, NL, 
Canada; (3) Environment & Climate Change Canada, Happy Valley-Goose 
Bay, NL, Canada

neil.burgess@canada.ca

nalcor energy is currently constructing the Muskrat falls hydroelectric 
dam on the Churchill river in labrador, Canada. flooding of the 
reservoir began in late 2016. at the environmental assessment hearings 
which preceded the project, concerns were raised by the nunatsiavut 
Government and the Government of Canada about downstream 
increases in aquatic methylmercury in lake Melville, as a result of dam 
construction. This project began in 2013, to determine the baseline 
mercury concentrations in the eggs of marine birds breeding in lake 
Melville, prior to flooding of the Muskrat falls reservoir. We collected 
eggs of ring-billed gulls (larus delawarensis) and common terns (sterna 
hirundo) on islands in western lake Melville in 2013-15. These eggs 
were analysed individually for total mercury, and in 2015 for stable 
carbon and nitrogen isotopes (δ13C and δ15n, respectively). We 
found no differences in mean egg mercury concentrations among 
islands or among years for either ring-billed gulls or common terns. 
The geometric mean of egg mercury concentrations in common tern 
eggs (0.92 μg/g, dry wt.) was significantly greater than in ring-billed 
gull eggs (0.77 μg/g), while the variance in mercury concentrations was 
greater in the gull eggs. In eggs collected in 2015, δ15n was analysed 
to investigate the trophic patterns of the gulls and terns. Comparing 
δ15n data (mean ± sD) between ring-billed gull eggs (10.5 ± 1.3‰) and 
common tern eggs (12.5 ± 0.5‰) indicated that the gulls foraged over 
a wider trophic range, and on average at a lower trophic level than the 
terns. Mercury concentrations in the gull eggs were unrelated to either 
δ13C or δ15n. however, in the common tern eggs, both δ13C and 
δ15n were negatively associated with mercury concentrations. Current 
mercury levels in the lake Melville gull and tern eggs pose little risk to 
seabird populations. however, the two highest mercury concentrations 
observed in ring-billed gull eggs were probably associated with adverse 
effects on reproductive success. This study provides baseline data 
prior to the flooding of the Muskrat falls reservoir, which we will use 
to assess the amount and duration of subsequent mercury increases 
after flooding.

MP-104

DIETARY METHYLMERCURY AFFECTS COGNITION 
AND BEHAVIOR IN A MODEL SONGBIRD
sWaDDle, John1; DIehl, Tessa1; CrIsTol, Daniel1; 
(1) College of William & Mary, Williamsburg, VA, USA

jpswad@wm.edu

environmental stressors can negatively affect avian cognitive abilities, 
potentially reducing fitness, for example by altering response to 
predators, display to mates, or memory of locations of food. We 
expand on current knowledge by investigating the effects of dietary 
methylmercury on avian cognition. Captive zebra finches (Taeniopygia 
guttata) were dosed for their entire lives with sub-lethal levels of 
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mercury, at the environmentally-relevant dose of 1.2 parts per million. 
In our first study we compared the dosed birds to controls of the same 
age using tests of three cognitive abilities: spatial memory, inhibitory 
control, and color association. In the spatial memory assay, birds were 
tested on their ability to learn and remember the location of hidden 
food in their cage. The inhibitory control assay measured their ability 
to ignore visible but inaccessible food in favor of a learned behavior 
that provided the same reward. lastly, the color association task 
tested each birds ability to associate a specific color with the presence 
of hidden food. Dietary methylmercury negatively affected spatial 
memory ability but not inhibitory control or color association. our 
second study focused on three behavioral assays not tied to a specific 
skill or problem-solving: activity level, neophobia and social dominance. 
Zebra finches exposed to dietary methylmercury throughout their 
lives were subordinate to, and more active than, control birds. We 
found no evidence that mercury exposure influenced our metric of 
neophobia. Together, these results suggest that mercury selectively 
harms neurological pathways that control different cognitive abilities in 
birds, with complex effects on behavior and fitness. Monitoring schemes 
can use behavioral endpoints for detecting effects of toxicants, and risk 
assessment should consider the potentially grave impact of cognitive 
problems caused by contaminant exposure. for example, many birds 
store their food for later retrieval, live in complex social hierarchies, 
and migrate using memory of spatial landmarks. Mercury exposure 
would severely compromise these ecological functions, even if it had no 
effect on commonly measured endpoints such as nesting success or 
body condition.

MP-105

MERCURY CONDITION ASSESSMENTS FOR U.S. 
NATIONAL PARKS AND APPLICATIONS FOR 
RESOURCE MANAGEMENT
flanaGan PrITZ, Colleen1; Taylor, KsIenya1; eaGles-sMITh, 
CollIn2; buXTon Torres, Tanya3; 
(1) National Park Service, Denver, CO, USA; (2) US Geological Survey, Corvallis, 
OR, USA; (3) US Geological Survey, Denver, CO, USA

colleen_flanagan_pritz@nps.gov

The u.s. national Park service (nPs) safeguards over 400 special places 
for the protection of unique natural resources and scenic beauty. as 
a nation, we have promised to leave national parks in an unimpaired 
condition so that they will continue to provide services such as 
decomposition, climate regulation, and biodiversity maintenance, as 
well as serving the educational, recreational, and spiritual needs of 
society. yet in many parks, stresses including those from mercury (hg) 
have degraded resources. research and monitoring efforts across 
the 84 million acres represented by nPs units include assessments of 
hg in insects, fish, birds, snow, and air. although celebrated as some 
of the most pristine ecosystems in the u.s., this research provides 
persuasive evidence that hg may currently be impacting national park 
resources, and that hg reductions are likely needed in order to meet 
the nPs mission to protect these resources for future generations. 

even protected areas such as national parks are subjected to hg 
contamination because it is delivered through atmospheric deposition, 
often after long-range transport. understanding the risk of hg 
contamination in nPs units is a challenge because deposition loads and 
accumulation in the food web are decoupled; elemental or inorganic hg 
must first be converted to methylmercury (Mehg) in order to equate to 
ecosystem harm. since 2015, nPs has been operating under an interim 
guidance for hg condition that incorporates interpolated concentrations 
of hg deposition, based on the Mercury Deposition network, and 
predicted concentrations of Mehg in nPs surface waters, based on the 
u.s. Geological survey (usGs) Methylmercury Model. While this spatial 
analysis can be used to determine hg status in parks, it is a rough 
estimate of condition. resource condition assessments are supposed to 
provide direction to park management for each nPs unit. so, to more 
accurately calculate hg condition or status in parks, the nPs worked with 
usGs to: (1) complete a research synthesis identifying hg toxicological 
benchmarks on wildlife, and (2) compile a dataset on hg levels in biota 
from nPs units. These data are being used to compare measured hg 
concentrations in park wildlife with established thresholds, generating 
park-specific condition assessments. Where park-specific biological 
exposure data do not exist, the condition defers to the interim guidance. 
This novel approach provides better understanding of the hg issue 
across our national parks, supports park planning processes, prioritizes 
research needs, drives policy, and fosters more informed management 
decisions across our protected landscapes.

MP-106

CAROLINA WREN REVISITED: THE CHALLENGES OF 
FIELD STUDY
henry, elizabeth1; MurausKas, Josh2; 
(1) Anchor QEA, Saratoga Springs, New York, USA; (2) Anchor QEA, 
Wenatchee, Washington, USA

bhenry@anchorqea.com

We analyzed the study design and data used to model a predictive 
relationship between blood mercury (hg) concentrations and reduction 
in nest success of Carolina wren (Thryothorus ludovicianus) (Jackson 
et al. 2011), which has been considered for use in assessments of 
ecological risk and natural resource damages. our analysis indicated 
that the study design and data interpretation were insufficient for 
predicting reduction in nest success at specific blood hg concentrations. 
The reference site selection process was not documented, the number 
of samples was small (i.e., only two and four abandoned nests at 
reference and contaminated sites, respectively, in the 2010 dataset of 
40 nests used in the predictive model), and the mixed use of artificial 
(box and tube) and natural nests (with natural nests disproportionately 
used in reference sites in 2010) confounded interpretation. In addition, 
the 2010 dose-response relationship between blood hg and reduction 
in nest success was biased by the exclusion of two predated nests 
upstream (because blood hg data was lacking) and inclusion of one 
parasitized and three predated nests downstream. We used the 
mathematical model MarK, similar to MCestimate used by Jackson et 
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al., to evaluate statistical models explaining observations. our modeled 
results based on analysis of abandoned nests indicated that cavity type 
was an important covariate, along with location.We also calculated 30-
day nest success using Mayfield estimation. for the pooled 2007 to 2009 
dataset where all but one cavity was artificial (and therefore cavity type 
was controlled), 30-day nest success based on abandoned nests was the 
same at reference and contaminated sites. In 2010, 30-day nest success 
based on abandoned nests was higher in the reference sites than in the 
contaminated sites and higher than both in 2007-2009, however the 
reference sites had twice as many natural cavities as the contaminated 
sites. While nest success data and mathematical models have potential 
for assessing contaminant impacts, robust studies require extensive 
data collection and accounting for multiple factors other than 
contaminants that impact nest success and, perhaps more importantly, 
fecundity. Variable results among years indicate the need for multi-
year studies. Mathematical models are powerful; however, conclusions 
are ultimately limited by the quality and quantity of observations. The 
Jackson et al. predictive relationship between blood hg and reduction in 
nest success is compromised by its study design and small dataset, and 
therefore should not be used for quantitative estimation of risk, injury, 
or service loss to songbirds.

MP-107

Declining Hg concentrations in prey fish in 
Onondaga Lake following sediment remediation
sMITh, Matt1; DesanTIs, liane1; henry, elizabeth2; burnhaM, anne3; 
arrIGo, Mark3; 
(1) Anchor QEA, Syracuse, NY, USA; (2) Anchor QEA, Saratoga Springs, NY, 
USA; (3) Parsons, Syracuse, NY, USA

bhenry@anchorqea.com

onondaga lake in syracuse, ny is a 12 km2 lake that has been 
impacted by a long history of municipal and industrial activity, including 
two former mercury cell chlor-alkali plants. since 2004, the lake has 
experienced significant improvements in water quality following 
upgrades to the Metropolitan sewage Treatment Plant that significantly 
reduced phosphorus and ammonia concentrations in the lake. In 
addition, in accordance with the Consent Decree for the onondaga 
lake superfund site, nitrate addition to the hypoliminion to limit 
methylmercury release from profundal sediment has occurred annually 
since 2011, and dredging and capping of contaminated sediment was 
completed by honeywell in 2016. Mercury concentrations in prey fish 
samples have been monitored since 2008 to provide baseline data 
and to evaluate the effect of the remediation on lower levels of the 
food chain. Three composite samples of small prey fish by species 
were collected annually from each of eight locations in the lake and 
analyzed for total mercury. The locations were selected to represent 
various sediment management areas with a range of mercury 
concentrations in sediment. The predominant species were banded 
Killifish with occasional collections of round Goby, Golden shiner, 
and brook silverside. alewife were also collected. under baseline 
conditions prior to sediment remediation, mercury concentrations in 

prey fish were approximately 0.31 mg/kg in areas with elevated mercury 
concentrations in sediment and 0.14 mg/kg in areas on the opposite 
side of the lake from former discharge points. following sediment 
remediation, mercury concentrations in all areas were similar to those 
observed on the opposite side of the lake under baseline conditions. 
reductions in mercury concentrations in prey fish are expected to 
result in reduced concentrations in upper trophic level fish, although 
the timing and magnitude are subject to multiple factors including their 
relative consumption of planktivorous and benthivorous prey fish.

MP-108

LONG-TERM MONITORING OF MERCURY 
IN SONGBIRDS IN THE NORTHEAST OF THE 
UNITED STATES
lane, oksana1; aDaMs, evan1; Pau, nancy2; obrIen, Kate3; 
(1) Biodiversity Research Institute, Portland, United States; (2) Parker River 
NWR, USFWS, Newburyport, MA, United States; (3) Rachel Carson NWR, 
USFWS, Wells, Maine, United States

oksana.lane@briloon.org

Mercury (hg) contamination in aquatic ecosystems is known to pose 
reproductive and health risks to biota. In past studies, we found high 
levels of hg exposure in salt marsh obligate bird species, suggesting 
that high degrees of bioaccumulation and biomagnification occur in 
these ecosystems. What is currently unknown are the annual trends and 
variance seen in biota hg levels. Invertivorous songbirds, such as the 
above species are now recognized as best indicators of mercury in the 
salt marsh ecosystems, where methylmercury (Mehg) biomagnifies in 
the food chain to levels that can adversely affect reproductive success. 
With changes to hg emissions regulations, understanding how Mehg 
bioavailability changes over time in biota is important. To assess annual 
mercury changes in mercury exposure of salt marsh songbirds, we 
non-lethally sampled blood and feathers from several species: nelsons 
sparrow in Maine, saltmarsh sparrow in Maine, Massachusetts and new 
york and seaside sparrow in new york to detect and assess hg changes 
over time in the same study areas. We analyzed over 13 years of blood 
and feather mercury data collected from saltmarsh-breeding birds 
across the northeast, as a result of multiple projects from 2001 to 2016, 
to quantify magnitude and trends of mercury exposure for these three 
species of conservation concern. We found that hg concentrations are 
significantly different by site, species, and individual age and temporal 
trends vary by location after time of sampling has been accounted. 
Many locations show decline in hg exposure over the study time period 
while fewer are stable or increasing. as a result of these projects; 1) we 
identified several hot spots of mercury in the northeast: (2) we evaluated 
temporal trends in songbird mercury exposure in northeastern 
salt marshes.
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SPATIAL AND TEMPORAL VARIATION OF MERCURY 
IN GREENLAND HALIBUT (REINHARDTIUS 
HIPPOGLOSSOIDES) IN THE NORTHEAST ATLANTIC 
– A COMPREHENSIVE BASELINE STUDY OF A 
CIRCUMPOLAR SPECIES
nIlsen, bente1; franTZen, sylvia1; banK, Michael2; DuInKer, arne1; 
neDreaas, Kjell3; MaaGe, amund4; 
(1) NIFES, Bergen, Norway; (2) Univ of Massachusetts Amherst, Massachusetts, 
USA; (3) Institute of Marine Research, Bergen, Norway; (4) National Institute of 
Nutrition and Seafood Research (NIFES), Bergen, Norway

bni@nifes.no

Greenland halibut (rheinhardtius hippoglossoides) is a circumpolar, 
arctic flatfish distributed in both the atlantic and Pacific oceans. This 
species is a cold and deep-water organism, living at depths between 400 
and 2000 m and exhibit bathypelagic behavior. Greenland halibut is also 
an important fishery resource in the barents sea and the norwegian 
sea, although the fisheries have been strictly regulated since 1992. In 
2006, it was reported that values of mercury in a consignment of this 
fish were greater than the eu maximum level of 0.5 mg hg/kg.

based on risk factors for bioaccumulation of toxic substances, the 
Greenland halibut was therefore chosen for a comprehensive baseline 
study to evaluate the food safety status along with cod, saithe, herring 
and mackerel. The major substances for concern have been mercury 
along with dioxins and dioxin-like PCbs, which have scientifically based 
tolerable weekly intake values (TWIs) and also have maximum levels for 
trade in europe.

In the baseline study, 1288 Greenland halibut were collected from 27 
different positions in the barents sea and the norwegian sea between 
2006 and 2008. additionally, follow up studies in the norwegian sea 
have been performed for five more years, most recently in 2015. The 
overall mean of mercury concentration in the baseline study was 0.22 
mg hg/kg wet weight, which is one of the highest recorded mercury 
concentrations in the north east atlantic. furthermore, 99 out of 1288 
halibut (7.7 %) showed values greater than the maximum level of 0.5 mg 
hg/kg.

Mercury concentrations in this species were size dependent and 44 % 
of Greenland halibut over 5 kg had concentrations above 0.5 mg hg/kg 
while only 2.9 % of those less than 3 kg had concentrations above the 
eu maximum level. new data analyses and studies have also evaluated 
the effects of food web dynamics and energy sources on mercury 
concentrations and bioavailability in this species.

In conclusion, the Greenland halibut is a fish species with relatively high 
levels of mercury, although the average is below the eu maximum level 
of 0.5 mg hg/kg. The size dependent nature of mercury bioaccumulation 
and spatial variation and integration over time require that Greenland 
halibut biomonitoring continues to ensure safe consumption of this 
species by humans.

MP-111

TOTAL MERCURY CONCENTRATIONS IN MULTIPLE 
TISSUE TYPES FROM BOTTLENOSE DOLPHINS 
(TURSIOPS TRUNCATUS) STRANDED ALONG THE 
ATLANTIC COAST OF VIRGINIA, USA
MalColM, elizabeth1; ColeMan, sherie1; sMITh, erin1; ellICK, rachel2; 
CooKe, Matthew1; rICe, hannah1; PhIllIPs, Kristy3; 
(1) Virginia Wesleyan University, Norfolk, VA, USA; (2) College of William and 
Mary, Williamsburg, VA, USA; (3) Virginia Aquarium & Marine Science Center 
Foundation, Virginia Beach, VA, USA

emalcolm@vwu.edu

Marine mammals, such as dolphins, can be exposed to high concentrations 
of persistent pollutants, including mercury (hg), due to biomagnification 
and bioaccumulation. Previous research on marine mammals and other 
mammalian species indicates that exposure to hg can negatively impact 
neurological, hepatic, renal, and immune functions. In cetaceans, skin has 
been used as a biomonitor of trace element concentrations in the internal 
tissues of live animals, while liver is the most commonly analyzed tissue 
for hg exposure in dead animals. This study aims to evaluate the hg levels 
in stranded dolphins from the estuarine and oceanic waters of Virginia, 
usa and to evaluate the correlations between tissue types. available 
tissues were obtained from 128 dolphins that were recovered and 
necropsied by the Virginia aquarium stranding response Program from 
2009-2015. samples of liver, kidney, muscle, skin, cerebrum, cerebellum, 
and pons were analyzed for total hg concentration. liver samples were 
found to contain the highest levels of total hg, followed by the kidney. 
Concentrations were lower in muscle, skin and brain. Twenty percent of 
individuals tested had liver concentrations greater than the observed effect 
level for liver abnormalities seen by rawson et al. (1993), which suggests 
that mercury may have impacted liver function in these animals. There was 
a positive correlation between length and mercury concentration, likely 
reflecting the bioaccumulation of mercury in older animals. regressions 
between tissue types from this study will be presented in order to evaluate 
the use of skin or liver for estimating concentrations in the other tissue 
types (kidney, muscle, cerebrum, cerebellum, and pons). Mercury levels 
in this population will be compared to published studies from florida, 
Israel and france in order to evaluate the relative exposure of the different 
populations. as this is the only study we know of to measure mercury in 
multiple brain regions of T. truncatus, a comparison of brain tissues will be 
made and levels will be compared to toxicity thresholds from the literature.

MP-113

TOTAL MERCURY IN DIFFERENT FISH SPECIES 
CONSUMED IN ARACAJU, MACEIÓ AND SALVADOR- 
NORTHEASTERN OF BRAZIL
PonTes, Gabriela1; sIlVa, Carlos2; WasserMan, Julio1; 
(1) University Federal Fluminense/REMADS-UFF, Niteroi/Rio de Janeiro, Brazil; 
(2) Empresa Brasileira de Pesquisa Agropecuária - EMBRAPA, Aracaju/
Sergipe, Brazil

gabrielacugler@id.uff.br
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The determination of mercury in fish tissues are of great concern for 
public health authorities because of the high potential toxicity. fish 
absorb hg easily and accumulate it in their tissues, and is the main route 
for human contamination. even at low concentrations, mercury poses 
a significant risk to the environment and human health because of its 
neurotoxic characteristics and its intensive biomagnification. The objective 
of this research was to determine the concentration of total mercury 
(hg-T) in different species of fish commercialized in the markets of the 
aracaju, salvador e Macei cities, in the northeast region of brazil. The 
fish species were selected according to their availability in the region and 
were purchased in local markets from May 2014 to april 2016. some of 
the species analyzed were: Catfish (bagre spp), dolphinfish (Coryphaena 
hippurus), acoupa weakfish (Cynoscion acoupa and Cynoscion spp), 
snapperfish (lutjanus spp), mullet (Mugil spp), sardines (sardinella 
brasiliensis), amberjacks (seriola spp), and tuna fish (Thunnus spp). a 
portions of fish muscle tissue was removed from the dorsal-lateral area 
and lyophilized for 48 h and ground in a processor to obtain homogeneous 
samples. for the total extraction 0.5 g of dry weight sample was digested 
with the solution (1h2so4 + 1hno3) in a cold finger capped herlenmeyer. 
The extracts were analyzed by cold vapor atomic absorption spectrometry 
(CVaas) with a lumex ra915+. The mean concentrations found in the 
species ranged from 136 to 72,331 ng g-1. The highest concentrations 
were found in tuna fish. This fact can be attributed to its piscivorous 
feeding habit, confirming the bioaccumulation between different trophic 
chains. The planktivorous species (sardines and mullets) have the lowest 
concentration. The total mercury levels presented in this study are below 
of the maximum permitted by brazilian legislation for fishery products. In 
brazil, the legal limit for hg content in fishery products is of 500 ng g1 for 
non-carnivorous fish species. The concentrations found were considered 
high, in general, the levels of total mercury in the target species do not 
present great risks for consumers based on the maximum tolerable limits.

MP-114

WATERSHED LEVEL RELATIVE RISK MODELS 
(RRMS) IN EVALUATING RISKS DUE TO MULTIPLE 
STRESSORS FOR THE SOUTH RIVER (VIRGINIA, USA)
ThaKalI, sagar1; MIano, andrew1; CollIns, Joshua1; sTahl, Jr, ralph2; 
(1) AECOM, Conshohocken, PA, United States; (2) DuPont, Wilmington, DE, 
United States

sagar.thakali@aecom.com

Mercury (hg) release to the south river (sr), Virginia, occurred from 
a former DuPont plant between 1929 and 1950. legacy hg in the 
potentially impacted areas has been the subject of numerous studies 
over the last four decades. The south river science Team (srsT), a 
multi-stakeholder collaborative program, was established in 2001 to 
investigate the potential impacts to the aquatic and riparian terrestrial 
systems along the south river and a portion of the south fork 
shenandoah river (sfsr).

as a part of the srsT Program, a foundational modelling framework was 
developed based on bayesian network-relative risk Models (bn-rrMs) 

for evaluating overall risks from multiple stressors (including hg and 
pesticides used in agriculture) and environmental factors (e.g., water 
quality and habitat suitability). The bn-rrMs allow an integration of 
competing remedial priorities among different stakeholders, involving 
risk and ecological services. In addition, the models can be iterative for 
learn and adapt opportunities, which is consistent with the proposed 
adaptive management approach for the corrective actions. To support 
the remedial/risk decisions, the bn-rrMs must reflect the remedial 
approaches and be consistent with the remedial goals. five contiguous 
risk regions were defined, including an upstream reference region, 
within the watershed along approximately 40 miles of the sr and a 
portion of the sfsr (10 miles upstream and 30 miles downstream 
of the former DuPont plant). The risk regions were configured to be 
as consistent as possible with natural breaks based on land use and 
hydrogeology, the upstream-to-downstream remedial approach and 
existing short- and long-term monitoring stations. baseline relative risk 
scores were calculated for biotic and abiotic endpoints of importance to 
the stakeholders (e.g., risks to smallmouth bass and public river use). a 
series of what-if scenarios were also evaluated to predict the outcomes 
of potential remedial alternatives.

The results of the modelling indicate that: 1) environmental conditions 
(e.g., water quality and habitat suitability) are important in considering 
the overall risk, although hg is the primary chemical stressor, 2) relative 
risks vary among the risk regions owing to their spatial differences, 
3) remedial measures to mitigate potential risk from hg may achieve 
varying degrees of overall risk mitigation due to multiple stressors and 
factors. These results demonstrate that bn-rrMs are a useful tool to: 
1) communicate a holistic approach to risk evaluations, 2) integrate 
stakeholder priorities in making remedial/risk decisions, and 3) apply 
adaptive management approaches at complex contaminated sites.

MP-115

IMPACTS OF METHYLMERCURY ON EARLY LIFE 
STAGES OF A MARINE FORAGE FISH
ye, Xiayan1; rounTos, Konstantine2; fIsher, nicholas1; 
(1) Stony Brook University, NY, US; (2) St. Joseph's College, New York, USA

xiayan.ye@stonybrook.edu

Marine and estuarine fish accumulate methylmercury (Mehg) to 
elevated concentrations, often higher than in freshwater systems. 
because Mehg is a potent neurotoxic agent, it is plausible that high 
tissue concentrations could affect swimming behavior in marine fish 
which in turn could affect their populations in contaminated waters. 
We examined sublethal effects of Mehg to a marine forage fish, 
sheepshead minnow (Cyprinodon variegatus). fish were fed a diets 
comprised of artificial and natural foods (brine shrimp) with varying 
Mehg concentrations, as high as 4 ppm. The fish were reared on 
hg-free and contaminated diets from an age of 5 days until 4 weeks 
when they reached juvenile stage. Growth rates, swimming activity, 
response to olfactory cues, and prey-capture ability were tested. results 
to date indicate that a Mehg-rich diet has no significant impact on 
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fish swimming activity (swimming speed, acceleration, active time and 
swimming distance), response to olfactory signals, or prey-capture 
ability. however, Mehg had a slight impact on the growth rates of 
these fish.

MP-116

MERCURY ACCUMULATION AND THE MERCURY-
PCB-SEX INTERACTION IN SUMMER FLOUNDER
MaDenJIan, Charles1; Jensen, olaf2; KrabbenhofT, David3; DeWIlD, 
John3; oGoreK, Jacob3; VasTano, anthony2; 
(1) USGS Great Lakes Science Center, Ann Arbor, MI, USA; (2) Rutgers 
University, New Brunswick, NJ, USA; (3) USGS Wisconsin Water Science Center, 
Middleton, WI, USA

cmadenjian@usgs.gov

Patterns in the relative differences in contaminant concentrations 
between the sexes of mature fish may reveal important behavioral 
and physiological differences between the sexes. We determined 
whole-fish total mercury (hg) concentrations in 23 female summer 
flounder (Paralichthys dentatus) and 27 male summer flounder 
from new Jersey coastal waters. To estimate the change in hg 
concentration due to release of eggs at spawning, hg concentration in 
the somatic tissue and ovaries of 5 of the 23 female summer flounder 
were also determined. To ascertain whether most of the hg in the 
summer flounder was methylmercury (Mehg), whole-fish Mehg 
concentrations were determined in all 50 summer flounder. Whole-
fish hg concentrations averaged 113 ng/g for females and 111 ng/g for 
males. Thus, females were 2% higher in hg concentration than males, 
on average, but the difference was not statistically significant. based 
on hg determinations in the somatic tissue and ovaries, we predicted 
that hg concentration of females would increase by 3.6%, on average, 
immediately after spawning due to release of eggs. on average, 92% 
of the hg in the summer flounder was Mehg. To determine whether 
the effect of sex on hg concentration was significantly different from 
the effect of sex on polychlorinated biphenyl (PCb) concentration, 
we paired our hg determinations with PCb determinations from 
a previous study, and applied regression analysis. sex significantly 
interacted with contaminant type (hg or PCbs), as males were 43% 
higher in PCb concentration than females, whereas females were 2% 
higher in hg concentration than males. Males eliminating hg from their 
bodies at a faster rate than females was a likely explanation for this 
discrepancy between the two contaminant types. overall, the hg and 
PCb concentrations in the summer flounder were relatively low, and 
therefore our findings also had implications for continued operation of 
the summer flounder fishery.

MP-117

MERCURY EXPOSURE DECREASES APPARENT 
SURVIVORSHIP FOR LONG-DISTANCE MIGRANT 
AVIAN INSECTIVORES
Ma, yanju1; branfIreun, brian1; hobson, Keith1; GuGlIelMo, 
Christopher1; 
(1) University of Western Ontario, London, Canada

yma286@uwo.ca

elevated blood and tissue Mercury (hg) is known to cause adverse 
effects on songbirds. recent laboratory studies indicate that hg impairs 
foraging behavior, immune system function and flight ability. all of these 
factors can individually or together affect songbird migration success 
and survivorship in the field. here we compared hg level in tail feathers 
collecting from five migratory songbird species in two age classes (adult 
or juvenile), migratory distances (long/short migrating distance or 
resident) and forage guilds (insectivore, omnivore or granivore) in the 
fall and spring migration season in the same banding location (long 
Point, ontario, Canada) to assess whether the annual return rate was 
predicted by tail-feather hg concentrations, which are conserved over 
the winter non-breeding season. It was predicted that tail-feather hg 
in fall would be higher than in the spring, indicating that the individuals 
with high hg burden in the fall migration would have lower fitness 
and thus lower migratory survivorship. our results suggest that this 
prediction is borne out for two long-distance migratory neotropical 
insectivores. notably, the spring returning cohort of black- poll warbler 
had almost half of the hg concentration of those that departed in the 
fall. We conclude that higher hg body burden negatively impacts avian 
insectivore long-distance migration survivorship.

3e: Human exposure and health  
effects of mercury: epidemiology and 
population studies

MP-119

SEVERITY OF CHRONIC METALLIC MERCURY 
VAPOR INTOXICATION IN COMPARISON TO OTHER 
HEALTH STATES
sTeCKlInG, nadine1; DeVleessChauWer, brecht2; WInKelnKeMPer, 
Julia3; fIsCher, florian3; erICson, bret4; KrÄMer, alexander3; 
hornberG, Claudia5; fuller, richard4; Plass, Dietrich6; bose-o'reIlly, 
stephan1; 
(1) Institute and Outpatient Clinic for Occupational, Social and Environmental 
Medicine University Hospital Munich, Munich, Germany; (2) Department of 
Public Health and Surveillance, Scientific Institute of Public Health (WIV-
ISP), Brussels, Belgium; (3) Bielefeld University, School of Public Health, 
Department of Public Health Medicine, Bielefeld, Germany; (4) Pure Earth, 
formerly Blacksmith Institute, New York, USA; (5) Bielefeld University, School 
of Public Health, Department of Environment & Health, Bielefeld, Germany; 
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(6) German Environment Agency, Section Exposure Assessment and 
Environmental Health Indicators, Berlin, Germany

nadine.steckling@med.uni-muenchen.de

Introduction: In artisanal small-scale gold mining (asGM), a chronic 
exposure to metallic mercury vapor results from the use of mercury 
during gold extraction. health effects such as tremors, erethisms, sleep 
disorders and many other may occur. The information on health-related 
quality of life of people suffering from chronic metallic mercury vapor 
intoxication (CMMVI) is limited. This project analyzed the severity of 
CMMVI in comparison to other health states.

Methods: International experts, identified by a PubMed search, were 
invited to participate in a pretested online survey. The questionnaire 
contained pairwise comparison questions asking if a person with a 
defined health state is healthier as another person with another health 
state. eighteen health states were examined including moderate and 
severe CMMVI. Data was analyzed with probit regression. based on 
the regression coefficients, it was possible to classify the health states 
according to their severity.

results: The questionnaire was completed by 105 individuals with 
expertise in public health, epidemiology and burden of disease among 
others. respondents from all continents were reached; however, 
three-quarters of participants came from europe. The order of the 
health states from the lowest (1) to the highest severity (18) was: (1) mild 
vision disorder, (2) deafness, (3) breast cancer (clinically disease-free 
stage without permanent sequelae), (4) problems of alcohol drinking, 
(5) severe asthma, (6) chronic low back pain, (7) hIV/aIDs (seropositive, 
asymptomatic), (8) mild dementia, (9) diabetes mellitus (uncomplicated/
poorly controlled), (10) manifest alcoholism, (11) coronary heart disease/
severe stable angina, (12) moderate CMMVI, (13) colorectal cancer (stage 
of diagnosis/primary therapy), (14) stroke (moderate impairments), (15) 
severe depression, (16) delirium caused by excessive alcohol intake, (17) 
quadriplegia, (18) severe CMMVI.

Conclusions: The survey results confirm the appraisal of a high severity 
for both, moderate (rank 12) and severe CMMVI (rank 18) in comparison 
to other health states. The severe CMMVI, which description contained 
a worst case scenario of CMMVI, was evaluated as the most severe 
condition in comparison to the other 17 health states; ranking even 
higher than severe depression and quadriplegia. The results confirm the 
necessity to avoid the health impairing exposure to mercury in asGM. 
The results can directly be transformed into disability weights to quantify 
the burden of disease, which will be useful for policy decision making.

This work has received funding from Pure earth, bielefeld university, and 
the european unions seventh Programme for research, technological 
development and demonstration under grant agreement no 603946 
(heals).

MP-120

IS PHARMACEUTICAL USE ASSOCIATED WITH 
MERCURY EXPOSURE? AN EPIDEMIOLOGICAL 
INVESTIGATION USING U.S. NHANES
braDley, Mark1; ParK, sung2; basu, niladri1; 
(1) McGill University, Sainte-Anne-de-Bellevue, QC, Canada; (2) University of 
Michigan, Ann Arbor, MI, United States

mark.a.bradley@mail.mcgill.ca

Pharmaceuticals & personal care products (PPCPs), while intended to 
improve health, may have unintended health effects and are emerging 
contaminants of concern. one potential example which has received 
limited attention is the effect of PPCPs on the risks associated with 
exposure to common environmental contaminants such as mercury 
(hg). here, the objective was to understand if pharmaceutical use 
can be associated with biomarkers of hg exposure (total blood hg). 
We analyzed prescription drug use and hg biomarker data from the 
u.s. national health and nutrition examination survey (nhanes) 
2009-2010 (n=7990), accounting for age, sex, income, race/ethnicity, 
red blood cell count, hemoglobin, and fish consumption. Preliminary 
two-sample t-tests suggested that subjects taking any prescription drug 
had significantly higher blood hg concentrations (~1.5 µg/l) than those 
not taking any prescription drugs (~1.1 µg/l). Preliminary t-tests on 
broad categories of drugs indicated that subjects taking cardiovascular 
agents had higher blood hg concentrations (~1.7 µg/l) compared to 
those not taking cardiovascular agents (~1.2 µg/l), while no difference 
was found between those taking vs. not taking central nervous system 
agents or psychotherapeutic agents. In multiple regression analyses, 
overall prescription drug use was not a significant predictor of blood 
hg. More multiple regression analyses revealed that cardiovascular 
agents (β = -0.166), central nervous system agents (β = -0.186), and 
psychotherapeutic agents (β = -0.151) were significant predictors of 
lower blood hg, after accounting for fish consumption. These results 
suggest that exposure to certain PPCPs commonly utilized by society 
may mediate exposures to contaminants such as hg, though future 
work is needed to determine the hazards associated with such real-
world exposures to chemical mixtures.

MP-122

CORRELATIONS AMONG MERCURY 
CONCENTRATION, STABLE ISOTOPE RATIOS OF 
CARBON AND NITROGEN OF AMINO ACIDS IN 
SCALP HAIR FROM WHALE MEAT-EATERS AND 
HEAVY FISH-EATERS
enDo, Tetsuya1; KIMura, osamu1; PeTZKe, Klaus2; 
(1) Health Sciences University of Hokkaido, Ishikari-Tobetsu, Hokkaido, Japan; 
(2) German Institute of Human Nutrition, Potsudom, Germany

endotty@hoku-iryo-u.ac.jp

We examined correlations among hg concentration in scalp hair 
and stable isotope ratios of carbon (d13C) and nitrogen (d15n) of 
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the constituent amino acids in the scalp hair from heavy fish-eaters. 
Positive correlations were found between the bulk d13C and bulk 
d15n values (p<0.01) and between the bulk d15n value and hg 
concentration (p<0.01) in the hair samples, while no correlation was 
found between bulk d13C value and hg concentration. The d15n values 
for all trophic amino acids (ala, Val, leu, Ile, Pro, asx and Glx) increased 
with increases in hg concentration (p<0.01), while the d15n value for 
Thr decreased (p<0.01). The difference in d15n values between Glx 
and Thr was positively correlated with hg concentration, showing the 
highest correlation coefficient (r2=0.773, p<0.01) among the various 
combinations for amino acids. Thus, the difference in d15n values 
between Glx and Thr appear to be the best proxies for the estimation of 
hg concentration in scalp hair. In contrast, the d13C values for Val and 
Glx increased with increases in hg concentraion (p<0.01), while those for 
Met and Ile decreased (p<0.01). no correlation between bulk d13C and 
hg concentraion could reflect inverse changes of d13C in amino acids 
constituting the scalp hair.

MP-123

MEASURING METHYLMERCURY IN NEWBORN 
DRIED BLOOD SPOTS
enG, Jenny1; sanTa-rIos, andrea1; MarTInCeVIC, Gordana1; neITZel, 
richard2; basu, nil1; 
(1) McGill University, Montreal, Canada; (2) University of Michigan, Ann Arbor, 
Michigan, USA

jenny.eng@mcgill.ca

Dried blood spots (Dbs) are collected and archived from newborns 
shortly after birth in many jurisdictions worldwide and thus potentially 
represent a cost-effective biomarker to gauge developmental exposures 
to methylmercury (Mehg). The objective of this study was to: 1) develop 
a method to accurately and precisely measure Mehg in Dbs; and 2) 
apply the method to characterize Mehg exposures in newborns by 
analyzing Dbs archived in the Michigan biotrust. using Dbs created 
in-house with human blood Mehg standard reference material (srM) 
from the Institut national de sant Publique du Qubec (InsPQ), a method 
was developed to quantify Mehg in as few as two 1/8 Dbs punches. The 
analytical precision of the method, in terms of assaying the srMs, was 
generally less than 10% and accuracy was similarly strong when using 
srM-based standard curves. next, we quantified Mehg in 675 Dbs 
samples obtained from the Michigan biotrust for health, which is the 
states newborn screening biobank initiative. In doing so we calculate 
a median Mehg concentration of 3.7 ug/l with an inter-quartile range 
(25th-75th) that spans 2.7 to 4.9 ug/l. To our knowledge there is no 
robust dataset on newborn blood Mehg values to make comparisons 
with, and as such the results are compared to Mehg measurements 
taken on cord blood and show some similarities. This study shows 
that Mehg can be measured in Dbs samples, and that the method 
can be scaled-up to analyze Dbs archived from newborn screening 
programs thus representing a potentially cost-effective means to 
biomonitoring Mehg.

MP-124

CHARACTERIZATION OF SEAFOOD CONSUMPTION 
AND MERCURY EXPOSURE IN CHICAGO 
ASIAN COMMUNITIES
TuryK, Mary1; ZhanG, Jing1; lIu, yangyang1; Zhao, Zhiwen1; ChaVeZ, 
noel1; lIu, hong2; buChanan, susan1; 
(1) Univ of Illinois at Chicago, Chicago, United States; (2) Midwest Asian Health 
Association, Chicago, USA

mturyk1@uic.edu

background: The asian population in the u.s. has elevated blood 
mercury compared with the non-asian population due to higher 
frequency of fish consumption. Methyl mercury (Mehg) crosses the 
placenta and has been shown to affect neurodevelopment as well as 
cardiovascular risk in adults. east and southeast asians in Chicago, 
Illinois are a growing population that may have elevated health risks 
from fish consumption

Methods: We conducted a community assessment of Chinese, Koreans 
and Vietnamese in Chicago consisting of an in person survey of fish 
consumption and other cultural dietary practices, hair sampling for total 
mercury, and analysis of fish purchased in Chicago markets for mercury 
and PCbs.

results: To date, 282 of 375 planned participants have been enrolled. 
on average, participants lived in the us for 12.3 years; 96% of the 
participants were born outside of the us, and 49% spoke only non-
english at home. Mean age was 45 years (range 19, 80), 83% were 
female, 64% were married, and 49% had an annual income of <$20,000. 
fish consumption rates differed significantly by ethnic group, with 61% 
of Koreans consuming fish 3 or more days/week compared to 38% 
of Vietnamese and Chinese participants. Most of the fish consumed 
was purchased, but 30% ate locally caught fish at least annually, 
although less than 50% of those were able to identify the body of water 
from which the fish was caught. seafood consumption preferences 
varied among the ethnic groups and included species with a range 
of contaminant levels. Tilapia, salmon, bass, pompano, croaker and 
sole were the most popular among Chinese; while salmon, pompano, 
catfish, mackerel, and blue fish, and anchovies, mackerel, salmon, tuna 
and croaker were top choices among the Vietnamese and Korean, 
respectively. In our previous work we found that 28% of Chicago 
asians tested had hair hg mercury > 1ppm. hair sample analysis for 
the current study is on-going and will be presented. risk factors for 
elevated hair mercury that will be analyzed include age, sex, ethnicity, 
bMI, acculturation metrics and seafood consumption rates. We will also 
evaluate species of fish and cultural fish consumption practices that 
affect the risk of elevated hair mercury.

Conclusion: This study characterized risk factors for potential adverse 
health effects to Chicago asian communities from fish consumption 
practices. These findings will be used to develop messages to decrease 
exposure to contaminants while maintaining consumption of healthy 
nutrients in fish.
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MP-126

ELEVATED MERCURY EXPOSURE IN WOMEN OF 
CHILDBEARING AGE IN AN ARTISANAL GOLD 
MINING REGION OF THE PERUVIAN AMAZON: A 
CROSS-SECTIONAL STUDY
GonZaleZ, David1; lanGelanD, aubrey3; fernanDeZ, luis2; 
(1) Stanford University, Stanford, CA, United States; (2) Wake Forest University, 
Winston-Salem, NC, United States; (3) University of Michigan, Michigan, 
United States

david.gonzalez@stanford.edu

artisanal small-scale gold mining (asGM) is the largest anthropogenic 
source of mercury contamination globally, presenting a risk to 
environmental quality and human health. Intensive asGM activity in 
the Madre de Dios region of Peru results in the release of an estimated 
50 tons hg/year into the environment. once in the environment, 
hg may be biochemically converted to methylmercury (Mehg), 
which bioaccumulates in aquatic organisms and biomagnifies in fish 
commonly consumed by local populations. Previous studies report 
elevated hg exposure in the human population of Madre de Dios, 
includin residents of native communities and mining communities. This 
is the first study to focus on hg exposure and risk factors in women of 
childbearing age, a population of concern, living throughout Madre de 
Dios. after obtaining informed consent, hair samples, a common Mehg 
biomarker, were collected from 200 women living in six communities 
throughout Madre de Dios. all study participants were between 18 and 
49 years of age and had not moved in the six months prior to sampling. 
each study participant also responded to a survey, which collected 
information on age, diet (including fish consumption), occupation, 
level of education, and other risk factors. The survey also included 
questions regarding knowledge of health risks associated with hg. 
hair samples were analyzed for total hg (Thg) concentration following 
u.s. ePa Method 7473. The mean hair Thg concentration was 2.25 ± 
2.54 µg/g (range: 0.01 – 30.12 µg/g) and 67 subjects (33.5%) had levels 
above the 2.2 µg/g exposure limit established by the World health 
organization (Who). Mercury exposure was not significantly associated 
with age, educational attainment, residence time, or frequency of fish 
consumption. residents of Pilcopata, located at the headwaters of 
the Madre de Dios river basin and far upstream from asGM activity, 
had significantly lower hg exposure than residents of other all other 
communities. This suggests that conditions downstream from Pilcopata, 
such as intensive asGM activity or eroded soils from disturbed sites, 
may account for human hg exposure. further research is needed to 
determine the sources of mercury contamination in the Madre de 
Dios river watershed. furthermore, the elevated levels of hg exposure 
among women of childbearing age indicate that a public health 
response is urgently needed. Most study participants expressed concern 
about hg contamination, but the majority had limited understanding of 
the health risks associated with hg exposure.

MP-127

THE ADMINISTRATIVE COVER-UP OF 
MINAMATA DISEASE PATIENTS; THE DENIAL OF 
METHYLMERCURY POISONING CASES BY THE 
JAPANESE GOVERNMENT IN COURT
haGIno, naoji1; saITo, hisashi2; MaruyaMa, Kimio3; 
(1) Meeting to Support The Third Niigata Minamata Disease Lawsuit, Niigata 
City/ Niigata pref., Japan; (2) Kido-hospital, Niigata City/ Niigata pref., Japan; 
(3) Niigata Seiryo University, Niigata city/ Niigata pref., Japan

nhagino@nifty.com

The lawsuit of niigata Minamata Disease filed by victims in 2007 is currently 
underway in the Tokyo high Court. The niigata District Court ruling was 
that only the plaintiffs who have a officially certified patient in their families 
should be officially recognized as victims and compensated. however, the 
diagnosis criteria of Minamata Disease established by the government are 
too strict for many individuals with symptoms of methylmercury poisoning 
to be recognized. uncertified patients are not eligible to receive proper 
compensation. although the supreme Court ruled that the criteria should 
be relaxed in 2004, the Japanese Government has yet to make a change.

In niigata, two surveys were conducted regarding inhabitants of the 
agano river basin in June of 1965. as a result of this, 26 patients were 
diagnosed with Minamata Disease. The range of mercury levels in their 
hair was between 52 ppm and 570 ppm. The current Who neurological 
risk standard for adult exposure (hair mercury level: 50 ppm) was based 
partly on evidence gleaned from these surveys. The Japanese Government 
also claims that 50 ppm is the threshold level of mercury in hair to cause 
methylmercury poisoning, and denies patients who have lower levels. 
however, another study conducted in niigata showed that patients with 
less than 50 ppm still exhibit neurological signs related to methylmercury 
poisoning. Despite the above facts, the Japanese Government has not 
conducted further investigations, nor compensated patients. Thus, 
uncertified patients have no choice but file a lawsuit.

MP-128

DEVELOPMENT OF HUMAN HAIR REFERENCE 
MATERIAL SUPPORTING BIOMONITORING 
OF METHYLMERCURY
haraGuChI, Koichi1; saKaMoTo, Mineshi1; yaMaMoTo, Megumi2; 
MaTsuyaMa, akito3; hunG, Dang4; yaMaKaWa, akane5; sano, 
Tomoharu5; yoshInaGa, Jun6; 
(1) Department of International Affairs and Research, National Institute for 
Minamata Disease, Kumamoto, Japan; (2) Department of Basic Medical 
Science, National Institute for Minamata Disease, Kumamoto, Japan; 
(3) Department is Environmental Science and Epidemiology, National 
Institute for Minamata Disease, Kumamoto, Japan; (4)  Public Health Center, 
Hanoi School of Public Health, Hanoi, Vietnam; (5) Center for Environmental 
Measurement and Analysis, National Institute for Environmental Studies, 
Ibaraki, Japan; (6) Faculty of Life Sciences, Toyo University, Gunma, Japan

haraguchi@nimd.go.jp
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The purpose of this study was to develop a new human hair reference 
material supporting human biomonitoring for mercury speciation. The 
requirement for certified reference materials for assessing mercury is 
on high with an increasing number of survey research to evaluate the 
effectiveness of the Minamata Convention. We collected human scalp 
hair from Vietnamese males from a barber shop in hanoi in 2016. 
special attention was paid to avoid contamination from grinding vessel 
during the preparation procedure. We prepared 1000 bottles of hair, 
each containing 3 g, after sieving and blending of the hair powder. Value 
for total mercury and methylmercury, as well as other trace elements 
(Cu, Zn, as, se) will be presented.

MP-129

A META-EPIDEMIOLOGICAL STUDY TO EXPLORE 
DOSE-RESPONSE AND THRESHOLD FOR MERCURY 
AND BLOOD PRESSURE IN HUMANS
hu, Xuefeng1; sInGh, Kavita1; Chan, laurie1; 
(1) University of Ottawa, Ottawa, Canada

xuefeng.hu@uottawa.ca

background: Mercury is a global pollutant with potential for multiple 
adverse health implications. studies have reported inconsistent 
findings for the relation of mercury exposure and blood pressure in 
human populations.

objective: To conduct a systematic review and meta-epidemiological 
analysis to explore: (1) The relation of mercury on blood pressure, and 
(2) Dose-response relationship and threshold for effect.

Methods: a search with relevant keywords was conducted in Pubmed 
to identify studies. abstracts and full texts were screened to identify 
studies for inclusion. Inclusion criteria were human adult populations, 
mercury exposure, outcome of systolic or diastolic blood pressure or 
hypertension, and english language. Data were extracted and assessed 
for quality by two reviewers. Meta-regression and dose-response meta-
analyses were performed to explore the impact of study characteristics, 
mercury dose, population baseline mercury exposure, matrix of 
mercury measurement, type of effect estimate (i.e. odds ratio, mean 
difference, correlation coefficient) and exposure estimate (i.e. log-
transformed vs. untransformed).

results: a total of 34 studies were included. These studies were primarily 
of cross-sectional design and also included case-control and cohorts. 
Populations exposed to higher levels of mercury were the Inuit from 
Canada and Greenland, fishermen in Japan and Indigenous groups of 
the amazon in brazil. lower exposure to mercury occurred mainly in 
general populations of the united states, europe, and south Korea. 
Mercury was measured in various matrices including blood (n = 15), hair 
(n = 11), and toenail (n = 4). The outcome was defined as either systolic/
diastolic blood pressure as continuous measurements or hypertension 
defined based on blood pressure threshold. The relation of mercury 
on blood pressure differed by baseline mercury exposure level. The 
exploration of dose-response and threshold has several methodological 
uncertainties and limitations due to inadequate reporting.

Conclusion: Considerable amount of data are available on the relation 
between mercury and blood pressure in adult populations around the 
world. The association between mercury and blood pressure varies by 
study characteristics and levels of exposure. Improvement in reporting 
and advances in methodology will improve the accuracy of dose-
response and threshold estimates. These considerations are applicable 
to many other environmental contaminants and health outcomes.

MP-131

WHAT IS THE RISK? DENTAL AMALGAM, MERCURY 
EXPOSURE, AND HUMAN HEALTH RISKS 
THROUGHOUT THE LIFE SPAN
Kall, John1; JusT, amanda2; asChner, Michael3; 
(1) International Academy of Oral Medicine & Toxicology, Louisville, KY, 
United States; (2) International Academy of Oral Medicine & Toxicology, 
Champions Gate, FL, United States; (3) Albert Einstein College of Medicine, 
Bronx, NY , United States

jkall2323@gmail.com

ChaPTer 7 in springers february 2016 publication epigenetics, the 
environment, and Childrens health across lifespans

all dental amalgam fillings contain approximately 50 % elemental 
mercury by weight. Concerns about health risks due to continual 
emissions of mercury vapor from this tooth restorative material have 
been addressed by dentists, scientists, and government authorities 
worldwide and have resulted in a range of recommended practices 
and regulations. by reviewing articles collected by a literature search 
of the International academy of oral Medicine and Toxicology (IaoMT) 
database and the PubMed database, we identify health risks associated 
with dental mercury amalgam. We present the science of potential 
harm as applicable to the general population, pregnant women, fetuses, 
children, and dental professionals. We specifically address genetic 
predispositions, mercury allergies, alzheimers disease, multiple sclerosis, 
amyotrophic lateral sclerosis, and other health conditions pertinent to 
dental mercury exposure and its toxicity. We conclude that reviews and 
studies of dental amalgam mercury risk should assess biocompatibility 
with special consideration for all populations and all risk factors.

Millions of dentists around the world continue to routinely use dental 
amalgam, often referred to as silver fillings, as a filling material in 
decayed teeth. as a result, 67 million americans aged two years and 
older exceed the intake of mercury vapor considered safe by the u.s. 
ePa or over 122 million americans exceed the intake of mercury vapor 
considered safe by the California ePa. Mercury is a known neurotoxin 
that can cause harm to humans, especially children, pregnant women, 
and fetuses. furthermore, the use of dental amalgam results in 
substantial quantities of toxic mercury released annually into the 
environment. once in the environment, mercury pollution damages 
animals, plants, and the entire ecosystem, while creating hotspots that 
last for centuries.

except for the usa, numerous countries have taken protective actions 
against this dental material ranging from a general ban in norway and 
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sweden to restrictions on its use in selected populations in Denmark, 
estonia, finland, Italy, Japan, switzerland, france, austria, Canada, 
finland, and Germany. In December 2016, three eu institutions (the 
european Parliament, the european Commission and the Council of 
the european union) reached a provisional agreement to ban dental 
amalgam fillings for children under 15 and pregnant and breastfeeding 
women as of July 1, 2018.

MP-133

MERCURY EXPOSURE AMONG PREGNANT WOMEN 
IN REGION OF RUSSIA
KuTuZoV, Mikhail1; JushKoVa, Ksenia1; 
(1) Cherepovets State University, Cherepovets/Vologda Region, Russia

kutuzov35@gmail.com

The high levels of methylmercury into the human body there is most 
often due to eating fish and seafood. The local population of the 
Vologda region traditionally eat a lot of fish from local lakes and rivers. 
fish methylmercury levels were high in the last decade in the north-
West of the european russia including the Vologda region. Therefore the 
local people are at the highest risk of mercury exposure.

Women living in a large industrial city – Cherepovets (n=53) and workers 
settlement Vokhtoga (n=45) have been screened (the Vologda region) 
to assess the content of methyl mercury in human hair. The level of 
mercury in the hair of pregnant women (geometric mean of 0.296 µg/g, 
the 95th percentile of 1.078 µg/g) in this population is above the average 
value obtained in the Moscow region (n=120) geometric mean 1.4 
exceeds and twice exceeds that on 95th percentile. In this sample, the 
threshold value recommended by the Who and the us exceeded with 
2.2% and 5.8% of the participants.

MP-135

MULTISCALE EXPOSURE TO MERCURY EMITTED 
FROM VEGETATION DURING AUSTRALIAN FIRES
MaCsWeen, Katrina1; eDWarDs, Grant1; hoWarD, Dean1; CoPe, 
Martin2; reIsen, fabienne2; Meyers, Carl2; MurPhy, Clare3; 
DesserVeTTaZ, Maximillen3; anDree-GuereTTe, elise3; roulTsTon, 
Chris3; 
(1) Macquarie University, Macquarie Park, Australia; (2) CSIRO, Melbourne, 
Vic, Australia; (3) University of Wollongong, Wollongong, NSW, Australia

katrina.macsween@students.mq.edu.au

The occurrence of fires can substantially increase the emissions of 
mercury (hg) into the atmosphere. Due to its toxicity hg emissions 
from fires has the potential for increased population exposures, put 
firefighters at risk, as well as influencing the global hg budget. Despite 
the high frequency of fire in australia little focus has been given to 
understanding hg emissions and dispersion from australian bushfires 
and the potential health impacts. a recent study carried out in the 
Commonwealth science and Industry research organization (CsIro) 

Pyrotron facility involved measurement of hg emissions from vegetation 
concurrent with Co and Co2 in order to quantify hg emission factors 
(ef) and emission ratios (er) from australian vegetation. These hg efs 
and ers were used to determine the exposure of firefighters and local 
populations to hg. firefighter exposure to hg was determined using a 
data base of personal Co monitors collected over the past two years 
from prescribed burns. an average hourly exposure of 8.0 ng m-3 with 
a max 1 min peak value of 683.4 ng m-3 was calculated. exposure of 
populations from prescribed and wild fires was determined using a 
CsIro Chemical Transport Model (CMT) modified to incorporate the hg 
emission factor calculated from the pyrotron experiments. a number 
of case studies of different fire intensities were run to determine the 
transport, amount of hg emitted and the subsequent exposure limits. 
local population exposures in closest proximity to the fire source 
showed inhalation exposures to be well below Who standards. 
Populations are mostly at risk from indirect exposure caused by the 
redistribution of mobilised hg and methylation within the environments.

MP-136

FISH CONSUMPTION SCREENING AS A PREDICTOR 
OF ELEVATED BLOOD MERCURY IN WOMEN OF 
CHILDBEARING AGE
MCCann, Patricia1; Klees, Joyce2; boraK, Teresa2; reIlly, Danelle3; 
DoherTy, Patricia2; KorIneK, Jill1; souTher, larry1; saMPson, Michael2; 
baCKsTroM, Jennifer4; baKer, beth5; TuryK, Mary6; 
(1) Minnesota Department of Health, St. Paul/MN, United States; (2) Sawtooth 
Mountain Clinic, Grand Marais/MN, United States; (3) Grand Portage Health 
Service, Grand Portage/MN, United States; (4) Cook County North Shore 
Hospital and Care Center, Grand Marais/MN, United States; (5) Medical and 
Toxicology Consulting Services Limited, MN, United States; (6) University of 
Illinois at Chicago School of Public Health, Chicago/IL, United States

patricia.mccann@state.mn.us

fish consumption is associated with elevated blood levels of 
methylmercury (mehg). The developing nervous system is especially 
vulnerable to exposure to mehg. Messages about safe fish consumption 
are complex because fish are also a source of beneficial nutrients. health 
care providers are sources of credible information to their patients. 
screening at a health care clinic for high mercury (hg) exposure through 
biomonitoring is not currently feasible. Instituting screening in the form of 
brief intake question(s) is possible and explored in this work.

four hundred ninety-nine women age 16-50 from an area in Minnesota 
with a cultural connection to fishing completed a health care clinic visit 
which included: brief screening questions, a detailed questionnaire 
of fish consumption, and blood collection for hg analysis. sensitivity 
and specificity in predicting high blood mercury hg were calculated for 
screening and detailed fish consumption questions, and accuracy was 
examined using receiver operating characteristic (roC) curves.

screening questions on meals of total fish and local fish with moderate 
levels of mercury had high sensitivity but lower sensitivity. Combining 
responses to both questions increased sensitivity, but decreased specificity. 
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responses from the detailed questionnaire were more accurate than 
screening questions in predicting elevated hg, and accuracy was slightly 
improved with a question that excluded salmon, fish sticks and tilapia from 
total fish consumption.

a brief set of questions that assess total and moderate hg fish meals can 
be an effective tool in predicting which individuals are likely to be at risk 
of an elevated blood hg, and allow for targeted education by health care 
providers. biomonitoring is the most accurate test for determining risk 
among those frequently consuming fish, however, incorporation into 
clinical practice would require changes in current health care systems.

MP-137

HUMAN EXPOSURE OF MERCURY AND 
METHYLMERCURY IN CHINA
lIu, Maodian1; WanG, Xuejun1; ZhanG, Wei2; lI, Jinlin1; 
(1) Peking University, Beijing, China; (2) Renmin University, Beijing, China

liumd@pku.edu.cn

Mercury (hg) and methylmercury (Mehg) in diet pose health risks 
for populations. based on abundant measurements from previous 
studies in recent years and Monte Carlo simulation, we carried out a hg 
and Mehg human exposure study in China. results showed that rice 
consumption was the primary pathway of total mercury (Thg) exposure 
for most populations in China due to its large consumption, but the 
critical pathway of Mehg intake was fish consumption (including marine 
fish and freshwater fish), especially in north (49% of total Mehg intake), 
northeast (69%), east (57%) and south China (52%) due to its high Mehg 
concentration. rice was the most important pathway of Mehg exposed 
in Central (54%) and southwest China (65%). In northwest China, wheat 
was the critical pathway of both Thg (45%) and Mehg (64%) intake. Totally, 
43% and 10% of Chinese population exceeded the Mehg reference dose 
of u.s. ePa and JaCfa, respectively, and fish consumption contributed the 
most. Physiologically based Pharmacokinetic Model (PbPK) for Thg and 
Mehg was applied to evaluate the impact of diet to human body. although 
the amount of fish consumption is lower than other main food, higher 
concentration of Mehg in fish, especially in marine fish, can drive not only 
higher Mehg exposure but also higher Mehg/Thg ratio in blood. as a more 
toxic form of hg, intake of Mehg from fish consumption should be paid 
more attention, while the aquatic environment has been threatened by the 
anthropogenic pollution in China.

MP-141

BALANCE BETWEEN MERCURY RISKS AND 
NUTRIENT BENEFITS FROM FRESH WATER FISH 
CONSUMPTION IN THE NORTHWEST TERRITORIES, 
CANADA: PRELIMINARY RESULTS FROM A FIRST 
NATIONS BIOMONITORING STUDY
raTelle, Mylene1; laIrD, Matthew1; PaCKull-MCCorMICK, sara1; 
laIrD, brian1; 
(1) University of Waterloo, Waterloo, Ontario, Canada

mratelle@uwaterloo.ca

Mercury poses public health risks to populations worldwide. national 
surveys in north america, such as the Canadian health Measures 
survey and the national health and nutrition examination survey 
monitor population baseline levels over time. however, in many remote 
communities where fish is frequently consumed, such as in the northwest 
Territories, such baseline levels are largely unknown. There have been 
numerous fish consumption advisories related to mercury issued over the 
past decade in this region, potential increasing the health risks posed by 
dietary transition away from traditional foods. This research is providing 
human baseline levels of several contaminants, including mercury, and 
is investigating the role of the consumption of locally-harvested fish on 
mercury exposure and risk. It is part of a four-year community based 
biomonitoring project with the aim to investigate the role of country foods 
for contaminant exposure using a risks and benefits approach.

This northern Contaminant Program funded project will collect 
samples in up to 13 Indigenous communities in the northwest 
Territories, Canada. The project includes: 1) a participatory approach 
with communities, 2) hair, blood, and urine collection, 3) dietary 
questionnaires, and 4) the analysis of numerous contaminants (including 
mercury) and nutrients (including selenium and healthy fatty acids 
ePa+Dha) in biological samples. The results herein are based on pilot 
sampling completed in 2016 in a single community in the Mackenzie 
Valley of the northwest Territories (n=21). Despite an extended 
fish consumption among participants, and the presence of several 
consumption advisories on nearby lakes, whole blood mercury (GM 0.69 
g/l) and hair mercury (GM 0.40 g/g) of participants were well below the 
relevant health based Tissue Guidelines. however, the plasma ePa+Dha 
levels (GM 67 mg/l) were also relatively low among participants. In 
contrast, selenium levels among participants appeared moderately 
higher than the Canadian general population, respectively for 15% and 
20% of participants in whole blood and urine. Interestingly, a negative 
trend was observed between urine selenium and blood mercury. future 
investigations will characterize the drivers of mercury, selenium, and 
ePa+Dha levels among participants.

In the next year, the participation of additional communities will 
augment these results so they can be used in community-led initiatives 
that promote traditional food consumption in manners that keeps 
mercury exposures low while improving nutrition. This project will 
facilitate future analyses of temporal trends and will shed light on the 
effectiveness of various policies for the protection of public health 
against the harmful effects of mercury.

MP-142

MERCURY CONCENTRATION IN BIOLOGICAL 
SAMPLES OF PREGNANT WOMEN AND 
FISH CONSUMPTION
renDoo, Davaadorj1; baaTarTsol, D1; ser-oD, Kh2; oyunGerel, T1; 
oCh, G1; TsoGTsaIKhan, s2; ZorIGОo, b1; unursaIKhan, s1; 
(1) National Center for Public Health, Ulaanbaatar, Mongolia; (2) Mongolian 
National University of Medical Sciences, Ulaanbaatar, Mongolia

davrendoo@gmail.com
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since 2000, mining industry has been developing progressively and 
environmental degradation, pollution has become problematic issues 
in Mongolia. It has been drawing our attention to that information 
about people who living in the near mercury polluted mining area has 
consumed river fish extensively. We carried out determination of total 
mercury concentration in the maternal urine, hair and cord blood of 
265 women who delivered birth in 2016. They were recruited from 
the area of substantial fish consumption and mining. The geometric 
mercury concentration in the cord blood of the mothers (n=210) who 
never consuming river fish was 0.16 ng/ml, the mothers (n=40) who 
consuming once per quarter was 0.24 ng/ml, the mothers (n=15) who 
consuming at least once per month was 0.38 ng/ml. In the cord blood of 
the mothers (n=160) who never consuming canned fish was 0.15 ng/ml, 
the mothers (n=54) who consuming once per quarter was 0.20 ng/ml, 
the mothers (n=51) who consuming at least once per month was 0.25 
ng/ml. In the cord blood of the mothers (n=156) who never consuming 
seaweed was 0.16 ng/ml, the mothers (n=75) who consuming once per 
month was 0.19 ng/ml, the mothers (n=34) who consuming at least 
once per week was 0.25 ng/ml. We observed that there were statistically 
significantly differences between cord blood total mercury concentration 
and river fish or seaweed consumption (p<0.01). The geometric mercury 
concentration in the cord blood of the mothers (n=227) who never 
consuming river fish during the last 3 months were 0.16 ng/ml and hair 
concentration was 19.5 ng/g. The mothers (n=28) who consuming less 
than once per month during the last 3 months were 0.31 ng/ml, in the 
hair was 33.9 ng/g. The mothers (n=10) who consuming at least once per 
month during the last 3 months were 0.49 ng/ml, in the hair was 89.6 
ng/g. In the other hand, there were statistically significantly differences 
between river fish consumption during the last 3 months and total 
mercury in the cord blood, and hair (p<0.01). Therefore, we need to 
take part further investigation on organic mercury concentration in the 
biological samples of people who living higher fish consumption area.

MP-143

HUMAN EXPOSURE TO MERCURY IN THE AMAZON: 
A CASE STUDY OF THE TUCURUÍ DAM
roDrÍGueZ MarTIn-DoIMeaDIos, rosa1; arrIfano, Gabriela2; 
JIMÉneZ-Moreno, María1; raMÍreZ-MaTeos, Vanesa1; Da sIlVa, 
núbia2; souZa-MonTeIro, José2; De olIVeIra, Marcus2; Paraense, 
ricardo2; MaCChI, barbarella2; MarTIns Do nasCIMenTo, José2; 
CresPo-lÓPeZ, elena; 
(1) University of Castilla-La Mancha, Institute of Environmental Sciences, 
Toledo, Spain; (2) Universidade Federal do Pará, Instituto de Ciências 
Biológicas, Belém, Brazil

rosacarmen.rodriguez@uclm.es

apart from traditional gold mining, other factors, such as river 
damming, may show the potential to facilitate mercury accumulation 
in the amazonian environment. an increased number of dams are in 
different development or operational stages, occupying about 100,000 
km2 (or 3% of brazil’s amazon forest) and both mercury methylation 
and bioaccumulation may be increased by submerging terrestrial 

areas (peatlands, upland soils, and vegetation). yet, studies of human 
exposure to mercury in dam areas in the amazon are scarce. one of the 
largest dams ever built in the amazon recently attracted our attention: 
the Tucuruí Dam in Tocantins river basin, east amazon, because high 
methylmercury concentrations has been found in Tucunaré fishes 
(Cichla sp.) by rodríguez et al. (2014). leino and lodenius (1995) 
revealed 20 years ago that 45 people living at the main reservoir 
presented median levels of mercury (up to 51 μg/g) in hair, well above 
the safe limit (10 μg/g) established by the World health organization 
(Who). however, no other evaluation with human populations has been 
carried out to date in this area.

Therefore, the aim of this work has been to assess the mercury 
exposure of this population and its potential harmful effects. for this 
purpose, hair has been selected as the study sample since it has been 
described as a good indicator of mercury levels in the body and it can be 
easily collected, transported and stored. strict exclusion/inclusion criteria 
were applied for the selection of participants avoiding those with altered 
hepatic and/or renal functions. Mercury species and total mercury 
content were determined. Interestingly, the levels were relatively higher 
than those currently shown for human populations highly influenced by 
gold mining areas in the amazonian region. The median level of mercury 
in hair was above the Who safety limit, with values up to 75 µg/g 
(about 90% as methylmercury). although additional studies are needed 
to confirm the possible magnification of mercury by the dams in the 
amazon, our data already support the importance of adequate impact 
studies and continuous monitoring.

MP-144

DEVELOPMENT OF LOCAL PUBLIC POLICIES FOR 
THE PREVENTION AND MITIGATION OF MERCURY 
CONTAMINATION OF RESIDENTS OF MADRE DE 
DIOS, PERU
roJas JuraDo, elvis1; lauDeÑa, Miguel2; Torres, Marta3; asCorra, 
Cesar3; VeGa, Claudia3; roMÁn-DaÑobeyTIa, fransisco3; fernanDeZ, 
luis4; 
(1) Direccion Regional de Salud (DIRESA), Ministry of Health, Madre de Dios, 
Peru; (2) Direccion Regional de Educación, Ministry of Education, Madre 
de Dios, Peru; (3) Wake Forest University, Center for Amazonian Scientific 
Innovation, Madre de Dios, Peru; (4) Wake Forest University, Center for 
Amazonian Scientific Innovation, Winston-Salem, United States

elvisrojasju@gmail.com

In recent decades the rapid growth of illegal artisanal and small scale 
gold mining (asGM) in the Peruvian department of Madre de Dios has 
had serious impacts on its ecosystems and people. recent studies have 
linked massive releases of mining related mercury into the regions 
atmosphere and waterways (~40 tonnes / yr) with elevated hair mercury 
levels in an estimated 60-75% percent of the population - with native 
populations showing the highest levels of contamination. In May 2016, 
this public health crisis was formally recognized by the declaration of 
a regional state of emergency due to this mercury contamination. 
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however, despite recent increased awareness of these environmental 
health risks, government response to recognize and mitigate this 
public health crisis has been has been slow and limited. This paper 
describes the development of an innovative strategy centered on the 
establishment of a state-level multi-sectoral technical advisory group to 
1) improve the quality of scientific information on mercury to support 
regional and municipal level decision-making; 2) support public sector 
technical response to the mercury state of emergency; and 3) the 
development of effective activities to mitigate the effects of mercury 
on local populations. a key success stories include active participation 
of primary and secondary level teachers to incorporate information on 
mercury related health risks and students into lesson plans throughout 
the public school system. This strategy has resulted in measurable 
increases in the number and quality of government actions and policies 
resulting in greater public health impact in local populations. Given the 
strong economic power of asGM in similar rural sectors in amazonia 
combined with weak governance, these experiences can serve as a 
reference for local actors to provoke and improve environmental and 
public health policies using integrative and multidisciplinary approaches.

MP-145

MINAMATA DISEASE HAS SPREAD ACROSS SHIRAUI 
SEA FROM MINAMATA
TaKaoKa, shigeru1; fuJIno, Tadashi1; KaWaKaMI, yoshinobu1; 
shIGeoKa, shin-ichi1; 
(1) Minamata Kyoritsu Hospital, Minamata City, Japan

stakaoka@x.email.ne.jp

[background] Very few epidemiological or clinical studies have been 
carried out around Minamata since the discovery of the disease in 1956. 
Due to this lack of precise clinical and epidemiological examinations, 
it has always been assumed that Minamata disease was restricted to 
the seacoast area around Minamata. after october 2004, our group 
of doctors have been examining residents outside the government’s 
designated area and found they, the residents, had the same symptoms 
as Minamata disease victims in Minamata city. only now has the true 
spread of Minamata disease becoming clearer.

[Methods] since 2004 we were carried out studies in almost all areas 
of the yatsushiro seashore. We studied 10196 medical records (M/
f=4846/5350, mean age=62.7±12.0) who had already been examined 
for Minamata disease between november 2004 and March 2016. 214 
residents of a non-polluted area were selected as a control group (M/
f=91/123, average age=52.7±15.0). We classified the data of the polluted 
area by difference in residential area, occupation, age, and so on, and 
analyzed them. We also compared the data before and after July 31, 
2012, when the application for relief of Minamata disease was closed.

[results and Discussion] The symptoms of Minamata disease which 
were prevalent in records we studied: numbness of the hands (polluted 
area about 86-93% / control area 3%), unsteady tandem gait (50-65% 
/ 9%), narrowing of the visual field (21-30% / 1%) in all area. symptoms 
of subjects who had moved from polluted area to other areas were the 

same as those who lived in the polluted area. There were little differences 
of symptoms among different districts along the yatshshiro seashore. 
There were also little differences of symptoms between fishermen and 
non-fishermen. It is because, as for dietary habits in the polluted period 
from 1950 to 1970, fish food was prevalent everywhere. There were little 
differences in symptoms between before and after deadline for the relief, 
which means that there were still a lot of Minamata disease patients, who 
had not been diagnosed or not been relieved.

[Conclusion] The spread of Minamata disease is greater than has been 
supposed up until now.

MP-146

MERCURY CONTAMINATION IN HUANCAVELICA, 
PERU: COMMUNITY ENGAGEMENT TO SUPPORT 
ASSESSMENT AND REMEDIATION
ThoMs, bryn1; robIns, nicholas2; brooKs, William3; eCos, enrique4; 
GonZales, ruben5; 
(1) Environmental Health Council, Eugene, OR, USA; (2) Environmental Health 
Council, Durham, NC, USA; (3) Environmental Health Council, Reston, VA, 
USA; (4) Environmental Health Council, Huancavelica, Huancavelica, Peru; 
(5) Asociacion Nuevavelica, Huancavelica, Huancavelica, Peru

brynthoms@msn.com

huancavelica, Peru is among the worlds most mercury-contaminated 
cities due to 400 years of cinnabar mining and refining associated with 
the nearby santa brbara mine. located southeast of lima at 12,000 ft. 
in the andes, huancavelica is the capitol of its namesake department, 
which is the poorest in Peru. several assessments using community-
based participatory research have identified mercury two orders of 
magnitude above risk-based screening levels in earthen walls and 
floors in 75% of the homes studied. This extrapolates to about 3,800 
homes in huancavelica that could be contaminated above risk based 
screening levels. The predominant manner of release is likely due to 
historic emissions of both vapor and dust from refining cinnabar in the 
city. local surface soil is contaminated with mercury and other heavy 
metals, and such soil has been used as construction material for over 
half the homes in the city. Mercury concentrations in wall and floor 
material, as well as indoor vapor, are above usePa and World health 
organization standards for chronic exposure and in many cases above 
usePa interim removal action levels. since 2009, community members 
have been engaged in research design and conduct, educational 
initiatives, and the remedial alternative pilot study of 2015-2016. 
This pilot study ranked sixty assessed homes on the basis of level of 
contamination, and covered the walls with stucco and poured concrete 
floors in 9 of the most contaminated homes. Vapor concentrations in 
six homes was measured using a lumex ra-915 mercury vapor monitor 
before and after encapsulation. Vapor concentrations decreased on 
average approximately 60% after completing the remedial action. In 
addition, encapsulation of heavy metal-contaminated earthen materials 
significantly decreased the risk of exposure through incidental ingestion 
of contaminated dust, which also contains arsenic and lead above 
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screening levels. stucco walls and concrete floors are moderately 
inexpensive and are a culturally relevant remedy.

MP-147

APOLIPOPROTEIN E GENOTYPES IN RELATION 
WITH HG, MEHG, AS AND SE LEVELS IN MOTHERS 
AND THEIR NEWBORNS
TrDIn, ajda1; falnoGa, Ingrid1; snoJ TraTnIK, Janja1; MaZeJ, Darja1; 
sTaJnKo, anja1; MarC, Janja2; KrsnIK, Mladen3; osreDKar, JoskoŠ3;</
nobr> PrPIĆ, Igor4; ŠPIrIĆ, Zdravko5; horVaT, Milena1; 
(1) Jožef Stefan Institute, Ljubljana, Slovenia; (2) Faculty of Pharmacy, 
University of Ljubljana, Ljubljana, Slovenia; (3) University Medical Centre 
Ljubljana, Clinical Institute of Clinical Chemistry and Biochemistry, Ljubljana, 
Slovenia; (4) University Hospital Centre Rijeka, Department of Paediatrics, 
Rijeka, Croatia; (5) Oikon Ltd, Institute for Applied Ecology, Zagreb, Croatia

ajda.trdin@ijs.si

InTroDuCTIon: apolipoprotein e (apoe, gene aPoe) is a lipid binding 
plasma glycoprotein with central roles in lipid metabolism and 
neurobiology. some studies point on its antioxidative, metal-binding 
and immunomodulatory/anti-inflammatory properties. It has three 
major isoforms (apoe2, apoe3 and apoe4) encoded by alleles ε2, ε3 and 
ε4. a large number of studies estimated, that isoform ε4 allele can be 
associated with different age related disadvantages. Individuals with ε4 
variant are supposed to be more susceptible to metal toxicity, including 
Mehg known to be neurotoxic especially early in life. The purpose of 
present work was to estimate relations between apoe polymorphisms 
and concentrations of selected metal(loid)s (hg, Mehg, as and se) in 
mothers and their newborns, chronically exposed to low or moderate 
amounts of hg, mostly through fish consumption during pregnancy.

MeThoDs: We used samples and metal concentration data-set of 
Croatian mothers (n=209, aged 19-44y, sampling in 3rd trimester) and 
their newborns (n=176, sampling at delivery) from a wider prospective 
birth cohort study PhIMe (‘Public health Impact of long-term, low-level, 
mixed element exposure in susceptible population strata'; eu project 
2006-2011). Database consisted of total hg, Mehg, se, as, Pb, Cd, Cu and 
Zn levels in maternal urine, breast milk, hair, peripheral and cord blood, 
and child urine. archived Dna extracts from maternal leukocytes and 
cord tissue were used for aPoe genotypisation by TaqMan pre-designed 
snP assay for rs429358 and rs7412.

resulTs: Mothers and newborns were divided in apo ε4 carriers 
(genotypes ε3/ε4 and ε4/ε4) and ε4 non-carriers (genotypes ε3/ε3, ε3/ε2 
and ε2/ε2). We identified 17% and 20% ε4 carriers among mothers and 
newborns, respectively. Mothers with allele ε4 have significantly higher 
concentrations of: i) blood se, total hg, Mehg and as; ii) plasma se, iii) 
hair hg. for se only, the observed associations persisted after taking into 
account the influence of possible cofounders like seafood consumption, 
parity, age, body mass index, education, alcoholic beverages and 
presence of other metals. The same associations will be estimated 
for cord blood as well, with special interest on Mehg, because of its 
suggested neurodevelopmental effects.

ConClusIon: observed superior se status in healthy pregnant females 
with genotypes apo ε3/ε4 and ε4/ε4 in comparison with apo ε3/ε3, ε3/
ε2 and ε2/ε2 group could be linked to apo ε4 ‘beneficial effects early in 
life’. The presence of detrimental metals in maternal blood did not affect 
plasma se level in sense of its decrease.

MP-149

MERCURY EXPOSURE, SERUM ANTINUCLEAR 
ANTIBODIES, AND SERUM CYTOKINE LEVELS IN THE 
LONG ISLAND STUDY OF SEAFOOD CONSUMPTION: 
A CROSS-SECTIONAL STUDY IN NY, USA
MonasTero, rebecca1; KarIMI, roxanne2; nylanD, Jennifer3; 
harrInGTon, James4; leVIne, Keith5; MelIKer, Jaymie6; 
(1) Undergraduate Studies, Stony Brook University, Stony Brook, NY, 
United States of America; (2) School of Marine and Atmospheric Sciences, 
Consortium for Inter-Disciplinary Environmental Research, Stony Brook 
University, Stony Brook, NY, United States of America; (3) Salisbury University 
Department of Biological Sciences, Salisbury, MD, United States of America; 
(4) RTI International, Trace Inorganics Laboratory, RTP, NC, USA; (5) RTI 
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Mercury (hg) is a well-known neurotoxin, and has been more recently 
studied specifically as an immunotoxin. In experimental and a few 
epidemiologic studies, hg has been associated with distinct cytokine 
profiles and antinuclear antibody (ana) positivity, though patterns at 
lower levels of exposure, typical of seafood consumers with a western 
diet, are not well characterized.

seafood consumers (n=287) recruited on long Island, ny completed 
food frequency and health questionnaires and provided blood for 
analysis of hg, poly-unsaturated fatty acids (omega-3 and omega-6 fatty 
acids), selenium (se), ana, and several cytokines (Il-1β, Il-4, Il-10, Tnf-α, 
Il-17, Ifn-γ, and Il-1ra). logistic and linear regression analyses were 
conducted to evaluate associations between serum hg and cytokines 
and ana. adjusted models accounted for gender, age, ethnicity, income, 
education, smoking, bMI, selenium, omega-3 fatty acids, omega-6 fatty 
acids, omega-3/omega-6 ratio, and fish intake. sex-stratified models 
were also generated with the expectation that immune profiles would 
differ between women and men.

Median blood hg was 4.58 µg/l with 90th %ile =19.8 µg/l. nine 
individuals displayed ana positivity at serum titers above 1:80; many of 
the cytokines were below detection limits, and the ability to detect was 
used in the logistic regression analyses. In linear and logistic regression 
analyses, hg was not significantly associated with any of the seven 
investigated cytokines or with ana-positivity.

Therefore, hg was not associated with altered immune profiles in this 
population of seafood consumers.



POSTeR ABSTRACTS ICMGP2017 The 13Th InTernaTIonal ConferenCe on MerCury as a Global PolluTanT InTeGRATInG MeRCuRy ReSeARCh And POLICy In A ChAnGInG WORLd July 16 – 21, 2017 · ProVIDenCe, rhoDe IslanD, usa 232

MP-152

MOLAR RATIO OF SELENIUM AND MERCURY IN 
BLOOD OF RIVERINE PEOPLE IN THE AMAZON: A 
PROTECTIVE DIET?
lIMa, Marcelo1; Jesus, Iracina1; faIal, Kleber1; MenDes, lorena1; 
QueIroZ, Thais1; CosTa, brenda1; 
(1) Evandro Chagas Institute, Belém, Pará, Brazil

marcelolima@iec.pa.gov.br

The exposure to mercury in the amazon has always been surrounded 
by numerous questions that have not yet been clarified. studies 
carried out in the region over the last 40 years showed the existence 
of populations with median levels of total mercury in blood upper to 
the levels found in other regions of the planet. between these were 
also frequently found average levels above the biological tolerance 
limit recommended by the World health organization. however, 
epidemiological and clinical studies in these individuals did not show 
signs of mercurialism. on the other hand, other studies indicates that 
a diet rich in selenium would have a protective effect on mercury, since 
selenium would have the capacity to reduce the toxicity of mercurial 
compounds from an equimolar proportion. In this study, the molar ratio 
of selenium and mercury of individuals from five riverside communities 
located in the amazonian estuary (Vila do beja, Vila do Conde, Vila de 
Itupanema, Curuperê and Ilha são João) was evaluated. blood sampling 
was performed in 2013 and followed all ethical recommendations. 
The analyzes were performed by Induced Plasma Coupled Mass 
spectrometry (ICP-Ms). The results showed higher mean levels of total 
mercury in Ilha são João (6.155 μg.l-1), noting that the highest weekly 
frequency of fish consumption was also recorded. Total selenium levels 
ranged from 459.882 to 802.199 μg.l-1. The equimolar ratio showed 
that the amount of selenium atoms absorbed was 238 to 469 times 
greater than the amount of mercury. It should be noted that the mean 
levels of total mercury in the blood of these communities were lower 
than in other areas of the amazon, a fact that may be associated with 
greater proximity to the estuary and greater distance from the gold 
mining areas in brazil and in border countries. Considering that blood 
represents a recent absorption of selenium and mercury associated 
with dietary habit this equimolar ratio was indicative that the diet of 
these individuals is as rich in selenium as in mercury. This discussion 
could be extended to evaluate the equimolar ratio of selenium and 
mercury in other areas of the amazon and could contribute to a better 
understanding of mercury exposure in the region.
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MERCURY EXPOSURE IN AMAZON 
INDUSTRIAL AREA
CosTa, brenda1; Jesus, Iracina1; MIranDa, antônio1; MenDes, lorena1; 
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(1) Evandro Chagas Institute, Belém, Pará, Brazil
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Mineral exploration in the amazon is old and was intensified in the 70's 
and 80's. at that time, artesanal gold mining was initially predominant, 
and soon afterwards large mineral plants were set up to exploit 
aluminum, copper, iron and manganese. In parallel, large hydroelectric 
dams were built and industrial poles created to promote regional 
development. all of these great ventures were always tied to major 
conflicts of land use and intense migratory processes. The margins of 
any planning, these industrial areas have settled alongside communities, 
some of these traditional ones (riverine, quilombola and indigenous), 
and others have been created over the years, as it happened in the 
industrial area of barcarena, located in amazonian estuary. Industrial 
production generates atmospheric pollutants containing metal 
contaminants such as mercury (hg), causing the environmental 
exposure of people living near, depending on factors such as the 
proximity of the ventures and direction of the winds. This study aims 
to analyze the concentration of total mercury in human blood close 
to the industrial area and was carried out in the human population of 
five communities located in the municipality of barcarena, Pará state, 
brazil, in the year 2013. The study was epidemiological and laboratorial 
and complied with all ethical principles involving human research. The 
total mercury (Thg) analyzes were performed by mass spectrometry 
coupled with induced plasma (ICP-Ms). The Thg median levels in the 
bairro Industrial, Dom Manoel, acuí, bairro Canaã and laranjal were, 
respectively, 8.6 μg.l-1, 6.2 μg.l-1, 3.7 μg.l-1, 2.3 μg.l-1 and 0.8 μg.l-1. 
The increase in hgT values in the communities was positively related to 
their proximity to the industrial area of barcarena. The bairro Industrial 
and Dom Manoel are communities close to the kaolin industries 
and coke production, while other communities are further away 
from sources of pollution. highlighting the occurrence of low weekly 
frequency of fish consumption among all communities (1 or 2 times 
per week). In the industrial processes of extraction and production are 
released particles easily carried by the air, and these can reach long 
distances. as evidenced by the significant hg levels in the communities 
acuí and bairro do Canaã that are further away from the companies in 
question. The data showed another form of environmental exposure to 
mercury in the amazon associated with the proximity of communities of 
industrial areas.

MP-154

MERCURY LEVELS IN BLOOD ASSOCIATED WITH 
WEEKLY FREQUENCY OF FISH CONSUMPTION IN 
THE AMAZON
QueIroZ, Thais1; Jesus, Iracina1; PereIra, João1; olIVeIra, Diomar1; 
CosTa, brenda1; MenDes, lorena1; lIMa, Marcelo1; 
(1) Evandro Chagas Institute, Belém, Pará, Brazil
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human exposure to toxic and harmful metals occurs naturally and 
anthropic for thousands of years. These toxic metals are present in soils 
and rocks, but also as constituents of industrialized products used in our 
daily lives. The amazonian riverside populations present a diet based on 
fish consumption and through this bioaccumulate mercury. Thus, these 
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individuals are environmentally exposed to mercury. The study area 
comprised the cities of abaetetuba and barcarena, located in the Pará 
state, northern brazil. The method was epidemiological and laboratorial. 
In the year of 2013, blood samples were collected in six riverside 
communities. all ethical criteria were met and epidemiological forms 
were completed. Mercury (hg) was quantified by cold vapor atomic 
absorption spectrometry (CV-aas) and mass spectrometry coupled with 
induced plasma (ICP-Ms). Mean blood hg levels were highest in the 
Maranhão (10.350 μg.l-1) and Ilha são João (6.155 μg.l-1) communities. 
In these communities there is a higher weekly frequency of fish 
consumption (more than 5 times per week). In other communities, 
such as Vila do Conde, Itupanema, Curuperê and Vila do beja, hg levels 
were similar. In these, for the majority of the population, the weekly 
frequency of fish consumption is small (at most 2 times a week). The 
fish of the amazon region are known for the high concentration of 
mercury, especially predators. Therefore, when it is consumed by 
these populations, the tendency is that the levels of hg in the blood are 
higher, according to the observed results. The data showed that there 
is a greater environmental exposure to mercury associated with higher 
consumption of fish and there is a need for establishing public policies 
to guide the populations of the region.
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EPIDEMIOLOGY OF MERCURY EXPOSURE IN 
THE BRAZILIAN AMAZONIAN BORDER AREA, 
ACRE STATE
Jesus, Iracina1; aKaGI, hirokatsu2; sanTos, elisabeth1; faIal, Kleber1; 
lIMa, Marcelo1; Moraes, Marluce1; PereIra, João1; CÂMara, Volney3; 
(1) Evandro Chagas Institute, Belém, Pará, Brazil; (2) International Mercury 
Laboratory, Minamata, Kumamoto, Japan
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natural and anthropogenic processes represent the sources of 
mercury that can reach living organisms, including humans, through 
exposure routes. The mercury levels in individuals from areas 
affected by anthropogenic sources may exceed reference values for 
biological tolerance to the toxic agent; however, some areas without 
anthropogenic sources present mercury levels in populations above 
the reference limit for non-exposed individuals. This is the case of cities 
in the acre state in brazilian amazon such as Manoel urbano, where a 
preliminary study in the first half of the 2000s indicated the possibility 
of high exposure to mercury in these individuals. This city is located 
near the border of countries like Peru and bolivia. To confirm or not the 
mercury exposure in this city on the bank of the Purus river, a study 
approved by the research ethics committee was carried out in 2012, 
which included an epidemiological survey (n = 276) with sampling of 
human blood and hair and also fish muscle from the Purus river, for 
analyzes of total mercury and methylmercury, which were developed by 
Cold Vapor atomic absorption spectrometry and Gas Chromatography 
with electron capture detector, respectively. The results confirmed 
a broad spectrum of mercury exposure in the population, ranging 
from 0.49 to 138.64 μg.l-1 (median of 9.61 μg.l-1) in blood and 0.10 

to 41.82 μg.g-1 (mean 2.90) in hair, associated with fish consumption, 
age and length of dwelling. Methylmercury levels ranged from 0.37 to 
134.19 μg.l-1 (median of 9.45 μg.l-1) in blood and 0.68 to 36.24 μg.g-1 
(median 5.63 μg.g-1) in hair. The total mercury levels in fish varied from 
0.034 μg.g-1 in non-carnivorous to 6.371 μg.g-1 in carnivorous species. 
The results indicate the environmental availability of mercury in fish 
as a way of exposing the population and highlight the importance of 
transboundary circulation of mercury through international rivers such 
as the Purus and the contribution of the diversity of mercury sources in 
the region. other studies are under way to assess the dynamics of this 
exposure and to intensify health surveillance actions.
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INCREASE OF MERCURY LEVELS IN THE SURFACE 
WATERS OF THE AURÁ RIVER FROM LEACHATE 
OF LANDFILL
souZa, brenda1; MenDes, lorena2; QueIroZ, Thais2; lIMa, Marcelo2; 
(1) COSTA, Belém, Pará, Brazil; (2) Evandro Chagas Institute, Belém, 
Pará, Brazil
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In most brazilian cities the solid urban waste is not segregated and 
disposed on the ground forming open dumps. on the action of 
intemperic factors are generated liquid effluents rich in contaminants 
and pathogens. between this contaminants are toxic metals such 
as mercury (hg). The leachate penetrates the soil, contaminating 
the underground aquifers or are spill into the rivers. In the belém 
Metropolitan region (bMr) for almost 30 years all garbage produced 
was deposited in the aurá dump. near is located the watershed of the 
aurá river where a riverine community resides. The aurá river basin 
receives both the slurry load and the sewage from nearby districts. 
In this study, mercury levels were evaluated in surface waters of 5 
points of the river aurá and its tributaries and for control 2 points in 
the uriboquinha river and 3 points in the uriboca river. The samplings 
were performed quarterly between the period of october / 2014 to 
July / 2016. The total mercury (Thg) analyzes were performed by mass 
spectrometry coupled with induced plasma (ICP-Ms). The results 
showed that the Thg average levels in the surface waters of the aurá 
river were higher when compared to the other rivers evaluated. The 
highest mean value of hgT was recorded in the santana do aurá Igarapé 
(0.32 μg.l-1), the nearest point and impacted by the leachate from the 
open dump, the lowest value was recorded on the uriboca river (0.20 μg. 
l-1), a point distant about 6 km from the source of anthropic pollution. 
These results show the susceptibility of riparian communities, even from 
urban centers, to water pollution due to the lack of planning for the 
proper disposal of solid urban waste.



POSTeR ABSTRACTS ICMGP2017 The 13Th InTernaTIonal ConferenCe on MerCury as a Global PolluTanT InTeGRATInG MeRCuRy ReSeARCh And POLICy In A ChAnGInG WORLd July 16 – 21, 2017 · ProVIDenCe, rhoDe IslanD, usa 234

3g: Occupational mercury exposure from 
ASGM and other activities
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THE GENOME OF A MERCURY RESISTANT 
PSEUDOMONAS ISOLATE REVEALS THE 
CUMULATIVE ACQUISITION OF MULTIPLE METAL 
AND ANTIBIOTIC RESISTANCE GENES
DraCe, Kevin1; lesar, Claire1; 
(1) Birmingham-Southern College, Birmingham, AL, USA
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Mercury resistance in bacteria is strongly correlated with antibiotic 
resistance. In polluted environments, heavy metal resistance and 
antibiotic resistance are often spread in bacterial communities by 
horizontal gene transfer through conjugative plasmids and/or other 
mobile genetic elements. Therefore, in artisanal and small-scale gold 
mining (asGM) where amalgamation continues to play a large role in 
the gold mining process, mercury pollution may provide an additional 
driving force for the spread of antibiotic resistance. While this correlation 
has been widely reported, the specific mechanisms of mutual resistance 
remain unclear. To better understand this phenomenon, mercury 
resistant bacteria were isolated from soil samples collected in and 
around the asGM community of Tsetsera, Mozambique. samples were 
analyzed for total mercury, which ranged from 0.02 to 39.10 ppm. 
Isolated bacterial colonies were screened for mercury resistance by 
plating them on agar supplemented to a final concentration of 100 
mg/l of hgCl2. each isolate (regardless or mercury resistance) was also 
tested for antibiotic resistance to ampicillin (50 μg/ml), kanamycin (10 
μg/ml), and chloramphenicol (34 μg/ml). of the 781 strains analyzed 
78% of the 221 mercury resistant colonies showed resistance to at least 
one antibiotic, while only 51% of the 560 mercury susceptible colonies 
showed some form of antibiotic resistance. The genome of one of the 
multi-drug resistant strains, a Pseudomonas species (isolate Dra525) 
was sequenced and annotated. The 6267580 base pair genome 
sequence revealed evidence of recent acquisition of several resistance 
genes suggesting that in areas contaminated with heavy metals, there 
may be an increased selective pressure resulting in the dissemination 
of resistance genes to other bacterial species including potential 
human pathogens. These findings provide a better understanding of 
how mercury pollution acts as a selective pressure in contaminated 
environments, which may lead to the spread and maintenance of 
antibiotic resistance in areas associated with asGM. unfortunately, 
these findings also suggest additional risk factors for the health of 
communities associated with mercury contamination.

MP-159

TOTAL AND METHYLMERCURY EXPOSURE TO 
COMMUNITIES WITHIN AND UPSTREAM OF 
ARTISANAL AND SMALL SCALE GOLD MINING 
AREAS IN MADRE DE DIOS, PERU
KoenIGsMarK, faye1; orTIZ, ernesto1; berKy, axel1; MeIer, Paige1; 
WeInhouse, Caren1; Pan, William1; hsu-KIM, heileen1; 
(1) Duke University, Durham/NC, United States

fak14@duke.edu

artisanal and small-scale gold mining (asGM) in Perus Madre de Dios 
(MDD) region has grown rapidly since the early 2000s and is a major 
driver of mercury (hg) imports to the region. hg released during asGM 
can be transported to aquatic ecosystems, such the MDD river, where 
it is transformed to monomethylmercury (Mehg), a bioaccumulative 
neurotoxin. as a result, fish contamination is an issue of concern for 
individuals living in riverside communities in the MDD region. not all 
communities rely on the MDD river for fish, and therefore hg exposure 
likely varies depending on geographical region. In this research, we 
examined total hg (Thg) and Mehg contents in hair samples collected 
from residents of the MDD region and performed surveys of dietary 
consumption. This study was part of a larger cohort study to evaluate 
the health status of communities in MDD, where asGM and other 
factors have prompted rapid population growth in the region and large 
scale alterations to the tropical landscape. household dietary surveys 
and proximal 2-cm segments of hair were collected in 2015-2016 from 
individuals living in communities that were divided into three distinct 
geographical regions in MDD: within asGM activity (n=34), near upriver 
of asGM (100-120 km; n=31), and far upriver (220 km; n=24). hair Thg 
was greatest in near upriver communities (average = 5.75 ug/g ; range = 
1.86 ug/g to 10.8 ug/g) relative to communities within asGM (average = 
2.00 ug/g ; range = 0.203 ug/g to 11.9 ug/g ) and far upstream of asGM 
(average = 3.29 ug/g; range =0.723 ug/g to 6.55 ug/g). In both upriver 
communities, hair hg speciation was predominantly Mehg (> 71% in 
all hair samples), while communities within asGM had Mehg contents 
ranging from 8% to 128% of Thg. The large variation in the relative 
Mehg contents for individuals within asGM likely reflects exposure to 
multiple hg sources (i.e. inorganic and organic), whereas the consistently 
high Mehg percentages in upriver communities suggest that exposure 
is predominantly through one source, such as fish consumption. These 
results align with our initial assessment of dietary trends in the region, 
as individuals within asGM have been reported to rely on non-fish 
sources of protein, while those in upstream communities heavily rely 
on the MDD river for food supply. ongoing research will examine blood 
biomarkers for mercury exposure as well as other possible metrics such 
as polyunsaturated fatty acids for fish consumption.
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MP-160

POLYMORPHISMS IN THE GENE ENCODING 
POTENTIAL MERCURY TRANSPORTER ABCC2 
AND NEUROTOXIC SYMPTOMS IN POPULATIONS 
EXPOSED TO MERCURY VAPOR FROM 
GOLD MINING
KolbInGer, Vitus1; berGer, ursula2; enGsTrÖM, Karin3; broberG, 
Karin4; bose-o'reIlly, stephan1; 
(1) Institute and Outpatient Clinic for Occupational, Social and Environmental 
Medicine; WHO Collaborating Centre for Occupational Health, University 
Hospital Munich, Munich, Germany; (2) Department of Medical Information 
Sciences, Biometrics, and Epidemiology IBE, Ludwig-Maximilians-University 
Munich, Munich, Germany; (3) Department of Laboratory Medicine, Division 
of Occupational and Environmental Medicine, Lund University, Lund, 
Schweden; (4) Unit of Metals and Health, Institute of Environmental Medicine, 
Karolinska Institutet, Stockholm, Sweden

vitus.kolbinger@me.com

Mercury is used to extract gold out of the gold-containing crushed 
ores by forming an amalgam, which is heated, evaporating mercury 
vapor and leaving a porous sponge gold product. This leads to mercury 
exposure above the common average of the local population. uptake, 
distribution and excretion of mercury in the body are genetically 
influenced. The differences reported in the manifestation of neurological 
symptoms of individuals, with a comparable level of exposure to 
mercury, suggest a genetic component influencing the susceptibility to 
mercury neurotoxicity.

Genetic variants that have been associated with hg concentrations in 
the body have mainly been in glutathione-related genes as glutathione 
plays a key role in mercury metabolism and elimination, mainly due to 
formation of a more easily transported glutathione-mercury conjugate. 
The aim of the present study is to investigate associations between 
polymorphisms in three snPs of the potential mercury-transporter 
abCC2 gene (rs1885301, rs717620, rs2273697) and severity of 
mercury-related neurotoxicity.

for the present analysis we included data from former projects 
addressing exposure and neurotoxicity of inorganic mercury, including 
1017 participants from the Philippines, Indonesia, Tanzania and 
Zimbabwe. To increase the power, we pooled data from asian and 
african countries as well as heterozygotes and variant homozygotes 
of variant genotypes. (GG ref. against Ga+aa) The participants were 
stratified into three exposure subgroups: without mercury exposure 
from gold mining; living in mercury-contaminated areas; mercury 
working exposure.

To identify chronic inorganic mercury intoxication we developed a 
neurological score sum including eight binary coded parameters of 
the anamnestic, clinical and neurophysiological examination. We used 
multiple logistic regression models to explore genetic factors influencing 
theoccurrence of mercury intoxication, and multiple linear regression 
models to explore genetic factors affecting the grade of intoxication. We 
adjusted for mercury exposure, age and gender. In both analyses we 

also examined the effect modification of genetic variants on mercury 
intoxication by including interaction terms between genotype and 
exposure to mercury.

We found that abCC2 genotype variety influenced the neurological 
performance. for rs1885301, the a-allele carriers in african populations 
showed significantly worse performance at the pencil tapping test. for 
rs2273697, a-allele carriers in african and asian populations showed 
a significant better performance than G-allele carriers at the pencil 
tapping test. When including an interaction term between genotype 
and exposure, for rs2273697 the interaction term in asia showed, at the 
pencil tapping test and matchbox test, that Ga+aa modifies the effect of 
mercury exposure and leads to a better outcome.

The outcome should ensure us to investigate the associations 
between mercury and neurotoxic symptoms depending on the abCC2 
transporter more detailed.

MP-161

GOLD MINING IN ECUADOR: A CROSS-SECTIONAL 
ASSESSMENT OF MERCURY IN URINE AND MEDICAL 
SYMPTOMS IN MINERS FROM PORTOVELO/
ZARUMA
sChuTZMeIer, Paul1; berGer, ursula2; bose-o’reIlly, stephan3; 
(1) University Hospital Munich, Institute and Outpatient Clinic for 
Occupational, Social and Environmental Medicine; WHO Collaborating Centre 
for Occupational Health, München, Deutschland; (2) Department of Medical 
Information Sciences, Biometrics, and Epidemiology IBE Ludwig-Maximilians-
University, Munich, Germany; (3) University Hospital Munich, Institute and 
Outpatient Clinic for Occupational, Social and Environmental Medicine; WHO 
Collaborating Centre for Occupational Health & Institute of Public Health, 
Medical Decision Making and Health Technology Assessment, Department of 
Public Health, Health Services Research and Health Technology Assessment, 
UMIT (University for Health Sciences, Medical Informatics and Technology), 
Hall i.T., Austria, Munich, Germany

paul.schutzmeier@med.uni-muenchen.de

Introduction: Mercury is a toxic metal and traditionally used in small 
scale gold mining. In Portovelo, as the oldest small scale mining area in 
ecuador, mercury has been an environmental and health problem for 
decades and even created an international political conflict. The target 
of this study was to assess the mercury (hg) concentration in urine of 
miners from the Portovelo/Zaruma, ecuador, to establish a prevalence 
of high values and to compare it with other asGM regions.

Methods: urine samples of 865 gold miners in ecuador were collected 
and analyzed for their mercury content, using cold vapor atom 
absorption spectroscopy. The prevalence of high mercury values (>25µg/
ml urine) was estimated.

44 miners with mercury levels >15 µg/l filled in a questionnaire for 
characteristics and possible confounders and were examined for 
intoxication symptoms to establish the ten points medical score sum.
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results: The median value was 1.8 µg/l. 78,3% of miners were below the 
hbM-I threshold (7 µg/l urine) and not at risk of an intoxication. 5,9% of 
miners exceeded the hbM-II limit (25µg/l urine) and were probable to 
experience intoxication symptoms. The medical score sum had a range 
of 2 to 8 points with a median of 6.

Conclusion: The relatively low prevalence of high mercury 
concentrations shows that the politics and techniques to eliminate 
the use of mercury are successfully implemented. further studies are 
needed to identify factors enabling this process.

MP-162

KNOWLEDGE, ATTITUDE AND PRACTICE OF 
MERCURY USE IN DEVELOPING COUNTRY
bhanDarI, rajan1; aJay, bhatta2; 
(1) Community Health and Environmental Society Nepal, KTM, Nepal; 
(2) Vardhman Mahavir Medical College & Safdarjung Hospital, New 
Delhi, India

ches.nepal@gmail.com

Introduction: Mercury is a global pollutant and its effective control in 
the environment will take scientific study, innovative management 
strategies, and the cooperation among all nations.

objectives: The objective of the study was to assess the Knowledge, 
attitude and Practice (KaP), awareness and performance towards dental 
waste including mercury management policy and practices among the 
dental practitioners in nepal.

Materials and Methods. an epidemiologic survey was conducted among 
130 private dental practitioners. The survey form was composed of 
32 self-administered standard questions frame based on knowledge, 
attitude, and those regarding the practices of dentists in relation to 
dental health-care waste management. The resulting data were coded 
and a statistical analysis was done with epiInfo, sPss.

results and Discussion. about 53.2% of the dentists were not aware of 
the different categories of biomedical waste generated in their clinics 
and where is the right place to recycle.

only 24.9% of the dentists correctly said that outdated and 
contaminated drugs come under cytotoxic waste. 39.6% said they 
break the needle and dispose of it and only 17.9% use needle burner 
to destroy it. 39.0% of the dentists dispose of the developer and fixer 
solutions by letting them into the sewer, 38.4% of them dilute the 
solutions and let them into sewer and only 4.6% return them to the 
supplier. about 38.6% of the dentists dispose of excess silver amalgam 
by throwing it into common bin. 3.0% of their annual patients have 
complain of urticarial lesions due to filling and it was completely cure 
after removal of filling.

Conclusion. It was concluded that not all dentists were aware of the 
risks they were exposed to and only half of them observe infection 
control practices. Infection prevention and medical waste management 
procedure is very important to control and make mercury free society in 

developing country. In this globalization age, medical tourist is booming 
in developing country as well, so keep in mind with universal laws, 
our efforts should be awareness and give the guidance to all medical 
and dental practitioner. This will ultimately makes developing country 
mercury pollution free countries.

MP-163

MERCURY HAZARDS AND HOW THE COMMUNITY 
RESPONSES IN DEVELOPING COUNTRY
JoshI, shambhu1; bK, shyam2; 
(1) Far Western Community Hospital, Kailali, Nepal; (2) Nepalgunj Medical 
College, Kohalpur, Nepal

shambhu.nams@gmail.com

Introduction: heavy metal like mercury was used directly or indirectly 
since long ago before it was stopped around the world.since,the value 
of the metal and its availability in different use in medical appliances 
is still one of the burdens in developing country like nepal.The main 
uses of mercury are in dental amalgam, sphygmomanometers, and 
thermometers. The mercury once released into the environment 
can remain for a longer period. both acute and chronic poisoning 
can be caused by it. half of the mercury found in the atmosphere is 
human generated and health care contributes the substantial part 
to it. Who and unePissuednew guideline for health care sector to 
becomemercury free.

aim and Methods: To find out the Knowledge,attitudeand practice due 
to hazards of mercury contact among paramedics and patients.

results and Conclusion: 938 paramedics and 890 patients were asked 
in-depthstructured questions about mercury hazards and update 
knowledge. overall 18% of the paramedics have no knowledge of 
mercury-free with respect to 69% of the patients. around 49% of 
paramedics have broken mercury thermometer in their career and 
contact with skin. however, 1.2% patient only have a similar history 
in theirlife time. 4% of the contamination with mercury having sKIn 
problems. 32% of the patients still have mercury thermometer and 
sphygmomanometer in their home with respectof0.6% of paramedics.

The above study showed that healthcare worker has more knowledge 
of Mercury hazards than patients groups. however, paramedics 
have broken the mercury instruments than patients party. similarly, 
Paramedics have Mercury free device at home thanpatients groups. 
It meansawareness, literate people having more knowledge towards 
its practice making mercury free society in a resource poor country 
like nepal.
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4f: Science, policy, and regulation:  
Global to local

MP-164

LABELING MERCURY-ADDED PRODUCTS: HOW TO 
ENSURE CONSISTENCY IN AN EXPANSIVE MARKET
sMITh, rachel1; 
(1) NEWMOA/IMERC, Boston, MA, USA

rsmith@newmoa.org

Countries around the world have enacted mercury product labeling 
requirements. The purpose of labeling these products is to: 1) Inform 
consumers at the point of purchase that they contain mercury and may 
require special handling at end of life; and 2) Identify them at their end 
of life so that they can be recycled or safely disposed of.

In the united states there are no national labeling requirements covering 
all of the mercury products in commerce. Currently, however, the states 
of Connecticut, louisiana, Maine, Maryland, Massachusetts, Minnesota, 
new york, oregon, rhode Island, Vermont, and Washington prohibit 
the sale of certain mercury-added products unless they have a label 
indicating that the product contains mercury and information concerning 
proper disposal. These state laws establish standards regarding wording, 
size, location, visibility, and durability. however, the language in these 
laws differs slightly. This situation creates challenges for manufacturers 
who sell their products in multiple jurisdictions, because they must 
comply with differing (and sometimes conflicting) standards.

The Interstate Mercury education and reduction Clearinghouse (IMerC) 
was created in 2001 to provide ongoing technical and programmatic 
assistance to states in the united states that have enacted mercury 
education and reduction legislation, and to act as a single point of 
contact for industry and the public for information about member 
states mercury education and reduction programs. Promoting clear and 
consistent labeling of mercury-added products is a priority of IMerCs.

recently, IMerC has developed acceptable alternatives that can meet all 
of the states’ specifications for mercury-added lamps. These alternatives 
are designed to promote consistency. The members of IMerC 
collaborate on their review and decision making regarding alternative 
labels for products under the framework of their laws. This poster 
provides an overview of the purposes for labeling mercury products and 
IMerCs recent experience with labeling of mercury-added lamps.

MP-165

HOW, FOR THE PAST 40 YEARS, WE HAVE BEEN 
BREAKING DOWN THE BARRIERS HINDERING 
MEDICAL RESEARCH INTO MINAMATA DISEASE 
IN JAPAN
fuJIno, Tadashi1; TaKaoKa, shigeru1; 
(1) Minamata Kyoritsu Hospital, Minamata City, Japan

tds-fujino@jcom.zaq.ne.jp

over 500,000 people, in the Minamata area, were estimated to have 
been exposed to methylmercury poisoning caused by the contaminated 
wastewater released by the Chisso Corporation, between 1932 and 
1968. brought to public notice in 1956, the disease was soon named 
Minamata disease, and eventually, in 1968, was formally recognised 
by the Japanese government. Kumamoto university researchers, 
searching for the cause, studied severely affected inhabitants. The 
intensity of research gradually diminished but gained momentum again 
when Kumamoto university performed a large epidemiological study 
(1971-1972). however, the results were ignored and further research 
on Minamata disease was reduced. There has been no constructive 
research into the pollution by the government, at any level.

after 1970, a group of volunteer doctors began going door to door and 
examining residents in the Minamata area. In 1972, one doctor stayed 
in a hospital in Minamata to continue research. he and his colleagues 
discovered that although many inhabitants suffered severely from the 
effects of the pollution they had not been diagnosed with the disease. In 
1974, a clinic, to examine disease victims and to treat infected patients, 
was established in Minamata. some research papers, in Japanese, 
were written.

fear of being ostracised by the community prevented the majority 
of residents in the area from being examined for the disease. The 
symptoms of Minamata disease cover a wide range, from mild to 
severe and as victims grow older the disease develops slower, and 
it can be more difficult to detect. We would like to point out three 
barriers that impeded our research into Minamata disease and how 
we tried to bypass them: 1. The unwillingness of the government to 
support research on victims of the disease. 2. a lack of a cooperative 
environment between researchers. 3. The residents lack of information, 
fear of ostracisation and the despondency of patients.

from the results of long-term population studies, and more intensive 
studies that we carried out (1987, 2009, and 2012) we show that health 
problems have not decreased but continue to appear in a large number 
of residents. our research was restricted to subjects who had hoped 
to apply for relief and because of our findings they were granted 
compensation. We describe how we unveiled the true situation in 
Minamata today and explain the problems remaining.

MP-166

RECYCLING AND MERCURY FLOW OF USED 
FLUORESCENT LAMPS IN KOREA
KIM, hyunhee1; JanG, yong-Chul1; ChanG, yun1; 
(1) Chungnam National University, DaeJeon, Republic of Korea

hyunhee0724@gmail.com

It is important to effectively collect and properly manage mercury-
containing products such as fluorescent lamps, batteries, dental 
amalgam, and mercury thermometers and switches after use. In 2015, 
approximately 120 million units of mercury-containing fluorescent 
lamps were put on the market in Korea. however, only 41 million units 
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of fluorescent lamps were collected and recycled in the same year. 
often times, it is very difficult to quantitatively determine the distribution 
channels and disposal pathway of fluorescent lamps. In this study, we 
examined the recycling practice and mercury flow of used fluorescent 
lamps that are regulated by the extended producer responsibility (ePr) 
system in Korea. substance flow of mercury in the lamps was estimated 
by material flow analysis (Mfa). The Mfa methodology is an analytical 
method of quantifying flow and stocks of materials or substance in 
a well-defined system based on mass balance approach. The data 
required for this study were collected from literature review, available 
statistics developed by the Korea Ministry of environment (Korea Moe), 
discussion with the experts in lamp recycling industry, survey and field 
visits to local government and lamp recycling facilities in Korea. based 
on the result of this study, it was estimated that in 2015 approximately 
1.3 ton of mercury in fluorescent lamps was distributed into household 
sectors and industrial sectors. In case of household sectors, 2.6 tons 
of mercury was stocked and 0.53 ton of waste mercury was generated 
from households. among the household generation of mercury, 0.45 
ton of mercury was collected and recycled, while 0.07 ton was either 
incinerated or landfilled. In case of industrial sectors, approximately 
0.79 ton of mercury in fluorescent lamps was distributed; only 0.06 ton 
was collected and recycled. More effective collection schemes for used 
fluorescent lamps should be developed to recover mercury, although 
in recent years leD lamps are continually replacing fluorescent lamps 
in households.

4g: Socio-economic challenges of mercury 
policy implementation

MP-167

MATERIAL FLOW ANALYSIS OF MERCURY-
CONTAINING PRODUCTS IN KOREA
KIM, hyunhee1; JanG, yong-Chul1; ChanG, yun1; 
(1) Chungnam National University, Daejeon, Republic of Korea

hyunhee0724@gmail.com

There are a number of mercury-containing fluorescent products 
(e.g., fluorescent lamps, batteries, switches, thermometers, and 
dental amalgams) that have been used in Korea. although the use 
and amounts of the products are decreasing, large amounts of used 
or waste mercury-containing products are generated each year. 
Improper disposal of such products may result in severe human health 
problems and the environmental impacts. Thus, environmentally sound 
management of mercury-added products is an issue of concern around 
the world. In Korea, used fluorescent lamps and batteries were included 
in the extended producer responsibility (ePr) system in 2003 for 
recycling and recovery of the waste from consumers and reduction of its 
impact on the environment. This paper presents material flow analysis 
(Mfa) of mercury-containing products in Korea. Material flow analysis 
was conducted to examine the flow of mercury in the products. The 

results were based on field visits to the used fluorescent and hID (high 
Intensity Discharge) lamps recycling facilities, the review of available 
literature, and interviews with the manufacturing and recycling facilities, 
and environmental regulatory authorities. approximately 3.0 ton of 
mercury is generated from fluorescent lamps, while 1.8 ton of mercury 
is originated from mercury thermometer and blood pressure. based on 
the results of Mfa, a total of 5.3 ton mercury from mercury-containing 
products should be properly managed and treated in 2015.

MP-168

ASSESSMENT OF SUPPLY AND DEMAND 
PATTERNS FOR THE CHINA MERCURY EMISSIONS 
FROM SECTORAL PERSPECTIVES BASED ON 
INPUT-OUTPUT ANALYSIS
ZhanG, haoran1; yanG, Wen1; TonG, yindong2; ZhanG, Wei3; Chen, 
long4; lIu, Maodian1; WanG, Xuejun1; 
(1) Peking University, Beijing, China; (2) Tianjin University, Tianjin, China; 
(3) Renmin University, Beijing, China; (4) East China Normal University, 
Shanghai, China

zhanghr2@pku.edu.cn

This paper carried out income-based accounting (Iba) and consumption-
based accounting (Cba) combined with emission linkage analysis 
and structural decomposition analysis (sDa) to calculate embodied 
and enabled mercury emissions in China, for in-depth understanding 
of the supply and demand patterns of key emissions sectors and 
socioeconomic drivers that affected mercury emissions in China. The 
results show that 7 sectors were identified as key mercury emission 
sectors in 2012 based on emission linkage analysis. Iba identifies mining 
and service sectors as major income-based mercury emitters and Cba 
identifies construction and manufacture sectors as major consumption-
based mercury emitters. as for mercury emissions embodied in 
different final demand categories and enabled by different primary 
input categories, fixed capital formation contributed 304.1 t of mercury 
embodied emissions, while employee compensation lead to 182.4 t of 
enabled mercury emissions in China in 2012. supply-side sDa indicates 
that, from 1997 to 2012, primary input structure has large contribution 
to the mercury emission increase. It brought greater impact on mercury 
emissions increase than final demand structure based on demand-side 
sDa. Meanwhile, economic structure change (including primary input 
structure and final demand structure) reduced the mercury emissions 
in 2007-2012. The production output structure has different effect 
compared with the production input structure. our results indicated 
that more comprehensive knowledge of supply and demand patterns 
of sectors could help government formulate better policies to control 
mercury emissions.
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4h: Regional Cooperation to Track 
Atmospheric Mercury Transport and 
Deposition: The Asia Pacific Mercury 
Monitoring Network

MP-170

ATMOSPHERIC DEPOSITION OF MERCURY SPECIES 
IN GWANGJU, A RURAL AREA IN SOUTH KOREA
ChoI, hyojung1; han, seunghee1; 
(1) GIST, Gwangju, South Korea

chj0505@gist.ac.kr

Wet deposition is a significant contributor to the total hg (Thg) and 
methylmercury (Mehg) in terrestrial and aquatic ecosystems as a 
process for scavenging atmospheric hg. While the wet deposition of hg 
has been monitored at numerous sites worldwide, only a few studies 
have been conducted in asian countriesdespite the fact that asian 
countries contribute to ~70% of global anthropogenic hg emissions 
with increasing temporal trends. Weekly precipitation samples were 
collected in a rural area of south Korea, Gwangju, and Thg and Mehg 
concentrations were measured in these samples, from april to present. 
ambient concentrations of gaseous oxidized mercury (GoM) and 
particulate-bound mercury (PbM) were calculated using the statistical 
model constructed by Chen et al. (2013), based on wet deposition 
data. The Thg in precipitation ranged from 1.7 to 13 ng l-1 (volume 
weighted mean [VWM] of 4.5 ng l-1), and Mehg ranged from 18 to 
98 pg l-1 (VWM of 38 pg l-1). The Mehg fraction in Thg (%Mehg) was 
averaged to 0.85% (0.192.7%). The high degree of precipitation depth 
in summer contributed to significant wet deposition flux for Mehg (r2 
= 0.65, p < 0.0001), while the correlation between precipitation depth 
and Thg wet deposition flux was not significant (r2 = 0.23, p = 0.05). 
furthermore, modeled GoM + PbM concentrations showed a significant 
negative correlation (r2 = 0.59, p = 0.0005) with Mehg wet deposition 
flux whereas no correlation was found between modeled GoM + PbM 
model and Thg wet deposition flux (r2 = 0.04, p = 0.43). These results 
suggest that the concentration of Mehg in precipitation is relatively 
constant, and, therefore, its deposition flux is largely dependent on 
precipitation depth, while Thg in precipitation shows a typical washout 
trend. stable Mehg concentrations in rainwater could be maintained by 
rapid methylation and demethylation processes in the atmosphere.

MP-171

WET DEPOSITION AND AIR CONCENTRATIONS OF 
MERCURY AT A RURAL SITE IN THAILAND
GarIVaIT, hathairatana1; 
(1) Environmental Research and Training Center, Patumthani, THAILAND

hathairatana@gmail.com

Mercury has been regarded to be one of the extremely hazardous 
metals due to its toxicity, volatility and low vapor pressure even 

at ambient temperature. as such, Mercurys existence is actually 
everywhere. It is noted that atmosphere is the foremost transport 
pathway of mercury emission and wet deposition is the most efficient 
at removing divalent mercury (a soluble form) from the air to the 
environment. however, there are still limited accessible data of air 
concentration and wet deposition of mercury in Thailand due to lack 
of measurements. Therefore, it is important to develop appropriate 
methods suitable for atmospheric and wet deposition mercury 
measurements in Thailand.

The poster presents the implementation of atmospheric and wet 
deposition of mercury measurements laboratory and the initial 
mercury results at a rural area in Thailand. With guidance and technical 
supports of asia-Pacific Mercury Monitoring network (aPMMn), we 
conduct research and development on methodologies. The sampling 
and analysis of mercury in ambient air was utilizing Cold Vapor atomic 
fluorescence spectrometry (CVafs) based on the Compendium Method 
Io-5. The determination of mercury in precipitation was by oxidation, 
Purge and Trap, and CVafs based on the Method 1631, revision e. It 
is well known that preventing samples from becoming contaminated 
during the sampling, transport and analysis process constitutes one of 
the greatest difficulties encountered in trace mercury determinations. 
The collaboration with aPMMns experts enabled us to improve facilities 
and analytical techniques that should minimize contamination and 
maximize the ability of the laboratory to make reliable trace mercury 
determinations. We conducted measurement of mercury in air and 
precipitation at the environmental research and Training Center 
which is located in a rural area of Pathumthani province, the suburb of 
bangkok. The results showed that mercury in ambient air during June 
2016 ranged 1.5-1.7 ng/m3. The mercury level in precipitation samples 
of one year sampling were varied from 1.0 - 24.5 ppt with the field blank 
below 0.5 ppt. Continuous monitoring program of mercury in air and 
precipitation in different areas in Thailand is necessary to understand 
the characteristic of mercury transport and deposition as well as 
determining source-oriented mercury changes in Thailand.

MP-172

NETWORK MONITORING OF MERCURY WET 
DEPOSITION ACROSS ASIA
Gay, David1; sheu, Guey-rong2; sChMelTZ, David3; hsu, hung-Po4; 
(1) National Atmospheric Deposition Program, Champaign, United States; 
(2) National Central University, Jhong-Li, Taiwan; (3) US Environmental 
Protection Agency, Washington DC, USA; (4) Taiwan Environmental Protection 
Administration, Taipei, Taiwan

dgay@illinois.edu

one of the most critical measurements needed to understand the 
mercury biogeochemical cycle is the rate of atmospheric mercury 
deposition. atmospheric mercury is thought to be the largest input 
of mercury to most rivers and lakes globally. Consistent monitoring 
of mercury deposition provides a method to understand an essential 
component of the mercury problem at many locations. Tracking long-
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term deposition trends is particularly important as emissions reductions 
are realized under the Minamata Convention.

several cooperators (environmental Protection administration-
Taiwan, national Central university-Taiwan, national atmospheric 
Deposition Program of the u.s., u.s. environmental Protection agency, 
and environment Canada) have launched the asia-Pacific Mercury 
Monitoring network (aPMMn) to systematically monitor mercury in 
wet deposition and in the air to estimate dry deposition. The aPMMn 
seeks to promote sharing of information, data, and technologies to 
expand coordinated mercury monitoring capacity, cultivate a common 
understanding of policy-relevant mercury scientific topics, and develop 
mercury datasets useful for modeling. aPMMn will provide technical 
assistance to asia-Pacific countries that have mercury environmental 
concerns, but have limited mercury monitoring capabilities. Current 
membership includes ministries in Vietnam, Thailand, Indonesia, sri 
lanka, Philippines, Mongolia, Korea, and Japan. Key network design 
features include: a common, written standard operating procedure, 
a quality assurance plan and data flagging procedures, one regional 
laboratory, and regular operations meetings (http://apmmn.org.tw/). 
Cooperation in monitoring and data sharing among all participating 
groups would promote a better scientific understanding of the mercury 
issue, and would benefit all countries.

basic observations, thus far, for aPMMn will be presented, with 
comparisons to established networks, and future directions for 
the aPMMn.

MP-173

CONTINUOUS MONITORING ON ATMOSPHERIC 
GEM, GOM AND PBM CONCENTRATIONS AND 
WET HG DEPOSITION FLUXES AT FUKUOKA IN THE 
NORTHERN KYUSHU OF JAPAN
MaruMoTo, Kohji1; haTTorI, Tatsuya2; naGasaKa, hiromitsu2;  
suZuKI, noriyuki3; 
(1) National Institute for Minamata Disease, Minamata, Japan; (2) IDEA 
Consultants, Inc., Yaizu, Japan; (3) National Institute for Environmental 
Studies, Tsukuba, Japan

marumoto@nimd.go.jp

atmospheric GeM, GoM and PbM2.5 were observed using the 
Tekran continuous monitor from December 2013 to november 
2014 at fukuoka City, located in the northern Kyushu islands, Japan. 
Their concentrations were lower than those at the urban cities in the 
east asian region. GeM concentrations had no diurnal and seasonal 
variations. however, some pollution events were observed more 
frequently in winter and spring. The pollution events were sometimes 
occurred when the low pressure system or cold front and the travelling 
anticyclone passed over fukuoka City. back trajectory analysis showed 
that almost of these events were influenced by the substances 
transported from the asian Continent. on the other hand, GoM 
concentrations were higher in the daytime than in nighttime, especially 
in spring, which has strong uV irradiation. Therefore, GoM might be 

mainly produced by photochemical reactions between GeM and air 
pollutants such as oh radical. PbM2.5 concentrations were higher in 
winter than in other seasons. long-range transport from the asian 
Continent mainly contributes to the pollution events of PbM2.5. In this 
study, the hg in coarse particles (more than 2.5 μm) was also monitored 
by analyzing hg in the impactor frit put into the air inlet of the Tekran 
monitor. about 30% of total PbM was in the coarse particles. using 
these observation data, the annual dry deposition flux was calculated at 
around 10 μg/m2/yr. In addition, it is indicated that the dry deposition 
flux of PbMcoarse could not be negligible. The annual wet hg deposition 
flux was 11.3 μg/m2/yr by calculating from the volume weighted mean 
concentration (7.7 ng/l) and annual precipitation depth. Thus, the total 
atmospheric deposition flux at fukuoka was about 20 μg/m2/yr, which 
was almost equal with those in the other Japanese urban cities and 
industrial area.

MP-175

GENERAL TRENDS OF TOTAL MERCURY (TM) WET 
DEPOSITION IN URBAN AND RURAL AREAS IN 
KOREA: LOCAL URBAN ACTIVITIES AND REGIONAL-
SCALE TRANSPORT OF MERCURY
KIM, hyuk1; seoK, Kwang-seol1; KIM, rok-ho1; yu, seok-min1; ParK, 
Kwang-su1; noh, seam1; lee, seung-ha1; KIM, young-hee1; 
(1) National Institute of Environmental Research (NIER), Incheon, Republic 
of Korea

kh1113@korea.kr

Total mercury (TM) was determined in weekly precipitation samples 
collected in northern (seoul, urban), Middle (Taean, rural), and southern 
(Jeju Island, rural) Korea, from april 2015 to november 2016, to 
determine the seasonal variations in TM wet deposition and to assign 
sources and their contribution to mercury wet deposition. The monthly 
volume weighted mean (VWM) TM concentrations in seoul, Taean, and 
Jeju Island were 22 ± 16, 13 ± 8.4, and 5.6 ± 4.7 ng l−1, respectively and 
the monthly TM wet deposition flux in seoul, Taean, and Jeju Island 
were 1.5 ± 2.0, 0.85 ± 0.60, and 0.66 ± 0.47 μg m−2, respectively. The 
high VWM TM and TM wet deposition flux levels in seoul were probably 
a result of local urban activity. seasonal VWM TM concentrations in 
seoul were highest in winter followed by summer, fall, and spring. The 
high VWM TM concentration in winter probably reflects the higher coal 
consumption in winter due to high demands for residential heating in 
China. The TM wet deposition concentrations in seoul were influenced 
by both local urban activities and regional-scale transport. The large 
seasonal wet deposition fluxes observed in the summers were possibly 
due to intense monsoon rainfalls. The long-term measurement of TM 
wet deposition in Korea will go far toward achieving the goal of an asia-
Pacific Mercury Monitoring network – aPMMn.
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MP-176

CONCENTRATIONS AND POSSIBLE SOURCES OF 
ATMOSPHERIC SPECIATED MERCURY IN A REMOTE 
ISLAND OF KOREA
lee, soo-hyun1; han, young-Ji1; 
(1) Kangwon National University, Chuncheon, Kangwon, Republic of Korea

lshyun313@kangwon.ac.kr

atmospheric mercury mainly exists in three operationally defined 
inorganic forms: gaseous elemental mercury (GeM, hg0), gaseous 
oxidized mercury (GoM, hg2+), and particulate bound mercury (PbM, 
hgp). sum of GeM and GoM is often called as total gaseous mercury 
(TGM). GeM accounts for approximately 98% of total hg in ambient 
air because its wet and dry deposition velocities are much lower than 
those of GoM and PbM. on the other hand, GoM is readily removed 
within a short distance from emission sources. PbM is either directly 
emitted from natural and anthropogenic sources or formed by gas-
particle conversion from GoM. In this study, atmospheric speciated 
hg concentrations were measured in a remote island of Korea, located 
between China and Korea peninsula in order to identify the relative 
importance of Chinese and domestic sources as well as possible 
secondary formation. Mercury samples were collected during six 
intensive sampling periods including august 18-21 in 2015, January 
7-13, March 22-26, May 11-17, July 25-august 1, and november 1-8 in 
2016. TGM, GoM, and PbM concentrations showed different diurnal 
and seasonal patterns. TGM and PbM concentrations were high in 
spring and winter while GoM concentration was enhanced in summer. 
Conditional Probability function (CPf) analysis was performed to 
determine the predominant wind direction associated with high 
hg concentration. backward trajectories using hysPlIT 4 were also 
calculated to depict a synoptic wind patterns during sampling periods, 
and potential source contribution function (PsCf) based on back-
trajectories were applied to locate possible source areas. TGM and PbM 
concentrations generally increased with the winds blown from China 
in spring and winter. short-term peaks of PbM concentration were 
also observed when the winds were directly passed through north 
Korea. however, high GoM concentration was associated with winds 
originating from ocean in summer, possibly indicating active oxidation 
reactions in marine boundary layer. More detailed results on major 
source/pathway identification will be shown at the conference.

MP-177

PARTICIPATION OF TAIWAN TO THE ASIA-PACIFIC 
MERCURY MONITORING NETWORK (APMMN)
lIn, Da-Wei1; ChanG, shuenn-Chin2; sheu, Guey-rong1; lIn, neng-
huei1; WanG, yeuh-bin2; PenG, Cheng-shi2; hsu, hung-Po2;  
nGuyen, ly-sy-Phu1; 
(1) National Central University, Taoyuan, Taiwan; (2) Environmental 
Protection Administration, Taipei, Taiwan

dwlin@g.ncu.edu.tw

east, southeast, and south asia are the major anthropogenic mercury 
(hg) emission source regions globally. While atmospheric and rainwater 
hg monitoring activities have been steady in east asia (China, Korea, 
Japan and Taiwan), such activities are limited in southeast and south 
asia due to the lack of monitoring capacity. regional scientists and 
decision-makers must rely on limited information to understand 
and quantify the critical linkages between mercury emissions, 
environmental response, and potential human health concerns. as 
such, the environmental Protection administration Taiwan (ePaT), 
national Central university (nCu), u.s. environmental Protection agency 
(usePa) and national atmospheric Deposition Program (naDP) worked 
together since 2012 for the establishment of the asia-Pacific Mercury 
Monitoring network (aPMMn) to assist regional countries for capacity 
building and to systematically monitor wet deposition and atmospheric 
concentrations of hg in a network of stations throughout the asia-
Pacific region. ePaT and nCu are committed to this effort and network 
development. ePaT, with the assistance of nCu, has been supporting 
regional atmospheric hg workshops and aPMMn workshops in Taipei 
(2012), D.C. (2013), hanoi (2014), Minamata (2015), and bangkok 
(2016). ePaT funded nCu to establish the Center for environment 
Monitoring and Technology and to employ a site liaison to support 
the coordination and operation of aPMMn. The site liaison will travel 
to partner countries to provide assistance and services if necessary. 
The atmospheric Trace element laboratory (aTel) of nCu helps the 
analysis of total hg in wet deposition samples from partner countries. 
To accommodate to future demand, ePaT helped aTel to expand its 
analytical capacity by expanding the lab area and equipping the lab with 
2 new class-1000 cleaning rooms, a new DI system, 2 Tekran 2600 hg 
analyzers, and an autosampler in 2016. ePaT will provide wet deposition 
samplers (MIC-b type) to support rainwater sampling at sites in partner 
countries. besides, aTel will conduct a side-by-side intercomparison 
between the MIC-b and n-Con samplers on nCu campus in 2017 to 
assure comparable data quality between aPMMn and naDP/MDn. To 
assist partner countries in developing their mercury monitoring and 
assessment capacity, training workshop will be arranged and held by 
nCu in 2017 to provide training on methods of sampling and analysis 
of mercury in air and rainwater and may expand to include other media 
(e.g, water, biota).

MP-178

MERCURY MONITORING IN VIETNAM
nGuyen, Thuy1; 
(1) Vietnam Centre for Environmental Monitoring , Hanoi, Vietnam

thuynv2006@gmail.com

Vietnam has signed the Minamata Convention on Mercury. The Vietnam 
goverment has approved the convention. a number of plans have been 
issued for the monitoring of Mercury, as well as the reduction of Mercury 
production. Vietnam environment Protection agency is currently a 
participant of the aPMMn. one sampler has been installed in hanoi for 
wet deposition and Mercury monitoring in the atmospheric. Vietnam is 
going to establish a Mercury mornitoring network in the future.
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MP-179

ESTABLISHING STANDARDIZED PROTOCOL FOR 
ATMOSPHERIC MERCURY NETWORKS WORLDWIDE
olson, Mark1; Gay, David1; sChMelTZ, David2; Guey ronG, sheu3; lIn, 
Dawei3; luKe, Winston4; suZuKI, noriyuki5; 
(1) National Atmospheric Deposition Program, Champaign, IL, USA; (2) US 
Environmental Protection Agency, Washington DC, USA; (3) National Central 
University, Taoyuan City, Taiwan; (4) NOAA Air Resources Laboratory, 
College Park, MD, USA; (5) National Institute for Environmental Studies, 
Tsukuba, Japan

mlolson@illinois.edu

To compare regional and global atmospheric mercury, standardized 
methodology, operating practices and data quality assurance needs to 
be established.

In october 2007, an atmospheric mercury best practices and standard 
operating procedure (soP) workshop was held in Chicago, Illinois, 
usa. The workshop produced an atmospheric mercury speciation soP 
distributed internationally for comments. all comments were merged 
into the document. In 2011, the national atmospheric Deposition 
Program quality assurance manager and atmospheric Mercury network 
(aMnet) site liaison separated the document into several smaller, user 
friendly manuals and soPs. In brussels, april 2011, the aMnet site 
liaison presented the documents to the Global Mercury observation 
system (GMos) where the documents were adopted for use within 
the network. In november 2016, the asia Pacific Mercury Monitoring 
network (aPMMn) organized a workshop on continuous atmospheric 
mercury monitoring. The aPMMn workshop compared asian Pacific 
soPs to those used in aMnet/GMos (see suzuki aPMMn poster). This 
poster will outline the development of the aMnet soPs, manuals, and 
review the quality assurance and control used to evaluate atmospheric 
mercury data providing an opportunity to discuss the development and 
criteria with the naDP aMnet site liaison.

MP-181

CANADIAN ATMOSPHERIC MERCURY 
MONITORING: ACHIEVING HIGH QUALITY DATA 
AND DATA COMPARABILITY
sTeffen, alexandra1; sTuPPle, Geoffrey1; TorDon, rob2; Keenan, 
rob2; PIloTe, Martin3; sChIller, Corinne4; Cole, amanda1;  
sKelTon, Greg5; 
(1) Environment and Climate Change Canada, Science and Technology 
Branch, Air Quality Research Division, Toronto, Ontario, Canada; 
(2) Environment and Climate Change Canada, Dartmouth, Nova Scotia, 
Canada; (3) Environment and Climate Change Canada, Section Effluents 
& Eaux usées, Montreal, Quebec, Canada; (4) Environment and Climate 
Change Canada, Meteorological Services of Canada, Applied Environmental 
Prediction Science West, Vancouver, British Columbia, Canada; (5) GB Skelton 
Technical Services Inc, Ontario, Canada

alexandra.steffen@canada.ca

atmospheric mercury has been monitored in Canada since the 1990s 
through both ongoing networks and independent research programs. 
Canada has been part of the asia Pacific Mercury Monitoring network 
(aPMMn) since 2012. While many sites have come and gone over the 
years in Canada, environment and Climate Change Canada currently 
monitors total gaseous mercury (TGM) at 11 sites and speciated 
atmospheric mercury at 5 sites. The mercury data is collected using the 
TekranTM 2537 and TekranTM 2537/1130/1135 system for TGM and 
gaseous elemental mercury (GeM), reactive gaseous mercury (rGM) and 
particulate mercury (Phg), respectively. The measurements at each site 
across the country are collected using the standard procedures developed 
by the Canadian atmospheric Mercury Measurement network (CaMnet). 
once collected, the mercury dataare processed through a quality control 
program that was developed at environment Canada called the research 
Data Management Quality system (rDMQ). all sitesapply the same 
system and procedures to the collected data. This system is designed 
to standardize Qa/QC procedures by applying predetermined criteria 
to collected data to identify concentration and instrument fluctuations. 
The criteria were developed by the users of the Tekran instruments over 
time and include a variety of instrument, site and operator flags. There 
are 14 possible different flags applied to the TGM/GeM data and an 
additional 9 flags applied to the GeM/rGM/Phg data. The rDMQ system 
was compared with naDPs aMnet QC system and little difference was 
reported in the final data sets and thus it was concluded that either 
program could be applied to data emerging from the Tekran instruments.

Considerable atmospheric mercury monitoring data has been collected 
in Canada for over 20 years. The mercury levels at all but one of the 
current monitoring sites in Canada are decreasing. These decreases 
have been, for the most part, attributed to declines in emissions of 
mercury to the atmosphere. The trends reported in Canada are from 
high quality data as a result of the efforts that Canadian researchers 
have made to follow the standard protocols and procedures. Temporal 
and spatial trends of this monitoring data will be presented to provide 
an overview of the success of the Canadian mercury monitoring 
program. The treatment of the data collection and analysis will be 
discussed and recommendations on the application of this methodology 
to other potential networks, such as the aPMMn, will be discussed.

MP-182

EXPLORING POSSIBILITY OF COORDINATED 
ATMOSPHERIC MERCURY MONITORING IN 
ASIA-PACIFIC REGION
suZuKI, noriyuki1; MorrIson, anthony2; TaKeuChI, akinori1; 
yaMaKaWa, akane1; MaruMoTo, Koji3; KoGa, Minoru4; naGasaKa, 
hiromitsu5; haTTorI, Tatsuya5; KIM, rhokho6; sheu, Guey-rong7; 
PeralTa, Teresita8; ChulaThIPyaChaT, Thiantawan9; ChaIsaarD, 
nittaya9; luKe, Winston10; Gay, David11; olson, Mark12; sChMelTZ, 
David13; PresTbo, eric14; 
(1) National Institute for Environmental Studies, Tsukuba, Japan; (2) Macquarie 
University, Sydney, Australia; (3) National Institute of Minamata Disease, 
Minamata, Japan; (4) Minamata Environmental Academia, Minamata, 
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Japan; (5) IDEA Consultants, Inc., Shizuoka, Japan; (6) National Institute of 
Environmental Research, Incheon, Republic of Korea; (7) National Central 
University, Taoyuan City, Taiwan; (8) Department of Environment and Natural 
Resource, Quezon City, Philippines; (9) Pollution Control Department, Bangkok, 
Thailand; (10) NOAA Air Resources Laboratory, Maryland, United States; 
(11) University of Illinois at Urbana-Champaign, Champaign, IL, United States; 
(12) National Atmospheric Deposition Program, Champaign, IL, United States; 
(13) United States Environmental Protection Agency, Washington, DC, United 
States; (14) Tekran Instruments, Knoxville, TN, United States

nsuzuki@nies.go.jp

The national atmospheric Deposition Program, the united states 
environmental Protection agency, and national Institute for 
environmental studies of Japan, co-organized the asia-Pacific expert 
Workshop on Continuous atmospheric Mercury Monitoring at Minamata 
city, Japan, from november 28 to December 2, 2016. The objective of the 
workshop was to share monitoring practices and develop a common 
understanding of the operation and quality assurance procedures of 
automatic atmospheric mercury monitoring across the asia-Pacific 
region. researchers and environmental regulatory agencies operating 
Tekran(r) speciated/continuous monitoring system in naDP/aMnet in 
north america, and in australia, Japan, republic of Korea, Philippines, 
Taiwan, and Thailand discussed in detail the soPs (standard operating 
Procedures) and Qa/QC processes of their individual monitoring 
programs. as the result of the discussion, we found that soPs and Qa/
QC processes are essentially common in at least 5 programs analyzed. 
We analyzed Qa actions on operation practices in terms of procedures, 
intervals and other necessary standpoint among the 5 programs. We 
found that Qa practices are essentially common and also action intervals 
are essentially similar for the purpose to achieve comparable monitoring 
outputs among the programs. This means that the major part of the 
actions used by all 5 programs/networks is very consistent each other. 
although some procedures need to be discussed further to achieve better 
consistency, we found no substantial discrepancies among programs 
that may significantly affect data comparability among all the programs 
represented. This finding would be a starting point to explore possibility of 
coordinated atmospheric mercury monitoring in asia-Pacific region.

1b: Biogeochemical cycling of  
mercury in the ocean

TP-001

A TIME SERIES OF MERCURY SPECIES IN MONTEREY 
BAY: IMPLICATIONS FOR SOURCES AND 
ENVIRONMENTAL FORCING FUNCTIONS
ChIsWell, holly1; olson, alex1; Coale, Kenneth1; heIM, Wesley1; 
WeIss-PenZIas, Peter2; byInGTon, amy1; neWMan, adam1;  
aDelaars, Jason1; 
(1) Moss Landing Marine Labs, Moss Landing, United States; (2) University of 
California, Santa Cruz, United States

hchiswell@mlml.calstate.edu

approximately 130 water samples were collected at the head of the 
Monterey bay submarine canyon for the analysis of dimethylmercury 
(DMhg),monomethylmercury(MMhg), and total mercury (Thg) during 
a one-year study. Through a bottom-moored seawater intake system, 
(17 meters depth) measurements of sigma-t, temperature, salinity, 
oxygen, turbidity, fluorescence, and ph were made concurrently 
with the collection of each sample. an initial, intensive 30-hour study 
showedthat variations in DMhg were strongly associated with the 
undulation of internal wavesand their associated water masses as they 
were sequentially entrained into the seawater intakes. To avoid aliasing 
of seasonal fluctuations, this finding led to periodic, twice daily sampling 
to capture water from above and within thethermocline, a region over 
which strong gradients in DMhg and MMhg are typically found. In the 
higher sigma-t strata DMhg and MMhg varied from 0 to 140 fM and 11 
to 160 fM respectively, whereas the lower sigma-t strata variations in 
the species ranged from 0 to 100 and 5 to 112 fM, respectively. When 
fluctuations in internal wave height are filtered out, a strong relationship 
between methylated species and upwelling season is observed. 
Thg varied from 373 to 4000 fM, however there was no relationship 
seen with respect to water mass. ph and DMhg exhibited an inverse 
relationship where higher ph samples had lower DMhg concentrations. 
In contrast, higher salinity water showed higher concentrations of 
DMhg. There is also a strong relationship with apparent oxygen 
utilization (aou) and DMhg. In this study we will present mercury 
concentrations with coastal upwelling indices and examine processes 
responsible for the degradation of organic mater in the upper water 
column to understand mercury speciation over the study period and 
discuss these findings in the context of seasonally forced oceanographic 
conditions present in thenearshorecoastal environment of the California 
Current and Monterey bay.

TP-002

METHYLMERCURY ACCUMULATION IN MESO- AND 
BATHYPELAGIC FISH OF THE NORTHERN GULF 
OF MEXICO
alCorn, Katelynn1; MuTersPaW, Kelly1; haMMersChMIDT, Chad1; 
(1) Wright State University, Dayton, OH, USA

alcorn.12@wright.edu

humans are exposed to toxic methylmercury (Mehg) mostly from 
the consumption of seafood, particularly top-predator fish (e.g., tuna, 
swordfish, mackerel) that can accumulate high concentrations of Mehg. 
a recent investigation has shown that Mehg concentrations in predatory 
fish of the subtropical north Pacific ocean increased with greater 
foraging depth. however, little is known about the Mehg content of 
smaller fish inhabiting meso- and bathypelagic zones of the ocean. We 
sampled dragonfish, lanternfish, bristlemouths, and hatchetfish with 
vertical net trawls at multiple locations in the northern Gulf of Mexico 
as part of the DeePenD project. Preliminary results suggest that Mehg 
concentrations vary widely within and among these fish species. The 
three species of Myctophiformes fishes that migrate to shallower depths 
to feed at night have lower concentrations of Mehg than four of the five 
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stomiiformes species that do not migrate from depth. Moreover, mean 
Mehg concentration is positively correlated with average foraging depth 
among fish species. Differences of Mehg concentrations in prey fish as 
a function of vertical migration and foraging depth in the ocean provide 
a mechanism to explain how concentrations in predatory fish increase 
with greater foraging depth.

TP-003

MERCURY DISTRIBUTION IN THE LABRADOR SEA 
DURING THE 2014 GEOTRACES GEOVIDE CRUISE
Cossa, Daniel1; heIMbÜrGer, lars-eric2; sonKe, Jeroen3; PlanQueTTe, 
helene4; lherMInIer, Pascale5; GarCÍa-IbÁÑeZ, Maribel6; PereZ, fiz6; 
sarThou, Geraldine4; 
(1) Université Grenoble Alpes-ISTerre, Grenoble, France; (2) CNRS-MIO, 
Marseille, France; (3) CNRS-GET, Toulouse, France; (4) CNRS-LEMAR, Brest, 
France; (5) IFREMER-LPO, Brest, France; (6) CSIC, Vigo, Spain

daniel.cossa@ifremer.fr

labrador sea is one of the main the entrance into the ocean interior, 
and the mercury (hg) cycle in the ocean is heavily impacted by 
human emissions, it is the reasons why we report here the first high 
resolution hg distribution pattern along a transect from Greenland 
to labrador coasts performed after the 2014-winter convection. Total 
hg concentrations in unfiltered samples ranged from 0.25 to 0.66 
pM averaging 0.43 ± 0.1 pM (n = 106). Generally, hg concentrations 
increased downward from surface to deep waters, and southward from 
Greenland to labrador. Concentrations in filtered samples represented 
from 62 to 92 % of the unfiltered waters and exhibited a similar 
distribution. Most striking is: (i) the very low hg concentrations in the 
labrador sea Water formed during the 2014-winter convection, and (ii) 
the high hg concentrations in the waters of the labrador Current, which 
receive waters from the Canadian archipelago and the baffin bay.

TP-004

SPATIAL AND TEMPORAL TRENDS OF MERCURY 
SPECIES IN THE MEDITERRANEAN SEA
KoTnIK, Joze1; shlyaPnIKoV, yaroslav1; faJon, Vesna1; beGu, ermira1; 
horVaT, Milena1; sProVIerI, francesca2; PIrrone, nicola3; 
(1) Jozef Stefan Institute, Ljubljana, Slovenia; (2) CNR-IIA, Rende, Italy; (3) CNR-
IIA, Rome, Italy

joze.kotnik@ijs.si

In seawater mercury is a very reactive element. once in the water, 
it can be present in different forms: elemental mercury  hg(0), hg(II) 
complexes and organic hg forms (mainly methyl mercury (Mehg) and 
dimethyl mercury (DMehg)). Mercury speciation and its distribution in 
surface and deep waters of the Mediterranean sea were studied during 
several oceanographic cruises on board the Italian research vessels 
urania and Minerva since summer 2000 as part of different european 
(Mercyms, GMos) and national research projects, covering regions from 

strait of Gibraltar on the west, and levantine sea on the east, as well as 
adriatic sea with the Gulf of Trieste as Mediterranean most northern 
part. The study includes deep water profiles of dissolved gaseous 
hg (DGM), reactive hg (rhg), total (Thg), monomethyl hg (Mehg) 
and dimethyl hg (DMehg), and with some water quality parameters 
in coastal and open sea deep water profiles. recent studies in the 
Mediterranean sea revealed the presence of enhanced hg emission 
rates and/or more active atmospheric transformation processes in this 
region due to a number of climatological, meteorological, geographical 
and geological features that characterize the basin.

Concentrations of measured hg species were characterized by seasonal 
and spatial variations. relatively high portions of DGM indicate high 
reactivity of hg in open marine waters. DGM was present in surface 
waters mainly as hg0 as no DMehg was detected, while towards the 
bottom a noticeable, but relatively small portion of DMehg (<5 %) is 
present in most of the Mediterranean. In adriatic DMehg was present 
in higher fraction and was detected in surface waters, but in very low 
concentrations. DGM generally increases with depth, suggesting a 
source of volatile hg in deeper waters. average DGM concentration was 
the highest in deep water masses (WMDW and eMDW). from certain 
profiles it is possible to observe that increase of DGM corresponds to a 
decrease in dissolved oxygen levels, suggesting that DGM is produced 
by biologically mediated processes in the oxygen minimum zone. 
The observed decrease towards the surface is a result of the balance 
between production and loss processes on boundary between water 
and atmosphere.

TP-006

SEA SURFACE MICROLAYER CONCENTRATES 
MONOMETHYLMERCURY: IMPLICATIONS FOR 
MERCURY CYCLING AND TRANSPORT TO LAND
olson, alex1; Coale, Kenneth1; ChIsWell, holly1; heIM, Wesley1; WeIs-
PIenZIas, Peter2; byInTon, amy1; 
(1) Moss Landing Marine Laboratories, Moss Landing, United States; 
(2) University of California, Santa Cruz, California, United States

aolson@mlml.calstate.edu

Monomethylmercury (MMhg) was measured in the sea surface 
microlayer (sMl), an operationally defined 10-100μm thick film typically 
enriched in organics and normally associated with high concentrations 
of hydrophobic constituents (hydrocarbons, PCbs, carbohydrates and 
pesticides). In 2015, two cruises along the California Coast, sMl samples 
were collected from a small workboat, using an acid cleaned glass 
plate and glass tubes. samples were analyzed via gas chromatography 
(GC) coupled with a Tekran© Cold Vapor atomic fluorescence 
spectrophotometer (CVafs) Model 2500 Mercury Detector. sMl values 
for MMhg ranged from 16.02 - 380.39 fM, corresponding to enrichment 
factors (ef) of 2.5 – 29.6 relative to underlying water from the mixed 
layer. These represent the higher end of other trace metal enrichments 
in this microenvironment and are the first such measurements to our 
knowledge. The lipophilic nature of MMhg likely lends to its partitioning 
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into the hydrophobic organic material of the sMl. adsorbtion of MMhg 
onto buoyant bodies such as microplastics, fish eggs and larvae, also 
present in the sMl, may serve as entry into the food web through 
ingestion. MMhg ef of the sMl correlated strongly with temperature 
(n=7 r=0.7229, p = 0.0665). higher sea surface temperatures can be 
indicative of stratification in areas of downwelling, which concentrate 
substances and objects floating at the surface. based on calculated 
values, these trace metal sampling techniques likely yield enriched, 
yet still diluted samples (due to method associated dilution of the 
method itself). aerosolization of MMhg laden sMl could create 
more concentrated MMhg marine-derived aerosol particles, and are 
potentially a more accurate representation of true MMhg enrichment 
in the sMl and its impact on floating objects and the source of aerosol-
derived MMhg to marine advective fog and sea spray. Preliminary 
results of marine aerosol collections will be presented. establishing and 
evaluating the pathway of MMhg in the sMl would further inform the 
global cycling of mercury species.

TP-007

RELATIONSHIP BETWEEN MERCURY SPECIES AND 
MICROBIAL COMMUNITIES IN THE SEAWATER OF 
THE CENTRAL ADRIATIC SEA
ZIVKoVIC, Igor1; faJon, Vesna1; lusIC, Jelena2; solIC, Mladen2; KoTnIK, 
Joze1; horVaT, Milena1; 
(1) Jozef Stefan Institute, Ljubljana, Slovenia; (2) Institute of Oceanography 
and Fisheries, Split, Croatia

igor.zivkovic@ijs.si

natural microbial processes in seawater and sediments can convert 
inorganic mercury into its toxic form, methylmercury (Mehg). our 
research tries to identify relationship between mercury species and 
microbial abundance in seawater. We performed series of samplings 
during oceanographic cruises aboard the research vessel bios Dva from 
March 2014 to December 2015 in the Central adriatic sea. research was 
constrained in transect from the bay of Kastela to the island of Vis. We 
collected non-filtered water samples for determination of total mercury 
(Thg), dissolved gaseous mercury (DGM), methylmercury (Mehg) and 
microbial species in adriatic coastal and open waters. Plankton samples 
for the determination of Thg and Mehg were collected using vertical 
towing nets (53 and 200 µm). Thg concentrations are the lowest in the 
pristine environment of the island of Vis (0.14-1.10 ng/l). The highest 
Thg values (0.92-5.58 ng/l) are found in the bay of Kastela which had 
been affected by previous contamination from chlor-alkali industrial 
waste waters. DGM always shows slightly higher values in contaminated 
areas (31.8-351 pg/l) than in the pristine environment (22.1-245 pg/l). 
Mehg concentrations vary, but range from 1.07-34.3 pg/l for all stations, 
with the highest values found in the bay of Kastela. Percentage of 
Thg present as Mehg is low (1.2% and 3.1% in coastal and open sea, 
respectively) indicating deficiency of conditions for mercury methylation 
or high Mehg demethylation. Mehg concentration in seawater is 
correlated with abundance of picoeukaryotes, indicating possible 
microbial methylation in the water column. number of picoeukaryotes 

is the highest in the bay of Kastela (0.44-31.8 millions/l) which has 
been affected by industrial effluents from surrounding cities. The 
lowest number (0.63-19.9 millions/l) is found near the island of Vis. The 
highest Thg concentrations in plankton are found in the bay of Kastela 
(49.8-1115 ng/g and 103-249 ng/g d.w. for 53 and 200 µm fraction, 
respectively), while the lowest values are found at the split Channel 
station (39.5-96.5 ng/g and 5.27-96.8 ng/g d.w. for 53 and 200 µm 
fraction, respectively). Mehg concentrations are more variable (0.29-14.2 
ng/g and 2.00-24.3 ng/g d.w. for 53 and 200 µm fraction, respectively). 
Thg concentrations in plankton show biodilution effect which is best 
seen in the bay of Kastela. on the contrary, Mehg bioaccumulation 
along trophic levels is observed through higher Mehg concentrations 
and Mehg percentage in 200 µm fraction, compared to 53 µm fraction.

1e: Advances in analytical methods for 
environmental mercury speciation

TP-008

MERCURY SPECIATION AND MASS BALANCES IN 
CEMENT PRODUCTION PROCESS OF TAIWAN
Chou, Chien-Ping1; ChIu, Chun-hsiang1; ChanG, Tien-Chin2;  
hsI, hsing-Cheng3; 
(1) Green Energy and Environment Research Laboratories, Industrial 
Technology Research Institute, Hsinchu, Taiwan; (2) Institute of Environmental 
Engineering and Management, National Taipei University of Technology, 
Taipei, Taiwan; (3) Graduate Institute of Environmental Engineering, National 
Taiwan University, Taipei, Taiwan

cpchou@itri.org

Mercury (hg) is a global pollutant due to its high toxicity, long-distance 
transport, persistence, and bioaccumulation in the environment, causing 
adverse effects in human body and animals. The global hg emissions 
of anthropogenic sources from cement plants increased from 114 
ton in 1990 to 189 ton in 2005 and reached 236 ton in 2010. Cement 
production has been targeted as the major anthropogenic source of 
atmospheric hg, which covers 10% of global hg emissions. The objective 
of this study was to understand the hg mass flows and speciation in two 
cement plants in Taiwan using the precalciner process. The study results 
indicated that raw materials, added waste and fuel were the main hg 
sources in the cement production process. hg was mainly emitted in 
flue gases and present in clinker products. hg emitted from flue gases 
was approximately 96.2% for plant 1 and 81.8% for plant 2. The hg mass 
balance achieved 96.2% and 85.3% for plant 1 and plant 2, respectively. 
The hg enrichment in the kiln and raw mill can be significantly affected 
by the proportion of hg recirculated back to the kiln system and that 
caused high-concentration hg gas flow emitted from cement plants. The 
raw mill stack was the main hg emission source; the total hg emission 
concentration was approximately 48.9 g/nm3 for plant 1 and 23.9 g/
nm3 for plant 2, respectively. elemental hg was the major mercury 
species, followed by oxidized mercury and then particle-bound mercury 
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in the cement process flue gas. The results of this study help gaining 
a better understanding on hg emission intensity from the cement 
production process in Taiwan and provide useful information for 
developing hg control strategies in the future.

TP-009

THERMODYNAMIC STABILITY OF MERCURY(II) 
COMPLEXES WITH LOW MOLECULAR MASS THIOLS 
STUDIED BY COMPETING LIGAND EXCHANGE AND 
DENSITY FUNCTIONAL THEORY
lIeM-nGuyen, Van1; sKyllberG, ulf2; naM, Kwangho1; bJÖrn, erik1; 
(1) Umeå University, Umeå, Sweden; (2) Swedish University of Agricultural 
Sciences, Umeå, Sweden

liem.nguyen@umu.se

Inorganic divalent mercury (hgII) has a very high affinity for reduced 
sulfur functional groups. results from laboratory experiments suggest 
that hgII complexes with specific low molecular mass (lMM) thiol 
(rsh) ligands are central for controlling the rate of hgII transformation 
reactions, in particular the formation of neurotoxic methylmercury 
(Mehg). because of methodological limitations for precise determination 
of the large stability constants of hgII complexes with lMM thiol 
ligands, constants reported in the literature remain inconsistent. 
This impedes accurate modelling of the chemical speciation of hgII 
in natural environments, and to elucidate the importance of hgII 
complexes with lMM thiols for Mehg formation in natural waters, 
soils and sediment. here we report values on thermodynamic stability 
constants for 15 monodentate, two-coordinated hgII complexes with 
geochemically relevant lMM thiol ligands, determined by a 2-step 
ligand exchange procedure. The specific hg(sr)2 complexes were 
quantified by liquid chromatography inductively coupled plasma mass 
spectrometry (lC-ICPMs) using the iodide ion (step 1) or mercaptoacetic 
acid and 2-mercaptopropionic acid as competing ligands. Determined 
thermodynamic constants (log 2) for the investigated hg(sr)2 complexes 
ranged from 34.6, n-Cysteinylglycine, to 42.1, 3-mercaptopropionic acid, 
for the general reaction hg2+ + 2rs- = hg(sr)2, where rs- represents 
the thiolate group containing compound. Density functional theory 
calculations showed that hgIIlMM thiol complexes are stabilized by 
electron-donating carboxyl and carbonyl groups, and destabilized by 
electron-withdrawing protonated primary amino groups. experimental 
and modeling results demonstrated significant differences in the 
stability of hg(sr)2 complexes, depending on the presence of the 
electron withdrawing or donating functional groups in the vicinity of 
the rsh group. These differences in stability are expected to largely 
effect the chemical speciation of hgII and its transformation reactions in 
environmental systems.

TP-011

A NEW SIMPLIFIED EXTRACTION METHOD FOR 
THE DETERMINATION OF MEHG IN SEAFOOD 
BY LC-UV-CV-AFS.
lanCasTer, shaun1; KruPP, eva1; broMbaCh, Cornelius2; Corns, 
Warren3; felDMan, Joerg4; 
(1) Aberdeen University, Aberdeen, Scotland; (2) University of Bremen, 
Bremen, Germany; (3) PS Analytical, Orpington, Kent, UK; (4) Aberdeen 
University, Aberdeen, UK

shaun.lancaster.12@aberdeen.ac.uk

Methylmercury is the most toxic mercury species to humans. The main 
source of this species in our diets comes from seafood. It is therefore 
of high importance to monitor the concentration of Mehg in food of 
marine origin. here, a simple extraction for Mehg in seafood is detailed. 
The method uses an extraction with 10mM aPDC in 80% Meoh at 60oC, 
followed by ultrasonication. The mercury speciesare subsequently 
separated with rP-lC using 1.5mM aPDC in 80% Meoh as a mobile 
phase. The eluting hg species are then on-linechemicallyoxidisedand 
reduced with acidified br-/bro3- and snCl2before afs detection. This 
method of extraction has been tested using various marine CrMs with 
a moisture correction applied in each case. a higher concentration 
of aPDC for extraction gave a yield much closer to the specified 
value,and also amuch smaller standard deviationcompared toan aPDC 
concentration closer to that of the mobile phase. The results of all CrM 
measurements showed little to no loss of Mehg when compared to the 
specified concentrations.recovery values rangedfrom 92.7% to 103.7%. 
The data also showed high precision, indicated by the low standard 
deviations obtained, which ranged from 0.3% to 5.1%.

TP-015

IDENTIFICATION OF MERCURY AND DISSOLVED 
ORGANIC MATTER COMPLEXES USING ULTRA-HIGH 
RESOLUTION MASS SPECTROMETRY
Chen, hongmei1; JohnsTon, ryne1; Mann, benjamin1; Chu, rosalie2; 
TolIC, nikola2; ParKs, Jerry1; Gu, baohua1; 
(1) Oak Ridge National Laboratory, Oak Ridge, TN, United States; (2) Pacific 
Northwest National Laboratory, Richland, WA, United States

chenh2@ornl.gov

The chemical speciation and bioavailability of mercury (hg) is markedly 
influenced by its complexation with naturally dissolved organic 
matter (DoM) in aquatic environments. To date, however, analytical 
methodologies capable of identifying such complexes are scarce. 
here we utilize ultra-high resolution fourier transform ion cyclotron 
resonance mass spectrometry (fTICr-Ms) coupled with electrospray 
ionization to identify individual hg-DoM complexes. The measurements 
were performed by direct infusion of DoM in 1:1 methanol:water 
solution at a hg to dissolved organic carbon (DoC) molar ratio of 3×10-4. 
heteroatomic molecules, especially those containing multiple s and n 
atoms, were found to be among the most important in forming strong 
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complexes with hg. Major hg-DoM complexes of C10h21n2s4hg+ 
and C8h17n2s4hg+ were identified based on both the exact molecular 
mass and patterns of hg stable isotope distributions detected by fTICr-
Ms. Density functional theory was used to predict the solution-phase 
structures of candidate molecules. These findings represent the first 
step to unambiguously identify specific DoM molecules in hg binding, 
although future studies are warranted to further optimize and validate 
the methodology so as to explore detailed molecular compositions 
and structures of hg-DoM complexes that affect biological uptake and 
transformation of hg in the environment.

TP-016

EFFECT OF ORGANIC MATTER ON MERCURY 
PARTITIONING IN SOIL: APPLICATION OF 
DIFFUSIVE GRADIENTS IN THIN FILMS TECHNIQUE
nGuyen, Viet1; seunGhee, han1; 
(1) Gwangju Institute of Science and Technology, Gwangju, Korea

nhviet86@gist.ac.kr

In this study, we used the diffusive gradients in thin films (DGT) to 
understand how soil properties (i.e., organic matter content) affect 
partitioning behaviors of hg between soil particles and pore water. The 
accumulated mass of hg in DGT gel and soil pore water was monitored 
for 10 days, while hg concentration changed from 1 to 50 ppm and soil 
peat moss content from 5% to 20%. using these experimental data, we 
were able to estimate Tc (response time) and Kd (distribution coefficient 
between soil and pore water) as a kinetic and equilibrium parameter, 
respectively, of hg using the DGT induced fluxes in sediments and soils 
(DIfs) model, and k1 (DGT uptake rate constant) and k2 (DGT elimination 
rate constant) using the one compartment model (oCM). When hg 
concentration in soil increased from 1 to 50 ppm, Tc decreased from 
146 to 1 (s) and Kd increased from 18 to 107 cm3 g-1. using the same 
data, the oCM predicted that k1 decreased from 2.6 x 10-6 to 5.8 x 
10-7 kg soil cm-2 d-1 and k2 increased from 3.1 x 10-2 to 2.0 x 10-1 
d-1 along with increases in hg concentration. When the soil peat moss 
content increased from 5 to 20%, Tc increased from 338 to 1000 (s), and 
Kd decreased from 82 to 1.5 cm3 g-1. using the same experimental 
data, the oCM predicted that k1 decreased from 1.2 x 10-5 to 4.0 x 
10-6 kg soil cm-2 d-1, and k2 increased from 0.21 to 1.1 d-1 while peat 
moss content increased. These results indicate that the mobilization 
rate of hg from soil to DGT, indicated by Kd and k1, tends to decrease 
with increasing organic matter content, which could be a result of the 
strong binding of hg to the soil organic matter. In addition, pore water 
depletion of hg was quantified as a function of distance from the DGT 
interface and deployment time. These results also showed that high 
organic content in soil increase the depletion of hg in pore water. The 
combined approaches of DGT, DIfs and oCM allow us to obtain better 
understanding on the partitioning of hg involved in soil retention and 
mobilization, suggesting that these are suitable tools to predict metal 
bioavailability in soils.

TP-017

IMPROVEMENTS TO THE COLLECTION OF 
ATMOSPHERIC MERCURY SPECIES
olson, Mark1; luKe, Winston2; GranDe, David3; sTeffen, sandy4; 
sTuPPle, Geoff4; eDGerTon, eric5; 
(1) National Atmospheric Deposition Program, Champaign, IL, United States; 
(2) NOAA/Air Resources Laboratory, College Park, MD, USA; (3) Wisconsin 
Dept of Natural Resources, Madison, WI, USA; (4) Environment and Climate 
Change Canada, Toronto, ON, Canada; (5) Atmospheric Research and 
Analysis, Plano, TX, USA

mlolson@illinois.edu

The Tekran atmospheric Mercury speciation system is the only 
commercially available instrumentation capable of measuring mercury 
species semi-real time producing high resolution data required to 
identify local point sources. recently problems with Gaseous oxidized 
Mercury capture efficiency and retention have been identified and 
several groups are working on improving these measurements.

In september, 2015, the national oceanic and atmospheric 
administration and the national atmospheric Deposition Program (naDP) 
organized a Tekran user Group Meeting in Washington DC. The group 
discussed these speciation collection problems and improvements to 
measurement methodology. experimental tasks were assigned to groups 
to test ideas for improving the speciation measurements. This poster will 
examine these experimental results and identify potential modifications 
to the naDP atmospheric Mercury network (aMnet) standard operating 
Procedures. additionally, this poster will give Tekran users the opportunity 
to discuss these changes with the aMnet site liaison.

TP-018

MERCURY SPECIATION IN SEABIRD FEATHERS 
USING SPECIES-SPECIFIC ISOTOPE DILUTION 
ANALYSIS BY GC-ICPMS
reneDo elIZalDe, Marina1; TessIer, emmanuel2; busTaManTe, Paco3; 
Cherel, yves4; PeDrero Zayas, Zoyne2; aMourouX, David2; 
(1) IPREM UMR 5254 CNRS-UPPA/LIENSs UMR 7266 CNRS-ULR, Pau/La 
Rochelle, France; (2) IPREM UMR 5254 CNRS-UPPA, Pau, France; (3) LIENSs 
UMR 7266 CNRS-ULR, La Rochelle, France; (4) CEBC UPR 1934 CNRS, 
Chizé, France

marina.renedoelizalde@univ-pau.fr

Mercury (hg) toxicity is known to be strongly dependent on its 
speciation, being monomethylmercury (Mehg) the most dangerous 
species since it is bioaccumulative in food webs. seabirds are considered 
as effective sentinels of environmental marine contamination and their 
feathers are extensively used as non-lethal samples for contaminant 
biomonitoring. This tissue represents the main route for hg elimination 
in seabirds and contains predominantly Mehg. however, measuring 
both Mehg and inorganic hg (ihg) in feather samples is necessary 
to better evaluate the impact of hg in seabirds and understand their 
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metabolic response. In addition, it has been documented that historical 
feather collections could experience a contamination with ihg associated 
to museum preservatives, consequently hg speciation analyses are 
required in these cases. In this work, we developed a robust analytical 
technique for precise and accurate simultaneous quantification of 
Mehg and ihg in feathers by gas-chromatography (GC)-ICPMs analyses 
using double species-specific isotope dilution technique (D-IDa). an 
optimisation of the extraction method was carried out by testing 
different extraction systems, reagents and spiking procedures in an 
internal reference feather sample (composed of a pool of feathers of 
king penguins). The procedure was validated with a human hair certified 
reference material (nIes-13). Microwave nitric acid extraction with spike 
addition before the extraction provided the best recoveries relative 
to certified nIes-13 values (96.0±1.2% for Mehg and 95.9±0.2% for 
Thg) and was then chosen as the most appropiate extraction method. 
our developed method was applied to feather samples from a large 
number of seabird species from the southern ocean (antarctic prions, 
petrels, albatrosses, penguins and skuas) to investigate the variability 
of hg speciation across a large range of diet, areas and therefore of hg 
exposure conditions and concentrations.

TP-019

LABILE AND STABLE FORMS OF MERCURY IN 
SOIL AND SEDIMENT SAMPLES – DEVELOPMENT 
OF A THERMO-DESORPTION METHOD FOR 
HG FRACTIONATION
sanIeWsKa, Dominika1; beŁDoWsKa, Magdalena1; GĘbKa, Karolina1; 
KWasIGroCh, urszula1; 
(1) Institute of Oceanography, University of Gdansk, Gdynia, Poland

dominika.saniewska@gmail.com

Mercury transformation and transport in the environment strongly 
depend on its chemical form. Information about hg form is also 
important for understanding the bioavailability as well as toxicity of this 
element. There are many methods for hg speciation but most of them 
are expensive and time consuming. Therefor none of them is used in 
routine analysis. The aim of this research was to develop and validate 
a simple thermo-desorption technique for mercury fractionation in soil 
and sediment samples using commercially available mercury analyzer.

The direct mercury analyzer DMa-80 (Milestone, Italy) was used for the 
detection of hg. for temperature fractionation the same instrument was 
used, only the temperature of catalytic tube heating was changed. In 
this case the temperature at which hg was released from the samples 
was controlled. each sample was heated from 50 to 750 degrees Celsius 
and result was presented as a thermo-desorption curve. The hg species 
were characterized by the temperature range at which they were 
release. fourteen synthetic standard material were used in this work. 
additionally, the natural standards: humus-like substance and Mehg 
standard were used. The method was tested on a certified reference 
material (InCT-Tl-1; nCs DC 87103; bCr-414) as well as on natural 
samples: soil, beach sand and marine sediment.

The obtained results show that the four-step thermo-desorption 
method can be considered as a fast and reliable screening technique 
for the evaluation of the percentage contribution of certain groups 
of hg compounds with similar properties in solid samples with low, 
environmental hg concentration. The developed method allows for 
separation of hg fraction associated with labile compounds such as: 
mercury halides, mercury perchlorate, mercury nitrate, mercury cyanide, 
mercury thiocyanate,mercury fulminate,mercury acetate,methyl 
mercury and humus-like substance (labile-1); mercury sulfate, mercury 
oxide (red) andmercury fluoride (labile-2) as well as with mercury 
sulphide (stabile-1) and mineral matrix (stabile-2). The method was 
tested in the range of hg concentrationfrom 2.4 to 262.5 ng/g d.w. 
Good repeatability and accuracy of the results were obtained. The 
developed method is less expensive than alternative methods for hg 
fractionation, because it does not require the use of reagents. It also 
limits the possibility of contamination of the sample. The method 
was introduced on commercially available mercury analyzer without 
additional software modifications. This will allow for standardization of 
operational conditions. This makes the method can be widely used in 
laboratories engaged in biogeochemical transformations of mercury in 
the environment.

TP-020

DEVELOPMENT OF NANOGOLD-MODIFIED 
DIPSTICKS FOR QUICK AND REAGENT-FREE 
MERCURY DETERMINATION IN WATER SAMPLES
sChlaThauer, Maria1; leoPolD, Kerstin1; 
(1) Ulm University, Ulm, Germany

maria.schlathauer@uni-ulm.de

In this work several approaches for the preparation of nanogold-
modified accumulation chips (dipsticks) are presented. Due to its 
chemical inertness and its thermal stability quartz glass slides were used 
as a substrate. In a first step, the surface of the substrate was coated 
with a thin gold film by vapor plating. by use of an annealing process, 
the smooth gold film was nano-structured. Investigation by atomic force 
microscopy confirmed successful formation of gold islands or rods in 
the nano-scale and a significant increase in the surface roughness of the 
carrier. furthermore, afM images show that the size of the nanogold 
particles could easily be regulated by variation of temperature and 
heating time. In order to prove the feasibility of the prepared dipsticks 
for mercury accumulation, several experiments in hg(II) aqueous 
solutions were performed. after accumulation, hg was released 
from the dipstick by thermal desorption and measured by atomic 
fluorescence spectrometry. a successful calibration experiment in the 
ng l-1 range evidences a linear increase in the fluorescence intensity 
with higher hg concentrations. The limit of detection (loD) was found 
to be as low as 0.18 ng hg l-1 and a high reproducibility with a relative 
method standard deviation of 7.3 % (n=12) is given. Time-dependent 
accumulation experiments show a linear correlation between the 
mercury accumulation rate and the exposure time of the dipstick in the 
aqueous hg(II) solution. however, in order to enhance the accumulation 
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rate, in a second approach dipsticks with higher load of small gold 
nanoparticles should be prepared. Therefore, the glass surface was first 
functionalized using 3-aminopropyltrimethoxysilane (aPTMs). Then, 
silica nanoparticles with a diameter of approx. 300 nm were immobilized 
on the surface to enlarge the surface area. after a second aPTMs 
coating a thin gold film (10 nm thickness) was deposited on the surface 
by vapor plating. by use of an annealing process, the smooth gold film 
was transformed into nanoparticles. The successful formation of gold 
nanoparticles and their homogeneous distribution on the surface was 
proved by scanning electrode microscopy images, revealing an average 
particle diameter of 31.4  15.3 nm (n=364) after thermal treatment. 
here again, mercury accumulation was tested in several exposition 
experiments in aqueous model solutions.

TP-021

DETERMINATION OF ATMOSPHERIC ELEMENTAL 
MERCURY OVER METROPOLITAN TAIPEI, 
TAIWAN BY AN AUTOMATED GASEOUS 
MERCURY ANALYZER
TsenG, Chun-Mao1; lIao, lC1; 
(1) Institute of Oceanography, National Taiwan University, Taipei, Taiwan

cmtseng99@ntu.edu.tw

a novel automated Gaseous Mercury analyzer (aGMa) was custom-
made to fully investigate the gaseous elemental mercury (GeM) in 
the overlying air of Taipei, Taiwan. The design principle is based on 
hyphenation technique by flow injection-au amalgamation analysis 
with cold vapor atomic fluorescence detector. This analyzer gained 
several advantages in terms of simplicity, efficiency, precision, accuracy 
and versatility. The characteristic feature of the aGMa is firstly a 
computer-assisted dual-channel detection device so that continuous 
measurements can be simultaneously performed in two separate 
channel lines for hg sampling and analysis. The automated system 
effectively increases the sample throughput and analytical performance 
of the GeM in environmental ultra-trace levels. The aGMa is also well 
suitably employed in the general laboratory or other field stations (e.g., 
shipboard use) with any risk of ambient contamination to obtain the 
high-quality hg data in different environmental airs. In a field test in 
Taipei, we observed the diurnal GeM variation with higher levels in the 
noon and lower in the mid-night, similar to those in the ozone, PM10, 
PM2.5, solar irradiance. The observed diel pattern was closely related 
to local human activities, solar irradiance and surface air temperature 
in metropolitan Taipei.a novel automated Gaseous Mercury analyzer 
(aGMa) was custom-made to fully investigate the gaseous elemental 
mercury (GeM) in the overlying air of Taipei, Taiwan. The design principle 
is based on hyphenation technique by flow injection-au amalgamation 
analysis with cold vapor atomic fluorescence detector. This analyzer 
gained several advantages in terms of simplicity, efficiency, precision, 
accuracy and versatility. The characteristic feature of the aGMa is firstly 
a computer-assisted dual-channel detection device so that continuous 
measurements can be simultaneously performed in two separate 
channel lines for hg sampling and analysis. The automated system 

effectively increases the sample throughput and analytical performance 
of the GeM in environmental ultra-trace levels. The aGMa is also well 
suitably employed in the general laboratory or other field stations (e.g., 
shipboard use) with any risk of ambient contamination to obtain the 
high-quality hg data in different environmental airs. In a field test in 
Taipei, we observed the diurnal GeM variation with higher levels in the 
noon and lower in the mid-night, similar to those in the ozone, PM10, 
PM2.5, solar irradiance. The observed diel pattern was closely related to 
local human activities, solar irradiance and surface air temperature in 
metropolitan Taipei.

1f: Quantifying mercury emissions from 
energy generation

TP-023

THE INFLUENCE OF HIGH H2O ON MERCURY 
OXIDIZATION IN SIMULATED HOMOGENEOUS 
OXY-COMBUSTION ATMOSPHERE
hu, Changxing1; hanG, Deqiang2; Guo, Zhiyan1; Guo, ruitang2; 
(1) Ningbo Institute of Technology, Zhejiang University, Ningbo, China; 
(2) Shanghai University Of Electric Power, Shanghai, China

huchx@zju.edu.cn

The key point in the research of mercury emission control from new coal 
combustion type, such as coal oxy-combustion (o2/Co2), is full knowing 
of mercury speciation emission from coal combustion in homogeneous 
o2/Co2 atmosphere, especially definite understanding of the influence 
of high h2o concentration on mercury oxidization in homogeneous o2/
Co2 atmosphere. based on the established bench-scale experimental 
apparatus, it studied the influence of high h2o concentration on 
mercury oxidation in the simulated flue gas of homogeneous o2/Co2 
atmosphere. The results showed that the high h2o concentration in 
simulated o2/Co2 atmosphere inhibited the oxidization of mercury 
through three ways. The high h2o concentration not only inhibited the 
generation of oxidizing Cl but enhanced the consumption of oxidizing Cl, 
and it inhibited directly the mercury oxidization in the simulated flue gas 
of homogeneous o2/Co2 atmosphere. The oxidation rate of elemental 
mercury (hg0) with the addition of 5% water was smaller average 
30% than that without additional water. The existence or addition of 
so2 also inhibited the transformation of hg0 to hg2+. so2 enhanced 
the consumption of oxidizing Cl to inhibit the mercury oxidization. 
Conversely, the inhibitory effect of high h2o on mercury oxidization 
was overcame at the extent by the addition of hCl in the simulated flue 
gas of homogeneous o2/Co2 atmosphere. The high hCl concentration 
promoted the conversion of hCl to oxidizing Cl to improve the mercury 
oxidization at last.
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TP-024

NEW APPROACH TO DYNAMIC RANGE 
ENLARGEMENT IN MERCURY ANALYSIS OF 
SORBENT TRAPS
ryZhoV, Vladimir1; PoGareV, sergey1; ZharInoV, Konstantin2; 
sholuPoV, sergey1; MashyanoV, nikolay3; sIPersTeIn, Joseph4; 
(1) Lumex-Marketing LLC, St. Petersburg, Russia; (2) St. Petersburg State 
Technological Institute, St. Petersburg, Russia; (3) St. Petersburg State 
University, St. Petersburg, Russia; (4) Ohio Lumex Co. Inc., Solon, OH, USA

ryv@lumex.ru

sorbent trap monitoring systems have been successfully used in the 
usa to measure mercury at low levels mandated by the MaTs (Mercury 
and air Toxics standards) and the neshaP (national emission standards 
for hazardous air Pollutants). The mass of mercury collected on sorbent 
traps can vary in range across six orders of magnitude, depending on 
the hg concentration in stack gas and sampling duration. During several 
days of sampling stack gas according to the monitoring procedure 
prescribed by ePa Performance specification 12b, the collected mass of 
mercury may reach hundreds of micrograms. Most often, the sorbent 
traps are analyzed via atomic absorption spectroscopy (aas) using a 
thermal technique (desorption or combustion), which does not require 
any chemical treatment. however, there is a risk to lose the analytical 
data if the mass of collected mercury exceeds the calibration range 
of the analytical instrument. often while working with conventional 
gold-trap analyzers, the sample is homogenized and divided into several 
independently analyzed subsamples to avoid saturation of the analytical 
signal. such an approach increases measurement error.

here we present a novel approach to sorbent trap analysis which 
eliminates the risk of losing data while analyzing samples with unknown 
amounts of accumulated mercury. The technique is based on the 
commercially available Zeeman atomic absorption analyzer ra-915M. 
Direct analysis without intermediate mercury pre-concentration on 
a gold trap enables automated real-time control of the atomizer 
heating based on dynamics of the mercury released from a sample. 
accumulated laboratory experience of sorbent trap analysis across a 
range of 1 1,000,000 ng hg has shown excellent reliability of this rapid 
method for routine analysis of sorbent traps and other samples with 
unknown hg content.

TP-025

MERCURY (II) REDUCTION AND SULFITE OXIDATION 
IN FLUE GAS DESULFURIZATION WASTEWATER: 
KINETIC STUDY AND SPECIATION MODELING
solIs, Kurt1; naM, Goun1; honG, yongseok1; 
(1) Daegu University, Gyeongsan-si, Gyeongsanbuk-do, South Korea

kurtlouisbarbasa.solis@gmail.com

The re-emission of mercury (hg), as a consequence of the formation 
and dissociation of the unstable complex hgso3, is a problem 

encountered in flue gas desulphurization (fGD) treatment in coal-
fired power plants. a model following a pseudo-second-order rate 
law for hg2+ reduction was derived as a function of [so3 2-], [h+] and 
temperature and fitted with experimentally obtained data to generate 
kinetic rate values of (0.120 ± 0.04, 0.847 ± 0.07, 1.35 ± 0.4) mM-1 for 
40°, 60°, and 75°C, respectively. The reduction of hg2+ increases with 
a temperature increase but shows an inverse relationship with proton 
concentration. Plotting the model-fitted kinetic rate constants yields Δh 
= 61.7 ± 1.82 kJ mol-1, which is in good agreement with literature values 
for the formation of hg0 by so32. The model could be used to better 
understand the overall hg2+ re-emission by so32- happening in aquatic 
systems such as fGD wastewaters.

TP-012

STABILISATION/FIXATION FOR DISCHARGING 
NON TOXIC MERCURY COMPOUNDS ( HGS) FROM 
SCRUBBER SYSTEMS OF HAZARDOUS/MUNICIPAL 
WASTE INCINERATIONS (WCI) PLANTS AND FGD 
POWER STATIONS
frITZsVhe, Jürgen1; sCharrenbaCh, frank1; 
(1) NET GmbH, Mannheim, Germany

jfritzsche@netgmbh.com

In every thermal combustion plant you can measure and detect 
mercury from the scrubber through the flue gas to the chimney up 
to the environment. as a standard treatment, activated carbon/coke 
is used to adsorb the mercury. The loaded adsorbent is disposed on 
a landfill. In terms of gas limit values, this system works well. but not 
for a sustainable, holistic treatment. Mercury leach out and forms by 
microbiology, organic mercury. Mercury becomes even more toxic. 
for this reason, mercury must be removed as insoluble hgs from 
this cycle. hgs is a natural mineral, called cinnabar. The only non-
toxic mercury compound. scrubber systems have an opportunity to 
buffer and store mercury salts (e.g. hgCl2/hgCl4) in high saturation. 
under normal conditions the systems are running stable, with no risk 
of hg0-gas blow out. but the concentration of dissolved mercury is 
the magnitude of influence for a hg0-blow out event. of course in an 
event of high input of reducing agent (e.g.so2), the ionic(dissolved)hg 
compounds transformed to elemental hg. In this case a hg-gas blow out 
is happened. In case of a mercury event, the mercury breaks through 
the scrubber and contaminates the subsequent purification stages. hg 
deposits can be bleed out all the time and generate a baseline of hg-
emission, only a few g below the current limits. but the environment is 
continuously contaminated and poisoned with tons of hg/year. The use 
of a special inorganic polymeric sulfur compound in an acidic scrubber 
or fGD plant produces only insoluble non-toxic hgs. hgs is chemically 
and thermally very stable. Therefore, hgs can be treated both in a classic 
sewage treatment and in a spray dryer. here is the only point for hg, 
where its allowed to leave the plant. only as hgs. With this technology, 
it is made impossible to form an internal dissolved hg cycle in the 
scrubber system. unexpected events can be buffered. There are no 
hg-blow outs possible. This is an effective way to separate mercury from 
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a scrubber system. The special inorganic polymeric sulfur liquid (neTfloc 
sMf1) is easy to dose into any scrubber systems. regular analyzes of 
the mercury balance (hg dissolved/hg insoluble) in the scrubber help 
to determine the optimum dosing level also for best cost efficiency. The 
German umwelt bundesamt (uba) has tested hgs as the best choice for 
deposition of mercury compound in underground dumps.

TP-013

ALTERNATIVE THERMAL DESORPTION HG 
ANALYSIS WITH NEW BROMINE-SORBENT TRAP 
AND RECONSIDERATION OF IODINE-SORBENT AND 
ITS ANALYTICAL BIAS ISSUES
lee, sung1; hoWe, William1; 
(1) Apex Instruments, Fuquay-Varina, NC, USA

sungjun@apexinst.com

The sorbent trap method (sTM) is popularly used for hg sampling and 
monitoring from coal power plant.

us ePa Method 30b is reference method for raTa (relative accuracy 
Test audit) test for hg CeM and sorbent trap monitoring system, 
and short-term snapshot of hg emission. Ps-12b is for long-term hg 
monitoring method up to 10 days sampling.

Iodine treated activated carbons (I-aCs) is mostly employed for sTM, but 
iodine causes matrix interference for wet analysis as well as it can be 
easily decomposed to iodine vapors (I2) for thermal analysis that results 
in quick destruction of catalyst/gold amalgam, which restricts various 
applications of hg analysis device and method for sTM.

The iodine contaminated hg analyzer may lead analytical bias issues 
such as discrepancy of elemental hg spiked and liquid hg standard 
sample, low recovery of hg, and poor calibration, which result in 
invalidation of field sampling and significant failure of Qa/QC criteria.

newly developed brominated aCs (br-aCs) sorbent media showed 
enough hg adsorption capacity as much as I-aCs and observed good 
thermal stability at desorption analysis temperature (650 oC).

In this study, a successful calibration could be achieved with the 
alternative thermal desorption hg analysis system by using new br-aCs.

The new br-aCs sorbent can be consider as a replacement of I-aCs, 
which allows various type of hg analysis devices (either catalyst or non-
catalyst type) and analysis methods (e.g. acid digestion) for sTM.

1h: The role of global monitoring in 
evaluating regulatory effectiveness

TP-027

MERCURY AND OTHER TREND MONITORING OF 
GREAT SLAVE LAKE UNDER CHANGING CLIMATE 
AND GLOBAL EMISSIONS
eVans, Marlene1; MuIr, Derek2; sMol, John3; rÜhlanD, Kathleen3; 
KeaTInG, Jonathan1; WanG, Xiaowa2; 
(1) Environment and Climate Change Canada, Saskatoon, SK, Canada; 
(2) Environment and Climate Change Canada, Burlington, ON, Canada; 
(3) Queen's University, Kingston, ON, Canada

marlene.evans@canada.ca

under the northern Contaminants Program, we are investigating 
mercury (hg) in Great slave lake (Gsl) which is located in Canada’s 
northwest Territories. While north american hg emissions have 
decreased, asian emissions are increasing with their expanding 
economies. Climate change, including warming trends, may enhance 
productivity resulting in more fish prey and increased hg methylation 
rates. hg concentrations in food webs may increase in top piscivores 
although this may be counteracted by growth dilution.

our study focuses on lake Trout (salvelinus namaycush), a cold-water 
pelagic species and burbot (lota lota), a cool-water benthic species. both 
are omnivores, consuming invertebrate prey in addition to fish. since 
1998, burbot and lake Trout have been provided annually from east 
arm (ea) by lutsel K'e and the West basin (Wb) by fort resolution and 
hay river with earlier mercury records available. The ea is cold, deep 
and oligotrophic; the Wb is shallower, warmer, and more productive, 
largely due to the slave river, a substantial source of water, suspended 
sediments, organic matter and plant nutrients.

over 1993-2016, ea lake Trout were slightly smaller (600±69 vs. 634±76 
mm) than Wb fish but older (15.5±4.8 vs. 9.7±4.0 yr) indicating lower 
growth rates; hg concentrations were lower (0.17±0.08 vs. 0.20±0.08 
µg/g) possibly because of a less fish-rich diet and/or lower hg inputs and 
methylation rates in the ea than Wb. Wb lake Trout hg concentrations 
increased from the late 1970s to 2016. In the ea, hg concentrations 
decreased in small (495-600 mm) fish but increased in large (600-800 
mm) fish. The presence of many old fish (>20 yr), with different growth 
rates, presents challenges in trend analyses, particularly in the ea.

ea burbot were smaller (539±62 vs. 663±74 mm), younger (10.4±2.4 vs. 
13.0±3.2 yr) and with lower hg concentrations (0.14±0.06 vs 0.16±0.07 
µg/g) than Wb fish. hg concentrations increased over 1995-2016 in 
both regions.

Distinct warming trends in air temperatures have occurred over the 
past century; sedimentation rates and algal carbon concentrations have 
increased and diatom assemblages have changed; there is less evidence 
of recent increases in hg concentrations and sediment flux. Trends of 
hg increase in lake Trout and burbot were more strongly related to 
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cooler years than warming trends. There was little evidence of changes 
in trophic feeding over the period of record. With low hg concentrations, 
Gsl continues to be an important source of fish to northerners.

TP-029

GASEOUS ELEMENTAL MERCURY OBSERVATIONS 
OVER THE SOUTHERN OCEAN FROM THE CAPE 
GRIM BASELINE AIR POLLUTION STATION
hoWarD, Dean1; eDWarDs, Grant1; ChaMbers, scott2; WIllIaMs, 
alastair2; PoWell, Jenny3; KeyWooD, Melita3; 
(1) Macquarie University, Macquarie Park, Australia; (2) Ansto, Lucas Heights, 
NSW, Australia; (3) CSIRO, Aspendale, VIC, Australia

dean.howard@mq.edu.au

The southern hemisphere (sh) and in particular australia are not well 
represented, in contrast to the northern hemisphere, in terms of long 
time series of atmospheric mercury measurements. recent studies 
have highlighted that the mean background of gaseous elemental 
mercury (GeM) for the sh is substantially lower than previously thought 
(i.e., based on spare data). The Cape Grim baseline air Pollution station 
(CGbaPs), a Global atmospheric Watch (GaW) station, is situated on 
the north-west peninsula of Tasmania, australia (40.68° s, 144.68° 
e). GeM measurements have been undertaken at CGbaPs since 
september 2011. This location and the predominantly westerly winds 
in the region give CGbaPs access to air masses that have equilibrated 
with the southern ocean. radon measurements at the site were used 
to determine air masses of oceanic fetch. for other wind sectors air 
masses are influenced by terrestrial surfaces. The six year time series 
from the Cape Grim station has been evaluated to determine mean 
background as a function of wind sector, as well as seasonal and inter-
annual trends. an overall background GeM concentration at Cape Grim 
of 0.85 ng m-3 was determined with very little inter-annual variability 
with low seasonality.

TP-030

FOUR YEARS (2011-2015) OF TOTAL GASEOUS 
MERCURY AND OTHER KEY MEASUREMENTS 
FROM THE CAPE VERDE ATMOSPHERIC 
OBSERVATORY (CVAO)
reaD, Katie1; KenTIsbeer, John2; neVes, luis3; CarPenTer, lucy4; leWIs, 
alastair1; fleMInG, Zoe5; 
(1) NCAS, University of York, York, United Kingdom; (2) Centre for Ecology 
and Hydrology, Edinburgh, United Kingdom; (3) INMG, Mindelo, Sao Vicente, 
Republic of Cape Verde; (4) Department of Chemistry, University of York, York, 
United Kingdom; (5) NCAS, University of Leicester, Leicester, United Kingdom

katie.read@york.ac.uk

here we will report four years (Dec 2011 – Dec 2015) of Total Gaseous 
Mercury (TGM) measurements at the Cape Verde observatory (CVo), 
a global WMo-GaW station located in the sub-tropical remote marine 

boundary layer (16.85°n, 24.87°W). The measurements presented here 
are part of the eu Global Mercury observation system (GMos) network. 
The GMos network of sites was established in 2011 with the aim of 
addressing known gaps in the spatial and temporal measurement of 
mercury, as well as improving knowledge of hg speciation.

observed TGM concentrations were between 1.03 and 1.33 ng m-3 
(10th, 90th percentiles), close to the expectations based on previous 
interhemispheric gradient measurements. We observe a decreasing 
trend in TGM (0.04 ± 0.03 ng m-3 yr-1, -3.4% ± 2.4% yr-1) over the four 
years consistent with the reported decrease of mercury concentrations 
in north atlantic surface waters and reductions in anthropogenic 
emissions. The trend was more visible in the summer (Jul-sep) than 
in the winter (Dec-feb), when measurements were impacted by air 
from the african continent and sahara/sahel regions. These african 
air masses were also associated with the highest and most variable 
TGM concentrations. We attribute the smaller decreasing trend to the 
influence of large anthropogenic sources in West africa such as from 
artisanal and small-scale gold mining (asGM).

In addition to the TGM measurements, we will show time series 
and interpretation of other climatically significant trace gases and 
greenhouse gases, for which we have up to ten year records from the 
observatory. We will discuss the importance of these measurements 
and outline some of the plans for the future of the CVao.

TP-031

ONGOING MONITORING OF FOREST SOIL MERCURY 
IN VERMONT, USA
ross, Donald1; shanley, Jamie2; baIley, scott3; VIllars, Thom4; 
QuInTana, angie5; DunCan, Jim6; 
(1) University of Vermont, Burlington, VT, USA; (2) USGS, Montpelier, VT, USA; 
(3) USDA Forest Service, North Woodstock, NH, USA; (4) USDA NRCS, White 
River Junction, VT, USA; (5) USDA Forest Service, Rutland, VT, USA; (6) Vermont 
Monitoring Coop, Burlington, VT, USA

dross@uvm.edu

Continued monitoring of total mercury (Thg) concentration in soils 
is essential for detecting, predicting and addressing environmental 
change. In cooperation with the Vermont Monitoring Cooperative (now 
the forest ecosystem Monitoring Cooperative), we have established a 
long-term soil monitoring study in forested sites in the northeastern 
usa where annual wet deposition of hg has been in the range of 6-10 
µg/m2. five 50 x 50 m plots were located in protected areas, three 
on Mt. Mansfield in north-central Vermont and two in the lye brook 
Wilderness area in southwestern Vermont. elevation ranges from 590 
to 1140 m with forest type changing from typical northern hardwood 
(acer saccharum, betula alleghaniensis and fagus grandifolia) to 
high-elevation spruce-fir (Picea rubens and abies balsamea). each plot 
contains 100 5 x 5 m subplots with sampling date assigned randomly (10 
per date). The initial sampling of these plots took place in the summer 
of 2002 and resampling occurred in 2007 and 2012. small pits were dug 
in the center of each plot and the soils were sampled both by genetic 



POSTeR ABSTRACTS ICMGP2017 The 13Th InTernaTIonal ConferenCe on MerCury as a Global PolluTanT InTeGRATInG MeRCuRy ReSeARCh And POLICy In A ChAnGInG WORLd July 16 – 21, 2017 · ProVIDenCe, rhoDe IslanD, usa 253

horizon and depth increments. These samples have been analyzed for 
a suite of chemical parameters, including exchangeable cations, carbon 
and nitrogen. separate samples of the uppermost humified horizon (oa 
or a) were taken for total hg (Thg) analysis using appropriate protocols. 
average Thg concentration at each site ranged from ~200-500 ng/g. The 
average carbon concentration in these horizons varied between ~100-
420 g/kg. There was a positive elevational gradient of Thg concentration, 
consistent with greater deposition and with other studies. The Thg:C 
ratio (ng/g) ranged from 0.6-1.8, with the highest ratio at the highest 
elevation. Continued sampling at 5-year intervals will allow detection 
of environmental change in response to both a changing climate and 
changing hg deposition.

2a: Sources and cycling of mercury in 
coastal ecosystems

TP-033

MERCURY BIOACCUMULATION IN THE NORTHERN 
MARINE FOOD WEB OF EAST HUDSON BAY, 
CANADA: PRELIMINARY RESULTS
ChÉTelaT, John1; heaTh, Joel2; arraGuTaInaQ, lucassie3; MICKPeGaK, 
raymond4; KasuDluaK, annie5; laMeboy, John6; naluKTuruK, allie7; 
(1) Environment and Climate Change Canada, Ottawa, ON, Canada; (2) Arctic 
Eider Society, St. John's, NL, Canada; (3) Sanikiluaq Hunters and Trappers 
Association, Sanikiluaq, NU, Canada; (4) Sakkuq LHC, Kuujjuaraapik, QC, 
Canada; (5) Anniturvik LHC, Umiujaq, QC, Canada; (6) Cree Nation of 
Chisasibi, Chisasibi, QC, Canada; (7) Niqautik Hunters Association, Inukjuak, 
QC, Canada

john.chetelat@canada.ca

Communities in east hudson bay and James bay (Canada) are 
concerned about ecosystem changes observed in recent decades, 
particularly related to sea-ice and oceanographic conditions, and also 
about potential impacts of contaminants from long-range atmospheric 
transport and regional human activities. The arctic eider societys 
Community-Driven research network (CDrn) has been established to 
measure and better understand large-scale cumulative environmental 
impacts in that marine region. building on CDrn collaborations and 
activities in five communities (sanikiluaq, Kuujjuaraapik, Inukjuak, 
umiujaq, Chisasibi), this project funded by the northern Contaminants 
Program is generating new information on metal bioaccumulation 
that will provide a regionally-integrated perspective on metal exposure 
in the marine environment. The five communities are sampling 
coastal bioindicator species (blue mussel, common eider) annually 
for three years (2015 to 2017). offshore bioindicators (ringed seal, 
herring gull, plankton, fish) are additionally being collected from two 
of the communtiies. These locally-important bioindicators of metal 
accumulation will be used to characterize geographic and habitat-
specific variation (coastal and offshore zones) in east hudson bay and 
James bay.

This poster will present preliminary results from collections in 
2015 and 2016 of herring gull eggs, ringed seals, blue mussels, and 
common eiders. animal tissues were analyzed for total mercury, 
methylmercury (on a subset of samples), 24 elements by ICP-Ms, and 
carbon and nitrogen stable isotopes. spatial variation of tissue mercury 
concentrations in east hudson bay and James bay will be examined. 
food web structure has been characterized using carbon and nitrogen 
stable isotope ratios, and trophic position and carbon source were 
found to affect mercury bioaccumulation. higher mercury levels in 
blue mussels were associated with bioaccumulation of terrigenous 
and redox-sensitive elements (e.g., barium, uranium, vanadium, 
iron, manganese), suggesting that large river inputs may affect 
mercury bioaccumulation near the base of the food chain in coastal 
environments. This three-year project will generate important baseline 
information on mercury levels in the food web to allow for future 
tracking of impacts from environmental change, long-range atmospheric 
transport, and regional human activities on this arctic marine ecosystem.

TP-034

MERCURY BIOGEOCHEMICAL CYCLE IN A 
SUBTROPICAL MANGROVE
De reZenDe, Carlos1; fraGoso, Cynara1; alMeIDa, Marcelo1; araÚJo, beatriz1; 
(1) Universidade Estadual do Norte Fluminense, Centro de Biociências & 
Biotecnologia, Laboratório de Ciências Ambientais, Campos dos Goytacazes, 
Rio de Janeiro, Brazil

crezende@uenf.br

The purpose of this study was to investigate the input and distribution 
of total mercury (hg) in the leaf litter fraction and its importance to the 
sediment of mangrove using the elemental and isotopic composition 
of carbon and nitrogen to characterize the organic matter in the 
estuarine area of the Paraíba do sul river, southern brazil. The average 
concentrations of hg in sediment were 81 ± 32 ng.g-1 site 1 (laguncularia 
racemosa), 62 ± 15 ng.g-1 site 2 (rhizophora mangle) and 110 ± 16 ng.g-1 
site 3 (avicennia germinans). The carbon isotopic composition (δ13C) in 
the sediment ranged from -29.40 to -26.49 ‰ and nitrogen (δ15n) from 
2.38 to 5.83 ‰. The hg concentration in annual litter fall were: 21 ± 2 ng.g-
1;16 ± 4 μg/m2/ano; 18 ± 1 ng/g-1; 17 ± 3 μg/m2/ano-1; 53 ± 4 ng.g-1; 33 ± 
4 μg/m2/ano for laguncularia racemosa, rizophora mangle and avicennia 
germinans, respectively. The isotopic composition in the litter varied from 
-28.59 to -26.91 ‰ for δ13C and 4.48 to 7.21 ‰ for δ15n. The elemental 
and isotopic data in the sediment reflected the values of the dominant 
plant species at each sampling site. The results show that the dominant 
species (a. germinans) stands for higher hg values in the sediments as 
well as the input for this element via litter. since hg in mangrove sediment 
has a low mobility, our results are suggesting that the atmosphere 
deposition has been playing an important role in hg biogeochemical 
cycle in mangrove ecosystems through atmospheric deposition under 
the canopy. The hg input data obtained from the litter, although lower 
compared to the closest point sources of contamination areas, fall into 
the mangrove ecosystem as an important integrator for hg in the air, 
vegetation and sediment.
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TP-035

EVALUATING THE INFLUENCE OF CELL SIZE 
AND SALINITY GRADIENTS ON MERCURY 
UPTAKE BY PHYTOPLANKTON IN COASTAL 
LAGOON ECOSYSTEMS
GanGulI, Priya1; ZaraTe, sydney1; Kaur, Priya1; serrano, araceli1; 
laMborG, Carl2; luenGen, allison3; GIbson, Doug4; nussbauM, 
bradley4; heIM, Wesley5; MaCKey, Katherine1; 
(1) University of California, Irvine, CA, USA; (2) University of California, Santa 
Cruz, CA, USA; (3) University of San Francisco, San Francisco, CA, USA; (4) San 
Elijo Lagoon Conservancy, Encinitas, CA, USA; (5) Moss Landing Marine 
Laboratories, Moss Landing, CA, USA

pganguli@uci.edu

Phytoplankton are the typical entry point for mercury in marine food 
webs, and subsequent mercury bioaccumulation in fish is the principal 
route of human exposure. although primary producers form this critical 
link, the biological and physical factors that influence mercury uptake by 
phytoplankton are not well understood, particularly in coastal lagoons 
where our previous work suggests elevated monomethylmercury 
(Mehg) production relative to coastal seawater. We are combining 
laboratory and in situ field incubation experiments to determine 
how cell size and salinity gradients affect mercury bioaccumulation 
in cultured diatoms (T. weissflogii and T. oceanica), and in natural 
phytoplankton populations. T. weissflogii (~17 µm length; ~11 µm width) 
and T. oceanica (~6.5 µm length; ~5 µm width) are centric diatoms with 
a consistent disk shape that allows comparison of their surface area 
to volume ratios. lab cultures of these diatoms were acclimated to a 
salinity range of 10 to 30 to simulate fresh water and seawater mixing 
at the land-sea margin. These cultures were grown in ~10 and ~100 
pM Mehg, in addition to non-spike controls, to assess the effects of 
cell size and salinity on Mehg uptake. The companion field incubation 
experiment was conducted at san elijo lagoon in southern California. 
lagoon water was filtered through a 200 µm mesh screen to eliminate 
zooplankton grazers, then poured into clear polycarbonate carboys 
and spiked to Mehg concentrations of ~10 and ~100 pM, in addition to 
no-spike controls. The carboys were incubated in the lagoon for 12 to 
36 hours prior to filtration. Chlorophyll-a concentrations indicate that 
at the time of our study, the phytoplankton community was comprised 
of 15% picoplankton (0.2-2 µm), 55% nanoplankton (2-20 µm) and 30 % 
microplankton (20-200 µm). over the first 24 hours of the incubation, 
chlorophyll-a in the carboys increased from approximately 6 µg/l to 10 
µg/l, while nutrient concentrations decreased, suggesting the absence 
of grazers enabled a small phytoplankton bloom. This comparison of 
total mercury and Mehg among various phytoplankton communities will 
help us understand the drivers of mercury uptake in these understudied 
coastal lagoon ecosystems.

TP-036

SEASONAL DRIVERS OF MERCURY UPTAKE BY 
PHYTOPLANKTON IN A SOUTHERN CALIFORNIA 
COASTAL LAGOON SYSTEM
ZaraTe, sydney1; GanGulI, Priya1; serrano, araceli1; Kaur, Priya1; 
laMborG, Carl2; luenGen, allison3; GIbson, Doug4; nussbauM, 
bradley5; ChorTeK, emily3; heIM, Wesley6; neWMan, adam6; MaCKey, 
Katherine1; 
(1) University of California, Irvine, CA, United States; (2) University of 
California, Santa Cruz, CA, United States; (3) University of San Francisco, San 
Francisco, CA, United States; (4) San Elijo Lagoon Conservancy, Encinitas, CA, 
United States; (5) San Elijo Conservancy, Encinitas, CA , United States; (6) Moss 
Landing Marine Laboratories, Moss Landing, CA , USA

sgzarate@uci.edu

California’s coastal lagoons provide essential habitat for threatened 
and endangered species, yet eutrophication causes many lagoons to 
experience multiple algal blooms each year that could affect mercury 
(hg) bioaccumulation in marine food webs. specifically, anoxia 
associated with eutrophication favors monomethylmercury (Ch3hg+ 
or Mehg) production, and phytoplankton blooms provide a mechanism 
for Mehg entry into the food web. because coastal lagoons are highly 
dynamic, we are evaluating both short-term (e.g., tidal) and long-term 
(e.g., seasonal) trends in mercury cycling. We conducted bimonthly 
sampling to measure chlorophyll-a, particulate organic carbon, and 
phytoplankton cell size (flow cytometry), along with the concentration 
of total hg and Mehg in filtered (< 0.2 µm) and unfiltered water at san 
elijo lagoon in southern California. Potential sources and transport 
mechanisms of Mehg were also evaluated by sampling shallow (< 3 m) 
groundwater and nearshore seawater at the lagoon mouth. Monitoring 
data show that dissolved oxygen in san elijo lagoon often fluctuates 
between > 100% (high tide) and < 30% (low tide), possibly due to the 
discharge of anoxic groundwater, which may be an important source of 
Mehg. This system also experiences extreme seasonal changes which 
are, in part, driven by the opening and closing of a sand berm at the 
lagoon mouth. When the berm is open, the lagoon is in direct exchange 
with the ocean (i.e., estuarine conditions). During closed conditions, 
drainage from the watershed remains trapped behind the sand berm 
and the lagoon becomes eutrophic (multiple blooms with chlorophyll-a 
> 10 µg/l). additionally, long periods of drought can induce reverse 
estuarine conditions, in which seawater entering the lagoon during 
high tide becomes warmer and more saline than coastal seawater as a 
result of evaporation and a lack of freshwater inputs. The semi-enclosed 
geomorphology of coastal lagoons, combined with the occurrence of 
frequent algal blooms, provide an ideal setting to study the biological 
and physical drivers of mercury uptake by phytoplankton.
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TP-037

MODELLING THE CHANGING MERCURY CYCLING 
AND BIO-ACCUMULATION IN THE NORTH- AND 
BALTIC SEA OVER THE LAST 60 YEARS
bIeser, Johannes1; DaeWel, ute1; sChruM, Corinna1; 
(1) Helmholtz Zentrum Geesthacht, Geesthacht, Germany

johannes.bieser@hzg.de

The toxicity of methyl mercury was first discovered after the 1950ties 
Minamata incident in Japan. since then, it was found that methyl 
mercury is a non-threshold pollutant that impairs the development of 
the human brain. one of the main sources for mercury intoxication is 
the prenatal uptake of methyl mercury from sea food and the resulting 
loss of intelligence causes diminished economic productivity that 
persists over the entire lifetime of affected children.

To better understand the pathways of mercury from anthropogenic 
emissions to bio-accumulation in marine biota we developed an eulerian 
three dimensional multi-media chemistry transport model (MeCosMo) 
that includes atmosphere, ocean, and ecosystem. The model includes a 
complete representation of the marine ecosystem from phytoplankton 
up to higher trophic levels, including fish. We use MeCosMo to 
simulate the spatial and temporal variability of mercury accumulation 
in fish in the north- and baltic sea. based on a 60 year hind cast, we 
determine the natural variability of the system. Moreover, the model 
is used to project the impact of future perturbations in the system (i.e.: 
emission reductions, climate change, nutrient control) on the mercury 
accumulation in sea food. Thereby, supporting the implementation of 
the Minamata Convention on Mercury on a regional scale.

This work is still ongoing and the results of our model study will be 
presented for the first time at the ICMGP2017.

TP-038

METHYLATION AND BIOACCUMULATION OF 
MERCURY FROM ‘NEW’ AND ‘OLD’ SOURCES IN 
ESTUARINE SYSTEMS
Jonsson, sofi1; anDersson, agneta2; nIlsson, Mats3; sKyllberG, ulf3; 
erIK, lundberg2; nGuyen, Van2; sChaefer, Jeffra4; ÅKerbloM, staffan5; 
bJÖrn, erik2; 
(1) University of Connecticut, Groton, USA; (2) Umeå University, 
Umeå, Sweden

sofijon84@gmail.com

Mercury (hg) pollution remains a concern for human and wildlife 
populations worldwide. anthropogenic input of hg to coastal 
ecosystems via direct atmospheric deposition and land runoff is 
expected to decline if negotiated mitigation efforts are implemented. 
To what extent and within what timeframe the levels of hg in estuarine 
fish will be reduced to levels where it no longer poses a threat to 
human and wildlife health however remains uncertain. one major 
factor contributing to this uncertainty is the poor understanding of 

how hg in recent inputs (‘new’ hg) differs in availability for methylation 
and bioaccumulation in comparison to legacy hg (‘old’ hg) stored in 
the sediments. We have conducted mesocosm studies in which the 
bioavailability of different geochemical pools of hg was studied under 
different nutrient and terrestrial matter loading regimes. The systems 
consisted of intact sediment cores (diameter of 0.63 m) that were placed 
in 5 m high mesocosm columns filled with brackish water. We then 
quantified the methylation, demethylation and bioaccumulation of two 
sets of inorganic hg (hgII) and methylmercury (Mehg) isotope tracers. 
one set was added to the sediment (as Mehg and hgII bound to organic 
matter and hgII added as black cinnabar, β-hgs(s)) representing ‘old’ 
inputs of hg, and one set was added as aqueous hgII and Mehg to the 
water column representing ‘new’ inputs of hg. In this presentation, we 
will summarize the key findings from these studies (Jonsson et al., 2014, 
nature Communications, nguyen et al., 2016, environmental science 
and Technology, Jonsson et al. 2017, science advances) and discuss 
how this knowledge can be implemented in predicting future trends in 
hg pollution and in the management of contaminated sites. We show 
for example that the chemical speciation of hgII solid/adsorbed phases 
controls the sediment hg pool’s contribution to Mehg, but that input 
of Mehg from terrestrial and atmospheric sources bioaccumulates 
to a substantially greater extent than Mehg formed in situ in 
sediment. based on the results we also predicted 3-6 times enhanced 
concentration of Mehg in zooplankton in coastal areas following 
scenarios with 15–30% increased terrestrial runoff (as suggested for 
parts of the world due to climate change).

TP-039

ESTIMATION OF AIR-WATER EXCHANGE FLUX 
OF MERCURY FROM OCEAN IN NORTHEAST 
ASIAN REGION
KIM, Dae-young1; Jeon, Ji-Won1; han, young-Ji1; 
(1) Kangwon National University, Chuncheon, Gangwon-do, Korea

zxcv122334@kangwon.ac.kr

Mercury differs from other heavy metals in that it continuously goes 
through the deposition and re-emission cycle in the environment. 
Mercury mainly exist as reactive hg (hg2+) in either dissolved or 
particulate phase in aquatic system. reactive mercury can be converted 
to methyl mercury (Mehg) which readily bio-accumulates in aquatic 
food chains resulting in adverse health effects in human and wildlife, or 
re-emitted after reduction to elemental mercury. emission from ocean 
surface is a great contribution to natural hg emissions inventory and 
is an important pathway for removing hg mass from aquatic system; 
therefore, quantifying the exchange flux between air and ocean surface 
is critical for understanding hg fate and transport in environment. This 
study was initiated to estimate air-water exchange flux from ocean in 
northeast asian region. air-water exchange of hg is strongly dependent 
on DGM (Dissolved Gaseous Mercury) concentration in water. however, 
DGM has very low concentration and is supposed to have significant 
temporal and hourly variation because reduction and oxidation rate 
constants vary with uV radiation intensity. In this study, we measured 
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total mercury (TM), reducible hg (rM), and DGM concentrations during 
three cruises campaigns in open ocean in northeast asian region, and 
obtained the relationships among three hg species. rM concentration 
ranged 20-55% of TM concentration, and a statistical correlation between 
TM and rM/TM ratio was observed. spatial map of TM concentration 
in northeast asian ocean was first obtained based on measurements 
from this study and from literature review, and rM concentration was 
then calculated based on empirical equation acquired between TM and 
rM/TM ratio. at the same time, laboratory experiments were carried 
out to identify the rate coefficients of hg reduction and oxidation under 
various uV radiation intensity. DGM concentration will be calculated 
using reduction and oxidation reaction constants and calculated rM 
concentration, and air-water exchange flux will be estimated using two-
film theory. Detailed results will be showed at the conference.

TP-040

PHOTODEMETHYLATION OF METHYLMERCURY 
IN SEAWATER MEDIATED BY DISSOLVED 
ORGANIC MATTER
KIM, Jihee1; han, seunghee1; 
(1) GIST, Gwangju, South Korea

wlgml21@gist.ac.kr

Dissolved organic matter (DoM) exerts a strong influence on the rate 
of methylmercury (Mehg) photodemethylation in ocean water. This 
Mehg photodemethylation can occur via two potential pathways in 
seawater: photodemethylation of Mehg by photochemically produced 
reactive intermediates (PPrIs; 1o2, ³DoM*, e¯aq, ·oh) and direct 
photodemethylation of Mehg-DoM complexes via intramolecular charge 
transfer. We investigated the potential mechanisms of DoM mediation 
of Mehg photodemethylation by measuring the demethylation rate 
constants in artificial seawater under uV-a (365 nm), in the absence and 
presence of suwannee river humic acid (srha) and Pony lake fulvic acid 
(Plfa). The concentration of Mehg decreased with increasing uV exposure 
time, and the photodemethylation process followed pseudo-first order 
kinetics. a predominance of Mehg-srha and Mehg-Plfa species over 
MehgCl increased the photodemethylation rate constant by 2-5 times 
that of MehgCl. The presence of srha decreased the concentration of 
Mehg by 54% in absence of a quencher (0.010 h-¹), whereas it decreased 
by 38% and 20% in the presence of the ·oh quencher (0.0057 h-1) and 
1o2 quencher (0.026 h-¹), respectively. amendment with Plfa decreased 
Mehg by 70% in absence of a quencher (0.016 h-¹), and by 64% and 50% 
in presence of the ·oh quencher (0.0125 h-1) and 1o2 quencher (0.0085 
h-¹), respectively. These results imply that microbial fulvic acid (fa) has 
higher photosensitization effects than terrestrial humic acid (ha), and 1o2 
mediation is more dominant than ·oh mediation. additional experiments 
with other model compounds, aimed at identifying the role of functional 
groups in ha and fa, showed that 1) photodemethylation was faster in 
the presence of aromatic thiols (thiosalicylic acid, 0.37 h-1) than aromatic 
carboxyls (salicylic acid, 0.010 h-1) or nonaromatic thiols (glutathione, 
0.019 h-1), and 2) the photodemethylation rates of aromatic carboxylates 
and nonaromatic thiols were similar to those of srha and Plfa. The 

rate constants were lower in the presence of the ·oh quencher (0.0066 
h-1 for glutathione and 0.0055 h-1 for salicylic acid) than with the 1o2 
quencher (0.012 h-1 for glutathione and 0.0074 h-1 for salicylic acid). The 
rate constants for thiosalicylic acid (aromatic thiols) were similar for both 
quenchers (0.45 h-1 for 1o2 quencher and 0.40 h-1 for ·oh quencher) and 
these values were comparable to those determined without quenchers, 
implying that the role of PPrIs is not significant. The overall rate constants 
were compared to those for natural seawater to obtain insights into the 
photodemethylation mechanisms occurring in marine water.

TP-041

BIOMONITORING ALONG THE FRENCH COASTLINE: 
COULD MERCURY ISOTOPIC COMPOSITION 
INDICATE A TEMPORAL CHANGE IN HG REACHING 
THE COASTAL ZONE?
brIanT, nicolas1; ChouVelon, Tiphaine1; braCh-PaPa, Christophe1; 
ChIffoleau, Jean-françois1; saVoye, nicolas2; sonKe, Jeroen3; Knoery, 
Joel1; 
(1) Ifremer, Nantes, France; (2) U. Bordeaux/EPOC, Bordeaux, France; 
(3) CNRS OMP/GET, Toulouse, France

nbriant@ifremer.fr

Mercury (hg) is a natural element toxic to all living organisms. Its ocean 
biogeochemical cycle is dominated by atmospheric deposition, which 
human activities contribute to disrupt significantly, and to a lesser extent 
by riverine discharge. This element is bioamplified and bioaccumulated in 
marine food webs. since mercury concentrations in some coastal animal 
species of high trophic level approach sanitary thresholds, understanding 
biogeochemical processes and mechanisms leading to these elevated 
hg concentrations becomes important. The stable isotopic geochemistry 
of metal is indeed a very promising way to trace processes and transfers 
from one mercury biogeochemical reservoir to another (sonke and blum, 
2013). The stable isotopes of hg undergo fractionation that can be either 
dependent (MDf) or independent (MIf) of their mass, thereby potentially 
enabling to track biological (MDf) and transfer processes between 
geochemical reservoirs (MIf). Their coupling with stable isotopes of carbon 
(C) and nitrogen (n) in biota, clarifies the functioning of trophic networks, 
and the bioaccumulation processes of contaminants such as hg.

since the 1970’s, the roCCh, a Mussel Watch-like program, tracks 
contaminants on the french metropolitan coastline using of bivalves as 
quantitative indicators of coastal chemical contamination. The aim of the 
project was to map for the first time and on a national scale the temporal 
and spatial isotopic variations of hg, C and n. This work also attempts to 
better discriminate the sources and trace the origin of hg in bivalves (e.g., 
is hg from the global ocean, associated with fluvial oM, or atmospheric 
local deposition…).

along with its companion paper dealing with hg speciation, we will 
present here mercury isotopic composition data for our entire dataset. 
The initial results of mercury speciation suggest that total hg is not a 
limiting factor for hg methylation (briant et al., 2016). Thus, with global 
change and the predicted temperature rise, the associated increase in 
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bacterial activity and eutrophication of coastal waters could increase 
Mehg production as proposed by soerensen et al. (2016). specifically, 
preliminary hg isotope data show a regional signature (atlantic ocean 
vs. Mediterranean sea), which may come from different trophic regimes 
as shown by n and C stable isotopes. In contrast to marine-influenced 
sites without temporal variations, river-influenced sites show temporal 
δ202hg increase (e.g., -0.5 to +0.25‰), suggesting a decadal change in 
the origin of hg reaching the ocean.

This study is part of the Trococo project, funded by Ifremer, région Pays 
de la loire (Pollusols), and Insu/eC2Co/Dril.

TP-042

COASTAL EROSION AS A SOURCE OF BIOAVAILABLE 
MERCURY TO THE MARINE ENVIRONMENT
KWasIGroCh, urszula1; beŁDoWsKa, Magdalena1; sanIeWsKa, 
Dominika1; JĘDruCh, agnieszka1; 
(1) Institute of Oceanography, University of Gdansk, Gdynia, Poland

urszula.kwasigroch@gmail.com

Mercury can be introduced into the marine environment in many 
different ways. In the case of the baltic sea, rivers and atmospheric 
deposition are predominant ones. however, in the face of ongoing 
climate change new potential source, coastal erosion, starts to become 
more significant and currently is considered as third most important 
source of mercury in the Gulf of Gdansk region. It is especially crucial 
given coastlines where due to increased occurrence of extreme natural 
phenomena such as storms, heavy rains, floods, the erosion processes 
along the coast begin to increase. Particularly vulnerable are cliff coasts 
which cover about 30% of the length of Polish coastline.

In recent studies considering coastal erosion as a source of mercury to 
the Gulf of Gdansk, annual loads of hg were estimated. The aim of this 
study was to evaluate the amount of labile mercury in cliff sediments. 
samples were collected in years 2015-2017 from four cliffs situated 
in the region of the Gulf of Gdansk, southern baltic sea. from each 
cliff 3 cores (0-65cm) were collected: from the slope of the cliff, and its 
top. additionally sediments from the beach and coastline waters (1 m 
depth) were collected. samples were kept in -20C until analysis. later 
sediments were lyophilized and homogenized before mercury analysis. 
Mercury speciation was performed on DMa-80 mercury analyzer using 
thermodesorption method. It enabled to distinguish between labile and 
stable forms of hg in sediment cores.

Cliffs along southern baltic coast comprise mostly of Pleistocene glacial 
tills (boulder clay) thus mercury concentration in this kind of sediments 
was the most important one to focus on. studies indicate that in boulder 
clay about 60% of mercury is present in bioavailable, labile form. Median 
concentrations of mercury in collected sediments samples did not 
exceed natural background values. although taking into consideration 
the total mass of sediment which is annually introduced into the baltic 
sea, and large masses introduced each time during natural extreme 
phenomena, it can be regarded as a significant route through which hg 

enters the marine environment. high content of labile form suggests 
that mercury form coastal erosion processes can influence the marine 
trophic chain.

TP-043

MERCURY SPECIATION AND RETENTION IN A SALT 
MARSH UNDERGOING LONG-TERM FERTILIZATION
laMborG, Carl1; MInCer, Tracy2; buChanan, William3; CollIns, 
Caroline4; sWarr, Gretchen2; GanGulI, Priya5; Whalen, Kristen6; 
boThner, Michael7; ValIela, Ivan8; 
(1) UCSC, Santa Cruz, CA, USA; (2) WHOI, Woods Hole, MA, USA; (3) Savannah 
State University, Savannah, GA, USA; (4) Connecticut College, New London, CT, 
USA; (5) UC Irvine, Irvine, CA, USA; (6) Haverford College, Haverford, PA, USA; 
(7) USGS, Woods Hole, MA, USA; (8) Marine Biological Laboratory, Woods 
Hole, MA, USA

clamborg@ucsc.edu

experimental plots in Great sippewissett Marsh (falmouth, Ma usa) 
have been undergoing long-term (>42 years) fertilization through the 
application of commercially available, sewage sludge-based fertilizer. 
This material, while delivering organic carbon and nitrogen to the marsh, 
supplies elevated amounts of mercury (hg) and other metals as well. 
This experiment provides a unique opportunity to test hypotheses 
regarding the hg-related response of coastal marine ecosystems to 
eutrophication as well as assess the efficacy of salt marshes to act as 
sinks for increased loadings of hg to the coastal zone. We found hg 
inventories in the salt marsh sediments that were usually equivalent 
to, or greater than, the inadvertent loadings from fertilizer in the 
treatment plots and from the atmosphere in the control plots, and in 
both high and low sections of the marsh. We also found that the control 
plots appeared to retain all atmospheric hg loadings, though their 
faithfulness as historical archives maybe questionable. likewise, the 
distribution of hg in the fertilized plots appeared to be shifted relative 
to our reconstructed history of loadings, implying either some level of 
hg mobility or inaccuracies in our reconstructions. The abundance of 
monomethylmercury (Ch3hg+) within the plots varied dramatically with 
the amount of fertilizer applied as well as sediment total sulfur, with 
higher percentages of hg as Ch3hg+ and amounts of s in the control 
plots, and lowest percent Ch3hg+ and s in the most fertilized plots. 
artifact Ch3hg+ formation was observed through the use of hg stable 
isotope tracing during extraction and analysis and found to dominate 
uncorrected measured Ch3hg+ in the plots undergoing the highest level 
of fertilization.

These results showed no systematic change of hg mobility relative 
to control plots other than the increased load of hg. Thus, it would 
appear that new england salt marshes possess a strong ability to retain 
hg loadings and that this ability is resistant to degradation by low- to 
moderate-level eutrophication. finally, the prediction made by Driscoll 
and colleagues that eutrophication leads indirectly to less Ch3hg+ 
production appears borne out in this particular ecosystem.
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TP-044

SPATIAL AND TEMPORAL CHANGES IN TOTAL 
MERCURY AND METHYLMERCURY CYCLING IN 
LONG ISLAND SOUND
lIu, Maodian1; Mason, robert1; WhITney, Michael1; Vlahos, Penny1; 
bauMann, Zofia1; 
(1) University of Connecticut, Groton/CT, USA

liumd@pku.edu.cn

Mercury cycling in shallow coastal bays and sounds remains poorly 
understood even though these are important in terms of local and 
subsistence fisheries. long Island sound (lIs), a temperate shallow 
estuary with an average depth of ~30 m, receives riverine discharge 
exclusively on its north shore and from the east river flowing through 
new york City at its western end. approximately 90% of riverine influx 
to lIs is derived from the 653.59km-long Connecticut river, originating 
in Canada and entering lIs towards its eastern boundary. Water of lIs 
exchanges with the atlantic ocean primarily via a narrow, deeper (~50 
m) passage, the race, situated on lIs eastern end, where there are strong 
tidal currents. a previously constructed budget for lIs assumed values 
for tidal exchange and in situ production, which have not been supported 
by rigorous measurements. our recent study measured total mercury 
(Thg) and methylmercury (Mehg) during 3 cruises that took place in May, 
august and november of 2016 along the transect connecting the north 
shore of lIs at the mouth of Connecticut river and the south shore of 
lIs at orient Point (long Island, ny). Water collected with Teflon-lined 
niskin bottles from 3 depths (e.g. surface, mid and bottom) at 5 stations 
along the transect at low and high tide, was transferred using trace metal 
clean approaches into 2l Teflon bottles. During the cruise in november, 
water was also sampled during incoming and outgoing tides. Collected 
water was filtered via combusted quartz fiber filters. both the filtrate as 
well as the collected particulate matter were analyzed for Thg and Mehg. 
While analyses are ongoing, our initial results show that in spring and 
in the fall, the dissolved as well as the particulate Mehg concentrations 
were elevated near the river mouth as well as 2-5 m off the bottom. 
spatial and temporal hg distribution patterns for the filtrate and particles 
are here used to update the previous budget, while better constraining 
the importance of seasons, tides, and exchange across the race. Mass 
balance modeling was applied to simulate the effect of tide on the Thg 
and Mehg cycling in the lIs.

TP-045

MERCURY SPECIES FLUXES FROM SEDIMENT: 
INSIGHTS FROM COMPARISON BETWEEN 
224RA/228TH DISEQUILIBRIUM AND 
CORE INCUBATION
shI, Xiangming1; Mason, robert2; ChareTTe, Matthew3; 
(1) Xiamen University, Xiamen, Fujian Province, China; (2) University of 
Connecticut, Groton, CT, United States; (3) WHOI, Woods Hole, MA, United States

kidsxm_0110@foxmail.com

sediment is the main site of mercury methylation. accurate 
quantification for methylmercury (Mehg) flux at the sediment-water 
interface is vital to better understand the biogeochemical cycling 
of mercury, especially the toxic Mehg species. Methylmercury is 
non-conservative in aquatic systems and many factors affect its 
concentration. Traditional approaches, such as core incubation, are hard 
to maintain at the in-situ conditions, leading to over/underestimation 
of benthic fluxes. The 224ra/228Th disequilibrium method for tracing 
the transfer of dissolved substances just across the sediment-water 
interface, has proven to be a reliable proxy to quantify the benthic flux. 
In this study, both 224ra/228Th disequilibrium and core incubation 
methods were applied to examine the benthic fluxes of both 224ra and 
Mehg in barn Island, Connecticut, usa (a wetland) from May to august, 
2016. The results showed that the two methods were comparable for 
224ra but contradictory for Mehg. The radiotracer method indicated 
sediment was always a dominant source of both Thg and Mehg. 
Core incubation produced similar results in May and august but an 
opposite pattern that sediment was a sink of Mehg in June and July, 
which was contrary to the evidence of significant Mehg gradients at the 
sediment-water interface. overall, we conclude that the 224ra/228Th 
disequilibrium approach is preferred for estimating the benthic flux 
of Mehg and that sediment is indeed an important Mehg source in 
this wetland.

TP-046

BIOACCUMULATION OF MERCURY ON FISHES IN 
MINAMATA BAY, BASED ON FOOD WEB ANALYSIS 
AND CARBON AND NITROGEN ISOTOPE ANALYSIS
MorI, Keisuke1; Kanaya, Gen2; seo, eriko3; IToh, hajime3; KoJIMa, 
shigeaki3; 
(1) National Institute for Minamata Disease, Minamata/Kumamoto, Japan; 
(2) National Institute for Environmental Studies, Tsukuba/Ibaraki, Japan; 
(3) Air and Ocean Research Institute, Tokyo University, Kashiwa/Chiba, Japan

morik@nimd.go.jp

from 2010 we have been researching the bioaccumulation of mercury 
in several fishes in Minamata bay and surrounding areas in yatsushiro-
Kai, Kumamoto, Japan. We selected several sampling points that showed 
different environmental conditions, species composition and food web 
patterns. for the determination of feeding types of 60 species fishes 
(600 samples) sampled by gill net, we measured mercury levels of each 
sample and distinguished food habit, such as carnivore, omnivore, 
herbivore and detritivore from direct observation and Dna checking of 
fish gut contents. at this time, we introduced a stable isotope analysis 
for checking the food history and feeding habits of dominant fish. In 
about 300 individuals of 30 species of dominant fish selected from the 
600 samples, we measured the stable nitrogen and carbon isotope 
ratios (δ15n, δ13C) of each sample. We also measured δ15n and δ13C 
of phytoplankton, zooplankton and benthic microalgae. Checking the 
food items in the gut of fishes, more than 80% were carnivorous, and 
showed different selectivity of food items, such as fish and crustacean. 
from the results of stable isotope ratios, benthic fish tended to show 
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a higher ratio of δ13C. usually benthic microalgae evidenced a higher 
ratio of δ13C than planktonic microalgae, and the ratio conservative 
through the food chain. In general, δ15n increases through the food 
chain with +3 to +4 ‰ enrichment per trophic step. In these data, 
carnivorous fishes of benthic and pelagic type showed medium and 
high ratios of δ15n. from comparing the stable isotope ratio to the 
mercury concentration of fishes, all of the high-mercury fishes belonged 
to benthic and carnivorous types. We consider the joint method of food 
web analysis and stable isotope analysis to be useful for understanding 
the mechanism of mercury bioaccumulation through the food web.

TP-047

METHYLMERCURY AT THE SEDIMENT-WATER 
INTERFACE: INSIGHTS FROM A UNIQUE 
SAMPLING REGIME
seelen, emily1; Massey, Grace2; Mason, robert1; 
(1) University of Connecticut, Groton, CT, USA; (2) Virginia Institute of Marine 
Science, Gloucester Pt., VA, USA

emily.seelen@uconn.edu

sediments are the largest repository for mercury (hg) in estuarine 
systems, but their role as a source of methylmercury (Mehg) to the 
coastal water column is under critique. We used a unique sampling 
approach to examine particulate Mehg exchange between estuarine 
sediments and the water column via resuspension over naturally relevant 
tidal and storm shear stress conditions. The resuspended fraction was 
collected using a Gust Microcosm erosion system which induces step-
wise increasing shear stresses to undisturbed sediment cores. The cores 
were collected from an upstream (8.1 ppt) and a downstream location 
(28.4 ppt) in the Delaware river. Within each location two sites were 
selected, one organic carbon (oC) poor and one oC rich. Particles were 
collected from the erosion effluent and analyzed for Mehg, total hg, 
chlorophyll a, and C, n, s concentration and isotopic signature. We also 
collected a traditional bulk sediment sample (0-4 cm homogenized) to 
compare these results to. The results suggest that easily eroded particles 
have a different hg composition than the bulk sediment for both oC 
conditions. at high oC sites, the resuspended fraction had less Mehg 
than the bulk sediment while the opposite was true for the low oC sites. 
The resuspended particles were similar to the suspended particulate 
Mehg burden at the more terrestrial site, but differed from both the 
sediments and the water column at the more marine site. This could be 
due to a higher abundance of living plankton at the more marine site, as 
suggested by high concentrations of chlorophyll a in the 0.2-20 μm size 
fraction, that would likely not be interacting with the surface sediments. 
The C isotopic signature for particles at the marine site was -21‰ 
indicative of marine phytoplankton, whereas the terrestrial site δ13C 
was -24.0‰ representing a mixture of marine and terrestrial carbon. 
This suggests that the Mehg dynamics at the sediment-water interface 
are distinct from the bulk sediment, and sampling of the bulk sediment 
does not provide an accurate reflection of the potential input of Mehg 
to the water column from resuspension. Therefore, to fully understand 
benthic-pelagic coupling in terms of Mehg in coastal ecosystems, the 

near-surface particulate Mehg should be sampled and considered 
when relating sediment-Mehg contributions to the overlying estuarine 
water columns.

TP-048

IMPACT OF PELAGIC FOOD WEB STRUCTURE ON 
MONOMETHYLMERCURY BIOACCUMULATION IN 
COASTAL SEAS – A BALTIC SEA CASE STUDY
sKrobonJa, aleksandra1; soerensen, anne2; bJÖrn, erik1; 
(1) Umeå University, Umeå, Sweden; (2) Stockholm University, 
Stockholm, Sweden

aleksandra.skrobonja@umu.se

Monomethylmercury (Mehg) is a potent neurotoxin that has a 
unique ability to biomagnify in aquatic food webs to harmful levels. 
Previous studies have shown that Mehg preferentially binds to organic 
compounds containing reduced sulfur groups (thiols). Thus, the 
concentration and composition of dissolved organic matter (DoM) 
play an important role in chemical speciation and bioavailability of 
Mehg. Terrestrial input of DoM furthermore promotes the growth 
of heterotrophic bacteria and therefore increases their share of the 
biomass production in the bottom of the pelagic food-web.

The baltic sea is an ideal study area for processes responsible for 
mercury transformation and its pathway in the environment due to 
large differences in the concentration of terrestrially derived DoM 
between the north and the south. hence, different food web structures 
are present with bacteria-based (microbial) food web in the northern 
and phytoplankton-based (herbivorous) in the southern areas. as 
a result of elevated input of DoM in the northern basins and the 
differences in the food web structures, we hypothesize that Mehg 
concentrations in the higher trophic level of the pelagic food web 
(zooplankton) significantly differ between the two regions.

In this study we determine concentrations of Mehg in water and 
plankton samples obtained from different subbasins within the baltic 
sea using gas chromatography inductively coupled plasma mass 
spectrometry and calculate bioaccumulation factors through the food 
web up to zooplankton. We furthermore determine the speciation of 
sulfur by s-Xanes (sulfur X-ray absorption near the edge structure) and 
identify dominant individual low molecular mass (lMM) thiols using 
liquid chromatography electrospray ionization mass spectrometry. 
These data are used to assess Mehg bioavailability and biomagnification 
from the dissolved phase and up to zooplankton.

Initial results from 2015 suggest that dissolved Mehg concentrations 
are slightly higher in the southern baltic offshore surface waters 
(24±16 fM) than in the north (11±11 fM). however, we find that Mehg 
concentrations in plankton and the bioaccumulation factors decrease 
along the north-south gradient. This could be tightly connected with 
the microbial food web structure. With additional speciation data from 
2016 cruise campaigns we will further address Mehg bioavailability and 
elucidate on how it affects the bioaccumulation process.
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TP-049

MERCURY PARTITIONING AND SPECIATION IN 
NORTHERN GULF OF MEXICO ESTUARIES
haMMersChMIDT, Chad1; buCK, Clifton2; boWMan, Katlin1; GIll, Gary3; 
lanDInG, William4; 
(1) Wright State University, Dayton, OH, USA; (2) University of Georgia, Athens, 
GA, USA; (3) Pacific Northwest National Lab, Sequim, WA, USA; (4) Florida 
State University, Tallahassee, FL, USA

chad.hammerschmidt@wright.edu

Improving our understanding of mercury cycling within estuaries 
is an important step in modeling mercury uptake by biota and 
quantifying mercury fluxes to the coastal ocean. We sampled 11 u.s. 
rivers (suwannee, apalachicola, escambia, Mobile, Pascagoula, Pearl, 
Mississippi, lower atchafalaya, sabine, Trinity, and brazos rivers) 
discharging into the Gulf during spring and fall 2012. We measured total 
and methyl mercury (Mehg) concentrations in particulate and filtered 
phases as well as other parameters including total suspended solids, 
dissolved oxygen, and dissolved organic carbon. Mercury concentrations 
varied along salinity gradients with most systems characterized by 
mid-estuary maxima in Mehg concentrations. The mean fraction of total 
mercury as Mehg in each estuary ranged between 0.8 and 3.4%. We 
found significant correlations between particulate total mercury and 
total suspended solids. seasonal differences in the partition coefficients 
of total mercury appear to be driven by changes in the concentration of 
filtered mercury.

TP-050

MERCURY CYCLING IN A CHESAPEAKE BAY SALT 
MARSH: THE IMPACT OF PHRAGMITES AUSTRALIS
heyes, andrew1; rosera, Tylor2; PoWers, leanne1; GonsIor, Micheal1; 
laPhaM, laura1; osTer, Jacob1; 
(1) University of Maryland Center for Environmental Science, Solomons, 
Maryland, United States; (2) St Olaf College, North Field, Minnesota, 
United States

heyes@umces.edu

Wetlands are known to be active sites of mercury (hg) methylation and 
can be important sources of methylmercury to downstream systems 
and the food web. salt marshes play a multifaceted role in estuarine 
ecosystems, such as cycling nutrients, providing habitat and mitigating 
floodwaters. Invasions of plants such as Phragmites australis have 
raised concerns over how invasive plants impact wetland ecosystem 
function. The role of P. austalis is complex. In some cases its presence 
may expand habitat, but in others habitat quality is decreased resulting 
in an altered food web.

apart from its role in nitrogen cycling, our understanding of the impact 
of changes following a P. australis infestation on biogeochemical cycles 
is not well known. In P. australis patches of the rhoade river salt Marsh 
in the Chesapeake bay Md, we have observed dramatic differences 

in sulfur and carbon cycles between P. austalis communities and 
other plant types. We believe this is in large part because of the active 
pumping of oxygen to the root zones. sulfide is all but eliminated in peat 
pore water surrouning the P. australis.

Concentrations of mercury in the peat pore water around the plant 
roots are much higher than found in other plant communities in the 
marsh. Concentrations of methylmercury in the pore water are as high 
or higher than found in pore water of the other plant communities 
in the marsh. Given the differences in redox condition, hg cycling is 
unlikely to be the same, driven by differences in hg supply and microbial 
activity. In this presentation we will first examine factors influencing hg 
cycling in the P. australis infested rhode river Marsh. salt marshes are 
import sources of carbon estuaries. export of dissolved organic matter 
is substantial, and being located on the fringes of the marsh, P. australis 
dominated patches perhaps have a greater impact on the type and 
amount of carbon exported, and hence the hg and mehg exported, 
than other plant communities. We will discuss C and hg export from the 
Marsh and examine any linkages back to plant community source.

2b: Sources and cycling of mercury in 
freshwater ecosystems

TP-051

MERCURY FATE AND CYCLING IN RIVER SEDIMENT 
FOLLOWING A FLY ASH RELEASE IN THE DAN 
RIVER, USA
heyes, andrew1; GofsTeIn, Taylor2; 
(1) University of Maryland Center for Environmental Science, Solomons 
Maryland, United States; (2) University of Alaska Fairbanks, Fairbanks Alaska, 
United States

heyes@umces.edu

following recent spills of coal combustion residue (fly ash) into rivers of 
the united states, questions have arisen as to the impact of this material 
on the ecosystem. following the Dan river spill in 2014, we undertook 
a study to investigate how fly ash impacted mercury cycling in riverine 
sediments. first we used particle size separation methods and low level 
mercury analysis to test for the presence of fly ash. second we assessed 
if the presence of fly ash affected total mercury (T-hg) concentrations 
in sediment, as this system had already been impacted by industrial 
releases. We next tested how ash might impact hg partitioning between 
sediment and water. finally we examined whether the presence of ash 
impacted methylmercury concentration in sediment and sediment 
pore water.

We found that analyzing discrete particles size fractions for total 
mercury (T-hg) is an effective means of determining the presence of 
fly ash in the sediment. analysis of hg concentrations in bulk phase 
sediment was not nearly as discerning. When ash was present in 
sediment, T-hg concentrations (as defined by the sum of all mercury 
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species) in sediment pore water were not significantly different than 
in pore water from sediment containing no fly ash. In the case of the 
methylated hg species (Mehg); experimental enrichment of sediment 
with fly ash resulted in increased Mehg concentration with increasing 
ash concentration. Methylmercury concentrations also slightly increased 
in water overlying the sediment enriched in fly ash suggesting that the 
presence of ash increases the contribution of Mehg to overlying water.

TP-052

VERTICAL AND SEASONAL VARIATION OF 
MERCURY METHYLATION AND SPECIATION IN A 
EUTROPHIC KETTLE LAKE
aGaTher, alison1; haMMersChMIDT, Chad1; 
(1) Wright State University, Dayton, OH, USA

agather.2@wright.edu

Mercury methylation in the water column of lakes and the ocean 
may be an important source of monomethylmercury (MMhg), which 
bioaccumulates in food webs and poses a potential health threat to 
wildlife and humans. To better understand MMhg synthesis in the 
water column, the vertical distribution of mercury (hg) species were 
examined in a spring-fed, eutrophic lake in western ohio, usa. Crystal 
lake is seasonally stratified, with a sulfidic profundal zone during the 
summer and fall. ambient concentrations of monomethyl-, elemental, 
and total hg were profiled almost monthly throughout the water 
column for one year. Water from five depths of the lake (surface water, 
chlorophyll maximum, above and in the MMhg maximum, and sulfidic 
bottom water) was amended with isotopically enriched inorganic hg 
and MMhg, and incubated at the respective depths to quantify rates of 
hg methylation and MMhg demethylation. ambient concentrations of 
total hg and MMhg were greatest at the oxic/anoxic boundary layer. 
Mercury was methylated in both oxic and anoxic portions of the water 
column, although rates were greatest in the boundary layer. These 
results suggest that redox transition zones in the water column are 
an important source of bioavailable MMhg and that methylation also 
occurs in oxic water, although the mechanism is unknown.

TP-053

UPTAKE AND VOLATILIZATION OF GASEOUS 
ELEMENTAL MERCURY BY PADDY RICE
DenG, hong1; 
(1) School of Ecology and Environmental Science, East China Normal 
University, Shanghai, China

hdeng@des.ecnu.edu.cn

Wetland is an important sink of mercury, and its reducing substrate 
favors for the production of gaseous elemental mercury. In order to 
adapt to the anoxic condition, wetland plants usually have developed 
aerenchyma to transport oxygen from the atmosphere to the roots for 
cellular respiration. In this study, a typical wetland plant paddy rice is 

used to study whether its root and aerenchyma can also be a channel 
for the transport of rhizosphere gaseous mercury into the atmosphere. 
If it is, what are the mechanisms underlying. In this paper, the roots 
of rice were separated from the shoots by a well-air-tighten chamber. 
roots were exposed to saturated mercury vapor in root chamber, then 
the gaseous mercury volatilized from the leave chamber was absorbed 
by the active carbon absorbent. The results showed that gaseous 
elemental mercury could be absorbed by rice roots and be transported 
to shoots. The mercury of roots was negatively correlated with root 
porosity (r=0.8309, P<0.01), while the mercury in the aboveground 
tissues showed a positive correlation with root surface area and 
root volume (r = 0.896, P <0.01; r = 0.871, P <0.01; respectively). The 
results also indicated that the mercury absorbed by the roots could be 
volatilized into the atmosphere through the leaves. The volatilization 
of the mercury from the leaves was increased positively with the leaf 
area (r = 0.897, P <0.01). There was a significantly positive correlation 
between the mercury volatilization per unit leaf area and transpiration 
intensity (r = 0.73, p <0.01). The results have proved that rice roots 
can not only absorb gaseous elemental mercury, but also transfer 
mercury to the aboveground, and then released into the air through 
the leaves of the stomata. The results provided a scientific basis for 
further investigations of revealing mercury behavior and regulation 
mechanisms in wetland ecosystems.

TP-054

SINK OR SOURCE? MERCURY LOADS INTO AND OUT 
OF THE SEASONALLY STRATIFIED HELLS CANYON 
RESERVOIR COMPLEX, IDAHO AND OREGON, USA
balDWIn, austin K.1; ClarK, Gregory M.1; nayMIK, Jesse2; Myers, 
ralph2; hooVesTol, Charles2; KrabbenhofT, David3; eaGles-sMITh, 
Collin4; MarVIn-DIPasQuale, Mark5; PoulIn, brett6; aIKen, George6; 
(1) U.S. Geological Survey, Boise ID; (2) Idaho Power Company, Boise ID; 
(3) U.S. Geological Survey, Middleton WI; (4) U.S. Geological Survey, Corvallis 
OR; (5) U.S. Geological Survey, Menlo Park CA; (6) U.S. Geological Survey, 
Boulder CO

akbaldwi@usgs.gov

anoxia in the hypolimnion of lakes and reservoirs can promote the 
conversion of mercury (hg) to the more toxic methylmercury (Mehg) 
form. In the 200-km hells Canyon reach of the snake river along the 
Idaho-oregon border, three deep (up to 90 m) reservoirs seasonally 
stratify for months at a time, creating anoxic conditions that promote 
Mehg production in the hypolimnion.  as a result, both Idaho and 
oregon have listed this reach of the snake river as impaired for hg, with 
fish-tissue samples regularly exceeding Idaho’s human health fish tissue 
criterion of 0.3 mg/kg wet weight.

In 2014, the u. s. Geological survey and Idaho Power Company initiated 
a collaborative investigation of hg cycling and fate in the hells Canyon 
reach. Primary research questions for this project include understanding 
the mechanisms promoting Mehg production in the hypolimnion, and 
the fate of the Mehg accumulated in the hypolimnion subsequent to 
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reservoir destratification and mixing. To help answer these questions, 
the mass loadings of hg and Mehg into, within, and out of the hells 
Canyon complex of reservoirs were estimated using discrete water-
quality data and streamflow into and out of each reservoir.

Water samples were collected biweekly from four reservoir inflow/
outflow locations between 2014 and 2016 and were analyzed for 
dissolved and particulate hg and Mehg. streamflow data collected 
continuously at the inflow and outflow of each of the three reservoirs 
were used to compute mean daily streamflow values during the 
sampling period. using the r software package rloadest, regression 
models were developed to relate instantaneous hg and Mehg loads 
to daily streamflow and seasonal variables.  loads were computed 
at various time steps over the sampling period to estimate the mass 
balance for each reservoir in the hells Canyon Complex and for the 
complex as a whole. results indicate that hg inflow is ~2.7x greater than 
outflow, and Mehg inflow is ~2x greater than outflow, despite clear 
production and accumulation of dissolved Mehg in the hypolimnion 
within the reservoir complex. Thus, overall, the reservoirs act as hg and 
Mehg sinks. findings from this study are intended to help manage the 
hells Canyon Complex to minimize downstream export of hg and Mehg.

TP-055

VERNAL POOLS AS METHYLMERCURY 
SOURCES TO FOREST FOOD WEBS: EXPORT VIA 
EMERGENT INSECTS
benoIT, Jani1; herZoG, amanda1; barroWs, Jessica1; CaTo, Deborah1; 
(1) Wheaton College, Norton, MA, USA

jbenoit@wheatonma.edu

Vernal pools are ephemeral wetlands that provide essential habitats for 
amphibians. our previous work demonstrated that inorganic mercury 
(hgI) in leaf litter was converted to methylmercury (Mehg) after spring 
flooding in a new england vernal pool. We further showed that this 
Mehg was bioaccumulated by resident invertebrates, including insect 
larvae. based on these findings, we hypothesized that insect emergence 
might provide a vector for transferring Mehg into to the surrounding 
forest; therefore, we investigated the export of Mehg from a vernal 
pool via emergent insects. In the first year of the study we surveyed the 
types of emergent insects inhabiting the pool and measured their Mehg 
concentrations. In the second year we quantitatively collected insects in 
order to determine the seasonal flux of insect-associated Mehg. Duplicate 
emergence traps were deployed between May 5 and aug 5, 2015, which 
spanned the period between full flooding in the spring and drying out in 
the summer. Insects were collected on a weekly basis. after insect samples 
were dried and massed, they were analyzed for Mehg and total mercury 
(hgT) concentrations using acid extraction and CVafs. our results showed 
similar Mehg concentrations for insects collected in the two traps, 34±6 
and 29±9 mg/g, but different patterns of emergence led to differences in 
Mehg export rates over the study period. The average insect-associated 
Mehg export rates in the two traps were 40 and 140 pg Mehg/m^2 d. 
The total amounts of Mehg exported were 3 and 14 ng Mehg/m^2.   This 

export represents about 0.1% of the hgI that was deposited onto the pool 
via leaf litter in the fall. Considering the abundance of vernal pools in some 
forested landscapes, our results suggest that these wetlands may be 
important sources of Mehg to forest food webs.

TP-056

MERCURY DISTRIBUTION AND VARIATION IN 
LAKE ERIE
lIZnICK, Kaylin1; branfIreun, brian1; bhaVsar, satyendra2; 
(1) University of Western Ontario, Ontario, Canada; (2) Ontario Ministry of the 
Environment and Climate Change, Ontario, Canada

kliznick@gmail.com

north american laurentian Great lakes are the largest surface 
freshwater system in the world presenting a valuable recreational and 
commercial fishery among many other benefits. Mercury levels in fish 
from lake erie, the shallowest of the five lakes, are weakly increasing 
over the last two decades. We conducted extensive analysis total 
mercury (Thg) and methylmercury (Mehg) of water, sediment, seston 
and 3 fish species collected from 10 sites in the three basins of the lake 
(western, central and eastern) over a four month summer period to 
understand mercury dynamics in the system. overall, our observations 
and reports in the literature suggest that Thg have declined in the 
sediments of all three basins during the last two decades. Thg and 
often Mehg water and sediment concentrations remain higher in the 
western basin than the central and eastern basins. This is especially 
true for the sediment, which may be acting as a continual source of hg 
to both the water column and subsequently the primary biota of the 
basin. Despite the western basin having significantly higher hg in the 
abiotic compartments, the %Mehg was often lower in the west and 
increased eastward, indicating that complex factors are contributing 
to higher Mehg production and comparable bioaccumulation in biota 
in the central and eastern basins. These data can be used for future 
reference as well as for input into hg dynamics models, which require 
a certain minimum of accurate empirical data to be of use to aquatic 
ecology modellers.

TP-057

FRESH HUMIC AND ALGAL DERIVED ORGANIC 
MATTER ENHANCES METHYLMERCURY 
PRODUCTION IN BEAVER PONDS
braVo, andrea1; herrero-orTeGa, sonia1; CaTalÁn, núria1; 
GrÖnTofT, hannes1; GeIr hIlMarsson, Torfi1; berTIlsson, stefan1; 
Wu, Pianpian2; bJÖrn, erik3; bIshoP, Kevin2; 
(1) Uppsala University, Uppsala, Sweden; (2) Swedish University of 
Agricultural Sciences, Uppsala, Sweden; (3) Umeå University, Umeå, Sweden

andrea.garcia@ebc.uu.se

Previous studies have revealed that beaver impoundments increase 
methylmercury (Mehg) concentrations and alter dissolved organic 
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matter (DoM) composition in rivers, especially in the first years 
after flooding. although DoM controls mercury (hg) availability for 
methylating bacteria, the impact of DoM quantity and composition 
in hg methylation processes in aquatic systems remains still unclear. 
here, we studied hg methylation rates and DoM composition in 9 
beaver ponds differentially aged across sweden. We found a decrease 
in Mehg production with increasing age of the ponds, ponds older 
than 18 years featuring on average 65% lower methylation compared 
to those younger than 7 years. our results show that increased Mehg 
concentrations in surface waters is a consequence of enhanced 
hg methylation in the pond sediments. elevated chlorophyll a 
concentrations found in young ponds imply internally produced organic 
matter as an important driver of hg methylation. Qualitative analysis of 
the DoM with excitation-emission-matrix fluorescence spectroscopy, 
further suggests that unprocessed humic DoM also enhances hg 
methylation in young pounds. our study provide novel insights into the 
drivers of hg methylation processes in boreal aquatic ecosystems.

TP-058

THE INFLUENCE OF INUNDATION AND LAKE 
MORPHOMETRY ON THE DYNAMICS OF MERCURY 
IN THE WATER AND PLANKTON IN AN AMAZON 
FLOODPLAIN LAKE
brITo, brendson1; forsberG, bruce2; KasPer, Daniele2; aMaral, João2; 
VasConCelos, Moema2; sousa, otávio2; basTos, Wanderley3; 
(1) Insituto Federal do Pará - Campus Itaituba, Itaituba, Pará, Brazil; 
(2) Instituto Nacional de Pesquisas da Amazônia, Manaus, Amazonas, Brazil; 
(3) Universidade Federal de Rondônia, Porto Velho, Rondônia, Brazil

brendsoncb@gmail.com

seasonal flooding changes chemical and morphometric characteristics 
of the tropical floodplain lakes, affecting stratification which can 
influence mercury dynamics. We investigate the influence of flooding 
on the mercury dynamics in an amazon floodplain lake. Three points 
on the lake, the solimes river and the connecting channel to the river 
were sampled along the annual flood-pulse. During high-water, the 
lake was deep (12.7 m, on average) and the area farthest from the river 
was stratified with low oxygen and high methylmercury concentrations 
([Mehg]) at depths below 7 m (0.37 ngl-1, on average). The two sites 
closest to the river were destratified and the [Mehg] were lower (0.077 
ng l-1, on average along all depths). at low-water, the lake was shallower 
(3 m, on average) and destratified, with higher oxygen concentrations, 
and no difference in [Mehg] along the water column at all lake sites. 
Independent of season, the [Mehg] in the connecting channel were 
higher than those in the river. The [Mehg] in phytoplankton varied in 
response to changes in biomass, showing a biodilution effect. Variations 
in lake morphometry controlled the stratification and [Mehg] in the 
lake during the high-water. floodplain lakes export hypolimnetic Mehg 
to their associated rivers during high-water.seasonal flooding changes 
chemical and morphometric characteristics of the tropical floodplain 
lakes, affecting stratification which can influence mercury dynamics. 
We investigate the influence of flooding on the mercury dynamics in 

an amazon floodplain lake. Three points on the lake, the solimes river 
and the connecting channel to the river were sampled along the annual 
flood-pulse. During high-water, the lake was deep (12.7 m, on average) 
and the area farthest from the river was stratified with low oxygen and 
high methylmercury concentrations ([Mehg]) at depths below 7 m (0.37 
ngl-1, on average). The two sites closest to the river were destratified 
and the [Mehg] were lower (0.077 ng l-1, on average along all depths). 
at low-water, the lake was shallower (3 m, on average) and destratified, 
with higher oxygen concentrations, and no difference in [Mehg] along 
the water column at all lake sites. Independent of season, the [Mehg] 
in the connecting channel were higher than those in the river. The 
[Mehg] in phytoplankton varied in response to changes in biomass, 
showing a biodilution effect. Variations in lake morphometry controlled 
the stratification and [Mehg] in the lake during the high-water. 
floodplain lakes export hypolimnetic Mehg to their associated rivers 
during high-water.

TP-059

INFLUENCES OF COMPOSITION AND 
CONCENTRATION OF DISSOLVED ORGANIC 
MATTER ON THE DISSOLVED GASEOUS MERCURY 
PRODUCTION IN LAKE SURFACE WATER
yanG, Jisook1; han, seunghee1; 
(1) GIST, Gwangju/Buk-gu, Republic of Korea

jisook@gist.ac.kr

The reduction of mercury in lake surface water plays an important role 
in the mercury biogeochemical cycle by decreasing hg(II) availability 
to aquatic organisms and increasing the release of hg(0) to the 
atmosphere. The formation of dissolved gaseous mercury (DGM) is a 
photochemical process mediated by dissolved organic matter (DoM). 
The aims of this study are: 1) to measure DGM concentrations and 
reduction (kre) and oxidation (kox) rate constants in oligotrophic, 
mesotrophic, and eutrophic lakes, and 2) to correlate DGM and 
redox rate constants with environmental variables to understand the 
mechanisms of DGM production in surface lake water. The composition 
of fluorescent DoM in surface water samples was also analyzed using 
excitation-emission matrix (eeM) fluorescence combined with a parallel 
factor (ParafaC) model. Three target monitoring sites were chosen 
based on self-organizing map (soM) results: Jangsung lake (Jsl) is 
an oligotrophic lake surrounded by forest (85% of catchment area), 
Kumho lake (Khl) is a mesotrophic lake located by the coastal sea, 
and yeongsan lake (ysl) is an eutrophic lake located downstream of 
Gwangju city. The eeM-ParafaC identified three components of DoM 
in surface lake waters: humic-like (C1), fulvic-like (C2), and protein-like 
(C3). seasonal monitoring results showed that surface water DGM was 
highest in the oligotrophic Jsl and lowest in the eutrophic ysl. The 
site trend of DGM agreed well with the site trend of the net reduction 
rate: kre/kox was highest in the Jsl and lowest in the ysl. The Pearsons 
correlation analysis results demonstrated a significantly positive 
correlation between kre/kox and %C3 and a significantly negative 
correlation between kre/kox and %C1, indicating that the net reduction 
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of hg(II) is promoted by protein-like DoM or inhibited by humic-like 
DoM. Currently, we are carrying out field measurements of individual 
kre and kox to determine which reaction (i.e., reduction or oxidation) 
rate varies as a function of DoM composition.

TP-060

MERCURY GEOCHEMISTRY IN A UNIQUE TROPICAL 
AGRICULTURAL WETLAND ECOSYSTEM, INDIA
CherIan, navya1; arunbabu, V.1; Mohan, Mahesh1; 
(1) Mahatma Gandhi University, Kottayam, Kerala, India

navya.cherian@gmail.com

Mercury pollution of the aquatic ecosystems, especially agricultural 
wetlands is of major concern owing to the highly toxic and persistent 
nature of mercury and subsequent accumulation in the aquatic biota. 
The present study was conducted in a unique tropical agricultural 
ecosystem, situated in the south west coast of India, where rice 
cultivation is practiced below sea level. Most of these areas are water 
logged throughout the year and subjected to flood during monsoon 
period. The geochemical analysis revealed the acidic as well as anaerobic 
nature of the system. The Thg content in the soil and various tissues 
of rice plants were studied during the entire rice growing season (i.e., 
from 30th day to 120th day).The analysis was done using Direct Mercury 
analyzer (DMa 80, Milestone, usa). The mercury concentration in the 
soils were within the range of uncontaminated sites prescribed by 
usePa. The mean Thg concentration obtained for soils is 0.088mg/
kg. The average concentration of Thg in the plant tissues followed the 
pattern root>leaf>grain>husk>stem. The correlation analysis as well as 
translocation factor supported the possible translocation of mercury 
from the root to the other parts of the rice plant. The comparative study 
showed that, the Thg concentration obtained in the present study 
(0.0219 mg/kg) is less than the values reported in the literature. however 
it slightly exceeds the maximum limit (0.02 mg/kg) recommended by 
the Chinese national standard agency for food stuff. since studies 
on mercury cycling in the aquatic ecosystems of tropical countries is 
very less, it is highly crucial to develop a thorough understanding of 
the behavior of mercury in this complex system. Varying geochemistry 
and enormous land area of the agricultural wetland ecosystem 
greatly influences the speciation of mercury and thus its toxic impacts. 
hence the present study focused on the detection, bioavailability and 
accumulation of mercury.

TP-061

DISTRIBUTION OF THG AND MEHG IN THE WATERS 
OF THE MADEIRA RIVER, BRAZILIAN AMAZON
CeolIn baIa, Célia1; aleIXo Da CosTa JÚnIor, Walkimar1; aPareCIDa 
Da sIlVa olIVeIra, Iuri1; De souZa barbosa, Melissa1; roDrIGues 
basTos, Wanderley1; 
(1) Universidade Federal de Rondônia, Porto Velho, Brasil

celia.ceolin@gmail.com

In aquatic ecosystems the mercury (hg) participates of numerous 
chemical reactions, being able to go out of the chemical form inorganic 
to organic form and quickly incorporate in the biota. The Madeira river 
has been exploited by gold mining for decades, being an anthropic route 
of introduction of mercury in the aquatic environment. The objective 
of the study is to evaluate the concentration of total mercury (Thg) and 
methylmercury (Mehg) in the water sample (total and filtered fraction) 
of the Madeira river, upstream and downstream of a hydroelectric 
plant. Quarterly data were collected in six points (3 upstream and 3 
downstream), between the years of 2013 and 2016 on the Madeira 
river. The water samples were collected in amber glass bottles, stored 
on ice and transported to the laboratory. Thg and Mehg were quantified 
by gas chromatography coupled to cold vapor atomic fluorescence 
spectrometry following the methodology ePa 1631 and ePa 1630, 
respectively. upstream of the hydroelectric plant, the waters of the 
total fraction presented the following medians for Thg and Mehg, 
respectively: 7.21 and 0.09 ng/l (2013); 6.94 and 0.05 ng/l (2014); 5.16 
and 0.11 ng/l (2015); 6.13 and 0.15 ng/l (2016). In the dissolved fraction 
the medians were 1.84 and 0.03 ng/l (2013); 0.70 and 0.03 ng/l (2014); 
0.73 and 0.04 ng/l (2015); 0.04 and 0.04 ng/l (2016). at the downstream 
of the hydroelectric plant, in the total fraction, the following median 
values were found for Thg and Mehg, respectively: 7.51 and 0.10 ng/l 
(2013); 5.86 and 0.07 ng/l (2014); 5.55 and 0.09 ng/l (2015); 7.17 and 
0.014 ng/l (2016). In the dissolved fraction the medians were 1.76 and 
0.04 ng/l (2013); 0.54 and 0.03 ng/l (2014); 0.62 and 0.04 ng/l (2015); 
0.19 and 0.04 ng/l (2016). The highest Thg (2103) and Mehg (2015) 
concentration in the water (total fraction) was observed upstream of 
the hydroelectric plant. The highest percentage ratio of Mehg: hgT 
occurred in the total fraction (9.16%) in downstream of hydroelectric 
(2014). There was a significant increase in the concentration of Mehg in 
the water (total fraction) upstream of the hydroelectric plant over the 
years, as well as the increase in the relation between the concentration 
of Thg and Mehg. The highest concentration in the total water fraction 
was attributed to a large load of suspended particulate matter (sPM) 
transported by the Madeira river (annual average of sPM= 376.67 mg/l).

TP-062

HG AND MMHG CYCLING IN THE THAW LAKE 
SYSTEM OF QINGHAI-TIBET PLATEAU
CI, Zhijia1; PenG, fei2; Xue, Xian2; ZhanG, Xiaoshan1; 
(1) Research Center for Eco-Environmental Sciences, Chinese Academy 
of Sciences, Beijing , China; (2) Cold and Arid Regions Environmental and 
Engineering Research Institute, Chinese Academy of Sciences, Lanzhou/
Gansu, China

zjci@rcees.ac.cn

Thaw lakes (Tls) form a unique and widely distributed landscape in 
permafrost regions. The hg biogeochemistry in climate-sensitive Tls 
has not been extensively investigated, but there is evidence that climate 
warming is altering the structure and function of Tls. In this study, we 
combined field measurements, in situ incubation experiments, remote 
sensing, and a previous water isotopic tracer study to document the 
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characteristics of hg and MMhg cycling in three Tls and to obtain insight 
into the hg biogeochemistry of Tls under rapid climatic warming. We 
found that hg(0) in water displayed higher concentrations during daytime 
and warm seasons and lower concentrations during nighttime and 
cold seasons (including under ice). but MMhg concentrations in water 
during cold seasons and under ice were much higher than those in 
warm seasons and in open water. These results suggest an important 
role of solar radiation on the hg and MMhg cycle. In situ incubation 
experiments further confirmed that solar radiation greatly regulates hg 
redox reactions and MMhg degradation. field measurements showed 
that Tls were a hg(0) emission source, and ebullition (bubbling) further 
increased the hg(0) emission flux during ice-free periods. The simple 
hg mass balance, incubation experiments, and previous water isotopic 
tracer study suggest that the groundwater and lake margin are important 
hg sources to the lake water, and that the lake expansion will induce an 
increase in hg(0) emission from the Tl system. This study suggests that 
climate change may potentially affect the cycling of hg in Tl ecosystems.

TP-063

EROSION, NOT CONTAMINATION, DRIVE HIGH 
MERCURY CONCENTRATIONS IN THE RED DEER 
RIVER (ALBERTA, CANADA)
CooKe, Colin1; Kerr, Jason1; 
(1) Alberta Environment and Parks, Edmonton, Alberta, Canada

colin.cooke@gov.ab.ca

a recent review of mercury concentration data from the red Deer river 
(alberta, Canada) revealed a number of exceedences to Canadian water 
quality guidelines over the past decade. Total hg (Thg) concentrations 
reaching as high as 860 ng/l have been measured in Michichi Creek (a 
tributary to the red Deer river) and >250 ng/l within the red Deer river 
itself. Concentrations >100 ng/l have been routinely observed within the 
red Deer river during the open water season. These Thg concentrations 
are generally at the upper range of values reported elsewhere, including 
streams and rivers impacted by legacy mining or intensive urban and 
industrial activities. here we will present the results of an investigation 
into the potential cause(s) of these high Thg concentrations.

The red Deer river watershed covers 49,650 km2, which includes the 
alberta badlands. Median (open-water) Thg and total suspended solids 
(Tss) concentrations at sites draining the badlands were frequently more 
than double those of stations upstream. Thg was significantly related 
to Tss (r2=0.66; p<0.05), indicating that Thg concentrations in the red 
Deer river and its tributaries are driven primarily by sediment transport. 
however, the concentration of Thg associated with suspended sediment 
(Csed) did not increase downstream of the badlands, suggesting that the 
high Thg concentrations observed are driven primarily by increases in 
sediment mass. In addition, Thg to al ratios of suspended sediment in 
the red Deer river watershed indicate negligible (< 2) to moderate (2-5) 
anthropogenic enrichment.

Contributions to Thg loading from upstream of the badlands were 
low (2-8%) despite contributing most of the flow to the river (≈70%). In 

contrast, four tributaries draining the badlands contributed 22% of the 
Thg loading, despite providing only ≈9% of the flow to river. sediment 
loading was highly episodic, reflecting the rapids erosional response of 
the alberta badlands to precipitation events. our results suggest that 
erosional processes in the alberta badlands have played a key role in 
driving hg dynamics within this river system; however, the extent to 
which heavy metal fluxes to the rDr have impacted biota still remains 
an important question.

TP-064

ABIOTIC REDUCTION OF MERCURY(II) IN 
SULFIDIC SUSPENSIONS: EFFECTS OF DISSOLVED 
ORGANIC MATTER
CoulIbaly, Mariame1; Jonsson, sofi2; MaZruI, nashaat2; Mason, 
robert2; 
(1) Ecole Normale Superieure, Abidjan, Cote d'Ivoire; (2) University of 
Connecticut, Connecticut, U.S

mamecoul2002@yahoo.fr

Monomethylmercury (Ch3hg) is a neurotoxic pollutant that 
bioaccumulates and biomagnifies in aquatic food webs. In sediments, 
the production of Ch3hg depends on the bacterial activity of hg 
methylating bacteria and the amount of bioavailable inorganic divalent 
hg (hg(II)) present. biotic and abiotic reduction of hg(II) to elemental 
mercury (hg(0)) may limit the pool of hg(II) available for methylation 
in sediments, and thus the amount of Ch3hg produced. numerous 
research studies have shown abiotic reduction of hg(II) by dissolved 
organic matter (DoM) and iron-containing minerals such as hydrous 
ferric oxide (hfo), iron carbonate, and iron sulfide. however, the 
authors were not unanimous about the role of surfaces in the reduction 
of hg(II). a recent study has shown reduction of hg(II) in the presence 
of the iron sulfide mineral Mackinawite (fes), with significant amounts 
of hg(0) formed within the first hour of reaction (bone et al., environ. 
sci. Technol. 48, 1068110689, 2014). The data of this study is however 
limited and the relationship between the concentration of fe(II) in 
solution and the amount of hg(0) produced was not determined, nor 
was the role of DoM investigated. here, we investigated the reduction 
of hg(II) by sulfidic minerals (fes and Cds) in the presence of dissolved 
iron and DoM. We showed that reduction of hg(II) by Mackinawite (fes) 
was lower (<15 % of the hg (II) was reduced after 24 h) than when hg(II) 
was reacted with DoM. We did not observe any formation of hg(0) when 
hg(II) was reacted with Cds(s) for up to four days (experiments done 
under both acidic and basic conditions). We also studied the reduction 
of hg(II) in the presence of both fes(s) and dissolved fe(II) and DoM, and 
concluded that the solid surface of the fes(s) had little impact on the 
reduction. These results will be discussed in terms of process influencing 
the production of hg(0) in the presence of environmental surfaces and 
the reduction capability of DoM towards hg(II) in anoxic systems.
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TP-065

DISSOLVED ORGANIC CARBON (DOC) MODULATES 
THE SOLUBILITY AND BIOAVAILABILITY OF 
MERCURY AND METHYLMERCURY IN THE 
EVERGLADES (USA)
DIerberG, forrest1; PoTTs, Janelle1; DebusK, Thomas1; larson, 
nichole1; JeraulD, Mike1; sIerer fInn, Dawn1; hIleMan, Karen1; 
(1) DB Environmental, Inc., Rockledge, FL, USA

woody@dbenv.com

Mercury (hg) deposition and subsequent methylmercury (Mehg) 
concentrations within the biota of the everglades (usa) are some of the 
highest in north america, leading to fish consumption advisories and 
wildlife toxicological concerns. however, there are spatial and temporal 
variations with respect to total hg (Thg) and Mehg in water, soil, and 
biota. heretofore, the research conducted towards explaining this 
variability has emphasized the well known pathway of hg methylation 
during sulfate reduction by sulfate-reducing bacteria. although dissolved 
organic carbon (DoC) has been shown to influence the solubility and 
bioavailability of Thg and Mehg in environments outside the everglades, 
DoC has not been a major focus of research in the everglades.

eight locations, varying in chemical and biological characteristics, within 
the everglades Protection area (evPa) were periodically monitored 
from 2011-2017 for water, floc, and biotic concentrations of Thg 
and Mehg, along with ancillary chemical parameters in the surface 
waters (suVa254 [specific uV absorbance at 254 nm], spectral slope 
between 275 and 295 nm [s275-295], and DoC, sulfate, sulfide, iron, 
phosphorus concentrations). bivariate linear regression and multivariate 
(Principal Component analysis) statistics indicated that DoC (range of 
13 to 57 mg/l) and dissolved Thg concentrations were most closely 
associated with the dissolved Mehg concentrations in water. With one 
exception, water Mehg concentrations increased with aqueous DoC 
concentrations across multiple sites; concomitantly, bioconcentration 
factors for periphyton decreased. The suVa254 (a measure of 
the aromaticity of the DoC) was not related to aqueous Mehg 
concentrations across sites, but suVa254 did show a positive linear 
relationship at one site dominated by invasive cattail (Typha) and Chara. 
Importantly, the slopes of trophic Mehg magnification throughout 
the food chain showed no relationship with DoC, or variation among 
sites. This suggests that spatial and temporal hg variations in the upper 
trophic levels, such as in Gambusia, are primarily defined at the base of 
the food web, and that DoC may limit uptake of hg particularly by basal 
food organisms.

our data demonstrate that Mehg concentrations in the water column 
and biota are frequently higher at locations where the sulfate levels are 
≤ 0.2 mg/l than in areas where sulfate consistently average between 
15 and 32 mg/l. This suggests that sulfate reduction is not the only hg 
methylation process operating in the everglades, and that DoC acts to 
mediate the bioavailability of hg and Mehg. because DoC plays such 
a critical role in the uptake and bioaccumulation of Mehg in the food 
chain, investigations into the specific DoC structure and composition 

that influence the production of Mehg and its biological uptake 
should be pursued. This will assist in explaining why some areas of the 
everglades are consistent hg “hotspots”.

TP-066

BIOACCUMULATION OF METHYLMERCURY IN 
LARGEMOUTH BASS FROM MISSOURI FARM PONDS
DIleK, sophie1; anDersen, Marc1; neWTon, robert1; MerrITT, robert1; 
(1) Smith College, Northampton, MA, United States

sdilek@smith.edu

bioaccumulation of methylmercury in aquatic food chains has led 
to national and state consumption advisories for many fish species. 
atmospheric inorganic mercury deposited in bodies of water is 
converted to methylmercury by anaerobic sulfur-reducing bacteria. 
Through bioaccumulation, methylmercury levels trend higher in fish 
that are larger, at a high trophic level, with greater longevity. Mercury 
sequestration by plants may decrease availability for methylation and 
thereby reduce rates of bioaccumulation.

here we report mercury levels in largemouth bass collected from 4 farm 
ponds in Daviess County, in the northwest region of Missouri, usa. The 
county is primarily agricultural and does not contain large urban areas; 
however, the significant number of coal-fired power plants in eastern 
Kansas and western Missouri may influence mercury deposition in this 
region. fish lengths and weights were recorded and muscle samples 
frozen for determination of total mercury on a Teledyne leeman labs 
hydra IIC hg analyzer. fish lengths (cm) varied from 18.1 to 39.9. Total 
mercury (ng/g, wet weight) varied from 182 to 567. additionally, DoC, 
alkalinity, cation concentration, anion concentration, and mercury 
concentration were measured in the associated water samples. Plant 
samples were separated into root, rhizome, and leaf sections, dried, and 
homogenized samples were analyzed for total mercury content.

The results show length and weight are highly correlated and thus 
either measure can be used when looking for gross trends in mercury 
accumulation. largemouth bass above 10 inches in length (25 cm) 
contained mercury concentrations above the ePa limit of 300 ng/g. 
based on a linear regression of data from all four ponds, variation in 
length explains most of the variation in mercury concentration. Pooling 
largemouth bass data from this year with similar work from previous 
years suggested that submerged aquatic vegetation (Potamogeton 
epiydrus - pondweed) might play a role in reducing bioaccumulation 
through mercury sequestration. Mercury concentration in the 
pondweed leaves was several orders of magnitude greater than 
in corresponding water samples, supporting sequestration by the 
plant material.
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TP-067

MERCURY CHEMICAL FORMS IN AMAZON WATERS: 
BLACK, WHITE AND CLEAR
VIeIra, Miguel1; bernarDI, José1; DÓrea, José1; roCha, bruno2; Zara, 
luis1; 
(1) University of Brasília, Brasília, Brazil; (2) UNESP, Araraquara, SP, Brazil

miguelv17@gmail.com

Waters in the amazon basin can be classified by its optical 
characteristics as “black”, “clear” and “white” with distinct physic-chemical 
properties defining aquatic environments. We studied total hg (Thg) 
methyl-hg (Mehg) in water (W), suspended sediment (ssed), sediment 
(sed), phytoplankton (P-plankton), Zooplankton (Z-plankton) and macro-
invertebrates (Mac-Inv) in the three types of water found in the Madeira 
river basin. The highest average concentrations of Thg and Mehg were 
respectively 2.4ng.l-1, 0.43 ng.l-1 (black-W); 2.23 ng.l-1, 0.33 ng.l-1 
(white-W); 2.2 ng.l-1, 0.31 ng.l-1 (clear-W). average concentrations of 
Thg in ssed were respectively 159.27 μg.Kg-1 (white-W); 122.39 μg.kg-1 
(clear-W) and 107.16 μg.kg-1 (black-W). The average concentrations 
of Thg and Mehg in sed were respectively 77.5 μg.Kg-1, 0.44 μg.Kg-1 
(black-W); 76.41 μg.kg-1, 0.33 μg.kg-1 (clear-W); 55.33 μg.kg-1, 0.24 
μg.kg-1 (white-W). for P-plankton, average concentrations were 
respectively 322.35 μgKg-1, 19.2 μgKg-1 (black-W); 274.6 μg.kg -1, 12.9 
μg.kg-1 (clear-W); 211.6 μg.kg-1, 9.4 μg.kg-1 (white-W). Z-plankton 
average of Thg and Mehg concentrations were respectively 388.15 
μgKg-1, 24.6 μgKg-1 (black-W); 333.87 μg.kg-1, 15.94 μg.kg-1 (clear-W); 
246.34 μg.kg-1, 11.43 μg.kg-1 (white-W). The mean Thg and Mehg 
concentrations in Mac-Inv were 701.39 μg kg-1, 65.8 μg.kg-1 (black-W); 
636.91 μg.kg-1, 44.38 μg.kg-1 (light-W) and 645.73 μg.kg-1, 36.74 μg.kg-1 
(white-W). Mean Thg concentrations of Mac-Inv were not significantly 
different between the analyzed matrices. however, Mehg was 
significantly different between the analyzed matrices. The correlations 
between variables (W, ssed, sed, P-plankton, Z-plankton and Mac-Inv) 
were more significant in the white-W, suggesting a greater connectivity 
of aquatic communities with geological environment. Correlations 
among biological variables (Phy, Zoo and Mic-Inv) were statistically 
significant in all three types of water suggesting an undiscernible pattern 
of biomagnification in these water ecosystems.

TP-069

EFFECTS OF MOLECULAR SIZE FRACTION OF DOM 
ON PHOTODEGRADATION OF METHYLMERCURY 
IN WATER
Zoh, Kyung-Duk1; KIM, Moon-Kyung1; lee, youngmin1; 
(1) Seoul National University, Seoul, South Korea

zohkd@snu.ac.kr

This study investigated the photo-degradation kinetics of Mehg in the 
presence of various size fractions of dissolved organic matter (DoM) 
with MW<3.5 kDa, 3.510 kDa. The DoM fraction with MW<3.5 kDa was 
most effective in Mehg photo- degradation. Increasing uV intensity 

resulted in the increase of photodegradation rate of the Mehg in all size 
of DoM fractions. higher rates of Mehg degradation was observed at 
higher ph values. for the portion of MW<3.5 kDa, the photo-degradation 
rate of Mehg increased with increasing DoM concentration, indicating 
that radicals such as singlet oxygen (1o2) radicals can be effectively 
produced by DoM. at higher portion of MW>3.5 kDa, the inhibition 
of Mehg degradation was observed due to the photo-attenuation 
effect. our result indicates that radical mediated reaction is the main 
mechanism of photodegradation of Mehg especially in the presence 
of MW<3.5 kDa. our results imply that the smallest molecular weight 
fractions (MW<3.5 kDa) of DoM mainly increased the photodegradation 
rate of Mehg.This study investigated the photo-degradation kinetics 
of Mehg in the presence of various size fractions of dissolved organic 
matter (DoM) with MW<3.5 kDa, 3.510 kDa. The DoM fraction with 
MW<3.5 kDa was most effective in Mehg photo- degradation. Increasing 
uV intensity resulted in the increase of photodegradation rate of the 
Mehg in all size of DoM fractions. higher rates of Mehg degradation 
was observed at higher ph values. for the portion of MW<3.5 kDa, 
the photo-degradation rate of Mehg increased with increasing DoM 
concentration, indicating that radicals such as singlet oxygen (1o2) 
radicals can be effectively produced by DoM. at higher portion of 
MW>3.5 kDa, the inhibition of Mehg degradation was observed due to 
the photo-attenuation effect. our result indicates that radical mediated 
reaction is the main mechanism of photodegradation of Mehg especially 
in the presence of MW<3.5 kDa. our results imply that the smallest 
molecular weight fractions (MW<3.5 kDa) of DoM mainly increased the 
photodegradation rate of Mehg.

TP-070

MERCURY BIOAVAILABILITY FOR METHYLATION 
DECLINES RAPIDLY AFTER DEPOSITION 
TO SEDIMENTS
GIlMour, Cynthia1; heyes, andrew2; bell, James1; rearICK, Michael3; 
MIller, Carrie4; enGsTroM, Daniel5; Kelly, Carol6; ruDD, John6; 
hInTelMann, holger7; KrabbenhofT, David8; sanDIlanDs, Ken9; 
harrIs, reed10; 
(1) Smithsonian Environmental Res Ctr., Edgewater, United States; (2) U. 
Maryland, Center for Environ. Sci., Solomons, United States; (3) Los Alamos 
National Lab., Los Alamos, NM, United States; (4) Troy U., Troy, AL, United 
States; (5) St. Croix Watershed Research Station, Marine on St. Croix, MN, 
United States; (6) R&K Research, Salt Spring Island, BC, Canada; (7) Trent U., 
Peterborough, Canada; (8) USGS, Middleton, WI, United States; (9) IISD-
ELA, Winnipeg, MB, Canada; (10) Reed Harris Environmental Ltd., Oakville, 
ON, Canada

gilmourc@si.edu

The MeTaalICus study, a whole-watershed mercury (hg) addition 
experiment, was designed to evaluate the response of the lake 
658 ecosystem to changing hg loads. In this paper, we examine the 
availability of hg for methylation in sediments over 12 years, following 
7 years of a whole-lake enriched stable isotope spike and 5 years of 
recovery. We compare Mehg production from the lake spike with 
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Mehg formed from native hg in lake sediments. In surface (0-2 cm) 
sediments, the bioavailability of hg for methylation declined rapidly after 
deposition to sediments. In the first year of lake spike additions, roughly 
20% of hgspike newly deposited to sediments accumulated as Mehg, 
compared to 3% of native hg (which had an average age of about 14 
years). The spike %Mehg dropped exponentially over the first 3 years 
of lake hg additions, to an asymptote of about roughly 3-4%, similar to 
native Mehg. sediment:water partitioning of spike hg was an order of 
magnitude below that for native hg in year one, rising to match native 
hg after about 3 years. We conclude that the early sediment diagenesis 
into more recalcitrant phases (rather than burial) reduces the availability 
of sediment hg for methylation with a decay half time of a few months. 
however, it did not decline to zero with the time period measured.

The absolute concentrations of spike hg and Mehg in surface (0-2 cm) 
sediments rose during the 7 years of spiking, following the accumulation 
of loading. after spiking stopped, spike hg and Mehg concentrations in 
surface sediments and pore waters declined, lessening the contribution 
of the spike hg to overall Mehg production. however, there were low 
levels of ongoing spike hg methylation for a decade, perhaps due to 
recycling of sediment hg. These were reflected in low levels of lake spike 
Mehg in anoxic bottom waters, and in the lower food web, even several 
years after the spike stopped. These results strengthen our original 
MeTaalICus conclusion that lakes can respond rapidly to decreases 
in direct hg loading. however, the rate of response among lakes may 
vary with the rate of sedimentation. for example, if hg deposited to 
sediments within the last year or two is a small fraction of the overall hg 
pool in microbially-active surface sediments, the contribution of older, 
less-available hg to overall Mehg production could be significant.
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DETERMINING THE EXTENT, RATE AND 
MECHANISMS OF MERCURY RELEASE FROM 
CONTAMINATED STREAMBANK DETERMINING 
THE EXTENT, RATE AND MECHANISMS OF 
MERCURY RELEASE FROM CONTAMINATED 
STREAMBANK SOILS
GoÑeZ-roDrIGueZ, leroy1; DICKson, Johnbull2; Mehlhorn, Tonia3; 
PIerCe, eric3; esKelsen, Jeremy3; Johs, alex3; brooKs, scott3; lÖffler, 
frank4; PeTerson, Mark3; Mayes, Melanie3; 
(1) University of Tennessee, Knoxville/TN, USA; (2) Savannah River National 
Laboratory, Aiken/SC, USA; (3) Oak Ridge National Laboratory, Oak Ridge/TN, 
USA; (4) University of Tennessee, Oak Ridge/TN, USA
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During a period of mercury use in the 1950s and 1960s, large quantities 
of mercury were released to the headwaters of east fork Poplar Creek 
(efPC), a freshwater stream in oak ridge, Tennessee, resulting in elevated 
mercury concentrations in downstream soils, sediments, and biota. 
Mercury-contaminated soils are eroding into the stream, providing a 
potential source for conversion to methylmercury and bioaccumulation 
in the food chain. our goal was to understand the extent, rate, and 

mechanisms of geochemical releases of mercury from efPC bank soils. 
a series of equilibrium and kinetic batch experiments were conducted 
using efPC water, water from an uncontaminated analogue stream, 
artificial creek water (aCW) with solution chemistry similar to efPC, and 
aCW with 1 mg/l sewannee river natural organic matter. experiments 
were conducted with bulk soils at varying solid:water ratios (w/vol 1:5, 
1:10, 1:30, 1:50, 1:100, 1:500, 1:1000) in aCW using a reaction time of 
6 hours. experiments were conducted using different soil particle size 
fractions (<0.053, 0.053-0.125, 0.125-1.00, 1.00-2.36, >2.36 mm) and all 
four water chemistries. high resolution transmission electron microscopy 
(hrTeM), scanning electron microscopy (seM) and X-ray energy dispersive 
spectroscopy (eDs) were used to determine the form of mercury in the 
soils. In the near future, selective extraction will be used to estimate the 
extent of mercury release using 5 increasingly strong reagents.

The extent of mercury release increased until 12 hours, then decreased, 
and finally plateaued until the end of the experiment at 170 hours. 
solid:water ratios up to 1:50 increased the extent of mercury release, 
but above this threshold, mercury release was invariant. at a 1:30 
ratio, after 6 hours reaction time, and with size fraction 0.125-1.00 mm, 
the soils released from 0.001% to 0.05% of the original concentration 
of mercury, which ranged from 0.002 to 0.55 μg/l. seM/hrTeM/eDs 
analyses suggested that mercury was present as mercury sulfides. after 
the solutions were reacted with the soils, the solutions were analyzed 
for major anions, cations, ph, specific uV absorbance at 254 nm, and 
dissolved organic carbon. Geochemical modeling will be used to predict 
the extent of dissolution using the equilibrium solution chemistry. 
Preliminary seM/hrTeM/TeM results suggest that mercury was present as 
mercury sulfide, indicating the major mechanism of release is dissolution. 
our results suggest that eroding bank soils could contribute substantial 
mass of hg to efPC waters, and thereby provide a source for mercury 
methylation in the creek.
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METHYLMERCURY PRODUCTION IN SURFACE 
SEDIMENTS AND EXCHANGES WITH OVERLYING 
WATER OF LAKE TITICACA (BOLIVIA)
GueDron, stéphane1; auDry, stéphane2; aCha, Dario3; bouCheT, 
sylvain4; hereDIa, Carlos5; PoInT, David6; ThebaulT, Julien7; 
ChauVauD, laurent7; aMourouX, David4; 
(1) ISTerre, Université Grenoble Alpes, Institut de Recherche pour le 
Développement (IRD) , Grenoble, France; (2) Géosciences Environnement 
Toulouse, Toulouse, France; (3) UMSA/LCA, La Paz, Bolivia; (4) IPREM-LCABIE, 
Pau, France; (5) UMSA, La Paz, Bolivia; (6) IRD/GET, Toulouse, France; 
(7) LEMAR- Laboratoire des sciences de l’environnement marin, Brest, France

stephane.guedron@ird.fr

lake sediments are an important source of the neurotoxic 
monomethylmercury (MMhg) for surface water, in which trophic transfer 
occurs in both benthic and pelagic organisms. Geochemical processes 
involved in mercury (hg) methylation generally occur in surface sediments 
and imply various micro-organisms amongst which the most documented 
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are sulfate reducing (srb), methanogens and iron-reducing (Irb) bacteria. 
The goal of the present study was to improve our understanding regarding 
the fate and behavior of post-depositional hg in the sediments of the high-
altitude lake Titicaca (3809 m a.s.l., bolivia). Vertical profiles from six cores 
representative of the various sediment facies and ecological repartition were 
analyzed in high-resolution (5 to 10 mm-scale) for filtered and particulate hg 
species (hg and MMhg) together with redox-sensitive elements (n-species, 
Mn, fe and so42-) to evaluate the influence of early diagenetic processes on 
hg interconversion and partitioning between porewater (PW) and sediment.

our results highlight that the highest MMhg concentrations are found 
in surface sediment PW located in shallow (0 to 10m) and very shallow 
(0 to 2m) sites (5.8 ± 5.6 ng l-1) with MMhgPW rising up to 12.2 ng l-1 
in top sediment covered by epibenthic biofilms while lowest MMhgPW 
were encountered in the deep (40m) lake sediments (0.84 ± 0.23 ng l-1). 
In particular, highest MMhg is encountered in the shallow carbonate 
facies sites where the low sediment oM and the high sulfate contents in 
both sediment and water (~ 250 mg l-1) are likely the major fuel for hg 
methylation by srb - the main hg methylators in such environments. 
a striking feature of our results is the very elevated percentage MMhg 
encountered in almost all sites standing at 47 ± 26 % in very shallow, 39 ± 27 
% in shallow sites and 23 ± 15 % in deeper sites.

finally, calculated diffusive fluxes to the overlying water (e.g., 104 ± 16 ng.m-2.d-1 
and 12 ± 8 ng.m-2.d-1 for carbonate facies and organic facies sediments, 
respectively) are compared with benthic chamber flux measurements 
performed in situ to evaluate diurnal and site-specific variability.
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UNCERTAINTY ANALYSIS FOR A MERCURY 
CYCLING MODEL USING THE MARKOV CHAIN 
MONTE CARLO (MCMC) BAYESIAN APPROACH
henDrICKs, ashley1; urban, noel1; 
(1) Michigan Technological University, Houghton, United States

ashleyh@mtu.edu

a mathematical model was developed to predict mercury (hg) 
concentrations for lakes in the upper Peninsula (uP) of Michigan to help 
further understand the cycling of hg. several hg models have been 
published but few have been evaluated for uncertainty in predictions. 
Models are often over-parameterized with up to 70 coefficients, few 
being constrained by measurements. These parameters are often lake-
specific and cannot be generalized for all lakes. To address this problem, 
the uP is used as the location for this analysis because this region has 
many lakes, but many variables remain constant (e.g., latitude, land 
cover, deposition).

The model was developed in r and incorporates a mass balance 
for three hg species (elemental, divalent, and methyl) in three 
compartments (epilimnion, hypolimnion, and sediments). It considers 
seasonality such as temperature, stratification, photolysis, ice cover, 
hydrology, and solids concentrations. Kinetics integrated into the 
mass balances include redox reactions, methylation, demethylation, 

photodemethylation, and partitioning. The model was calibrated, 
and sensitivity and uncertainty analyses were performed. Calibration 
consisted of comparing model predictions with lake measurements. 
for sensitivity analysis, model parameters were changed by a fixed 
percentage and changes in model predictions were compared. This 
presentation focuses on uncertainty analysis using a Markov Chain 
Monte Carlo (MCMC) bayesian approach. This approach is based on 
bayes rule, where the posterior distribution of a parameter, given 
the dependent variable and fixed model data, is proportional to the 
likelihood function multiplied by the prior distribution. The prior 
distribution of parameters is obtained by compiling values cited in 
literature. In the MCMC approach, the model is run thousands of times 
to converge to the posterior distribution, and the estimate for each 
parameter is defined by the posterior mean.

The goal for this project is to use the model to understand sources of 
variability among lakes and to predict regional hg storage and emission 
from lakes. Multivariate statistics and model scenario analysis are used to 
examine the sources of variability. results from this statistical approach 
have shown the importance of the ph and DoC on hg cycling in lakes; 
model scenarios suggest that seasonal ice cover influences methylmercury 
concentrations. regional-scale estimation applies posterior distributions of 
parameters from the uncertainty analysis to groups of lakes having similar 
characteristics (size, mixing regime, trophic state). The combination of these 
approaches reveals some fallacies in common assumptions.
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STAYING FAR FROM THE SUN: HOW 
HELIOBACTERIA REDUCE MERCURY IN THE DARK
GrÉGoIre, Daniel1; PoulaIn, alexandre1; 
(1) University of Ottawa, Ottawa, Ontario, Canada

dgreg040@gmail.com

Mercury (hg) is a global pollutant that severely impacts ecosystem 
and human health when it bioaccumulates as methylmercury (Mehg). 
Mehg production is mediated by microbes that thrive in the absence of 
oxygen, as such, there is a growing need to understand the processes 
that affect hg availability in anaerobic environments. hg redox cycling 
is a key pathway that determines the amount of substrate hgII or hg0 
available for methylation. To date, the majority of work has focussed 
on hg redox cycling performed by chemotrophic bacteria in aerobic 
environments, with the role of anaerobes and phototrophs having 
gone largely overlooked. recently, weve shown that anoxygenic 
phototrophic purple bacteria contribute to hg redox cycling when 
excess reducing power is available (in the presence of light and reduced 
carbon), however, whether such pathways occur in other anaerobes 
and/or phototrophs remains elusive. our objective was to test whether 
similar hg redox cycling pathways were present in a representative 
of the family heliobacteria, heliobacterium modesticaldum Ice1, 
capable of phototrophic and fermentative growth. We found that h. 
modesticaldum can perform hg redox cycling during phototrophic 
growth, but discovered that it can also do so during fermentatively. 
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We determined that hg redox cycling during fermentation depends 
on the availability of reduced cofactors and demonstrate that this 
pathway may be widespread in other anaerobes possessing a similar 
chemotrophic metabolism.

TP-076

SEASONAL PATTERNS IN MERCURY DYNAMICS AT 
THE BASE OF TWO CONTRASTING BOREAL LAKE 
FOOD WEBS
hoel, Cathrine1; PosTe, amanda2; anDersen, Tom1; borGÅ, Katrine1; 
(1) Department of Bioscience, University of Oslo (IBV/UIO), Oslo, Norway; 
(2) The Norwegian Institute for Water Research (NIVA), Oslo, Norway
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There has been a rising trend in the amount of mercury (hg) found 
in freshwater fish in northern lake ecosystems. In particular, climate 
change may lead to increased mobility of hg by increased fluxes of 
dissolved organic carbon (DoC) associated with hg to surface waters. 
The concentration of mercury in fish is thought to be strongly driven by 
processes at the base of the food web, where there are knowledge gaps 
and a great deal of variability in the degree of hg accumulation.

here, we present the result of a detailed seasonal study of hg in the 
lower food web of two boreal lakes in southern norway that have 
contrasting levels of DoC. Water and food web samples were taken 
from røysjø (clear water lake) and store Øyvannet (brown water lake). 
We tested out possible explanatory driving factors for hg in aquatic food 
webs, in order to better be able to make predictions on concentrations 
and uptake and transfer of hg through the food web. analysis was 
carried out for a comprehensive set of samples taken during spring, 
summer and fall of 2016. Measurements of water quality, DoC and hg 
were paired with the characterization of the base of the food web and 
trophic interactions based on stable isotope analysis in order to describe 
hg trophodynamics.

We found that hg concentrations in water from store Øyvannet (the 
brown water lake) were approximately three-fold higher compared to 
røysjø, highlighting the importance of organic carbon content as a factor 
for the hg concentration in water. We saw seasonal patterns in hg in 
both water and zooplankton. Methyl mercury (Mehg) concentrations 
tended to increase with increasing zooplankton size (the zooplankton 
was size fractionated). There was a significant difference in Mehg 
concentration in zooplankton (in the 200-500 micrometer size range) 
between lakes, with concentrations in store Øyvannet approximately 
five-fold higher than in røysjø. These data provide important insight into 
seasonal Mehg cycling in the lower food web of two contrasting lakes, 
and the effects of water chemistry and trophic interactions on Mehg 
concentrations in zooplankton.

acknowledgements: norwegian research Council (ClIMer project, 
project number 243644), Per-Johan færøvig, Marthe Torunn solhaug 
Jenssen and Morten Jartun.
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METHYLMERCURY AND DOM: IMPLICATIONS FOR 
MERCURY CONTAMINATION
KlaPsTeIn, sara1; rIsK, David2; ZIeGler, susan3; o'DrIsColl, nelson1; 
(1) Acadia University, Wolfville, Nova Scotia, Canada; (2) St. Francis Xavier 
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Methylmercury (Mehg) bioaccumulation in biota is a serious concern 
for some remote ecosystems in southwestern nova scotia. sources 
of mercury to this area are both natural and anthropogenic, including 
bedrock and atmospheric deposition. While much is known about 
mercury methylation in freshwater, much less is known about 
demethylation. The loss of Mehg from water columns of lakes is 
dependent on several processes including adsorption, deposition to 
sediments, and demethylation. Microbial demethylation in lake water 
columns is very slow. Therefore, daytime photodemethylation facilitated 
by solar radiation can dominate Mehg removal from the water column. 
To better quantify the photodemethylation potential within lakes we must 
determine a) the variation in photoreactive compounds such as dissolved 
organic matter (DoM) and iron (fe) and b) the availability of solar radiation 
with depth in water columns. freshwater lakes were chosen in Kejimkujik 
national Park (44.23°n, 64.13°W) to include a wide range in dissolved 
organic carbon (DoC) and fe concentrations. Water samples were 
collected over 3 years and analyzed for ultraviolet (uV)-visible absorbance, 
DoC, dissolved ions, total mercury, and Mehg concentrations. floating 
sensors for uV, photosynthetically active radiation (Par), and temperature 
were installed in two lakes of contrasting DoC concentrations. The depth 
of 95% uV attenuation was 40-50 cm in the lower carbon lake compared 
to 10-20 cm in the higher carbon lake. The effect of rainfall on uV 
attenuation was also less in the lower carbon lake compared to the higher 
carbon lake, most likely due to a difference in catchment area. seasonal 
alterations to the solar angle of incident radiation strongly controlled the 
amount of solar radiation entering lake water surfaces and therefore 
outlined a possible photoreactive season or period within each year. 
These observations suggest that photodemethylation of methylmercury 
in lake water columns may be limited to a short period of approximately 
4 months a year at 44°n. overall, these field observations provide fine 
resolution solar radiation data and excellent temporal resolution over 3 
years for mercury and carbon cycling.
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Methylmercury (Mehg) toxicity is of particular interest in remote 
Canadian environments, far from point sources of contamination, where 
high levels of Mehg are accumulating in top predators. The ecosystem 
variables that control this sensitivity of food webs are not well known. 
Mehg concentration in water and uptake into the base of the food web 
is one key factor controlling mercury entry into food webs. few studies 
have directly considered photodemethylation reactions in combination 
with physical attributes of aquatic ecosystems to predict where and 
when dissolved Mehg may be available. To address this research gap 
we have used numerous controlled and semi-controlled experiments 
that focused primarily on the quantification of the relationships between 
solar radiation exposures, dissolved organic matter (DoM), and Mehg 
within six freshwater lake systems in Kejimkujik national Park and 
national historic site in southwestern nova scotia. To better quantify 
the photodemethylation potential within these lakes we determined 
a) the behaviour of photoreactive compounds and b) the availability of 
solar radiation with depth in water columns. experimental treatments 
were 1-week long in summer and fall and were exposed to natural solar 
radiation over that time period. using these experimental outcomes 
coupled with field measurements of solar radiation availability within 
lake water columns, we have developed a model for predicting 
photodemethylation potential and efficiency within the top 1 m3 in 
oligotrophic dystrophic temperate lakes. These predictive results were 
then scaled up and used to calculate the overall photodemethylation 
potential in each of our six study lakes for comparison with Mehg 
concentrations in the corresponding food webs. This model may be 
appropriate for other aquatic ecosystems by simple standardization 
techniques depending on water quality characteristics such as DoM 
photoreactivity (structure), ph, and dissolved ionic species. overall, 
this body of work yielded a method for predicting mercury availability 
to food webs depending on environmental and physicochemical 
factors. Climate change in temperate and boreal regions of atlantic 
Canada is projected to increase rainfall amounts and occurrences 
and thus lead to browning of freshwaters and further inhibition to the 
photodemethylation pathway of Mehg reduction.
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The st. louis river estuary (slre) is a highly utilized recreational shallow 
(1-3m) freshwater estuary at the mouth of the largest tributary to lake 
superior. fish and other aquatic biota in the estuary often contain high 

levels of methylmercury (Mehg) compared to the upstream river or 
lake superior. The upstream river is heavily impacted by mining sulfate 
loads in a watershed dominated by atmospheric mercury depositions 
from regional and global sources. The downstream estuarine area 
contains some high mercury legacy sediment contamination from 
previous industrial activities, contributing to the listing of the slre 
by the ePa as one of 27 areas of Concern in the Great lakes region. 
legacy contamination, water and sediment chemistry, and wetland 
area abundance in the estuary have all been presented as possible 
contributors to differences in mercury mobility and bioavailability 
as well as methylmercury production. In this study, we focus on the 
impact of sediment chemistry and solid-phase mercury speciation 
on inorganic- and methyl-mercury bioavailability and partitioning in 
relation methylmercury production in the estuary. sediment cores and 
porewater were collected from five geochemically distinct locations 
within the estuary and analyzed for total and methylmercury, carbon 
(solid and porewater), and aVs/seM or dissolved sulfide. In addition, 
selective extractions were used to separate solid phase mercury 
compounds into behavioral classes. Initial results indicate legacy 
mercury contamination does exist in some locations (at an order of 
magnitude higher than unaffected sediments), primarily in the lower 
harbor. Methylmercury production was highest in sediments with 
intermediate organic carbon content (around 10% loI), however 
porewater total mercury was negatively correlated to organic carbon. 
also, methylmercury production and porewater methylmercury was 
lowest in sediment with the highest sulfide, suggesting both inorganic 
and methylmercury availability are partially controlled by solid phase 
organic carbon and sulfate. selective extraction results help to elucidate 
the solid phases involved in binding mercury, separating the solid-phase 
mercury present into water soluble, stomach acid soluble, organo-
chelated, elemental, and mercuric sulfide classes. Coupled with total 
and methylmercury data, selective extraction results allow for the 
assessment of bioavailable mercury pools throughout the slre.
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biotic methylation of hg appears to depend on factors such as 
microbial activity and the concentration and bioavailability of hg to the 
methylating organisms. recently, the possible relationship between 
cyanobacteria and the production of methylmercury (Mehg) has been 
suggested. In this sense, this work aims to test in microcosms the 
net Mehg production in relation to the concentrations of periphytic 
cyanobacteria, DoC, phosphorus and primary periphytic production 
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rates. We collected water and samples of periphyton for cultivation 
and isolation of cyanobacteria in floodplain environments of the 
Guapor river Wetland (amazonia, brazil). Periphyton was cultivated in 
microcosms with different concentrations of wild local cyanobacteria 
(n=30), total phosphorus (n=15) and natural local DoC (n=15). Tests of 
net mercury methylation potentials were done in incubations with local 
water and samples of the microcosms, using 203hgCl2 as a tracer. The 
primary periphytic production was evaluated by the oxigen production 
in light and dark bottles. Incubations with commercial cyanobacterial 
crops were also conducted. The highest net Mehg production occurred 
in the microcosm with the addition of wild cyanobacteria (7 to 25%), 
followed by microcosms with phosphorus addition (6 and 11%) and DoC 
(6 and 9%). There was no significant hg methylation in incubations with 
commercial crops. In our experiments, there was a positive correlation 
between the production of Mehg, additions of cyanobacteria (r2= 
0.694; p=0.001), phosphorus (r2= 0.521; p=0.04), DoC (r2= 0.611; 
p=0.001) and periphytic primary productivity. our results point to two 
new possible predictors of hg net methylation potentials: i) periphytic 
primary productivity, and ii) cyanobacterial concentrations in the 
periphyton. We hypothesized that the participation of these variables 
are due to the increase in energy resources (mainly h) for communities 
of hg-methylating bacteria.
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THE TWIN CRATER LAKES OF NEWBERRY VOLCANO, 
OR: TWO LAKES, TWO POISONS
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The newberry volcano crater lakes near bend, oregon, are small, 
seasonally mixed twin lakes filled with carbonate-rich, meteoric waters 
at ambient temperatures. east lake (el) has a ph of 6.5-7, 65 ppm so4, 
and an active geothermal-volcanic Co2 + h2s input at its lake bottom. 
The diffusive Co2 flux into the atmosphere of ~50 tonnes Co2 /day 
is presumably similar to the geothermal gas input rate. el fish have 
hg contents 0.5-3 ppm hg, and the sediment, with ~ 10% Corg, has 
up to 4 ppm hg. elemental hg gas enters at the lake bottom with the 
geothermal gas flows, and bottom waters have 1.0 - 3.3 picomolar 
hg(o). The hg(o) is oxidized to hg2+ in the water column, which then is 
probably methylated by sulfate-reducing bacteria. This methylated hg 
is then taken up by diatoms and other algae, and accumulates in the 
sediment at a rate of ~5 kg hg/year. elemental hg gas may leave the lake 
surface as well, where we find ~ 1.8 picomolar hg (o) in the water. The 
combined input of hg and sulfur makes for a perfect hg methylation 
storm in el. Paulina lake (Pl) is separated by a < 1 mile wide volcanic 
ridge from el, and has no free Co2 bubbles, has more carbonate-rich 
waters devoid of so4, and has a ph ~8. Pl sediment has <50 ppb hg 
and its fish carry <0.1 ppm hg. Pl has up to 250 ppm as and up to 14 
% fe2o3 in its sediment, and ~ 15 ppb as in the water column. el on 

the other hand is virtually free of as, and its sediment has < 2% fe2o3. 
We conclude that a phase separation at depth in the geothermal fluids 
leads to a largely gaseous input with hg into el; the residual degassed 
geothermal fluids enter Pl, carrying abundant si, as, P, and fe. some 
Pl sediment contains 10 % of the diagenetic mineral vivianite (fe-
phosphate), a potential host for the as. The sediment of both lakes 
consists largely of biogenic silica (diatoms), ~ 10 % silicic volcanic ash, 
Corg, with an additional fe-rich hydrothermal component at Pl. The two 
lakes have existed ~ 8000 years suggesting a lifetime accumulation of 40 
tonnes hg in the el sediment column. future work involves a study of 
the methylation process in el and potential hg fluxing from its surface.

TP-082

MERCURY AND METHYLMERCURY YIELDS FROM 
RIVERS IN NORTHERN MINNESOTA, USA
Monson, bruce1; buTZer, andrew2; ashIaMah, evelyn2; halVorson, 
Danni3; ulVen, andrew3; JahnZ, James1; TeDroW, o'niell4; 
(1) Minnesota Pollution Control Agency, Saint Paul, MN, USA; (2) Minnesota 
Pollution Control Agency, Detroit Lakes, MN, USA; (3) International Water 
Institute, Fargo, ND, USA; (4) Vermilion Community College, Ely, MN, USA

bruce.monson@state.mn.us

To reduce mercury in fish, Minnesotas statewide Mercury Total 
Maximum Daily load study set a goal for hg emissions reductions. To 
potentially inform additional mitigation, studies are underway to better 
understand processes governing mercury bioavailability in aquatic food 
webs. here we present initial results of load monitoring of hg and Mehg, 
along with ancillary analytes, for seven northern Minnesota rivers. Two 
years of load monitoring are presented for four of the rivers and one 
year for the others. In addition to the most downstream station on 
all rivers, four rivers had a sub-watershed station, and one river was 
monitored at ten sub-watershed stations. flow gages provided mean 
daily discharges and were maintained by the interagency Cooperative 
stream Gaging Program. Water sampling usually began after ice out 
(March-april) and continued through october, acquiring 15-25 samples 
during that period. The rivers are distinctly different in their mix of 
land cover (ranging from 5 to 89 percent forest/wetlands) and water 
chemistry (e.g., sulfate, total organic carbon, and suspended solids). 
Total organic carbon concentrations ranged from 5.7 to 33 mg/l 
(medians: 9.3 21.3mg/l). sulfate concentrations ranged from 0.57 to 
1800 mg/l (medians: 1.1 697.3 mg/l). rivers with the highest Mehg 
concentrations showed a stronger response (steeper slope) to water 
temperature. annual yields ranged from 0.327 2.59 g/km2 for total hg 
and 0.011 0.206 g/km2 for Mehg. yields for hg and Mehg were strongly 
correlated to ToC yields (r2: 0.85 and 0.84). The positive relationships 
between ToC and hg and Mehg were much stronger in terms of yield 
than concentration. There were no significant relationships between 
yields of hg, Mehg, sulfate, and suspended solids. an additional year 
of load monitoring for the rivers with only one year will complete this 
part of a larger study of mercury bioavailability. The final product of 
this study (ca 2018) will compare results from co-occurring studies of 
mercury methylation and food web biomagnification.
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TP-083

MERCURY METHYLATION AND DEMETHYLATION 
ACROSS DIFFERENT RIPARIAN LANDSCAPES
nG, Kevin1; Johnson, nathan2; JereMIason, Jeff3; MITChell, Carl1; 
(1) University of Toronto Scarborough, Toronto, Canada; (2) University of 
Minnesota Duluth, Duluth, MN, USA; (3) Gustavus Adolphus College, Saint 
Peter, MN, USA

kevinkf.ng@mail.utoronto.ca

Through water quality and fish monitoring across Minnesota 
watersheds, five rivers have been identified to have particularly elevated 
mercury concentrations in fish despite relatively low total mercury 
concentrations in water and sediment. one hypothesis for these “high-
five” rivers is that methylmercury production in riparian areas and 
the hydrological connectivity of riparian areas to streams in these five 
watersheds are important contributors to river methylmercury loads 
and bioaccumulation. To test this hypothesis, we conducted methylation 
(k-meth) and demethylation (k-demeth) assays, using enriched mercury 
isotopes, across two geomorphically distinct riparian zones in each of 
the five watersheds and across seasons from 2015 through 2016. early 
analysis suggests that mercury methylation is enhanced in riparian 
areas within both wetland and agricultural landscapes versus riparian 
areas within forested landscapes. K-meth in riparian soils within 
agricultural and wetland environments are 0.014/d ± 0.011 and 0.013/d 
± 0.010, respectively. except for one study location, k-meth in riparian 
soils of forested landscapes are lower, 0.009/d ± 0.006. Methylmercury 
demethylation is similarly greatest in the wetland and agricultural 
riparian environments compared to forested riparian zones, although 
significant variability is observed. K-demeth values in soils from the 
agricultural, wetland, and forested riparian landscapes are 1.20/d ± 
0.93, 1.51/d ± 1.37, 1.08/d ± 0.58, respectively. our results suggest that 
both higher methylation and demethylation are positively related to 
areas that are more frequently inundated, such as in the agricultural 
and wetland landscapes. riparian areas within forested regions may 
not contribute as much to riverine methylmercury because of lower 
inundation frequency and extent across these watersheds.

TP-084

METHYLMERCURY IN GREAT LAKES WATER, 
SESTON, AND BIOTA
oGoreK, Jacob1; KrabbenhofT, David1; DeWIlD, John1; TaTe, Michael1; 
lePaK, ryan2; Warren, Glenn3; neTTesheIM, Todd3; 
(1) US Geological Survey, Middleton, WI, United States; (2) UW Madison, 
Madison, WI, United States; (3) US Environmental Protection Agency, Chicago, 
IL, United States

jmogorek@usgs.gov

With the establishment of the Great lakes restoration Initiative in 2010 
and an understanding that fish consumption advisories for mercury 
exist for all five of the laurentian Great lakes, the u.s. Geological 
survey (usGs) and the u.s. environmental Protection agency (usePa) 

initiated an effort to better understand mercury sources, cycling, and 
bioaccumulation. a significant motivation for this effort stemmed 
from the observation that while elevated fish mercury levels are well 
known, mercury monitoring and assessment efforts in the Great lakes 
are relatively few, and no previous efforts have been conducted to 
systematically sample and analyze water, sediment, and lower trophic-
level biota across the ecosystem. starting in august, 2010, biannual (april 
and august) sampling surveys of water, seston, sediment, and benthos 
were conducted onboard the usePa research vessel lake Guardian. 
seston (>63 um) was collected vertically with a plankton net towed 
through the epilimnion (20 m deep at most sites) to the surface. surface 
water was simultaneously collected using Teflon-lined niskin bottles 
mounted on a sampling rosette that were remotely triggered to collect 
water at key depths. surficial sediments (top 2 cm) and Quagga mussels 
were collected with a Ponar dredge. samples were analyzed for Mehg 
and dissolved organic carbon (DoC, waters only) at the usGs Mercury 
research laboratory.

Concentrations of Mehg (1.5 9.0 pg/l) and DoC (1.2 2.4 mg/l) in filter-
passing water were extremely low, and increased from the upper to the 
lower Great lakes following a general increasing trend of productivity 
and anthropogenic influence (superiorhuron>Michigan>ontario>erie) 
as productivity decreases and was negatively correlated with water and 
sediment Mehg. Clear seasonal differences for seston Mehg were also 
observed. april Mehg concentrations were approximately two times 
higher than august in all lakes except erie, where april concentrations 
were half of august levels. Methylmercury concentrations in Quagga 
Mussels and lake Trout (6.5 19.0 and 92 208 ng/g dry weight, 
respectively) were positively correlated with seston Mehg, suggesting 
that seston mercury drives foodweb concentrations. seston-water 
Mehg partitioning (log-Kd) ranged from 5.4 to 7.0 l/kg and reflected 
both seasonal and between-lake trends observed for seston Mehg 
concentrations. We observed a negative relationship between water-
seston Mehg partitioning and DoC, indicating that Mehg partitioning to 
DoC may limit Mehg uptake into the foodweb.

TP-085

INFLUENCE OF TIME DEPENDENT HG(II) REACTIVITY 
ON THE ESTIMATION OF METHYLATION AND 
DEMETHYLATION POTENTIALS
olsen, Todd1; Muller, Katherine1; PaInTer, scott1; brooKs, scott1; 
(1) Oak Ridge National Laboratory, Oak Ridge/TN, United States

olsenta@ornl.gov

Mercury (hg) methylation and monomethylmercury (MMhg) 
demethylation activity of periphyton biofilms from east fork Poplar 
Creek, a hg impacted stream in east Tennessee, were measured 
throughout 2016 using stable hg isotopic rate assays.  To evaluate 
methylation/demethylation rate potentials, 201hg(II) and MM202hg were 
added to structurally intact periphyton samples in ambient streamwater 
while the formation of MM201hg and loss of MM202hg were monitored 
over time.
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The data were modeled by simultaneously fitting first-order production 
(MM201hg) and decay (MM202hg) equations to estimate methylation 
and demethylation potentials, respectively. Preliminary results indicated 
methylation rates were non-first order, resulting in poor model fits to 
the MMhg production data. This was hypothesized to be caused by the 
decreasing bioavailability of the 201hg(II) during the assay. additional 
experiments approximated the change in 201hg(II) bioavailability during 
the assays by measuring both 201hg(II) sorption onto periphyton and 
the conversion of 201hg(II) to 201hg(0) over time after its addition to 
periphyton samples. hg(II) sorption was well described by two-site first-
order kinetic sorption. The data also suggested decreasing bioavailability 
of the MM202hg over time which was approximated by measuring 
the rate of MM202hg sorption. The MM202hg sorption data were also 
well described by two-site first-order kinetic sorption. The model was 
extended to include the (i) hg(II) sorption, (ii) hg(0) production, and (iii) 
MMhg sorption as mechanisms contributing to the temporal decline 
in bioavailability. This new model yielded improved first-order fits to 
the methylation and demethylation data. Comparisons between our 
modelling method and more commonly used fitting techniques (e.g., the 
use of single time points to determine methylation and demethylation 
and fitting production and decay equations to methylation and 
demethylation data separately) are made.

TP-086

MONITORING OF MERCURY IN CATSKILL 
REGION FISH
ParKer, Colleen1; yoKoTa, Kiyoko1; DrIsColl, Charles2; 
MonTesDeoCa, Mario2; Taylor, Mariah2; MIllarD, Geoffrey2;  
shaW, amy2; 
(1) SUNY College at Oneonta, Oneonta, NY, United States; (2) Syracuse 
University, Syracuse, NY, United States

parkcr15@oneonta.edu

Catskill region of new york state, usa, was identified as one of the 
hotspots for mercury (hg) bioaccumulation in gamefish in a 2008 study 
of 131 waterbodies within new york state (nys). We reinvestigated 
from May to november 2016 13 waterbodies within the Catskills in 
collaboration with syracuse university (su) and the nys Department 
of environmental Conservation as part of the statewide monitoring 
program commissioned by the nys energy research and Development 
authority. a total of 277 individual fish were sampled from a pool of 
four frequently consumed gamefish species: Sander vitreus (Walleye), 
Perca flavescens (yellow Perch), Micropterus dolomieu (smallmouth bass) 
and Micropterus salmoides (largemouth bass). each fish was identified 
by species and measured for total length (mm) and weight (g), and 
a tissue sample was taken using an acuderm® inc. 7mm acu-punch. 
Tissue samples were analyzed at su for total mercury in solids using 
a Milestone DMa-80 in compliance with ePa method 7473. nearly all 
(> 95%) of total hg (Thg) in fish is known to be methylmercury (Mehg); 
therefore Thg served as a reasonable proxy for Mehg in fish. The 
highest Thg concentrations were detected in Walleye (mean = 0.526 µg 
g-1 Thg, standard deviation = 0.514), ranging 0.054 to 1.785 µg Thg g-1 

wet weight while yellow perch had the lowest mercury concentrations 
(mean = 0.187 µg g-1, standard deviation = 0.174) and ranged from 0.016 
to 0.911. using akaike’s information criterion (aIC) model selection, 
we concluded that out of the three morphometric parameters and all 
possible combinations, the additive effects of species and length best 
explained the observed patterns in hg concentrations in fish, while 
weight had minimal predictive utility. further data analysis to evaluate 
the utility of water chemistry and geographical parameters in prediction 
of fish hg is ongoing.

TP-087

MERCURY BINDING TO DOM PROBED BY AN E. COLI 
FLUORESCENT BIOREPORTER
PeTers, stephen1; WhITeash, rebecca1; MorrIs, Donald1; 
(1) Lehigh University, Bethlehem, PA, USA

scp2@lehigh.edu

Mercury (hg) assimilation by microbes in aquatic environments is 
an important step in bioaccumulation and bioconcentration in the 
food web. The inorganic dissolved mercury concentration available to 
microbes is strongly influenced by other ligands in solution, notably 
sulfur species and dissolved organic matter (DoM). In this work, we 
used the bacterial bioreporter, escherichia coli hMs174 (prb28/27) in an 
experimental study to assess the concentration of hg2+ in the presence 
of 3 different DoM samples.

The three DoM samples that were used, include: suwanee river noM, 
primarily from a terrestrial blackwater source; upper Mississippi river 
noM, mainly a terrestrial-derived DoM; and Pony lake fulvic acids 
isolated from an entirely microbial source. The patterns of mercury 
bioavailability were assessed in three different hg and dissolved 
organic carbon (DoC) concentrations and statistically analyzed using 
linear regression and correlations to the DoM characteristics, including 
elemental composition, molecular structure, and optical properties 
through fluorescence 3D excitation emission matrices. results indicated 
hg bioavailability was most strongly correlated to the sulfur content of 
DoM, more specifically, the hg:s ratios between 90 and 50 ng hg mg-1 
s (r = -0.94, p = 0.22). as the relative sulfur content of DoM increased, so 
did hg binding to the DoM, likely attributable to the strong affinity hg2+ 
has to sulfur functional groups.

TP-088

LONG-TERM INCREASES IN TOTAL ORGANIC 
CARBON AND TOTAL MERCURY CONCENTRATIONS 
IN A STREAM DRAINING A NORTHERN PEATLAND.
sebesTyen, stephen1; KolKa, randall1; ColeMan-WasIK, Jill2; 
enGsTroM, Dan3; JereMIason, Jeff4; MITChell, Carl5; naTer, edward6; 
TsuI, Martin7; 
(1) USDA Forest Service, Grand Rapids, MN, USA; (2) University of Wisconsin, 
River Falls, WI, USA; (3) St. Croix Watershed Research Station, Marine on 
St. Croix, MN, USA; (4) Gustavus Adolphus College, St. Peter, MN, USA; 
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(5) University of Toronto, Scarborough, Ontario, Canada; (6) University of 
Minnesota, St. Paul, MN, USA; (7) University of North Carolina, Greensboro, 
NC, USA

ssebestyen@fs.fed.us

Peatlands are hotspots of carbon and mercury (hg) cycling, and have 
high concentrations of both solutes in outlet streams. Importantly, 
trends of increasing dissolved organic matter (DoM) concentrations 
have been found in streams for many northern catchments, which 
has been attributed to various drivers of environmental change. since 
DoM and hg cycling and transport are tightly coupled, it is important 
to determine if long-term increases in stream DoM concentrations 
are associated with changes to hg transport in northern peatland 
ecosystems. The Marcell experimental forest (Mef) in forests of 
northern Minnesota (usa) was established during the 1960s to study 
the hydrology and ecology of catchments having upland soils that 
drain through central peatlands to streams that are headwaters of 
the Mississippi river and hudson bay. We show that annual volume-
weighted concentrations of stream total organic carbon (ToC) and total 
mercury (Thg) concentrations increased from 1993 to 2015. over the 
same period, streamflow decreased. stream Thg concentration showed 
a weak positive correlation with ToC concentration and a weak negative 
correlation with streamflow. likewise, interannual shifts in streamflow, 
ToC concentration, and Thg concentration sometimes varied directions 
and relative magnitudes, suggesting complex underlying mechanisms. 
While suggestive of long-term changes in carbon cycling and hg 
dynamics in peatland catchments, we urge caution in extrapolating 
these specific results for other sites where DoM concentrations 
have increased. nonetheless, the long-term record may be the first 
documentation of Thg concentrations that have increased in recent 
decades and that the increase has occurred over the same period as 
increases in ToC concentrations.

TP-089

MERCURY METHYLATION IN RESERVOIRS OF 
NORTHERN MANITOBA, CANADA: EFFECTS 
OF HYDROELECTRIC REGULATION AND 
CLIMATE CHANGE
sInGer, James1; Munson, Kathleen1; WanG, feiyue1; 
(1) CEOS/University of Manitoba, Winnipeg/Manitoba, Canada

umsinge7@myumanitoba.ca

since 1922, Manitoba has seen significant hydroelectric development 
with the opening of 15 hydroelectric reservoirs and the Churchill river 
Diversion which transports significant flow from the Churchill river to 
the developed burntwood-nelson river system, harnessing its power. 
Currently an average of 30 billion kilowatt hours per year are produced 
from the 15 operational hydroelectric reservoirs in Manitoba. Total 
mercury (Thg) concentrations in fish are known to increase within 
10 years of reservoir impoundment. Increases are thought to be 
temporary, with recovery to pre-impoundment concentrations generally 
occurring within a few decades. over the last decade however, there has 

been an increasing trend in the fish mercury levels of both the regulated 
and unregulated reservoirs in Manitoba. In this study, we aim to quantify 
the contribution of hydroelectric regulation on the production of methyl 
mercury within an ecosystem with a rapidly changing climate.

as part of a larger interdisciplinary project to assess changes to the 
hudson bay system, we are addressing gaps in historical monitoring 
programs in the hudson bay watershed to incorporate controls on 
mercury cycling in aquatic systems. This is being achieved by providing 
meaningful seasonal results of sulfide, Thg, methyl mercury and a 
more comprehensive characterization of the organic matter (oM) in the 
system. We have identified 4 key lakes, 2 regulated and 2 non-regulated, 
in the Churchill river Diversion and the nelson river systems in northern 
Manitoba as field sites for determining the extent to which reservoir 
mercury cycling is impacted long-term by hydroelectric regulation.

Preliminary results from water column sulfide, Thg, and methyl mercury 
concentrations in our field sites suggest that methylation in the systems 
in question is linked to sulfide production. During the studied seasons, 
Thg, sulfide and Mehg concentrations differed amongst on system 
and off system reservoirs. future analysis of oM and sediments will 
allow us to draw connections to mercury methylation and build upon 
relationships explored in experimental reservoirs.

TP-090

MERCURY IN A PRISTINE ANDEAN PATAGONIAN 
CATCHMENT (SOUTHERN VOLCANIC ZONE, 
ARGENTINA): SPECIES OCCURRENCE AND 
INTERACTION WITH DISSOLVED ORGANIC MATTER 
WITHIN A FLUVIAL NETWORK
soTo CÁrDenas, Carolina1; DIÉGueZ, María1; QueIMalIÑos, Claudia1; 
rIZZo, andrea2; faJon, Vesna3; KoTnIK, Jože3; horVaT, Milena3;  
rIbeIro GueVara, sergio2; 
(1) INIBIOMA, UNComahue-CONICET, San Carlos de Bariloche, Argentina; 
(2) CAB-CNEA, San Carlos de Bariloche, Argentina; (3) Jožef Stefan Institute, 
Lubjana , Slovenia

sotocardenasc@comahue-conicet.gob.ar

The mercury (hg) transport within watersheds is regulated by water flux 
and hydrological paths, and coupled with the movement of dissolved 
organic matter (DoM) and particulate material. In brazo rincn (br), a 
branch of lake nahuel huapi (northwestern Patagonia, argentina), 
lake biota bear high hg levels after the precipitation season, which 
is apparently related to volcanic activity in combination with high 
seasonal precipitation in the area (3500 mm y-1). We propose that 
these factors together with low DoM concentrations favor high hg 
levels in the aquatic biota. We examined the occurrence of different 
hg species (Total hg, Thg; Methyl hg, Mehg and dissolved gaseous 
hg, DGM) in the freshwater network draining to br, applying Cold 
Vapor atomic fluorescence spectroscopy (CVafs). We analyzed the 
effect of DoM (concentration and quality), and suspended load (sl) 
as factors potentially influencing hg speciation and partitioning. DoM 
concentration was estimated by dissolved organic carbon [DoC] and its 
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quality through absorbance and fluorescence parameters. Chlorophyll 
a (Chla) was determined in the depth profile of br. overall, Thg ranged 
between 41-363 ng l-1 in streams while in br was higher in upper 
(114-268 ng l-1) than in deeper (16-36 ng l-1) strata. Particulate-Thg and 
filtered-Thg ranged between 7-67 ng l-1and 15-304 ng l-1 in streams 
and 0.3-77 ng l-1 and 17-202 ng l-1 in br. estimated hg2+ was higher in 
streams (40-362 ng l-1) compared to br (17-263 ng l-1) in which upper 
layers showed higher concentrations. Mehg ranged between 0.01-0.3 
ng l-1 in streams, and varied between 0.01-0.16 ng l-1 in br, with higher 
concentrations in the upper strata. DGM was lower in streams (0.12-1.8 
ng l-1) than in the water column of br (0.1-7 ng l-1), with higher values 
up to 60 m, decreasing sharply towards the bottom. In general, our 
results suggest that the high but variable levels of different hg species 
in streams and their positive relationship with terrestrial signatures of 
the DoM, reflect coupled inputs from the catchment and low effect 
of internal processing. Conversely, in the lake, different conditions 
are observed in the depth profile, indicating that internal processing 
(autochthonous production, photo- and biodegradation) operate 
concomitantly on DoM and hg species to favor the production of DGM 
in the illuminated upper layers and binding of hg to biological particles 
(phytoplankton), as suggested by the positive relationship hg-Chla. 
Interestingly, in the streams hg was mostly bound to inorganic particles.

TP-091

BIOLOGICAL AND GEOCHEMICAL CONTROLS OF 
MERCURY METHYLATION IN MEROMICTIC LAKES
ToDoroVa, svetoslava1; GreGoIre, Daniel2; PoulaIn, alexandre2; 
Green, hayatt3; 
(1) Syracuse University, NY, USA; (2) University of Ottawa, Ontario, Canada; 
(3) SUNY Environmental Science and Forestry, NY, USA

stodorov@syr.edu

Production of methylmercury (Mehg) from ionic mercury (hg2+) 
occurs largely in aquatic environments devoid of oxygen and nitrate 
(no3-) such as, lake and estuarine sediments, wetlands, and anaerobic 
hypolimnia. recent studies have found that methylation of hg2+ is 
a result of the activity of hgca and hgcb enzymes and confirmed the 
methylating capability of >70 microorganisms, thus unveiling potential 
new habitats for methylation.

We studied the transformation of mercury species and bacterial 
community structure in two meromictic lakes, Glacial lake, Jamesville, 
ny and Green lake, fayetteville, ny. Meromictic lakes are stable anoxic 
basins with lower, euxinic stratum, which is permanently separated 
from an upper, well oxygenated stratum. The interface between the two 
strata (chemocline) is characterized with steep temperature, density, 
and geochemical gradients. Glacial lake and Green lake harbor rich 
microbial assemblages of phototrophic s bacteria (Psb), which likely 
process hg but no phylogenetic or field study have been undertaken to 
confirm their involvement.

samples were collected between 2014-2016. In situ field measurements 
were made for dissolved oxygen (Do), no3-, sulfide (hs-), temperature, 

ph, specific conductance, turbidity, and chlorophyll a. additional 
samples were collected for chemical (total hg, Mehg, dissolved organic 
carbon, and bacterial chlorophyll) and microbiological (Dna sequencing, 
droplet PCr, and qPCr) analysis. redox parameters delineated a 
spatially-wide zones of anoxic and anaerobic metabolism in both lakes, 
which followed the theoretical thermodynamic sequence of electron 
acceptors. Vertical distribution of total hg and Mehg had distinct 
profiles with noteworthy peaks at the chemocline, associated with high 
turbidity and peaks in bacterial chlorophyll. anoxygenic phototrophic 
bacteria comprised a sizable portion of the microbial community at the 
chemocline of both lakes. Droplet PCr and phylogenetic sequencing 
showed high abundance of purple Psbs (>50 % of total biomass) in the 
chemocline of Green lake, while predominance of green Psbs (> 52% 
of total microorganisms sequenced) in Glacial lake. Concentrations of 
the hgca and hgcb genes reached maximum at the chemocline as well. 
Multiple lines of evidence suggest that anoxygenic phototrophic bacteria 
contribute to the enhanced methylation of hg2+ at the chemocline.

TP-092

METHYLMERCURY HOTSPOTS AND 
CYCLING ACROSS TERRESTRIAL AND 
AQUATIC COMPARTMENTS OF A HIGH 
ARCTIC SUB-CATCHMENT
VarTy, stephanie1; lehnherr, Igor1; sT. PIerre, Kyra2; KIrK, Jane3; 
WIsnIeWsKI, Victoria1; 
(1) University of Toronto Mississauga, Mississauga, Ontario, Canada; 
(2) University of Alberta, Edmonton, Alberta, Canada; (3) Environment and 
Climate Change Canada, Burlington, Ontario, Canada

stephanie.varty@mail.utoronto.ca

Previous studies have found elevated levels of Mehg in certain arctic 
freshwater fish, which are a staple in northern aboriginal peoples 
diets. This raises environmental and human health concerns, 
highlighting the importance of understanding the spatial and seasonal 
variations in Mehg sources to freshwater ecosystems. This research 
aims to determine where hotspots for production (methylation) and 
degradation (demethylation) of Mehg occur in high arctic landscapes. To 
address these objectives a series of field based experiments to quantify 
hg methylation and Mehg demethylation, as well as spatiotemporal 
surveys of Mehg and total hg concentrations, were conducted in the 
skeleton lake sub-catchment of ellesmere Island, nunavut, Canada. 
This sub-catchment allows us to track Mehg concentrations and 
production during downstream transport along a continuum from the 
permafrost seep headwaters, through skeleton lake, a series of shallow 
ponds, a wetland stream, a sedge meadow wetland and finally at the 
inflow of the creek into lake hazen. Thus, we are able to quantify how 
Mehg is transformed during downstream transport through various 
compartments of the catchment, particularly at the terrestrial-aquatic 
interface. sampling and experiments were conducted during the 
ice-free, summer growing season of 2016. hg methylation and Mehg 
demethylation were quantified using enriched stable isotope tracers 
in 1) the skeleton lake water column; 2) skeleton lake sediments; 3) 
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downstream pond sediments; and 4) wetland soils, both along the 
stream and in the sedge meadow. a spatial survey was also conducted 
along the entire length of the wetland stream and meadow to quantify 
hg and Mehg in wetland soils across the terrestrial-aquatic interface, 
and aqueous concentrations of Mehg and total hg were measured 
weekly throughout the continuum. Preliminary data suggests that while 
there is net production of Mehg in the lake and pond sites, wetland 
soils act as a very important sink for Mehg, reducing its export into 
lake hazen. In spring 2017, additional methylation/demethylation 
measurements will be carried out in snowpacks, and in skeleton lake 
water, at a time persistent ice cover has led to the development of 
bottom water anoxia, thus providing ideal conditions to support the 
activity of anaerobic methylating microorganisms. This research will 
result in a better understanding as to where Mehg is produced and 
decomposed on the arctic landscape as well as provide insight into 
seasonal patterns and differences in Mehg sources and cycling.

TP-094

METHYLMERCURY PHOTO-DEGRADATION RATES 
IN SURFACE WATERS OF THE SAN FRANCISCO BAY 
DELTA ESTUARY
byInGTon, amy1; heIM, Wesley1; Coale, Kenneth1; WeIss-PenZIas, 
Peter2; sTePhenson, Mark1; GIll, Gary3; neGrey, John4; 
(1) Moss Landing Marine Laboratories, Moss Landing, CA, United States; 
(2) University of California Santa Cruz, Santa Cruz, CA, United States; 
(3) Pacific Northwest National Laboratory, Richland, WA, United States; 
(4) Moss Landing Marine Laboratories, Moss Landing/Ca, United States

abyington@mlml.calstate.edu

The photochemical degradation of methylmercury (Mehg) by sunlight 
is an important process which can influence Mehg concentrations and 
cycling in surface waters. We compared Mehg photo-degradation rates 
from surface waters of three rivers (sacramento, Mokelumne, san 
Joaquin) with surface waters from freshwater wetlands (yolo Wildlife 
area) in the san francisco bay Delta estuary (Delta), California, u.s.a. 
Photo-degradation rates were determined using in situ bottle and bag 
incubations, with incubation periods from a few hours to several days. 
Par and uV photo-degradation rate constants (k, ng l-1 e-1 m2) were 
obtained by regressing Mehg concentrations obtained at different time 
periods against cumulative light intensity or total light exposure. Par 
and uV photo-degradation rate constants were -0.0139 and -0.202 ng 
l-1 e-1 m2 respectively for Delta rivers and -0.0047 and -0.116 ng l-1 e-1 
m2 respectively for Delta freshwater wetlands. an anCoVa was used to 
test for the equality of slopes and showed that the photo-degradation 
rates (slopes) for the rivers and wetlands are significantly different. 
This suggests that the type of water body (e.g. rivers vs wetlands) has 
significant influence on Mehg photo-degradation rates and hence 
Mehg concentrations. Consideration of the water type is therefore 
critical when developing models of photo-degradation of Mehg across 
the Delta. Water body specific Mehg photo-degradation rates may 
be required for accurate predictions as the Deltas physical make up 
includes arrays of large rivers, small tributaries, marshes, diked islands, 

and flooded tracts. Preliminary findings reveal that when integrated 
temporally and spatially, photo-degradation of Mehg is a dominant loss 
term for dissolved Mehg in the Delta, exceeding riverine export losses 
by over a factor of 3.

TP-095

CLIMATOLOGICAL DRIVERS OF METHYLMERCURY 
PRODUCTION IN A HIGH GRADIENT STREAM
flanDers, Jr1; sTahl, ralph2; Grosso, nancy2; 
(1) AECOM, Conshohocken, PA, USA; (2) DuPont CRG, Wilmington, DE, USA

jr.flanders@aecom.com

The south river is a high gradient stream located in central Virginia, usa 
that seasonally generates increased concentrations of methylmercury 
(Mehg) in surface water despite lacking geomorphological characteristics 
thought to favor methylation (e.g., wetlands). Concentrations of Mehg in 
surface water range from <0.1 to ~3 ng/l in the unfiltered fraction, and 
have a strong seasonal component. analysis of the previous decade of 
data collected seasonally in the south river reveals that the proportion 
of total mercury (Thg) as Mehg in surface water is predicted (multiple 
r2 = 0.78) by three factors the concentration of inorganic mercury 
(Ihg), the surface water discharge and surface water temperature. 
This relationship is significant (anoVa; p<0.001) over a wide range of 
temperatures and the concentration of Ihg in both the filter-passing 
and particulate fractions; the relationship is observed in both upstream 
reference areas and downstream of the historical source, indicating that 
methylation rates are responding to increases in temperature in the 
river channel.

This finding has significant implications for the south river food web 
and responses to remediation. larval aquatic organisms are exposed 
to Mehg on particles and in the colloidal (i.e., filter-passing) phases 
of surface water. The concentration of Ihg in surface water, which is 
correlated with the concentration in sediment is therefore a critical 
indicator of Mehg exposure to the food web. remedial solutions should 
focus on reducing the loading of new Ihg to the system, which is likely 
methylated more rapidly than older Ihg in the system based on results 
from other systems. Climate change and changes to the watershed (e.g., 
urbanization) that may affect surface water temperature could also 
affect microbial methylation rates. however, the relationship between 
methylation and temperature is not completely linear the highest 
Mehg concentrations are not necessarily observed during maximal 
surface water temperature. future monitoring data on surface water 
will allow for more insight into how the south river might respond to 
perturbations including remediation, climate change and urbanization.
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2e: Artisanal Small-scale Gold Mining 
(ASGM): Current and historical emissions, 
current practices and future projections

TP-097

MAPPING THE FATE OF QUICKSILVER: MERCURY 
CONTAMINATION FROM ARTISANAL GOLD 
MINING IN SENEGAL
Gerson, Jacqueline1; hsu-KIM, heileen1; bernharDT, emily1; DrIsColl, 
Charles2; 
(1) Duke University, Durham, NC, United States; (2) Syracuse University, 
Syracuse, United States

jacqueline.gerson@duke.edu

In developing countries across asia, south america, and sub-saharan 
africa, mercury is utilized to isolate gold from sediment in artisanal 
mining, the largest anthropogenic source of mercury emissions. This 
mercury is then released into the environment either through local 
atmospheric emissions or as mining tailings, presenting a health risk 
for humans and biota. Though many studies have examined the health 
impacts of the mercury vapor, little is known about the fate of local 
mining waste, including the extent of contamination and its pathway of 
loss, especially in sub-saharan africa. In this study, we examine mercury 
from artisanal gold mining in southeastern senegal. This region currently 
produces over 4 million tons of gold per year, while releasing over 5 tons 
of mercury into the atmosphere; these values are expected to increase 
in the future. We examine the ecological impact of artisanal gold 
mining using soil, water, and sediment samples collected from three 
mining communities to determine the pathway of mercury into the 
environment. We assess patterns in total mercury and methylmercury 
concentrations in huts where mercury is burned, piles of mine tailings, 
and along transects to the nearby streams. We utilize these patterns 
to gain insight into biotic and human exposure to mercury both in the 
mining villages and downstream communities. We will present data on 
the implications of this contamination for ecosystems.

TP-098

MERCURY CONTAMINATION IN ENVIRONMENTAL 
MEDIA FROM ARTISANAL SMALL GOLD MINING 
AREAS IN CENTRAL KALIMANTAN, INDONESIA 
AND HUMAN HEALTH RISK ASSESSMENT
naGafuChI, osamu1; naKaZaWa, Koyomi1; Inoue, Takanobu2; 
KaWaKaMI, Tomonori3; elVInCe, rosana4; 
(1) Fukuoka Institute of Technology, Fukuoka city, Japan; (2) Toyohashi 
University of Technology, Toyohashi city, Japan; (3) Toyama Prefectural 
University, Toyama city, Japan; (4) University of Palankaraya, 
Palankaraya, Indonesia

yakushiama2006@gmail.com

Mercury, the only liquid metal element at ambient temperature and 
pressure, has a low boiling point (357°C). Therefore, mercury evaporates 
easily at ambient conditions and is readily emitted from various sources. 
In 2010, the majority of global anthropogenic emissions of mercury to 
the atmosphere were associated with artisanal and small-scale gold 
mining (37.1 %).

one of the gold mining activity area in barito river watershed is located 
in Mangkahui Village, Murung sub District, Murung laya regency which 
approximately 470 km apart from Palangkaraya city, the capital city of 
Central Kalimantan. Gold processing plants are located at the center 
of the Mangkahui Village. There were fifteen gold processing plants 
constructed along the main road in the village (within 500 m) which 
consists of 10 to 24 steel-made ball mills at every single processing plant 
which employees 30 to 40 workers.

Mercury concentration in atmosphere, water and soil were observed 
in the asGM activity sites. We also observed the mercury concentration 
in fish and rice. based on our field observation, we conducted human 
health risk assessment originated from asGM activity. health risk 
assessment was conducted by the hazard Quotient (hQ) and hazard 
Index(hI) which is provided by the us ePa.

TP-099

MERCURY POLLUTION AND ITS RISK ORIGINATED 
FROM THE ASGM MINING ACTIVITY IN MONGOLIA
naKaZaWa, Koyomi1; naGafuChI, osamu1; Ch, Javzan2; TsoGTbaaTar, 
Jamstran2; yoshIDa, akifumi3; oKano, Kanji3; 
(1) Fukuoka Institute of Technology, Fukuoka City, Japan; (2) Mongolian 
Academy of Sciences, Ulannbaatar, Mongolia; (3) University of Shiga 
Prefecture, Shiga, Japan

koyomin@hotmail.com

exposure to even small amounts of mercury (hg) can cause serious 
health problems in people. Therefore, many assessments of mercury 
exposure levels in various countries have been conducted during 
recent decades. Mongolia is a mining-rich country that in 2000 earned 
approximately equal amounts of export revenue from mining and 
livestock. Increasing large-scale and rampant small-scale mining 
activity in Mongolia is raising fears about the possibility of regional 
environmental pollution. river water and atmospheric mercury were 
collected between 26 august and 7 september 2014. In this region 
the people who engaged mercury mining was called as ninja. With 
the hearing survey, they said mercury is not used in their mining area 
however, high mercury concentration (1,300 ng/l) in river water was 
observed. In addition, high mercury concentration in the atmosphere is 
also observed. based on our results, we conducted human health risk 
assessment (hazard Quotient, hazard Index) which is provided by the 
us ePa. result from the risk analysis, not only the people who worked 
near the mining activity site but also residents near the mining site may 
at risk.
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TP-100

MERCURY POLLUTION BY GOLD MINING IN 
CHOCO, COLOMBIA
PalaCIos-Torres, yuber12; Caballero-GallarDo, Karina2;  
olIVero-Verbela, Jesus2; 
(1) Environmental and Computational Chemistry Group, School of 
Pharmaceutical Sciences, Zaragocilla Campus, University of Cartagena, 
Cartagena 130015, Colombia; (2) Environmental Toxicology and Natural 
Resources Group, School of Natural Sciences, Technological University of 
Choco “Diego Luis Cordoba” Quibdo, Colombia

yutorres86@gmail.com

Mercury (hg) is one of the most harmful pollutants. The release of this 
metal into the environment from gold mining activities represents a risk 
to human health and the ecosystem. The aim of this study was to assess 
the levels of total hg (T-hg) in human hair and several environmental 
matrices within the biogeographic Choco area, at the Colombian Pacific 
region. Total hg levels were measured using pyrolysis coupled with 
atomic absorption spectrometry. The median T-hg level in human hair 
samples from Quibdo, Choco´s most populated city, was 1.36 μg/g 
(range: 0.02-116.4 μg/g), whereas in Paimado, a place near gold mining 
operations on the Quito river, an affluent of atrato river, it was 0.67 
μg/g (range: 0.07-6.47 μg/g). In Quibdo, air samples within gold shops 
displayed hg concentrations two orders of magnitude greater than 
those found in reference sites. although extensive gold mining activities 
are carried out in several affluents of atrato river, sediment samples 
from places along the river stream showed relatively low levels of T-hg, 
probably because of high flow conditions due to abundant rainfall 
present all year-round. however, it is clear that hg released from gold 
extraction is spread through the ecosystem, as T-hg levels were found to 
increase according to the trophic level of examined fish species. In some 
carnivorous fish, average T-hg concentrations were above international 
guidelines, especially in Pseudopimelodus schultzi, ageneiosus pardalis, 
sternopygus aequilabiatus, rhamdia quelen and hoplias malabaricus, 
whereas low T-hg levels were registered in Cyphocharax magdalenae 
and hemiancistrus wilsoni. In short, the use of hg in gold mining in 
this region of Colombia is causing its bioaccumulation in wildlife and 
humans, threatening biodiversity and human health.

TP-101

DISTRIBUTION OF TOTAL AND ORGANIC  
MERCURY CONCENTRATIONS IN SOILS AROUND 
ASGM AREA, WEST JAVA, INDONESIA, AND 
DEPENDENCE OF MERCURY CONCENTRATIONS ON 
ORGANIC MATTER CONTENT
ToMIyasu, Takashi1; baransano, Christine1; haMaDa, yuriko2; 
KoDaMaTanI, hitoshi1; KanZaKI, ryo1; hIDayaTI, nuril3;  
rahaJoe, Joeni3; 
(1) Graduate School of Science and Engineering, Kagoshima University, 
Kagoshima, Japan; (2) Environmental Safety Center, Kagoshima University, 

Kagoshima, Japan; (3) Research Center for Biology, Indonesian Institute of 
Sciences, Bogor, Indonesia

tomy@sci.kagoshima-u.ac.jp

The distribution of total mercury (T-hg) and organic mercury (org-hg) 
in the soil around the artisanal and small-scale gold mining (asGM) 
area along the Cikaniki river was investigated. The soil samples were 
collected from two sites in the forest near the asGM village and four 
sites in the national park, approximately 13 km upstream from the 
asGM village. The samplings were conducted in March and august 2014. 
at each site, after the fallen leaves and branches were collected, the soil 
samples were collected every 2 cm from the surface up to a depth of 
20 cm. The samples were placed in plastic bags with seals and brought 
back to laboratory. The samples were freeze-dried, ground with agate 
mortar, and used for determination of T-hg and org-hg concentrations, 
total organic carbon (ToC) and total nitrogen (Tn) contents, and 
chemical composition of the soil. The T-hg concentration was measured 
by cold vapor atomic absorption spectrometry (CVaas) after nitric, 
perchloric, and sulfuric acid digestion of the samples. The org-hg was 
extracted from solid samples using hydrochloric acid/toluene/l-cysteine 
and measured through CVaas after mixed acid digestion in the same 
manner as that for T-hg. The average concentrations of T-hg in the 
forest soils of national park and those near the asGM village were 1.1 
mg kg1 and 1.4 mg kg-1, respectively. The average concentrations of 
org-hg in these areas were 3.2 mg kg1 and 3.0 mg kg1, respectively. 
The average concentrations of T-hg in the fallen leaves collected from 
these areas were 1.1 mg kg1 and 4.9 mg kg1, respectively. The T-hg 
concentration in the soil varied with depth tending to show the highest 
values at the surface or the layers several centimeters from the surface. 
The org-hg and ToC contents showed similar vertical variations as 
that shown by T-hg, except for the near-surface layers containing ToC 
greater than 30%. a linear relations were observed among ToC, T-hg 
and org-hg for the samples containing ToC smaller than 30%. from 
the relation between ToC and Tn, it was suggested that the samples 
having ToC greater than 30% contain insufficiently decomposed fallen 
leaves. The mercury discharged into atmosphere by mining activities 
is transported to a remote site and causes an increase in the mercury 
concentration at the surfaces by deposition. The mercury deposited on 
the surfaces can be trapped and retained by organic matter and then 
subjected to methylation with the decomposition of the organic matter.

TP-102

RISK OF MERCURY METHYLATION IN RIVER 
SEDIMENTS OF GOLD MINING COMMUNITIES IN 
SOUTHWESTERN GHANA, DUE TO MERCURY AND 
CYANIDE EXPOSURE
TulasI, Delali1; faJon, Vesna2; shlyaPnIKoV, yaroslav1; KoTnIK, Joze2; 
aDoTey, Dennis3; serfor-arMah, yaw3; horVaT, Milena2; 
(1) SUNY College at Oneonta, Oneonta, NY, United States; (2) Syracuse 
University, Syracuse, NY, United States

d.tulasi@gaecgh.org
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Mercury and cyanide interaction in the aquatic environment of gold 
mining communities, increases the solubility of mercury. This causes 
hg to be highly bioavailable for methylation. hence, cyanidation and 
amalgamation techniques adopted respectively by large scale (lsGM), 
and, artisanal and small-scale (asGM) gold miners in southwestern 
Ghana makes it imperative to investigate the levels of methylmercury 
in hg-contaminated aquatic environments loaded with cyanide. Total 
and Methylmercury levels in sediments from rivers aprepre and 
ankobra located in the Prestea-huni Valley district of southwestern 
Ghana have been investigated. Total mercury content was determined 
by CV-aas after acid digestion with hf/hno3/hCl. extraction of Mehg 
from sediment was achieved using h2so4/Kbr/Cuso4 and methylene 
chloride. This was followed by aqueous phase propylation coupled 
to purge and trap -GC-afs detection. Mehg in sediments from river 
aprepre (known to receive effluent from both asM and lsM) varied 
between 6.11 to 14.83 ng/g (2.5-3.7% of Thg), whilst Thg ranged from 
241 to 405 ng/g dry mass. Mehg in sediments from river ankobra 
(which is further away from cyanide exposure) ranged from 0.09 to 0.24 
ng/g (0.08-0.12% of Thg), with total mercury (Thg) varying from 76 to 
307 ng/g dry mass. further investigation on temperature fractionation 
and water solubility (Milli-Q water and rain water) is on-going to identify 
the various mercury compounds, and the water-soluble hg compounds 
respectively to aid the verification of the Mehg levels in the sediments 
from the two rivers. Temperature fractionation is being carried out with 
a Jozef stefan Institute in-house designed apparatus; which consist of 
CV-aas detector (lumex, ra-915+), Pyrolytic cell, Pyro-915+ pump, tube 
furnace etc. results from these experiments would be presented.

TP-103

Rapid Assessment of ASGM and Other Surface 
Mining Disturbance through Visual Search 
of Google Earth Imagery: Case Studies of 
Watersheds in Indonesia, Laos, and Myanmar
Johnson, Kurt a.1; 
(1) Independent Consultant in Natural Resources, Fairfax, Virginia, USA

namtso999@gmail.com

southeast asia has experienced a tremendous upsurge in artisanal 
and small-scale Gold Mining (asGM) and other surface mining in recent 
decades, leading to concerns over environmental and human health 
impacts, particularly associated with widespread use of mercury (hg) in 
asGM. researchers, conservationists and government authorities need 
ways to quickly identify the magnitude and extent of land/water areas 
impacted directly or indirectly by asGM and other surface mining to 
assess priorities for further investigation, particularly regarding mercury 
use and its impacts on environmental and human health.

This poster presents results of a rapid assessment of asGM and other 
surface mining disturbance in important watersheds in Indonesia, laos 
(lao PDr) and Myanmar where mining has proliferated over the past 
two decades, conducted through systematic visual search of imagery 
(available as of May 2017) in Google earth Pro 7.1.8.3036 (GeP). This 

approach allows rapid identification of areas impacted by mining, 
thereby providing an information baseline for planning research, 
monitoring and conservation.

The rapid assessment approach uses typical visual characteristics of 
asGM and other surface mining disturbance (e.g., changes in spectral 
reflectance of ground surface from primarily green to white, beige 
or brown associated with removal of canopy vegetation cover and 
excavation, presence of small- to medium-sized pits filled with water of 
different colors (e.g., green, turquoise), discoloration of watercourses) 
as a search image for use in searching imagery. searching begins 
with watercourses as top priority and systematically expands to other 
areas (e.g., plateaus, mountains) that are likely to have mining impacts. 
Caveats of the approach are that it is not 100% accurate—areas can be 
missed and misidentified—and does not provide a quantitative estimate 
of area impacted by mining.

The rapid assessment approach was used to assess asGM and other 
surface mining disturbance in: (1) batang hari river watershed, Jambi 
Province, sumatra, Indonesia; (2) sekong river watershed, attapeu and 
sekong Provinces, laos; and (3) upper ayeyarwaddy river and Chindwin 
river watersheds, Myanmar. results are presented. each case study 
also had a unique component. The Myanmar study compared rapid 
assessment results to results in an existing database. The sumatra study 
traced development of mining by analyzing historical imagery in GeP. 
The laos study attempted to quantify mining areas in one subwatershed 
using draw tools in GeP.

2g: Legacy site assessment and 
management

TP-104

SEDIMENT – WATER EXCHANGE OF TOTAL 
MERCURY AND MONOMETHYLMERCURY IN A 
MERCURY CONTAMINATED MANAGED FLOOD 
CONVEYANCE SYSTEM
heIM, Wesley1; sTePhenson, Mark1; GIll, Gary2; Coale, Kenneth1; 
harrIs, reed3; DIGIorGIo, Carol4; 
(1) Moss Landing Marine Laboratories, Moss Landing/Ca, United States; 
(2) Pacific Northwest Laboratory, Richland/Wa, United States; (3) Reed Harris 
Environmental Ltd., Oakville/ON, Canada; (4) California Department of Water 
Resources, Sacramento/Ca, United States

wheim@mlml.calstate.edu

yolo bypass is the largest flood bypass in the sacramento Valley, 
California. During high flow flood events, water is diverted into the yolo 
bypass from the sacramento river to control river stage and protect 
the city of sacramento from flooding. Climate change projections 
for the region indicate the risk of flooding will increase. an increase 
in flooding would result in increased connectivity of the flood plain 
with downstream habitats as well as provide conditions favorable for 
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the in situ production of methylmercury (Mehg) in an area burdened 
by mercury contamination resulting from historic mining activities 
upstream. Conversion of inorganic mercury (hg) to the more toxic 
organic form, Mehg, in freshwater systems is generally accepted to be 
mediated by bacterial activity. There are a number of environmental 
variables (organic carbon, sulfate, oxygen) and conditions (temperature, 
porosity, soil type) that could influence the net production of Mehg 
and its ultimate release into the water column. This study investigated 
sediment-water exchange of both total hg and Mehg from different 
habitat types in the yolo bypass including wild rice, white rice, seasonal 
wetlands, irrigated pasture, non-irrigated pasture, fallow land, farm land, 
freshwater tidal wetland, and agricultural drain. fluxes were determined 
by a direct assessment using incubated cores and measuring change in 
overlying water concentrations over short time scales (<25 hrs). fluxes of 
total hg and Mehg ranged from -621 to 787 ng m-2 d-1 and -11 to 29 ng 
m-2 d-1 respectively with negative values indicating flux into sediment. 
agricultural, pasture, fallow, and seasonal wetlands were sources of 
Mehg with fallow and seasonal wetlands having the highest fluxes. In 
contrast, drainage canals and freshwater tidal wetlands were sinks and 
had fluxes into the sediment. These results will be used in the Dynamic 
Mercury Cycling Model (D-MCM) and integrated with hydrodynamics 
of the yolo bypass to improve our understanding of factors controlling 
production and transport of hg and Mehg in the yolo bypass.

TP-105

PREDICTING RESPONSES IN PHYSICAL AND 
BIOLOGICAL COMPARTMENTS TO REDUCTIONS IN 
MERCURY LOADING FROM RIVER BANKS
flanDers, Jr1; balDWIn, Douglas1; Green, John2; Grosso, nancy3; 
(1) AECOM, Conshohocken, PA, USA; (2) DuPont Applied Statistics, Wilmington, 
DE, USA; (3) DuPont CRG, Wilmington, DE, USA

jr.flanders@aecom.com

historical mercury (hg) releases occurred at a textile manufacturing 
facility on the south river, Va. These releases resulted in increased hg 
concentrations in biotic and abiotic media, which have not declined 
over the past thirty years in some media (e.g., fish tissue), as originally 
expected. Introduction of legacy hg impacted soils to the south river 
through bank erosion is the most significant source of hg loading to the 
system. Interim remedial measures targeted at reducing this source 
within the first few river miles were initiated in 2016.

as part of the remedy selection process, a set of robust statistical 
models were developed to predict responses in physical and biological 
media associated with completion of the interim measures (i.e. bank 
stabilization). The models integrated site-specific data collected over 
more than a decade and built upon the detailed conceptual model. 
Model parameters included total mercury (Thg) and methylmercury 
(Mehg) concentrations in a number of physical media (e.g. sediment, 
soil, and surface water); biological (e.g. fish tissue) as well as 
meteorological, adjacent land use and stream discharge data. Different 
remedial scenarios (i.e. 50% and 100% reduction in hg loading from 

eroding banks) were evaluated in order to inform remedial decision 
making. Model runs predicted significant Thg reductions in surface 
water and sediments adjacent to and downstream of the proposed 
interim measures.

a short-term monitoring (sTM) program comprised of multiple lines 
of evidence is being instituted that aims to document the predicted 
reduction in hg concentrations in a range of biotic and abiotic endpoints. 
The sTM program is intended to evaluate changes in hg concentrations 
at specific bank segments following remediation over a relatively 
short time period (i.e. 2-10 years). Key learnings from the Pilot bank 
stabilization project monitoring program on the south river were built 
into the sTM program in order to maximize the ability to not only detect 
reductions in hg loading attributable to the interim measures, but 
also to be able to differentiate those from changes that may be due to 
other sources.

This presentation will expand upon the conceptual site model, 
outline the input/output of the statistical model, review baseline 
sTM data and discuss their importance in an adaptive management 
remedial framework.

TP-106

Mercury Recovery for Hg Waste by 
Thermal Process
baCK, seung-Ki1; lee, eun-song1; sunG, Jin-ho1; MoJaMMal, a1; roy, 
Debananda1; lee, seon-Jea2; ParK, yong-Joon2; seo, yong-Chil1; 
(1) Yonsei University, Wonju, Republic of Korea; (2) Eco Recycling, Incheon, 
Republic of Korea

bskee@paran.com

This study provides a result of mercury recovery characteristics for waste 
using thermal technology. Mercury waste was categorized as three 
types such as waste consisting, waste containing, waste contaminated 
of mercury or mercury compounds. Those mercury wastes should 
be properly collected separately and recovered mercury or stabilized 
for environmentally sound management. Thermal treatment was 
conducted to recover elemental mercury from mercury containing 
products (barometer and uV lamp) and hg contaminated soil. 150 l 
volume stainless steel drum was introduced inside of the pilot-scale 
furnace for thermal treatment. an agitator was kept operating during 
thermal treatment if mixing is needed. experiments were carried out in 
temperature range between 550-750°C with reduced pressure condition 
up to 1,013.25 Pa. off-gas generated form thermal furnace was passed 
through a ceramic filter unit. That is used to filter out impurities in flue 
gas with higher temperature than boiling point of mercury in case 
of necessary cleaning selectively. 100 kg of waste per batch could be 
treated and elemental mercury was recovered with a condensation unit 
by maintain the temperature around 10°C during thermal treatment. 
activated carbon trap was applied to control mercury in emitting gas. 
also mass balance was made to observe mercury distribution in pilot 
scale process. Treated waste could be disposed as general waste and 
recovered mercury could be recycled and reused as a resource.
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TP-107

STUDIES TO EVALUATE CONTROLS ON MERCURY 
BIOAVAILABILITY AND USE OF IN-SITU 
AMENDMENTS IN TIDAL MARSHES OF BERRY’S 
CREEK, NEW JERSEY
broWn, steven1; henry, elizabeth2; Kane-DrIsColl, susan3; GIlMour, 
Cynthia4; Ghosh, upal5; farrar, Daniel6; 
(1) The Dow Chemical Company, Midland, MI, USA; (2) Anchor QEA, Saratoga 
Springs, NY, USA; (3) Exponent Inc., Maynard, MA, USA; (4) Smithsonian 
Environmental Research Center, Edgewater, MD, USA; (5) University of 
Maryland Baltimore County, Baltimore, MD, USA; (6) U.S. Army Corps of 
Engineers Environment Research & Development Center, Vicksburg, MS, USA

stevenbrown@dow.com

berrys Creek (new Jersey, usa) is an urbanized tidal tributary to the 
hackensack river which is in many ways characteristic of urbanized 
tidal creek-marsh systems dominated by Phragmites. The detrital food 
web of the berrys Creek study area (bCsa) supports mummichogs 
and white perch, and the bird community includes sandpipers, red-
winged blackbirds, and herons. In the mid-2000s, in association with an 
remedial Investigation/feasibility studyconducted under superfund, 
we initiated a series of studies (1) to better understand the factors 
controlling mercury geochemistry, bioavailability, and bioaccumulation 
in bCsa marshes, and (2) to evaluate the potential efficacy of 
using activated carbon (aC) -based amendments in situ to reduce 
environmental risks from sediment-associated mercury and PCbs in 
these marshes.

building on data from related studies, a substantial field pilot study 
was conducted in nevertouch Marsh within the bCsa, in order to 
assess the benefits of applying thin-layer treatments with sediMiteTM, 
Granular activated Carbon (GaC), and GaC + sand. The purpose was to 
evaluate in-situ treatment effects on hg, Mehg and PCb bioavailability 
(porewater) and biouptake (amphipods). The study involved pre-
treatment sampling, and spring and fall sampling and analysis of all 
media over 2 years. additionally, in situ and laboratory bioaccumulations 
studies were done to assess aC effects on hg/Mehg and PCb biouptake.

results from the nevertouch Marsh field Pilot study and associated 
bioaccumulation tests provide important information for evaluating 
the efficacy of in situ treatment of bCsa marshes with aC-based 
amendments. specifically, compared to controls, in situ treatment 
with aC-based amendments: (1) Was highly effective for reducing the 
bioavailability and biouptake of PCbs, (2) reduced hg concentrations in 
porewater and detritus, (3) reduced hg biouptake in caged amphipods 
(leptocheirus), (4) reduced Mehg levels in porewater in the 28-day 
bioassay with leptocheirus, and (5) reduced Mehg biouptake in the 
28-day bioassay with leptocheirus (on days 7 and 14). sediMiteTM 
treatment consistently performed better than GaC and GaC + sand. 
Combined with data from related studies, results from the nevertouch 
Marsh field Pilot study are very helpful for informing the bCsafeasibility 
studyand improving our understanding of hg dynamics in tidal 
marsh ecosystems.

TP-110

MERCURY DISTRIBUTION IN THE HYEONGSAN 
RIVER AND ITS TRIBUTARIES NEAR AN INDUSTRIAL 
COMPLEX IN POHANG
ParK, yeongeon1; KIM, eunhee2; naM, Goun1; honG, yongseok1; 
(1) Daegu University, Gyeongsan-si, Gyeongsanbuk-do, South Korea; 
(2) Citizens’ Institute for Environmental Studies, Seoul, South Korea

duddjs0119@naver.com

recently, there was a report on high mercury concentration in bivalves 
(Corbicula leana) and sediments near the confluence of the hyeongsan 
river and Chilseong stream located in the southeast of the republic of 
Korea. hyeongsan river supplies drinking water to citizens of Pohang 
City and currently, the pollution of hyeongsan river is a big issue.

Given that both Chilseong and Gumu streams run through the Pohang 
Industrial Complex and ultimately flow to hyeongsan river, it is 
imperative to study if there are any impacts of industrial effluents on 
mercury contamination in the two streams and the hyeongsan river. 
Thus, the objective of this preliminary study was to examine total and 
methyl mercury concentrations in sediments collected from Gumu and 
Chilseong streams and from hyeongsan river. sediments and water 
were collected from over 30 stations along with hyeongsan river, Gumu 
stream, and Chilseong stream and analyzed for total mercury (Thg) 
and methylmercury (Mehg) using Cold-Vapor atomic fluorescence 
spectrometry. average concentration of Thg was highest in Gumu 
stream (78.8±84.3 mg/kg dw), followed by in hyeongsan river (4.39±9.70 
mg/kg dw) and Chilseong stream (0.30±0.42 mg/kg dw). similarly, 
average Mehg in Gumu stream, hyeongsan river, and Chilseong stream 
were 151±237, 3.19±6.77, and 0.67±1.12 μg/kg dw, respectively. further 
study will be necessary to investigate major sources of hg in Gumu 
stream and to evaluate the impacts of hg transport to the adjacent 
hyeongsan river.

TP-111

CALIFORNIA STATEWIDE MERCURY CONTROL 
PROGRAM FOR RESERVOIRS
ausTIn, Carrie1; MorrIs, Patrick2; sMITherMan, lauren2; 
(1) Cal/EPA, SF Bay Water Board, Oakland, CA, USA; (2) Cal/EPA, Central Valley 
Water Board, Rancho Cordova, CA, USA

carrie.austin@waterboards.ca.gov

Mercury in fish is a widespread problem and source control alone will 
not solve this problem in most California reservoirs in a reasonable 
amount of time. Therefore, California's environmental Protection 
agency (Cal/ePa) is developing an innovative statewide mercury control 
program for reservoirs. This poster provides an update on California's 
program since ICMGP 2015 (s04).

fish methylmercury levels are elevated in about half of all California 
lakes and reservoirs sampled. In addition, the California office of 
environmental health hazard assessment has issued many advisories 
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for limited or no consumption of many popular sport fish in California 
lakes and reservoirs. The inability to safely consume fish from many 
California lakes and reservoirs devalues California fisheries as a food 
source for humans and wildlife.

Mercury impairment is due to several inter-related factors: inorganic 
mercury sources; conditions in reservoirs that cause the conversion 
of inorganic mercury to methylmercury and its subsequent 
bioaccumulation in the food web; fish species present; and in some 
cases depressed primary and secondary production. reservoir creation 
and management may exacerbate the mercury impairment by 
increasing methylmercury production and bioaccumulation.

The project involves: identifying mercury sources to reservoirs; 
evaluating reservoir, watershed, and fisheries conditions; determining 
the linkage between reservoir fish methylmercury levels, reservoir and 
watershed conditions, and mercury sources; and identifying controllable 
factors that determine reservoir fish methylmercury levels.

The potential solutions to reduce fish methylmercury concentrations 
are three-pronged: (1) mercury source reductions, (2) reservoir water 
chemistry management, and (3) fisheries management. This proposed 
statewide mercury control program for reservoirs encourages 
innovation in reservoir water chemistry (e.g., oxidants to hypolimnion) 
and fisheries management (e.g., intensive fishing; new or changes 
to fish stocking practices; and nutrient additions to slightly increase 
chlorophyll-a concentrations in oligotrophic reservoirs).

More information is available on the <a href="http://www.waterboards.
ca.gov/water_issues/programs/mercury/reservoirs/" target="_
blank">project website</a>.

TP-112

A FIELD TEST OF IN-SITU AMENDMENTS 
AS POTENTIAL REMEDIATION TOOLS FOR 
METHYLMERCURY IN PENOBSCOT RIVER, ME, 
SALT MARSHES
GIlMour, Cynthia1; bell, James1; soren, ally1; KoPeC, Dianne2; ruDD, 
John3; Kelly, Carol3; boDaly, r.4; Ghosh, upal5; 
(1) Smithsonian Environmental Res Ctr., Edgewater, United States; (2) U. 
Maine, Old Town, ME, United States; (3) R&K Research, Salt Spring Island, BC, 
Canada; (4) PRMS, Salt Spring Island, BC, Canada; (5) University of Maryland 
Baltimore County, Baltimore, MD, United States

gilmourc@si.edu

surface applications of black carbons and other treatments were 
tested as potential tools for methylmercury (Mehg) risk mitigation 
in a hg-contaminated tidal salt marsh in the Penobscot river, Me. 
four surface amendments were tested, activated carbon, a pine dust 
biochar, ferrous chloride (feCl2), and lime. field studies across the 
Penobscot system pointed to salt marshes as sites of particularly high 
methyl hg production and accumulation, and therefore a key target for 
remediation. The study design was a fully-crossed small plot study, with 
five treatments at each of two sites on a large marsh platform at mid-

salinity. The sites were chosen to represent two different major habitats 
in the marsh.

Plots were initially treated in sept. 2010, and were sampled four times 
post-amendment, through sept. 2012. The main study endpoints 
were pore water Mehg concentrations and sediment water partition 
coefficients, presumptive indicators of bioavailability to benthic biota. 
The treatments were generally well-retained in the plots, and it was 
visually obvious that the carbons penetrated deeper into surface soils 
over time.

both activated carbon and biochar amendments were effective in 
reducing hg and especially Mehg concentrations in pore waters at both 
study sites in Mendall Marsh. aC amendments reduced pore water 
Mehg concentrations at the both sites by >90% at the one month time 
point and by 60% to 70% on average across all the four time points 
through two years.

biochar was only a little less effective than aC. lime and feCl2 additions 
had no significant impacts on either total hg of Mehg pore water 
concentrations. In general, the black carbon amendments did not have 
any significant impact on surficial pore water chemistry.

aC and biochar reduced Mehg risk primarily by increasing Mehg 
partitioning to the solid phase (i.e. reduction in pore water Mehg 
concentration), rather than by reducing the bioavailability of inorganic 
hg for methylation. The next step in evaluating this tool in the Penobscot 
would be larger-scale, longer-term plot studies. These studies should 
include evaluation of long-term changes in Mehg accumulation in soils, 
as well as studies of animal bioaccumulation, food web structure, plant 
community structure, marsh productivity and hg/Mehg flux. large plot 
studies would also provide a better estimate of the cost of treatment.

TP-113

PATTERNS OF MERCURY RELEASE FROM 
PROFUNDAL SEDIMENT OF CALIFORNIA 
RESERVOIRS UNDER OXIC AND 
ANOXIC CONDITIONS
fuhrMann, byran1; beuTel, Marc1; 
(1) University of California, Merced, United States

bfuhrmann@ucmerced.edu

Inorganic hg, predominantly from widespread atmospheric deposition, 
but also from point sources including mine and industrial sites, is 
transformed to methylmercury (Mehg) by anaerobic bacteria in oxygen-
poor water and sediment. The profundal zone of productive lakes 
commonly exhibits summertime anoxia and associated accumulation 
of Mehg in bottom waters. Mehg in bottom water bioaccumulates 
in pelagic biota when it diffuses upwards across the thermocline or 
when Mehg-rich bottom water mixes into the upper water column. 
With the shortcomings of conventional hg control strategies, such as 
dredging, capping, watershed controls and source control, managers 
are increasingly interested in developing in situ strategies to repress 
hg bioaccumulation in managed aquatic ecosystems. one potential 
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strategy is to enhance the redox potential at the sediment-water 
interface to repress Mehg efflux to overlying water. In this study 
we present a conceptual model of Mehg cycling at the profundal 
sediment-water interface and summarize redox-mediated mechanisms 
that enhance Mehg efflux, including Mehg production by sulfate-
reducing bacteria, release of Mehg from metal hydroxides in sediment, 
demethylaing capacity of aerobic and anaerobic bacteria, and enhanced 
Mehg mobility under sulfidic conditions. We then present highlights 
of experimental sediment-water chamber incubations from a number 
of California reservoirs. sediment generally showed enhanced efflux 
of Mehg under anoxic conditions relative to oxic conditions. Typical 
anoxic release rates of Mehg ranged from 20-150 ng/m2/d. some 
chambers showed a correlation between sulfate uptake and Mehg 
production, and some chambers showed a distinct drop in Mehg 
accumulation corresponding with the disappearance of sulfate. one 
interesting observation common to most experiments was a loss of 
Mehg from chamber water near the end of the anoxic phase of the 
incubations, suggesting either a shift in the relative importance of 
methylation and demethylation and/or a sorption sink, perhaps via 
iron sulfide formation under sulfidic conditions. at one contaminated 
study site, oxic conditions, while lowering Mehg efflux, resulted in 
enhanced efflux of ionic mercury, sulfate and iron, suggesting enhanced 
oxidative dissolution of sulfide minerals with the co-release of mercury. 
With a more comprehensive understanding of Mehg cycling at the 
profundal sediment-water interface, managers will be better able to 
develop effective management strategies aimed at repressing Mehg 
bioaccumulations in lakes and reservoirs.
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HEAVY METALS GOT YOU DOWN? TREATMENT 
OPTIONS FOR MERCURY AND METHYL MERCURY
DuGan, Pamela1; 
(1) Carus Corporation, LaSallle/IL, USA

pamela.dugan@caruscorporation.com

background/objectives. heavy metals such as Mercury (hg) as well 
as Methyl Mercury (Mehg) are widely distributed and persistent 
pollutants in the environment. although all contaminated sites are 
unique and a site-specific approach to remediation is often required, 
heavy metal contamination creates even more complex challenges. 
remediation methods in general use include isolation, immobilization, 
toxicity reduction, physical separation and extraction. The ecological 
and human health effects of hg, and Mehg are generally related to the 
environmental transformations. for example, inorganic mercury can 
transform to the more toxic monomethylmercury (Mehg) in anaerobic 
environments such as contaminated sediments. biomagnification of 
Mehg in the aquatic food web and consumption of fish and shellfish 
contaminated with Mehg is the primary route of human exposure to 
hg(II). Mehg is toxic to both humans and fish. almost all mercury in fish 
is Mehg. Mehg is formed largely in anoxic sediments from inorganic 
mercury methylation mediated primarily by sulfate reducing bacteria. 
The bottom sediments are the main reservoirs of mercury and to the 

extent that this mercury is available to overlying water is a sensitive 
indicator of risk to the aquatic ecosystem. effective remediation of such 
sediments to reduce the release of mercury is essential to minimize the 
contamination of fish and shellfish with Mehg. experimental results will 
be presented that demonstrate the efficacy of Mn-based adsorbents for 
immobilization of hg (II) and demethylation of Mehg to hg(II).

results. a laboratory investigation was conducted to assess the 
feasibility of immobilizing hg and demethylating Mehg using iron (fe) 
and manganese (Mn) mixed metal oxides. batch sorption screening 
test results indicate >99% removal of hg from aqueous batch reactors. 
anaerobic batch microcosms were conducted with hg-spiked sediments 
amended with Mn-based oxides to evaluate demethylation as a result 
of manipulating the redox conditions from reducing to oxidizing. The 
results of these batch studies will be presented as well as preliminary 
results from a pilot-scale test.

TP-115

INVESTIGATING THE ROLES OF COMPETING 
SULFIDE AND ORGANIC LIGANDS IN 
ULTRAVIOLET ACTIVATED MERCURY REMOVAL 
FROM WASTEWATER
haGan-roGers, ana1; MaZyCK, David1; 
(1) University of Florida, Gainesville, FL, USA

am.hagan@gmail.com

This work presents findings on the developments of a photochemical 
treatment method for hg removal from organic-rich secondary 
process chlor-alkali wastewater (i.e., conventionally treated with 
sulfide) that resulted in removal of dissolved ppb hg down to low ppt 
hg levels (<<40.0 ppt hg). The method, termed ultraviolet activated 
chelation (uVaC), uses high intensity ultraviolet irradiation at 254 nm 
(uV-C) followed by sub-micron filtration (0.45 m). hg removal results 
are presented as unfiltered and filtered hg effluent following uVaC 
treatment with variable ph and uV-C irradiation periods. low-level ppt 
hg results in filtered effluent are shown to occur by chlor-alkali uVaC 
photo-chemical processes in both hg wastewater and hg solutions of 
DI water and variable Ihss dissolved organic matter and sodium sulfide 
prepared under open atmosphere. The findings lead to a discussion 
of theoretical explanations for the observed filterable hg formation, 
including the importance of sulfide and photo-activated organic 
binding ligand action in photochemical valence transfer within soluble 
hg complexes. Possible future work follows to include experimental 
measurements that could further develop uVaC as a viable hg removal 
technology for wastewater with variable halide and organic chemistry.
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IMPACT OF HISTORIC LEAD ZINC MINING ON 
MERCURY ACCUMULATION IN FISH IN COOKS 
POND, NEW HAMPSHIRE, USA
harnIsCh, emma1; neWTon, robert1; anDerson, Marc1; MerrITT, 
robert1; 
(1) Smith College, Northampton, Massachusetts, USA

eharnisch@smith.edu

high hg concentrations in new hampshire fish have been attributed to 
atmospheric deposition associated with global anthropogenic emissions 
initiated during the industrial revolution. however, significant local 
sources of hg may exist from mine tailings associated with abandoned 
lead-zinc mines in eastern new hampshire and western Maine. The 
Madison lead Mine in new hampshire, most active in the early 20th 
century, produced a tailings fan (0.7 ha) that extends into Cooks Pond 
(14.3ha). Pond sediments have concentrations of Pb (>6,400ppm) 
Zn (>11,200ppm) and hg (>450ppb) that are significantly higher than 
sediments from surrounding lakes. Mercury in the mine tailings is likely 
derived from a variety of brown sphalerite that is found within the ore 
body that contains up to 11,000ppb hg.

eight sediment cores (90mm diameter) were collected from Cooks 
Pond together with cores from downstream silver lake and nearby 
(2km) Durgin Pond using a uwitec gravity corer. Cores were collected in 
water depths ranging from 4.5m to 7.5m and were 60-100cm in length. 
fish (pickerel, yellow perch, sunfish) were collected by seine net and 
hand line. Cores were scanned using an ITraX core scanner and were 
subsampled at 3-50mm intervals. all samples of fish and sediment 
were analyzed for total hg using a Teledyne leeman labs hydra C 
mercury analyzer.

The concentration of hg in sediment cores from Cooks Pond, co-varies 
with Pb and Zn, with the highest concentration (460ppb hg) occurring 
approximately 7cm below the sediment water interface. Concentrations 
in the sediment also increase with proximity to the onshore tailings 
deposit. If hg was only derived from atmospheric deposition, its 
concentration would be expected to decrease with proximity towards 
the source of the tailings due to sediment dilution. In nearby Durgin 
Pond, the highest hg concentration (320ppb) occurs just 1cm below 
the sediment water interface reflecting hg derived primarily from 
atmospheric deposition.

higher hg concentrations would be expected in fish from Cooks 
Pond given the higher concentrations in the sediment, however it was 
found that Durgin Pond fish of similar length, weight, and species had 
consistently higher hg concentrations (350ppb vs 90ppb). This is likely 
due to two factors. first, much of the mine tailings hg is mineral bound 
and not bioavailable, and second, there are more wetlands surrounding 
Durgin Pond allowing for more hg methylation. Therefore we conclude 
that despite adding hg to the ecosystem, mining has not led to higher 
concentrations of hg in fish.

TP-117

A MECHANISTIC MODEL FOR INORGANIC AND 
METHYLMERCURY TRANSPORT AND CYCLING 
IN THE YOLO BYPASS, CALIFORNIA - A MERCURY 
CONTAMINATED FLOODPLAIN
harrIs, reed1; aMos, helen1; huTChInson, David1; beals, Cody1; 
beals, Don2; DIGIorGIo, Carol3; bosWorTh, David3; sanDhu, 
Prabhjot3; sTePhenson, Mark4; heIM, Wesley4; sChoellhaMer, David5; 
WorK, Paul5; GIll, Gary6; bahIa, Maninder3; franCesCa, nurmi3; 
Jones, rusty7; 
(1) Reed Harris Environmental Ltd., Oakville, ON, Canada; (2) Beals & 
Associates, Fergus, ON, Canada; (3) California Department of Water 
Resources, Sacramento, CA, United States; (4) Moss Landing Marine Labs, 
Moss Landing, CA, United States; (5) U.S. Geological Survey, Sacramento, CA, 
United States; (6) Pacific Northwest National Laboratory, Sequim, WA, United 
States; (7) HDR Inc., Des Moines, IA, United States

reed.harris100@gmail.com

The California bay-Delta region is impacted by mercury contamination 
from historical mercury and gold mining upstream. Microbial activity 
in downstream aquatic environments can convert inorganic mercury 
into methylmercury (Mehg), a toxic and readily bioaccumulated 
form of mercury. The Delta Mercury Control Program (DMCP) was 
established in 2011 to protect human and wildlife health from Mehg 
exposure. It requires the California Department of Water resources 
to conduct control studies to evaluate whether operational changes 
or other practices could be implemented to reduce ambient Mehg 
loads to Delta open waters and the yolo bypass, a floodplain area 
inundated by managed flows. a mechanistic model of mercury cycling 
is being applied in the yolo bypass as part of a multi-agency modeling, 
field data collection, and experimental program to identify options to 
reduce Mehg supply and meet DMCP regulatory requirements. The 
Dynamic Mercury Cycling Model (D-MCM) is a time-dependent 1D-3D 
mechanistic aquatic mercury cycling model that includes inorganic hg(II), 
methylmercury and elemental mercury in water, sediments and a food 
web. hydrodynamic inputs for D-MCM are generated with TufloW, a 
high resolution hydrodynamic model. a coarser 47 cell grid for mercury 
simulations was developed based on 5 criteria: land use, disked/non-
disked land, Thg concentration in sediments, percent time wet, and 
wet/dry cycling frequency. Model simulations span 1997-2012. D-MCM 
is currently being used to predict concentrations and mass balances of 
inorganic and methylmercury in the yolo bypass, considering various 
influences on methylmercury production and concentration, including 
hydrology, particle dynamics, vegetation, and inorganic mercury 
contamination. Predicted exports of inorganic hg and Mehg from the 
yolo bypass are being used as inputs to a companion mercury modeling 
effort for the downstream sacramento san Joaquin rIver Delta system.
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EVALUATION OF INORGANIC AND CARBON-
BASED MATERIALS FOR MERCURY STABILIZATION 
WHEN CO-BLENDED WITH CONTAMINATED RIVER 
SEDIMENT: A COLUMN STUDY
fellIn, sara1; PTaCeK, Carol1; GoulD, Douglas1; lIu, Peng1; Paulson, 
Krista1; bloWes, David1; lanDIs, richard2; 
(1) University of Waterloo, Waterloo, ON, Canada; (2) Formerly at E. I. du Pont 
de Nemours and Company, Wilmington, DE, United States

scfellin@uwaterloo.ca

Mercury (hg) sequestered in soils and sediments in riverine systems can 
be mobilized as a result of flooding and precipitation events, acting as 
a secondary source of contamination to the river. remediation of this 
hg is often complex, greatly depending on the scale of hg distribution 
and the influence of hg transport and deposition processes. at some 
contaminated sites, partitioning of hg to reactive amendments may be 
implemented to stabilize hg in situ, rendering it relatively immobile and 
less bioavailable. saturated column experiments were conducted to 
evaluate the effect of several inorganic and carbon-based amendment 
materials on hg immobilization and transport. Columns were filled with 
hg-contaminated sediment collected from the south river, Va, amended 
with a selected reactive material, and were continuously flushed with 
low-hg river water from the south river for more than 6 months. The 
inorganic amendment columns included sediment blended with a 2% 
dosage (dry weight) of limestone, unmodified clay or sulfidized clay. 
The carbon-based amendment columns consisted of a 2% (dry weight) 
dosage of unmodified biochar, hno3-modified biochar, sulfidized 
biochar or a 5% dosage of sulfidized biochar. a control experiment 
including a column packed with unamended sediment was run to 
establish baseline hg concentrations and geochemical conditions. 
The results of the experiments indicate that the addition of limestone, 
unmodified biochar and hno3-modified biochar to contaminated 
sediment had little effect on hg transport under saturated conditions. 
leaching of both filter-passing (<0.45 mm) and particulate hg from these 
amended systems was similar in magnitude to the sediment control. 
In contrast, extensive hg mobilization was observed in the sediment 
amended with unmodified clay. Cumulative filter-passing hg measured 
in the effluent of the clay-amended sediment increased by more than 
200% when compared to the control, suggesting destabilization of hg 
previously sequestered in sediment and colloid-facilitated transport in 
the presence of the clay amendment. Mercury transport was greatly 
reduced when sediment was blended with either sulfidized clay or 
sulfidized biochar. The cumulative release of filtered hg measured in the 
effluent of both the sulfidized clay-amended sediment and the sulfidized 
biochar-amended sediment (2% dosage) was 24% of the control and 
29% of the control, respectively. a further reduction of hg leaching was 
observed when the amendment dosage of sulfidized biochar increased 
from 2% to 5%. The strong interactions between hg and s may have 
resulted in increased binding of hg to the s-modified materials, 
effectively sequestering hg within the sediment.

TP-119

MERCURY PARTITIONING TO CLAY SIZE FRACTIONS 
FROM A CONTAMINATED FLOODPLAIN SOIL
JaCKson, brian1; renoCK, Devon1; hoWley, Jennifer1; 
(1) Dartmouth College, Hanover/NH, USA

bpj@dartmouth.edu

Clay particles (< 0.002 mm) can dominate trace element sorption in soils 
because of their large surface area per unit mass. however, the smaller 
clay size fractions are also potentially mobile allowing for leaching and 
loss of particulate hg from the soil profile. To investigate the extent to 
which clay particles dominate hg sorption we size fractionated eight soil 
samples collected from a contaminated floodplain soil that had been 
impacted by a chlor-alkali facility. The study site is located in berlin, 
new hampshire; multiple soil cores were collected on the floodplain 
at increasing distance from the original Chlor-alkali facility; selected 
samples from different cores and of varying total hg content and depth 
in the profile were used for size fractionation. Initially the soil sample 
(ca. 10g) was dispersed in 50 ml of deionized water by sonication. four 
clay fractions were then separated by gravitational settling (2-1 µm) or 
centrifugation (1-0.5 µm), 0.5-0.1 µm, 0.1-0.05 µm. The final supernatant 
was retained to study the dissolved partitioning of hg by size exclusion 
chromatography-ICP-Ms. The separated fractions were dried and total 
hg was determined by acid digestion and ICP-Ms analysis. With the 
exception of one soil sample (23% clay) the other soils were low in clay 
content (1-4%). The soil samples ranged from 0.07 – 8.2 mg/kg total hg 
and, as expected, hg concentration was increased in the clay fractions 
compared to the bulk and increased with decreasing particle with the 
smallest fraction having up to 18 times the corresponding bulk soil hg 
concentration. excluding the high clay soil sample, the clay fractions 
made up, on average, 2% of the total soil mass but contained 17% of 
the total hg. The two larger clay fractions, despite being lower in hg 
concentration, contained the majority of hg because they constituted 
most of the clay mass. size exclusion chromatography-ICP-Ms revealed 
that hg in the aqueous phase after the final clay separation was bound 
in nanoparticle complexes. The average percent of the total soil hg in 
the < 0.5 µm was 8% and indicated that particulate transport of hg from 
these soils was likely an important process.
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LABORATORY METHODS FOR ASSESSING THE EFFECTS 
OF ACTIVATED CARBON-BASED AMENDMENTS ON 
THE BIOAVAILABILITY OF MERCURY AND METHYL 
MERCURY TO AQUATIC INVERTEBRATES
Kane DrIsColl, susan1; KonraD, Kulacki1; GIlMour, Cynthia2; 
farrar, Daniel3; loTufo, Guilherme3; broWn, steven4; 
(1) Exponent Inc., Maynard, MA, USA; (2) Smithsonian Environmental 
Research Center, Edgewater, MD, USA; (3) U.S. Army Corps of Engineers, 
Vicksburg, MS, USA; (4) Dow Chemical Company, Midland, MI, USA

sdriscoll@exponent.com
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The berrys Creek study area (bCsa) is a tidal tributary of the hackensack 
river with a long history of human impacts. The bCsa encompasses the 
6.5-mile-long berrys Creek, its tributaries, and approximately 1,100 acres 
of tidal wetlands dominated by the marsh reed Phragmites. The bCsa 
is the subject of an ongoing remedial investigation focused on mercury 
(hg) and polychlorinated biphenyls (PCbs) as primary contaminants of 
interest, their potential for bioaccumulation, and remedial options for 
reducing their potential bioaccumulation. This presentation focuses 
on the development of laboratory test methods used to examine 
the bioaccumulation of hg in benthic invertebrate test organisms 
and the effects of activated carbon-based amendments on reducing 
hg biouptake.

Preliminary studies were conducted to optimize methods to assess 
the bioavailability of hg and methyl mercury (Mehg) in bCsa marsh 
sediments. several challenges needed to be overcome in order to 
successfully conduct the bioaccumulation tests. for example, because 
the test organisms could not be tested with unprocessed marsh 
sediment samples, which are made up of sediment mixed into a dense 
matt of Phragmites roots, the field samples were homogenized before 
the test. This facilitated survival of the test organisms and reduced the 
time required to process samples and retrieve sufficient biomass of test 
organisms for chemical analysis. however, collection and processing 
of sediment is known to disrupt the geochemical conditions in natural 
sediment, increase available organic matter and microbial activity, and 
disrupt the balance of methylmercury production and degradation. 
Therefore, preliminary studies measured the concentrations of Mehg 
in sediment and porewater, along with other parameters (e.g., redox, 
sulfides) over time, to demonstrate that redox and net methylation 
conditions were reestablished before initiating the bioaccumulation 
phase of the test. We also tested several approaches to mixing and 
dilution of field samples.

subsequent 28-day bioaccumulation tests were conducted to determine 
if treatment of bCsa sediment with activated carbon (aC) reduces the 
bioavailability and biouptake of total hg and Mehg by the amphipod 
leptocheirus plumulosus. Concentrations of Mehg in porewater 
were significantly reduced in aC-treated sediments in comparison to 
untreated sediments at most time points analyzed. bioaccumulation 
of Mehg was significantly reduced in test organisms exposed to bCsa 
sediment treated with activated carbon-based amendments after 7 to 
14 days exposure.

TP-122

LONG-TERM EFFECTS OF MERCURY TOWARDS 
FRESHWATER BIOFILMS
le fauCheur, severine1; DranGueT, Perrine1; freIburGhaus, aline1; 
slaVeyKoVa, Vera1; 
(1) University of Geneva, Geneva, Switzerland

severine.lefaucheur@unige.ch

biofilms are well known to be involved in the fate of hg in lotic systems, 
by their accumulation, transformations and involvement in its trophic 

transfer. In contrast, only few are known about hg impacts on biofilms. 
The present study aimed thus to examine long-term effects of hg 
towards biofilms. To that end, biofilms were grown on microscope 
glass slides using microcosms filled with Geneva lake water. Three 
microcosms were spiked with inorganic Ihg at concentrations of 13 ± 
2 pM, 131 ± 16 pM and 1.48 ± 0.08 nM (precisely measured), whereas 
one microcosm was not contaminated and used as a control. after 7 
weeks of colonization, biofilms were analyzed for their total Thg and 
intracellular, hgint, (determined after a washing step with cysteine) Ihg 
and Ch3hg content. Their compositions were examined based on their 
ash free dry mass, chlorophyll a content, percentage of abiotic and biotic 
fractions and taxonomic composition. Grown biofilms were further 
exposed to 2 nM Ihg for 24 h and analyzed for their modification of 
microorganism cell membrane permeability and oxidative stress.

biofilms grown in control microcosms were found to contain 0.33 ± 0.01 
nmol Thg/gdw and 0.13 nmol hgint/gdw. exposure to 131 ± 6 pM Ihg 
increased by about 2- and 4- fold Thg and hgint content, respectively. 
at the highest studied hg concentration, Thg content reached 18.7 ± 6.1 
nmol/gdw and hgint content, 1.9 ± 0.3 nmol/gdw, representing only 10% 
of the total hg content. That increase in accumulation was accompanied 
with a 1.5-fold decrease of chlorophyll a content in biofilms grown in 
1.48 ± 0.08 nM Ihg. Taxonomic analysis also revealed a shift in algal and 
bacterial species upon exposure to hg. The modification of membrane 
permeability was found to be less important in biofilms grown in Ihg 
than in biofilms grown in the control microcosm. In contrast, pre-
exposure to Ihg did not prevent biofilms to exhibit oxidative stress. 
long-term hg exposure induced an accumulation of Ihg in biofilms 
as well as a change in microbial communities. biofilms might thus 
represent useful bioindicators of hg effects in natural waters.

TP-123

IMPACT OF RESERVOIR WATER LEVEL 
MANAGEMENT ON SEDIMENT PORE WATER 
CHEMISTRY AND METHYLMERCURY PRODUCTION
luXTon, Todd1; eCKley, Chris2; GoeTZ, Jennifer1; MCKernan, John3; 
(1) US EPA ORD, Cincinnati, OH, United States; (2) US EPA Region 10, Seattle, 
WA, United States; (3) US EPA, Cincinnati, OH, United States

luxton.todd@epa.gov

reservoirs typically have elevated fish mercury (hg) levels compared 
to natural lakes and rivers. a unique feature of reservoirs is water-level 
management which can results in sediment exposure to the air. The 
objective of this study is to identify how reservoir water-level fluctuations 
impact hg cycling, particularly the formation of the more toxic and 
bioaccumulative methylmercury (Mehg). Total-hg (Thg), Mehg, stable 
isotope methylation rates and several ancillary parameters were 
measured in reservoir sediments (including some in porewater and 
overlying water) that are seasonally and permanently inundated. The 
results showed that sediment and porewater Mehg concentrations 
were over 3-times higher in areas experiencing water-level fluctuations 
compared to permanently inundated sediments. sulfate cycling which is 
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often associated with Mehg production was enhanced in the seasonally 
inundated sediments; however, statistical analysis showed that the main 
factors correlated with porewater Mehg concentrations were porewater 
Thg, porewater DoC, and sediment-porewater Thg partition coefficients 
(log Kd). The Thg log Kd values showed distinct relationships with 
sediment organic carbon depending on whether the sediments were 
permanently are seasonally inundated. overall, our results suggest that 
sediment exposure to the air increases organic matter breakdown which 
promotes the partitioning of Thg and carbon into the porewater phase 
where it enhanced methylation.

TP-126

THE EFFECT OF SOLID PHASE SORBENT MATERIALS 
ON THE LEACHABILITY OF MERCURY FROM 
CONTAMINATED SOILS
MIller, Carrie1; MCCurDy, Julianne1; Johs, alex2; roberTson, bK3; 
(1) Troy University, Troy, United States; (2) Oak Ridge National Laboratory, 
Oak Ridge, TN, United States; (3) Alabama State University, Montgomery, AL, 
United States

millerc@troy.edu

streambank soils within the east fork Poplar Creek (efPC) watershed 
have elevated concentrations of mercury (hg) as a result of historic 
use and discharge of hg into the system associated with activities at 
the y-12 national security Complex. Mercury can leach from these 
soils as a result of water level fluctuations and erosion of stream banks 
resulting in the soils acting as a source of hg to the creek. laboratory 
experiments were conducted to examine the amount of hg leaching 
from two soil samples collected from efPC and a soil sample collected 
from hinds Creek, an uncontaminated creek used as a reference site. 
for these batch laboratory studies the amount of mercury leaching from 
the soils when exposed to artificial creek water or water from efPC was 
examined for two weeks with samples collected every 3-4 days. after 
two weeks, solid phase sorbents were added to some of the samples 
and the amount of hg leaching from the soils with and without sorbent 
addition was examined for an additional two weeks. The concentration 
of hg in the reference soil was 0.028 g/g and the two soils from efPC 
had hg concentrations 100 and 10,000 times greater than the reference 
soil. after the two week leaching period with artificial creek water, 
the concentration of hg in the aqueous solution was 1.6 ng/l in the 
soils from the reference site and approximately 100 and 4000 times 
greater in the aqueous phase of the contaminated soil treatments. 
The solid phase sorbents that were tested included Thiol-saMMs(r), 
organoclayTM PM-199, organoclayTM MrM, sediMiteTM and a biochar. 
a reduction in the amount of hg leaching from the soils was only 
observed when sediMite was added The hg partitioning coefficients for 
the three soil samples were similar (log Kd= 4.3-4.7) and these Kd values 
were greater than the Kds measured with the sorbents and a hg-DoM 
solution (no soil present). The results from this laboratory study will help 
evaluate the usefulness of solid phase sorbent materials as a remedial 
option for reducing the amount of hg leaching from soils into efPC.

TP-128

EVALUATION OF SORBENT MATERIALS 
FOR MERCURY REMEDIATION IN A 
FRESHWATER ECOSYSTEM
Muller, K.1; eller, V.1; lee, C.2; Mehlhorn, T.1; brooKs, s.1; Mayes, 
M.1; PeTerson, M.1; PIerCe, e.1; Johs, a.1; 
(1) Oak Ridge National Laboratory, Oak Ridge, TN, USA; (2) Alabama State 
University, Montgomery, AL, USA

mullerka@ornl.gov

elevated concentrations of mercury are found in stream bank soils and 
sediments in the east fork Poplar Creek watershed in east Tennessee, 
where erosion of stream banks and leaching of mercury contributes 
to mercury flux into the downstream environment. The use of sorbent 
technologies is being investigated as a soil or sediment remediation 
approach to minimize mercury flux and/or mercury available for 
microbial methylation by sequestering mercury within a high affinity 
sorbent matrix. The majority of sorbent studies target ex situ removal 
of inorganic mercury from industrial waste streams. however, for 
the in situ treatment of a contaminated aquatic ecosystem, sorbents 
need to be evaluated in the presence of competing ligands, such as 
natural organic matter (noM), mineral surfaces, and other constituents 
present in soils or sediments. These competing ligands can limit the 
effectiveness of sorbents deployed in situ. We conducted a series of 
equilibrium sorption batch experiments to evaluate the impact of 
noM complexation on sorbent performance. sorption isotherms 
were developed both with and without a standardized noM reference 
material (suwannee river noM) for the following sorbents: Thiol-
saMMs(r), organoclayTM PM-199, organoclayTM MrM, sediMiteTM, 
pine wood biochar, lignin-based carbon materials, brass and bone 
apatite. The presence of noM significantly decreased the sorption 
efficiency of inorganic mercury to the sorbents, quantified by the 
partition coefficients, which were highest for Thiol-saMMs(r) followed by 
carbon-based sorbents. The release of solutes from sorbents was also 
evaluated (e.g., so42-, no3-, Cl-), as the leaching of sulfate can result 
in changes to the pore water chemistry and may enhance methylation 
of mercury by anaerobic microorganisms. additionally, the successful 
use of a sorbent technology hinges on the assumption that mercury 
bound to a sorbent is no longer available for microbial methylation. 
To test this assumption, mercury bioavailability was investigated via a 
series of bioassays employing a pure culture of D. desulfuricans nD132 
as a model organism for mercury methylation. The extent and rates of 
mercury methylation were evaluated in the presence and absence of 
sorbent materials loaded with inorganic mercury. The results collected 
to date suggest in situ treatment using sorbents may be a viable option 
for reducing mercury flux from distributed point-source locations in the 
efPC watershed.
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TP-129

CHARACTERIZATION OF MANGANESE OXIDE 
AMENDMENTS FOR IN SITU REMEDIATION OF 
MERCURY-CONTAMINATED SEDIMENTS
leVen, alexander1; VlassoPoulos, Dimitri2; GoIn, Jessica2; 
KaneMaTsu, Masakasu2; o'Day, Peggy1; 
(1) University of California, Merced CA, USA; (2) Anchor QEA LLC, Portland 
OR, USA

aleven@ucmerced.edu

a new method was investigated for treatment of hg-contaminated 
sediments by addition of either pyrolusite (Mn4+o2) or potassium 
birnessite (K end member of (K, na, Ca)x (Mn4+, Mn3+)2o4.1.5h2o). 
The addition of Mn-oxide to hg-contaminated sediment is hypothesized 
to buffer redox potential at a level higher than is favorable for hg 
methylation. long-term, sediment tank mesocosm experiments 
investigated changes in Mn-oxide mineralogy over time and its 
control on system reduction-oxidation potential. Manganese oxide 
amendments were either granular pyrolusite (80% Mno2, commercially 
available) or synthetic powdered birnessite (from KMno4). Mesocosms 
consisted of Mn-oxide amendment mixed into the upper 5 cm of wet 
sediment or applied as a thin-layer sand cap with overlying natural 
water. amended sediments were sampled between 4 and 16 months 
of mesocosm operation, and characterized by X-ray absorption 
spectroscopy (Xas), powder X-ray diffraction (XrD), and scanning 
electron microscopy (seM) to examine changes in Mn solid phases 
and Mn oxidation state. Manganese in unreacted sediment (bulk 
concentration 1.3 wt. %) was a mixture of mostly Mn2+-carbonate and 
sorbed or aqueous Mn2+. Characterization of unreacted birnessite 
amendment by seM and XrD indicated poorly crystalline material and 
particle sizes of a few micrometers. reducing conditions in the sediment 
microcosms resulted in transformation of Mn4+-oxides with time. for 
birnessite-amended sediments, a hydrated Mn3+ oxyhydroxide phase 
was present after 4 months. With further reaction, Mn was transformed 
to a combination of Mn2+ carbonate (rhodocrosite) and aqueous 
or sorbed Mn2+. for pyrolusite-amended sediments, the original 
Mn4+-oxide was first altered to a mixture of Mn3+ oxyhydroxide and 
oxide phases with minor Mn2+ carbonate, followed by the transient 
formation of mixed (Mn3+, Mn2+) oxides, and a progressive increase 
in the Mn2+carbonate fraction with time. after 16 months of reaction, 
Mn in solid phases was dominantly Mn2+ carbonate. slow conversion 
of Mn4+ oxide to Mn3+ hydrated oxides or mixed-valence (Mn3+, 
Mn2+)-oxides creates a long-term system redox buffer that makes 
microbial sulfate reduction less energetically favorable and inhibits 
methylation of inorganic mercury to methylmercury. longevity of the 
amendment treatment to sediments could be controlled to some extent 
by adjustment of the mass and type of Mn4+ oxide applied, degree of 
mineral crystallinity, and particle size.

TP-131

HARDWOOD BIOCHAR AS TREATMENT MEDIA IN 
REACTIVE LAYERS FOR PORE WATER MERCURY IN 
SATURATED FLOODPLAIN SOILS
Paulson, Krista1; PTaCeK, Carol1; lIu, Peng1; fellIn, sara1; bloWes, 
David1; lanDIs, richard2; Dyer, James2; MaCK, e.3; Grosso, nancy3; 
(1) University of Waterloo, Waterloo, Ontario, Canada; (2) Formerly at E. I. du 
Pont de Nemours and Company, Wilmington, Delaware, USA; (3) E. I. du Pont 
de Nemours and Company, Wilmington, Delaware, USA

kmapauls@uwaterloo.ca

Mercury (hg) contamination in riverine systems is often widespread in 
sediments and floodplain soils due to erosion, transport and deposition 
processes, creating a challenge for remediation. When methylated, 
hg becomes much more toxic and can bioaccumulate easily. The 
primarily biotic process of methylation is often independent of the 
total hg concentration, requiring a robust treatment method that can 
decrease both total hg and methyl hg (Mehg). aqueous hg leached 
from contaminated soils and sediments can be present in different 
oxidation states (e.g., hg(0), hg(II)), bound to many sulfur-containing 
ligands, and complexed with dissolved organic carbon and chloride. 
The capability of a reactive material to broadly treat these many forms 
of hg is key. a series of saturated flow-through column experiments 
was conducted that evaluated hardwood biochar for removal of hg 
derived from a contaminated floodplain soil. These column experiments 
tested the effectiveness of the biochar with different layer thicknesses 
and placement geometries relative to contaminated soil, and tracked 
the impact of the biochar material on Mehg concentrations. Mercury 
concentrations were tracked both temporally in the effluent and 
spatially along the column length to determine hg removal efficiency. 
solid samples of the biochar material were collected during and after 
the experiment from select columns and examined using synchrotron-
based confocal micro x-ray fluorescence (CXMfI) spectroscopy 
techniques. both the total aqueous hg and Mehg concentrations 
declined across the biochar treatment layer in all column experiments. 
In the column experiments where the biochar was placed immediately 
adjacent to the contaminated soil, hg concentrations were observed 
to increase in the soil pore water, though still declined after passing 
through the biochar layer, suggesting an interaction between the 
biochar material and the hg in the contaminated soil. The results of 
the CXMfI analysis suggest an increase in hg loading onto the biochar 
particles over the course of the column experiments, with hg observed 
to be distributed evenly over the particles and adjacent to pore spaces. 
overall, the results of the column experiments suggest that hardwood 
biochar is effective when placed as a treatment layer over contaminated 
sediment under saturated dynamic flow conditions.
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TP-132

A HISTORICAL REVIEW OF REMEDIAL ACTIONS 
AND RESEARCH CONDUCTED TO MITIGATE 
MERCURY BIOACCUMULATION RISKS IN OAK 
RIDGE, TENNESSEE
MaTheWs, Teresa1; PeTerson, Mark1; brooKs, scott1; Turner, ralph2; 
souThWorTh, George3; 
(1) Oak Ridge National Laboratory, Oak Ridge, Tennessee, USA; (2) RT 
Geosciences, Cobble Hill, British Columbia, Canada; (3) LeBeau Enterprises, 
Knoxville, Tennessee, USA

mathewstj@ornl.gov

Industrial uses of mercury in the 1950s and 1960s resulted in 
contamination of multiple watersheds in oak ridge, Tennessee. 
Methylmercury concentrations in fish exceed human and ecological risk 
benchmarks, necessitating implementation of a number of remedial 
and abatement approaches over the years to try to address the mercury 
issue. early actions in the mid-1980s focused on pollution control that 
positively affected mercury discharges to one local stream, and included 
consolidation and elimination of untreated discharges, sanitary sewer 
relining, the construction of a point-source pollution control facility, 
and replacement of a contaminated settling basin. The 1990s were an 
intensive period of facility remedial actions designed to improve stream 
water quality and mercury release. actions included dechlorinating 
cooling water discharges, an additional phase of storm sewer relining, 
the addition of uncontaminated flow from a nearby reservoir, the 
addition of two small-scale mercury treatment systems, the bypass of 
stream flow around the replacement settling basin, and the removal of 
high mercury-contaminated floodplain soils. as a result of almost two 
decades of facility actions, water concentrations in the receiving stream 
near the facility decreased steadily from a high of approximately 1700 
ng/l to a low of 400 ng/l in 2000, and fish concentrations declined 
commensurately from a high around 2 mg/kg to a low of 0.6 mg/kg. The 
positive responses to these actions led to a continued remedial focus on 
point-source treatment, with two additional facilities going on line (at two 
separate facilities and watersheds) in the 2000s. although these facilities 
have been successful in decreasing water concentrations in the creeks, 
research suggested that fish concentrations would not decline until 
water concentrations were below the Tennessee ambient water quality 
criterion of 51 ng/l. further, mercury concentrations in fish farther 
downstream of one facility did not respond to water concentration 
decreases, and at some sites fish concentrations even increased over 
historical levels. although the remedial strategy in oak ridge will continue 
to focus in the near-term on upstream source reduction, recent research 
suggests that a better understanding of mercury transport, methylation, 
and bioaccumulation processes in the downstream environment is 
essential to reduce fish mercury. since 2014, mercury remediation 
research and technology development activities have been underway to 
develop potential remedial solutions for the downstream environment. 
The oak ridge mercury story is a valuable case study for fluvial systems 
that can inform our national-level understanding of potential mercury 
cleanup actions and their likely environmental response.

TP-133

THE FORMATION AND SIZE DISTRIBUTION OF 
MERCURY-BEARING AGGREGATES FROM A 
CONTAMINATED DIFFUSE SOURCE ZONES SOIL
PIerCe, eric1; esKelsen, Jeremy1; ChIu, Michelle1; DICKson, Johnbull1; 
Mayes, Melanie1; PeTerson, Mark1; Johs, alexander1; brooKs, scott1; 
Gu, baohua1; 
(1) Environmental Sciences Division/Oak Ridge National Laboratory, Oak 
Ridge/Tennessee, United States

pierceem@ornl.gov

remediation of diffuse mercury source zones poses a unique challenge 
at a wide range of the 3000 mercury-contaminated sites globally. The 
existence of diffuse sources is particularly challenging in remediating a 
low-order stream system (i.e., east fork Poplar Creek [efPC]) located in 
oak ridge, Tennessee. The efPC ecosystem received large point-source 
discharges during the 1950 and 1960s. although upstream mercury 
discharges to efPC have declined, mercury release persists from point 
and diffuse sources within the industrial facility where mercury was used 
and from diffuse downstream sources, such as contaminated bank soils. 
Previous studies identified the presence of mercury sulfide (hgs) in efPC 
bank soils, but the processes that govern hgs formation remain unclear. 
In this presentation, we report the results from high-resolution electron 
microscopy and secondary ion mass spectrometry measurements to 
systematically describe the processes that may lead to the formation of 
hgs enriched particles in soils. soil samples were collected from efPC 
stream banks and analyzed to identify mercury-enriched particles and 
to determine their size, elemental composition, and sulfur isotopic 
ratio. results from the energy-dispersive X-ray spectroscopy data, 
confirmed that mercury is generally collocated with sulfur in mercury-
enriched particles in efPC bank soils. further analysis of the microscopy 
images indicates that smaller hgs particles hundreds of nanometers 
in size, aggregate to form the larger micron-sized hgs clusters of 0.15 
µm to 4.2 µm in diameter with an average size of 1.4 ± 1.1 µm. We 
suggest that, these nanometer-sized hgs particles are formed as a 
result of the precipitation of mercury with microbially produced sulfide. 
nanoparticulate or colloidal hgs is widely recognized as a potential 
source of bioavailable mercury for methylating bacteria. understanding 
the mobility and bioavailability of these nanometer-scale particles is an 
important step in predicting Mehg production in ecosystems.

TP-134

IMPACT ANALYSIS OF MODEL PARAMETER 
UNCERTAINTY ON MERCURY EMISSION FROM 
MERCURY DISPOSAL LANDFILL SITE AND 
METHYLMERCURY EXPOSURES TO HUMAN BODIES
TaKahashI, fumitake1; 
(1) Tokyo Institute of Technology, Yokohama, Japan

takahashi.f.af@m.titech.ac.jp

according to the acceptance of the Minamata convention on 
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mercury in 2013, final disposal of unused mercury will be requested 
in the near future. engineered landfill sites will be one of feasible 
options for final disposal where dry permanent storage in deep and 
impermeable underground is geologically impossible. environmental 
impact assessment of mercury disposal in engineered landfill sites is 
necessary to gain public acceptance of mercury final disposal. numerical 
simulation using mercury environmental fate models is useful to 
estimate mercury emissions from landfill sites and its risk. because the 
model must include many physical, chemical, and biological reactions 
like diffusion, adsorption, methylation, and bioaccumulation, it will use 
many parameters. These parameters strongly depend on the local 
environment and their values have been reported in the ranges of 
several orders of magnitude.

The purpose of this study is to assess the impact of model parameter 
uncertainty on mercury emission from a landfill site and methylmercury 
exposures to human bodies via polluted fish. a landfill simulation 
model including mercury reactions was used to assess the impact of 
model parameter uncertainty on mercury emission from a landfill site. 
This model includes rainfall penetration into a landfill site, unsaturated 
water percolation, mercury diffusion, mercury transfer, adsorption, 
desorption, methylation, demethylation, chemical reduction to 
elemental mercury, gaseous elemental mercury diffusion in a landfill 
site, mercury emissions via landfill leachate and gaseous mercury 
emission from landfill surface. Methylmercury exposures were 
evaluated using a closed-lake simulation model. This model assumes 
constant mercury input from the outside and considers mercury 
reactions including methylmercury biomagnificaiton via food-chain. 
Precipitation conditions mainly controlled mercury emission. When 
possible variations of annual precipitation based on 135-year weather 
records in Japan were considered, mercury emissions at 100-year 
later since disposal completion was simulated to range from 1.2 to 31 
mg-hg/m2/yr. on the other hand, methlymercury exposures varied 
much more greatly owing to large uncertainty of model parameters 
like biomagnification factor. When log-normal distribution were 
assumed for major model parameters, methlymercury exposures at 
10000 years later ranged from 0.122 to 38896 μg-hg/week/person (65 
kg body weight). These results suggest that mercury emissions and 
exposures to human body, simulated using mercury environmental fate 
models, inevitably include large uncertainty owing to model parameter 
uncertainty. environmental risk of mercury final disposal in a landfill site 
must be assessed with considering large and unavoidable uncertainty of 
model simulation results.

TP-135

HARDWOOD BIOCHAR AS A REACTIVE MAT TO 
STABILIZE MERCURY UNDER ENVIRONMENTAL 
FLOODING AND DRAINAGE CONDITIONS
WanG, alana1; PTaCeK, Carol1; bloWes, David1; lanDIs, richard2; Dyer, 
James3; Ma, Jing4; Paulson, Krista1; 
(1) Department of Earth and Environmental Sciences, University of 
Waterloo, Waterloo, ON, Canada; (2) Formerly at E.I.du Pont de Nemours 

and Company, Wilmington, DE, USA, currently at RichLand Consulting, 
LLC, Lincoln University, PA, USA; (3) Formerly at E.I.du Pont de Nemours 
and Company, Wilmington, DE, USA, currently at Savannah River National 
Laboratory, Aiker, SC, USA; (4) Formerly at Department of Earth and 
Environmental Sciences, University of Waterloo, ON, Canada, currently at SGS 
Canada, Missisauga, ON, Canada

o3wang@uwaterloo.ca

Mercury (hg) contamination of watersheds due to the release 
of mercury compounds from industrial activities is a world-wide 
concern. Mercury compounds once released to the environment can 
contaminate aquatic systems and provide a long-term non-point source 
of contamination to downstream and surrounding environments. 
Mercury stabilization in fluvial settings is challenging due to frequent 
changes in environmental conditions, including geo-chemical conditions 
such as redox potential, and physical conditions associated with 
groundwater discharge/recharge, precipitation, and flooding. a robust 
remediation system that can stabilize hg under flooding and drainage 
conditions without producing unintended consequences is critical 
to ensure long-term management of contaminated sites in fluvial 
settings. In this study, hardwood biochar prepared from oak wood was 
evaluated as a potential reactive media for use in passive reactive mats 
to stabilize hg from contaminated river bank sediment and floodplain 
soil collected near the south river, Va. The purpose of this study is to 
evaluate the effectiveness of the hardwood biochar on hg transport 
and net methylmercury (Mehg) production as a passive reactive mat 
under environmentally relevant flooding and drainage conditions. Two 
sets of columns were packed with 50 % v/v of hardwood biochar and 
quartz sand in an experiment designed to simulate periodic flooding 
and drainage conditions. The cycling experiment started with dry air 
and water saturated air, followed by the addition of influent solutions 
collected from the leachates from contaminated sediment and 
floodplain soil. after 100 weekly cycles, more than 80% of the hg present 
in the sediment and floodplain soil leachates were retained on the 
biochar, with limited formation of Mehg in both aqueous effluent and 
the solid materials. The hg retained on the biochar is likely to present 
within the porous structure in a form of hg-s as indicated by micro 
X-ray absorption spectroscopy (-Xas) and micro X-ray fluorescence 
(-Xrf) maps. a disappearance of sulfoxide functional groups, indicated 
by sulfur K-edge X-ray near edge absorption spectroscopy (Xanes), 
was observed for the biochar collected from the treatment columns 
at termination of the experiment. The synchrotron-related analyses 
suggest that the removal of hg may involve both filtration by the 
porous structure and complexation with functionalities or ligands on 
the biochar. The study results suggest that hardwood biochar may be 
an effective media for stabilizing hg under cyclic flooding and drainage 
conditions without promoting an increase in hg methylation in both 
aqueous and solid phases.
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TP-136

MERCURY SPECIATION IN A RADIOACTIVE LIQUID 
WASTE SYSTEM AND IMPACTS ON THE DISPOSAL 
OF WASTE FORMS
bannoChIe, Christopher1; WIlMarTh, William1; JaCKson, Dennis1; 
shah, hasmukh2; JaIn, Vijay2; 
(1) Savannah River National Laboratory, Aiken, SC, USA; (2) Savannah River 
Remediation, LLC, Aiken, SC, USA

cj.bannochie@srnl.doe.gov

an estimated 60,000 kg of mercury was discharged into the liquid waste 
system at the savannah river site located near aiken, south Carolina 
usa. The mercury is isolated within process vessels and storage tanks, 
with minimal releases to the surrounding environment. Inorganic 
mercury was used as a catalyst to aid in the dissolution of aluminum 
fuel and target assemblies associated with separation processes that 
supported the us nuclear stockpile. The typical concentration of total 
mercury in the system is on the order of 100 mg/l. These levels are 
approximately six orders of magnitude higher than the concentrations 
that have been studied in most environmental systems.

liquid waste is a concentrated sodium nitrate solution containing 
numerous radioactive and non-radioactive elements and ions along 
with residual inorganic and organic process constituents. The system 
currently stores approximately 37 million gallons of waste containing 
approximately 287 million curies of radioactivity. Phases present include 
an alkaline, high ionic strength liquid phase that is maintained at a 
high ph (salt solution), a solid phase containing precipitated salts and 
other solids species (sludge), and a vapor phase associated with the 
headspace of process vessels. Mercury reactions in the complex-alkaline 
environment has resulted in the presence of solid, liquid (elemental), 
vapor, and dissolved mercury species. over the past two years, there 
has been an intense effort to understand the chemistry of mercury 
within the process to determine impacts on the final waste forms. These 
results revealed that the mercury is present in the elemental state, solid 
phase, soluble ionic mercury complexes, and methylated species in 
both the vapor and aqueous phases. Within the aqueous phase organic 
mercury is the predominant form in several of the process vessels.

analytical results from the salt solution and sludge indicate that as 
the high level radioactive sludge is vitrified into glass for final disposal, 
mercury is currently being recycled within the process and non-
volatile mercury species are concentrated by the evaporator systems. 
Consequently, mercury concentrations are increasing in the salt solution. 
This is impacting the final radioactive waste form of this material - a 
solid concrete matrix called saltstone. The presence of organomercury 
significantly reduces the effectiveness of mercury removal processes 
built into the system and increases the leachability of mercury from the 
final disposition waste form. strategies for the management of organic 
mercury are being developed to prevent long-term impacts to the 
disposal of the liquid waste.

TP-137

EVALUATION OF TOTAL MERCURY LEVELS IN 
THE ENVIRONMENTAL SAMPLES (SOILS) FROM 
DIFFERENT SITES IN LIBYA
elGaZalI, abdelkarem1; KruPP, eva2; felDMann, J.2; 
(1) University of Benghazi, Environmental & Biological Chemistry Research 
Centre (EBCRC), University of Benghazi, Faculty of Arts & Science, Department 
of Chemistry, El-Marj Campus, Benghazi, Libya; (2) University of Aberdeen, 
Chemistry Department, Scotland, UK

abdelkarem09@yahoo.co.uk

Mercury is well known as being a toxic element causing significant 
damage to the human beings and environment. The aim of this study is 
to investigate the level of mercury exposure to environment and human 
beings and to establish the local background levels of total mercury in 
libya. soil T-hg concentrations were measured in 30 soil samples using 
CV afs. The local background average value for T-hg in un-contaminated 
soils (n = 17) was established (0.043 μg g-1). Moreover, a mercury result 
from contaminated soil samples (n=13) in both study areas (around sirte 
oil Company in el- brega area in the east of libya and in and around 
Tripoli city near abu- Kammash Chlor-alkali plant in the west of libya) 
revealed values ranging from 0.92 to 8.52 μg g-1 (mean 4.48 μg g-1). 
The high mercury content is indicative of the random use of hg and the 
lack of control in using this element in the process of amalgamation in 
abu-Kammash Chlor-alkali plant and gas plant in sirte oil Company in 
el- brega city. This is leading when released in the Mediterranean sea to 
an increase in the load of particulate material with long particles time 
(long residence time), which is accumulated and magnified in the aquatic 
food chain and is the major exposure route to humans. Mercury has 
long-range atmospheric circulation and transportation. Throughout 
its circulation through the atmosphere, hg can enter the aquatic 
environment through diffuse and point sources. Me-hg is taken up by 
fish; therefore consumption of this fish will increase the human risk.

2l: Safe and reliable handling of mercury in 
science & technology

TP-138

DIRECT DETERMINATION OF TOTAL MERCURY 
IN PHOSPHATE ROCK USING IN SITU ALKALINE 
FUSION DIGESTION.
rInDone, Valerio1; 
(1) Milestone Srl, Bergamo, Italy

v.rindone@milestonesrl.com

Mercury (hg) is known to be widely distributed in nature, and the 
average amount of it in the earth’s crust ranges between 15 and 500 ng 
g-1. Mercury determination in rocks poses major problems, because its 
abundances are generally extremely low.
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The aim of this work was to develop a new method to determine the 
hg concentrations in phosphate rock using a dedicated analytical 
instrument (the DMa80 Tricell by Milestone) that employs an integrated 
sequence of thermal decomposition followed by catalyst conversion, 
amalgamation and atomic absorption spectrophotometry. however, 
releasing the mercury totally from this material is a challenge because 
hot temperatures are required. When phosphorite and apatite rocks 
are investigated with a classic thermal decomposition treatment that 
complies with us ePa method 7473. Therefore, to improve the recovery 
of total hg, we performed alkaline fusion digestion (afD) directly inside 
the furnace of the instrument, using bCr(32) as a certified reference 
material (Moroccan phosphate rock – phosphorite). The salts used 
for the afD were a mixture of na2Co3, K2Co3 and li2Co3, which 
melt at about 400°C, due to their ability to form a ternary eutectic 
and to decompose the phosphorite matrices at 700°C. by adopting 
this analytical approach, the hg recovery in bCr(32) was about 100%, 
compared to 40% when the reference material was analysed without 
using the alkaline fusion salt. We suggest that the afD allowed the 
decomposition of the sample matrix and that some hg compounds 
linked with other functional groups may be transformed in carbonates 
that sublimate at lower temperatures than other hg compounds.

This original method was tested on a number of different geological 
samples to compare the differences between the afD method and the 
thermal treatment in order to verify the working range and to check the 
robustness of the new approach. This method would be an important 
step ahead in the hg speciation studies in phosphate rock samples.

TP-139

PROTOCOL FOR THE SAFE REMOVAL OF DENTAL 
MERCURY - PROTECTING THE PATIENT AND 
THE ENVIRONMENT
TIbau, anita1; Grube, blanche2; 
(1) Search Results Center for Environmental and Toxicological Research, San 
Juan, PR, US Territory

anitatibau@hotmail.com

The Treaty vs. the reality - Mercury free Dentistry the time is now

Dental mercury amalgam is one of the top mercury containing products 
used in the world and is listed as a phase down product in the Minamata 
Convention [1]. Mercury from the dental sector has many pathways into 
the environment, through respiration, cremation, burial, and human 
waste; however, the largest contributor of mercury into the wastewater 
comes from the dental offices. new regulations have been passed 
by the environmental Protection agency (ePa) to mandate mercury 
amalgam separators throughout the united states to capture the 
mercury waste at its source [2].

In 2004, the estimate of practicing dentists worldwide was 
approximately 1.8 million [3]. research shows that dental workers are 
exposed to mercury through removing and placing fillings, polishing 
restorations, and handling the mercury waste [4]. We have developed 

a comprehensive technique and protocol for the safe removal of 
dental mercury and replacement with non-mercury alternatives. 
These methods can be utilized in developing countries, countries with 
emerging economies, as well as developed countries.

according to sahani et al. (2016) exposure to the high levels of mercury 
from dental amalgam can lead to serious health effects among the 
dental health care workers [5].

Mercury has been found to be a causative agent of various sorts of 
disorders, including neurological, nephrological, immunological, cardiac, 
motor, reproductive and even genetic. recently heavy metal mediated 
toxicity has been linked to diseases like alzheimers, Parkinsons, autism, 
lupus, amyotrophic lateral sclerosis, etc. [6].

Multiple studies have shown that occupational exposure to dental 
mercury is negatively impacting the health of dentists and dental 
workers. Dental assistants with high exposures to mercury were less 
fertile than the controls according to rowland et al. (1994) [7].

In early December 2016, the three major regulatory institutions in 
europe, specifically, the european Council, Commission, and Parliament 
have recommended a ban on mercury dental fillings in children under 
the age of 15 and pregnant and breast-feeding women as of 2018 [8].

The treaty has created guidelines and recommendations for the 
Partys actions for the safety and protection of dental personnel, 
patients and the safe handling of environmental waste created from 
this source. our protocol will be able to assist all countries in the early 
implementation and the elimination of mercury dental amalgam in a 
safe, environmentally sustainable way.

3a: Risk/benefit communication related to 
fish and seafood consumption

TP-142

DEVELOPING A FISH CONSUMPTION ADVISORY 
FOR PREGNANT WOMEN IN THE CARIBBEAN
rICKeTTs, Phylicia1; VouTChKoV, Mitko1; fleTCher, horace1; 
(1) The University of the West Indies, Mona Campus, Kingston, Jamaica

phylicia.ricketts@mymona.uwi.edu

Introduction: fish is a traditional and essential element in the diet of 
most Caribbean people. however, fish contains methylmercury which 
is a toxic substance. There are concerns for prenatal exposure to 
mercury as a result of maternal fish intake. Previous studies conducted 
in the Caribbean showed where placental mercury concentration was 
influenced by maternal fish intake. The aim of this study was to develop 
a fish consumption advisory for pregnant women in the Caribbean. The 
purpose of the advisory was to promote the ‘safe’ consumption of fish 
during pregnancy, in order to prevent high levels of mercury exposure 
to the fetus.
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Method: food frequency Questionnaires were administered to a 
selected group of pregnant women in Jamaica (n= 180) and Trinidad & 
Tobago (n=80). The participants were asked to recall their average fish 
consumption within the last three months. The questionnaire included 
questions on 12 fresh fish and 4 canned fish known to be commonly 
consumed in both countries. Placenta samples were also collected from 
each participant and analysed for mercury.

results: The mean maternal fish intake was 245 grams per week. The 
highest daily fish intake was found among women who were older than 
36 years. The average frequency of maternal fish consumption was 2- 3 
times per month in Jamaica and once per month in Trinidad & Tobago. 
The main category of fish species consumed in Jamaica and Trinidad 
& Tobago were reef finfish (48%) and large offshore pelagic (37%) 
respectively.  The range for placenta mercury concentrations was 0.5 to 
7.3µg/kg. Those participants who reported to regularly eat large offshore 
pelagic fish resulted with the highest placenta mercury concentrations.

Conclusion: The placental mercury concentrations were found to be 
below the ePa’s reference limit derived for prenatal exposure. Therefore, 
an average maternal fish consumption of at least 245 grams per week 
is within acceptable safe limit. Pregnant women are advised to eat reef 
finfish for 2-3 times per month and limit intake of large offshore pelagic 
fish to once per month.  Maternal age should also be considered when 
developing a fish consumption advisory. This advisory was important 
to reduce mercury exposure from fish intake, while sustaining the 
traditional diet of Caribbean people.

TP-143

THREATS TO FRESHWATER SUBSISTENCE FISHERIES 
FROM HG CONTAMINATION: GLOBAL VARIATION 
AMONG SITES AND SPECIES
MCInTyre, Peter1; sTeVens, andrew1; lePaK, ryan1; Janssen, sarah2; 
KrabbenhofT, David2; hurley, James1; 
(1) University of Wisconsin, Madison, Wisconsin, United States; (2) US 
Geological Survey, Middleton, Wisconsin, United States

pmcintyre@wisc.edu

river and lake fisheries are a critical source of nutrition for hundreds 
of millions of people worldwide. Contaminant research often focuses 
on recreational catches in wealthy countries, but the health impact 
of mercury (hg) and other pollutants on subsistence consumers who 
lack dietary alternatives are likely to be more profound. We analyzed 
multiple species from different feeding guilds in 15 fisheries spanning 
four continents to assess the degree of health threat posed by hg 
bioaccumulation in food webs. These lakes and rivers covered a wide 
range of land use, water quality, and suspected hg sources. average 
total hg concentrations in muscle samples varied by two orders of 
magnitude across sites, including both unusually low (less than 10 
ng g-1 dry weight) and high (greater than 1000 ng g-1 dry weight) 
concentrations. Comparisons among species within and across sites 
suggest inconsistent effects of fish body size and trophic guild on hg 
bioaccumulation, which complicates the development of consumption 

guidelines based on fish traits. notably, even small fish in some regions 
are sufficiently contaminated by hg to raise health concerns for 
occasional consumers, and detrimental impacts on children who eat 
these fish daily are highly likely. our initial survey of select sites suggests 
a strong need for systematic assessments of hg and other contaminants 
in temperate and tropical subsistence fisheries, and underscores the 
challenge of devising generalizable advisory protocols for communities 
whose food security is rooted in freshwater subsistence fisheries.

3d: Engagement of communities  
impacted adversely by environmental 
mercury pollution

TP-144

USING A CONCEPTUAL SITE MODEL IN 
STAKEHOLDER ENGAGEMENT AND DECISION 
MAKING AT A MERCURY-CONTAMINATED 
SEDIMENT SITE: ST. LAWRENCE RIVER AREA 
OF CONCERN
hennInG, Miranda1; Glessner, allison1; broWn, lauren1; searCy 
bell, Kristin2; KIM, Kay3; 
(1) Ramboll Environ, Portland, ME, United States; (2) Ramboll Environ, 
Chicago, IL, United States; (3) Environment and Climate Change Canada, 
Toronto, ON, Canada

mhenning@ramboll.com

Cornwall, ontario has long been a center of industrial activities, relying 
upon the st. lawrence river as a source of freshwater for manufacturing 
processes and effluent dilution and dispersion. In 1985, the International 
Joint Commission designated the Cornwall area of the st. lawrence river 
as an area of Concern (aoC) under the Canada-u.s. Great lakes Water 
Quality agreement. In 2005, monitored natural recovery in combination 
with administrative controls was selected as the risk management 
approach for three zones of the aoC proximate to Cornwall. a 
conceptual site model was prepared as a framework for synthesizing 
over 40 relevant reports and to support diverse stakeholders evaluation 
of the effectiveness of monitored natural recovery. The conceptual 
site model details sources of mercury, migration and transformation 
pathways for mercury, human and ecological receptors that potentially 
contact or contacted mercury, and exposure pathways by which those 
receptors are or were exposed to mercury. The goal of the conceptual 
site model is to accurately convey current conditions within the three 
zones, with sufficient characterization of the processes acting on the 
mercury to support stakeholders development of site-specific objectives, 
goals, targets, and associated monitoring approaches. by organizing 
extensive and diverse information into the framework of the conceptual 
site model, it is possible to identify key factors influencing the success 
of monitored natural recovery, as well as fundamental data gaps that 
impede demonstration of that success. Multiple lines of evidence 
indicate that mercury in the sediment of the three zones likely poses 
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negligible risks to human health and the environment. Detectable 
decreases in sediment concentrations are difficult to discern, however, 
due to inconsistent sampling locations over time, limited sediment 
core data, and continuing inputs of mercury to the river. for example, 
storm sewers and combined sewer overflows appear to continue to 
convey mercury from upland sources to the river. once all sources of 
mercury have been mitigated to the greatest extent possible, ongoing 
monitoring will be necessary in order to determine the effectiveness 
of monitored natural recovery. Monitoring will demonstrate whether 
surface sediment mercury concentrations have changed over time and 
whether it is likely that concentrations consistent with upstream can be 
achieved in the future.

3f: Methylmercury toxicokinetics  
and toxicodynamics: human and animal 
models

TP-145

GENETIC VARIATION IN ABC-TRANSPORTERS 
MODIFY METHYLMERCURY DISPOSITION
enGsTrÖM, Karin1; lloP, sabrina2; loVe, Tanzy3; ranD, Matthew4; 
shaMlaye, Conrad5; sofIanou-KaTsoulIs, aikaterini6; barbone, 
fabio7; ballesTer, ferran2; Van WIJnGaarDen, edwin3; broberG, 
Karin8; 
(1) Lund University, Lund, Sweden; (2) FISABIO−Universitat Jaume I−
Universitat de València, Valencia, Spain; (3) School of Medicine and Dentistry, 
University of Rochester, Rochester, USA; (4) University of Rochester, Rochester, 
USA; (5) Child Development Centre, Ministry of Health, Mahé, Seychelles; 
(6) Department of Social and Developmental Paediatrics Institute of Child 
Health, Athens, Greece; (7) Department of Medical and Biological Sciences, 
University of Udine, Udine, Italy; (8) Institute of Environmental Medicine, 
Karolinska Institutet, Stockholm, Sweden

karin.engstrom@med.lu.se

Methylmercury (Mehg) metabolism differs between individuals and 
may explain differences in Mehg susceptibility. one explanation for 
this variation might be that genetic pre-disposition affecting Mehg 
kinetics can result in individual differences in Mehg body burden despite 
similar Mehg intake. The glutathione (Gsh) pathway has a central role 
in Mehg metabolism since Gsh-Mehg conjugation is a prerequisite 
for elimination of Mehg from target organs and the body. Gsh-Mehg 
transport occurs via aTP-binding cassette (abC) transporters, also known 
to act as multidrug resistance-like proteins. abC transporters have 
been associated with Mehg metabolism and toxicity in experimental 
and animal models, and there is also recent evidence for a role for abC 
transporters in Mehg transport in humans. In studies of mother-child 
cohorts from Italy, Greece and spain, we found that the childs genotype 
having single nucleotide polymorphisms (snPs) in the abC transporters 
abCb1, abCC1 and abCC2 can modify the association between maternal 
fish intake and child Mehg levels (measured in cord blood). Consistent 

results were found in a seychellois mother-child cohort in which we 
observed associations of snPs in abCb1, abCC1 and abCC2 with 
maternal Mehg (measured in hair), with one snP in the abCC1 gene 
also showing association with child neurodevelopment. These human 
studies support the experimental animal models that abC transporters 
play a major role for the kinetics of Mehg in the body. Moreover, 
variation in abC genes may influence the Mehg dose in the developing 
child and thus could be relevant to neurodevelopmental outcomes.

TP-146

ALTERNATIVE TESTING METHODS: COMPARING 
TEST SENSITIVITIES BETWEEN FISH EMBRYO AND 
FISH CELL MODELS
alloy, Matthew1; barsT, benjamin1; basu, niladri1; 
(1) McGill University, Sainte Anne de Bellevue/Quebec, Canada

matthew.alloy@mcgill.ca

Mercury is an intensely studied element and compound family. 
regulations pertaining to environmental concentrations, occupational 
exposures, and dietary consumptions should be scrutinized and refined 
as the state of the art progresses. The Tox 21 initiative challenges 
the scientific community to progress to methods that are at once, 
higher throughput, less consumptive of animal life, and more sensitive 
than classical toxicity testing methods. In current standard methods 
apical endpoints used for zebrafish embryos (coagulation, somite 
formation, and tail detachment) are often surrogates for mortality. 
basic biochemical assays, when used in concert, may form the basis of a 
more sensitive and informative series of endpoints than measures that 
are stand-ins for mortality. In addition, there is a need to compare in 
vitro and in vivo results. here, a systems approach was taken to assess 
methylmercury toxicity using enzyme activities as indicators of redox 
stress in both a zebrafish (Danio rerio) embryo model, and a zebrafish 
derived liver cell line (aTCC Crl-2643). Zebrafish cells were exposed to a 
range (0.01 µM to 1 µM) of methylmercury-chloride. a similar design was 
used to expose zebrafish embryos to aqueous methylmercury-chloride 
(0.01 µM to 10 µM). Current standard endpoints (oeCD TG 236) were 
assessed along with a battery of biochemical assays. enzymatic activity 
assays performed in vitro and in vivo included monoamine oxidase, 
superoxide dismutase, catalase, glutathione peroxidase, glutathione 
reductase, peroxiredoxin, thioredoxin reductase, and oxoglutarate 
dehydrogenase. uptake by embryos and cells was quantified by using 
GC-CVafs, and direct mercury aa. In vitro model results were compared 
to in vivo exposure of zebrafish embryos to similar concentrations 
of methylmercury. a comparison of the sensitivity of endpoints 
between standard test methods and the biochemical endpoints will 
be discussed. further discussion will include the responses of in vitro 
exposures using these biochemical endpoints in contrast with in vivo 
responses. These studies are expected to narrow the gap between 
mercury in vitro models and in vivo observations in teleost fish. future 
work will include studies investigating the effects of exposure among 
three forms of mercury: inorganic mercury, methylmercury-chloride 
and methylmercury-cysteine.



POSTeR ABSTRACTS ICMGP2017 The 13Th InTernaTIonal ConferenCe on MerCury as a Global PolluTanT InTeGRATInG MeRCuRy ReSeARCh And POLICy In A ChAnGInG WORLd July 16 – 21, 2017 · ProVIDenCe, rhoDe IslanD, usa 296

TP-147

METHYLMERCURY-INDUCED OXIDATIVE 
DAMAGE IN LIVER, KIDNEY AND BRAIN OF 
RATS: PROTECTION BY N-ACETYL CYSTEINE 
AND SELENIUM
JoshI, DeePMala1; beleMKar, saTeesh1; 
(1) Shri Vile Parle Kelavani Mandal’s (SVKM's), Narsee Monjee Institute of 
Management Studies (NMIMS), Shirpur, Shirpur/ Maharashtra, India

deepmalajoshi953@gmail.com

Methylmercury is a ubiquitous and hazardous material in the 
environment due to the circulation of inorganic mercury in the 
environment which is dissolved into rivers and sea, condensed 
through the food chain, ingested by humans, and consequently affects 
human health. Therefore, methylmercury deserves the attention of 
environmental health experts. It is an emerging problem in the world 
as its concentration is rising continuously due to increased industrial, 
medicinal and domestic uses. It is bio transformed to highly toxic free 
metabolites thus eliciting tissue and blood biochemical alterations and 
oxidative stress. The aim of present study describes the protective 
effect of n-acetyl cysteine (naC) either alone or in combination with 
selenium against chronic mercuric chloride poisoning. The experiment 
was carried out in male albino sprague Dawley rats (n=30) which was 
divided into five groups. Group 1 served as control were received vehicle 
for twelve weeks (once daily for 7 days). Groups 25 were administered 
methylmercury (Mehg: 1.0 mg/kg, p.o.) for twelve weeks (once daily 
for 5 days), group 2 served as experimental control. animals of groups 
3, 4 and 5 were received n-acetyl cysteine (naC: 0.6 mg/kg, i.p.) and 
selenium (se: 0.5 mg/kg, p.o.) and naC with se in combination for 
twelve weeks (after toxicant administration for remaining 2 days only). 
Chronic Mehg exposure altered various biochemical parameters, 
including transaminases, alkaline phosphatase, lactate dehydrogenase, 
bilirubin, gamma-glutamyl transferase, triglycerides and cholesterol, 
urea, creatinine, uric acid and blood urea nitrogen contents with 
concomitant decline in protein and albumin concentration in serum. 
In addition, a significant rise in lipid peroxidation level and mercury 
ion concentration with concomitant decrease in reduced glutathione 
content and the antioxidant enzymes activities of superoxide 
dismutase, catalase, glutathione reductase, glutathione peroxidase and 
glutathione-s-transferase after chronic Mehg exposure. results of the 
present investigation clearly showed that combination therapy with 
naC+se provide maximum protection against chronic mercury toxicity 
than monotherapy (alone treated groups) by preventing oxidative 
degradation of biological membrane from metal mediated free radical 
attacks. The activities of comet assay and MTT assay significantly 
recovered the damage towards normal after combined treatment (naC+ 
se). biochemical data were well supported by histopathological findings. 
In conclusion, combination therapy may be an ideal choice for long term 
mercury toxicity and oxidative stress.

TP-149

MERCURY-INDUCED EPIGENETIC 
TRANSGENERATIONAL INHERITANCE OF 
ABNORMAL NEUROBEHAVIOR IS CORRELATED 
WITH SPERM EPIMUTATIONS AND DYSREGULATED 
BRAIN AND RETINA GENE EXPRESSION 
IN ZEBRAFISH
CarVan III, M.1; KalluVIla, T.2; KlInGler, r.1; larson, J.1; PICKens, M.1; 
Mora-ZaMorano, f.1; ConnauGhTon, V.3; saDler-rIGGleMan, I.4; 
beCK, D.4; sKInner, M.4; 
(1) School of Freshwater Sciences, University of Wisconsin-Milwaukee, 
Milwaukee, WI, USA; (2) Zilber School of Public Health, University of Wisconsin-
Milwaukee, Milwaukee, WI, USA; (3) Department of Biology, American 
University, Washington, DC, USA; (4) Center for Reproductive Biology, School of 
Biological Sciences, Washington State University, Pullman, WA, USA

carvanmj@uwm.edu

Methylmercury (Mehg) is a ubiquitous environmental neurotoxicant. 
Developmental exposure of zebrafish to Mehg is known to alter their 
neurobehavior in a manner similar to other vertebrates. The current 
study investigated the direct and transgenerational effects of Mehg, at 
tissue doses similar to those detected in exposed human populations, 
on neurobehavior (i.e., visual startle and spontaneous locomotion), 
sperm epimutations (i.e., differential Dna methylation regions [DMrs]), 
and transcriptomics in zebrafish, an established human health model. 
f0 generation embryos were exposed to Mehg (0, 1, 3, 10, 30, and 100 
nM) for 24 hours ex vivo. f0 generation control and Mehg-exposed 
lineages were reared to adults and bred to yield the f1 generation, 
which was subsequently bred to the f2 generation. Direct exposure 
(f0 generation) and transgenerational actions (f2 generation) were 
then evaluated. hyperactivity and visual deficit were observed in the 
unexposed descendants (f2 generation) of the Mehg-exposed lineage 
compared to control. an increase in f2 generation sperm epimutations 
was observed relative to the f0 generation. Investigation of the 
DMrs in the f2 generation Mehg-exposed lineage sperm revealed 
associated genes in the neuroactive ligand-receptor interaction and 
actin-cytoskeleton pathways being effected, which correlate to the 
observed neurobehavioral phenotypes. analysis of dysregulated genes 
revealed via sequencing of total rna isolated from f2 generation 
Mehg-exposed zebrafish retina and brain (compared to control) 
showed significant enrichment in pathways associated with vision, 
circadian rhythm, and neurological disorders. Collectively, this evidence 
supports that developmental Mehg exposure can induce epigenetic 
transgenerational inheritance of abnormal neurobehavior correlated 
with dysregulated brain and retina gene expression and sperm 
epimutations in f2 generation adult zebrafish. Therefore, mercury has 
the ability to promote the epigenetic transgenerational inheritance 
of disease in zebrafish, which significantly impacts its environmental 
health considerations in all species, including humans. further study 
of the transgenerational health effects of Mehg is required to better 
understand the risks for human populations, which, if transgenerational 
effects are ignored, are dramatically underestimated.
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TP-151

PHYSIOLOGICALLY-BASED PHARMACOKINETIC 
MODELING OF METHYLMERCURY IN YOUNG 
RINGED SEALS
eWalD, Jessica1; lI, Miling1; basu, nIlaDrI2; KIrK, Jane3; IslaM, naima3; 
MuIr, Derek3; sunDerlanD, elsie1; 
(1) Harvard University, Cambridge, MA, USA; (2) McGill University, Montreal, 
Quebec, Canada; (3) Environment and Climate Change Canada, Burlington, 
ON, Canada

jessicaewald@college.harvard.edu

Methylmercury (Mehg) is a potent, bioaccumulative neurotoxicant 
that is particularly harmful to mammals at early developmental stages. 
Previously published studies have measured concentrations of Mehg 
in young ringed seals but have made little effort to quantitatively 
explain variability in the data. We constructed a physiologically-based 
pharmacokinetic model to examine the relative importance of body 
growth, changing diet, and internal demethylation to explain changes 
in Mehg burdens in various biological compartments. The model is 
evaluated with measured Mehg and total mercury (hg) concentrations 
in young-of-the-year ringed seal tissues from labrador, Canada that 
were harvested between 2012 and 2015. Most seals were less than 
one year of age. Measured mean hg concentrations (wet weight) in 
muscle and tissues from 52 individuals were: 0.095 mg/g (n = 52, s = 
0.081 mg/g), and 0.67 mg/g (s = 1.06 mg/g), respectively. Mean Mehg 
concentration (wet weight) in muscle was 0.11 (n = 35, s = 0.089 mg/g) 
and is 0.12 mg/g (n = 52, s = 0.15 mg/g) in liver. Model outputs show 
that the dynamics of mercury disposition and accumulation in the first 
year can be largely attributed to dietary shifts. This model can be further 
modified and applied to other marine mammals to study early-life 
exposure patterns for species of interest, including those consumed as 
country foods by Inuit communities in arctic and subarctic regions.

TP-152

THE EFFECTS OF METHYLMERCURY ON BREAST 
CANCER CELLS
GauDeT, hilary1; ChrIsTensen, emily1; Conn, brandon1; MorroW, 
sara1; ZhanG, raymond1; benoIT, Janina1; 
(1) Wheaton College, Norton, MA, United States

gaudet_hilary@wheatoncollege.edu

Metalloestrogens are small ionic metals that activate the estrogen 
receptor (er). studies have shown that when metalloestrogens bind to 
the er, there is an increase in transcription and expression of estrogen-
regulated genes, which induces proliferation of estrogen-dependent 
breast cancer. Methylmercury (Mehg), a metalloestrogen, is present 
in the environment and is toxic at moderate to high concentrations. 
however, at lower concentrations Mehg may promote the proliferation 
of er-positive breast cancers and protect cells against pro-apoptotic 
signals. To investigate the effects of Mehg treatment on breast cancer 
cells in vitro, MCf7 breast cancer cells were treated with concentrations 

of Mehg ranging from 1 nM to 100 mM. Mehg analysis was used to 
quantify intracellular mercury concentrations and cell proliferation and 
apoptosis were determined by cell counting and annexin-V staining, 
respectively. We defined a protocol that maximizes cellular exposure 
to mercury and we found that treatment of human er-positive breast 
cancer cells with 1 nM Mehg promoted proliferation, while treatment 
with a concentration of 100 nM induced apoptosis. Investigations into 
the effects of dietary Mehg treatment of zebrafish on breast cancer 
growth and progression are currently underway. Clarifying the effects 
of Mehg on breast cancer will improve our understanding of how 
environmental toxins affect tumor progression and may lead to the 
development of future therapeutic strategies.

TP-153

IMPACT OF METHYLMERCURY IN HYPOSTOMUS 
GYMNORHYNCHUS AND HOPLIAS AIMARA 
HARVESTED IN PRISTINE AND CONTAMINATED 
SITES FROM THE OYAPOCK RIVER IN 
FRENCH GUIANA
GonZaleZ, Patrice1; Maury-braCheT, régine1; GenTes, sophie1; 
bauDrIMonT, Magalie1; leGeay, alexia1; feurTeT-MaZel, agnès1; 
Daffe, Guillemine1; MesMer-DuDons, nathalie1; MaurICe, laurence2; 
(1) University of Bordeaux, Arcachon, France; (2) IRD, Toulouse, France

patrice.gonzalez@u-bordeaux.fr

a multidisciplinary approach has been conducted to compare toxicity 
mechanisms of methylmercury (Mehg) previously obtained in zebrafish 
(Danio rerio) during experimental condition to those obtained in fish 
harvested in the field in french Guiana. for this purpose, genes known 
to be involved in antioxidant defences, metal chelation, active efflux 
of organic compounds, mitochondrial metabolism, Dna repair and 
apoptosis have been cloned and characterized for two typical fish: 
hypostomus gymnorhynchus (a grazer fish) and hoplias aimara (a top 
predator). fish were obtained from three different sites; a pristine site 
(3 sauts) and two mercury-contaminated sites (oyapock and Camopi). 
expression levels were determined on brain, muscle and liver as 
well as ultrastructural analyses by electronic microscopy. Moreover, 
quantification of mercury bioaccumulation and of metallothionein 
(MT) proteins have been done in the same tissue. results obtained for 
h. gymnorhynchus evidenced that genes involved in detoxification, 
oxidative stress response and mitochondrial metabolism were 
overexpressed in contaminated sites compared to pristine one in all 
the tissue. histological analyses showed that damages in mitochondria 
were also observed in fish from the contaminated sites. Indeed, 
in contaminated muscles a decrease of the inter-bundle surface, 
mitochondria with variable shapes, sizes and cristae disorganization, 
also decreasing the surface area and inter-bundle surfaces were 
observed. In liver from the contaminated fish, an increased 
quantification of MT levels were evidenced. all these results confirmed 
those obtained in laboratory-controlled experiment with D. rerio.
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TP-154

TOXICOKINETICS OF MERCURY IN THE 
HUMAN PLACENTA: PRELIMINARY DATA ON 
RELATIONSHIPS BETWEEN GENOTYPE AND 
PHENOTYPE IN HEALTHY AND DISEASED PLACENTA
GranITZer, sebastian1; sTraKa, elisabeth1; ellInGer, Isabella1;  
ZeIsler, harald1; salZer, hans2; henGsTsChlÄGer, Markus1;  
GunDaCKer, Claudia1; 
(1) Medical University of Vienna, Vienna, Austria; (2) University Hospital Tulln, 
Tulln, Austria

n1005868@students.meduniwien.ac.at

although it has been known for decades that the organic compound 
methyl mercury (Mehg) is neurotoxic and passes the placenta 
unhindered, our knowledge of the transport mechanisms is 
extremely low.

The placenta is a transient organ that persists just nine months but 
has a significant influence on health and development of the offspring. 
Dysfunction of the placenta often leads to pregnancy complications 
such as gestational diabetes (GDM), pre-eclampsia (Pe), and intrauterine 
growth retardation (IuGr).

The development of placental dysfunction is multifactorial. The placenta 
is well suited for the investigation of genotype-phenotype associations 
because the organ is easily available, protein expression and function 
are readily measurable, and primary cells can be isolated therefrom.

In preliminary studies, we have investigated which proteins are involved 
in placental toxicokinetics (transport and metabolism) of mercury. a 
number of these proteins are also involved in placenta dysfunctions. 
They include system l amino acid transporters, enzymes of the anti-
oxidative glutathione system and efflux transporters from the family of 
abC transporters.

The main questions are: Which proteins are involved in placental 
dysfunction? To what extent does the genetic background (sequence 
variants) explain abundance or activity of these proteins? Is the infant 
genotype linked to the placental phenotype?

In total 170 mother-child pairs (100 healthy, 70 with GDM, Pe, IuGr) 
will be genotyped. expression and activity of the candidate proteins 
are examined in healthy and dysfunctional placentas using Mehg as a 
model substrate. by researching placental mercury toxicokinetics, we 
gain insights that are not only relevant for reproductive toxicology, but 
also contribute to a better understanding of the individually different 
placenta (patho) physiology. The aim is to identify genetic variants 
predisposing to pregnancy complications. The identification of such 
genetic markers is a very big step towards individual treatment and 
counselling during pregnancy. Preliminary data on selected candidate 
proteins will be discussed.

TP-155

CHARACTERIZATION OF MERCURY-BINDING 
PROTEINS IN RAT BLOOD
hu, ligang1; 
(1) RCEES, CAS, Beijing, China

lghu@rcees.ac.cn

blood proteins play important roles in mercury transport, toxicity 
and metabolism. Characterization of mercury-binding proteins, 
especially proteins with low abundance is critical for understanding 
their trafficking and underlined mechanisms of toxicity. Till now, very 
limited proteins, i.e., albumin, 2-macroglobin, and transferrin had been 
identified as mercury-binding proteins in plasma. for erythrocyte, 
hemoglobin was the only protein known to associate with mercury. In 
this study, mercury-binding proteins in rat plasma and erythrocyte were 
characterized in vitro by continuous flow gel electrophoresis coupled 
with inductively coupled plasma mass spectrometry (Ge-ICP-Ms). It was 
found that most of hg were associated with proteins, in which around 
60% of mercury was bound to albumin and 25% to hemoglobin. apart 
from the high abundance proteins, ten mercury-binding proteins with 
low abundance in blood were identified. There were four proteins in 
plasma, which were glutathione peroxidase 3, apolipoprotein e, alpha-1-
antiproteinase, and transferrin, respectively. for erythrocyte samples, six 
mercury containing proteins were detected. Mercury preferentially binds 
to hemoglobin (8 %) followed by peroxiredoxin-2 (5 %), while the other 
three proteins bound 3 % mercury respectively. our finding provided 
useful information to further investigate health effects and toxicities 
related to hg exposure.

TP-156

DIFFERENT EFFECTS OF METHYLMERCURY 
EXPOSURE ON LOCOMOTOR BEHAVIORS IN ADULT 
MALE AND FEMALE ZEBRAFISH (DANIO RERIO)
benoIT, Janina1; KIrKPaTrICK, Meg1; bauer, Jordan1; 
(1) Wheaton College, Norton, MA, USA

benoit_janina@wheatoncollege.edu

Methylmercury (Mehg) is a widely distributed environmental neurotoxin 
with established effects on the central nervous system, yet the subtle 
behavioral effects of Mehg toxicity are less well studied. Previous 
work from this group has demonstrated that Mehg exposure disrupts 
locomotor behavior in adult male mice, specifically behaviors related 
to coordination, balance and strength. other groups have shown that 
the deleterious effects of Mehg can be prevented in male mice with 
estrogen treatment, suggesting a sex difference in susceptibility to 
Mehg toxicity. The goal of the present study is to further examine sex 
differences in Mehg-induced behavioral changes using an aquatic 
animal model. This study investigated the impact of Mehg exposure on 
several swimming behaviors in adult male and female zebrafish. Mehg 
was administered daily in food over a three-week period. The daily 
Mehg dose (0.1 ug/g/day) was comparable to known environmental 
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exposure levels. swimming behaviors (swim distance, swim speed and 
line crossings) were assessed before treatment and then weekly during 
the treatment period. Preliminary findings suggest that swimming 
behaviors were unaffected in female zebrafish exposed to Mehg at this 
dose. however, Mehg exposure increased swimming activity in males 
by week three of treatment. behavioral differences will be linked to 
changes in antioxidant enzyme activities in tissues. future studies will 
focus on the potential neuroprotective effects of estrogen on Mehg 
toxicity in zebrafish.

TP-158

DEVELOPMENT OF AN ECOPHYSIOLOGICAL 
DAPHNIA MODEL TO EXAMINE THE 
INTERACTIVE EFFECTS OF NUTRITION AND 
METHYLMERCURY TOXICITY
nI, felicity1; Kelly, noreen1; arhonDITsIs, George1; 
(1) University of Toronto, Toronto, Ontario, Canada

felicity.ni@utoronto.ca

In spite of efforts to address issues of mercury in the environment, 
levels continue to rise. rapid and reliable tools are imperative in water 
quality management to mitigate potentially catastrophic ecosystem 
shifts. Through the integration of ecosystem-level models with 
chemical analysis tools, our research proposes the development of 
a novel bioindicator technique that will connect the physiological 
stress of individual organisms to ecosystem dynamics. Daphnia, a 
crustacean zooplankton, represents an essential compartment in 
aquatic ecosystems at the autotroph-heterotroph interface, connecting 
phytoplankton to many fish species, and has been suggested as a 
keystone species. We have developed a model that aims to elucidate 
the interactive effects of mercury toxicity and nutrition (in terms of 
food quality and quantity) on the relationship between phytoplankton 
and Daphnia through an understanding of both mass and energetic 
consequences. Generally, zooplankton modelling studies on food quality 
have examined a limited range of nutrients, typically macronutrients 
such as carbon, nitrogen and phosphorus; we have expanded our scope 
of nutrition to include fatty acids, amino acids, saturated fats, and other 
nutrients. our model stipulates a physiological hierarchy, prioritizing 
different physiological processes in the order of neurological functions, 
bio-energetics, osmoregulatory maintenance, waste management, 
and growth investments. Daphnia resiliency is controlled by both food 
quantity and quality and each physiological process is modulated by the 
somatic levels of different metabolites. With the enrichment of food with 
congeners associated with neurological and energetic functions (e.g., 
tryptophan, phosphorus), effects of toxicity can be countered. our work 
highlights that healthy dietary patterns can be critical in ameliorating 
toxicity, and therefore biotic populations cannot be maintained solely 
through contaminant management. our modelling framework links 
physiological and biochemical level processes to ecosystem patterns 
to provide a deeper understanding of the interactions between toxicity 
and food quality and whether food quantity and quality can mitigate 
the impacts of mercury toxicity in Daphnia and improve resistance and 

resilience against mercury. We offer the prospective of quantitative 
response indicators in long-term water monitoring efforts and a 
framework that can accommodate parameterization from values 
derived through metabolomics experiments. understanding the 
responses and linkages between these ecosystem drivers may improve 
the management and conservation of the ecosystems contaminated 
with mercury.

TP-159

ELUCIDATING THE BIOCHEMICAL EFFECTS OF 
MERCURY EXPOSURE IN AN ENVIRONMENTAL 
SENTINEL WITH METABOLOMICS AND 
EPIGENETICS TECHNIQUES
nIlsen, frances1; sChWenTer, Jefferey2; Day, russel3; ParroTT, ben4; 
boWDen, John3; lonG, stephen3; sChoCK, Tracey3; 
(1) NIST/MUSC, Charleston, SC, USA; (2) Grice Marine Lab, College of 
Charleston, SC, Charleston, SC, USA; (3) NIST, Charleston, SC, USA; 
(4) University of Georgia, Athens, GA, USA

frances.nilsen@nist.gov

Mercury (hg) is a toxic environmental pollutant with a ubiquitous, 
worldwide distribution. The toxic effects of methylmercury (Mehg) 
exposure are well documented; and include neurodegenerative 
diseases (e.g. Minamata Disease), muscular disorders, and lowered 
reproductive success. however, determination of the sub-lethal effects 
of Mehg exposure is complicated due to the lack of symptoms prior 
to the onset of degenerative diseases. In an effort to classify some 
of the underlying biochemical effects of chronic Mehg exposure, we 
investigated physiological and epigenetic changes associated with two 
doses of chronic Mehg exposure over a two-year time period on an 
ecologically important reptilian sentinel, the diamondback terrapin 
(Malaclemys terrapin). erythrocyte samples were analyzed for total 
mercury content and subsequently for global Dna methylation by lC-
Ms/Ms and plasma was analyzed by 1h nMr for metabolomic effects. 
Dna methylation is a well-studied epigenetic modification that controls 
gene expression. When Dna methylation patterns are changed, as a 
result of external stimuli, altered gene expression and dysregulation 
of certain cellular processes can occur and be characterized. analyzing 
the plasma metabolic profile of organisms exposed to Mehg in a 
controlled setting allows the identification of metabolites and their 
corresponding pathways that change in response to the exposure. 
Plasma metabolomic profiles were analyzed by multivariate and 
univariate techniques across doses, gender, and annual time scales. 
This study aimed to identify small molecules that change in response 
to chronic Mehg exposure, as well as investigate changes in epigenetic 
modifications that are likely exacerbated as a result of exposure. both 
of these tools may lend insight to the underlying cellular mechanism 
of Mehg exposure and allows for a greater understanding of 
organism-environment interactions.
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TP-160

UNVEILING COPING STRATEGIES WITH MERCURY 
IN AQUATIC AND SEMI-AQUATIC INHABITANTS
PereIra, eduarda1; anJuM, naser1; Coelho, João1; Vale, Carlos2; 
DuarTe, armando1; fIGueIra, Paula3; 
(1) CESAM & Chemistry Department, University of Aveiro, Aveiro, Portugal; 
(2) CIIMAR, University of Porto, Porto, Portugal; (3) CICECO & Chemistry 
Department, University of Aveiro, Aveiro, Portugal

eduper@ua.pt

Despite the credible information on environmental hazards identification/
characterization, risk assessment and coping strategies in aquatic and 
semi-aquatic inhabitants, lacunae on mechanistic aspect entangling the 
previously mentioned issues are perceptible in literature. Thus, the current 
work aimed to assess mercurys potential toxicity on biota and discusses 
organisms survival strategies under natural environmental conditions. 
Primary consumers (bivalve- scrobicularia plana) were selected since 
they comprise the baseline of the food web and serve as a conduit for 
bottom-up energy transfer, whereas the salt marshes plants (halimione 
portulacoides and Juncus maritimus) were considered keeping in view 
their status as essential ecosystem base components. area chosen for 
this study was laranjo basin, ria de aveiro, Portugal, where a well defined 
mercury gradient has been reported due to chloralkali plant.

In bivalves, inter-age and organ-specific approaches were applied by 
using different annual age classes (2+, 3+, 4+ and 5+ year old) and 
assessing specific organs (gills, digestive gland), respectively. besides 
total and organic mercury accumulation, endpoints combining lipid 
peroxidation, as damage sign, and antioxidant protection were 
determined. It was revealed that the use of whole-body analyses could be 
particularly compromising when enzymatic antioxidants are addressed. 
besides the contribution to understand mercury toxicodynamics, 
specific organs approach was strongly recommended in order to avoid 
misinterpretations. analyses of non-enzymatic antioxidants revealed that 
the evolution of the adaptive skills of s.plana over time depends on the 
contamination extent. hence, under a moderate contamination scenario, 
the intervention of the different antioxidants (measured in whole-body) 
took place harmoniously, evidencing an adjustment capacity increasing 
with the age. In opposition, under a higher contamination degree s.plana 
failed to efficiently cope with mercury threat.

salt marsh plants h. portulacoides and J. maritimus exhibited the 
highest and the least mercury-remediation/accumulation potential, 
respectively. salt marshes dominated by J. maritimus exhibited a 
stronger capacity to retain and phytostabilize mercury in belowground 
than those dominated by h. portulacoides. Conversely, extensively h. 
portulacoides-colonized salt marshes are expected to translocate more 
mercury to aboveground parts. It can be possible to phytostabilize 
metals in rhizosediments (using J. maritimus) or phytoextract metal 
by accumulating in aboveground plant tissue for subsequent plant 
removal (using h. portulacoides). Moreover, mercury-induced oxidative 
stress was differentially counteracted by ascorbate-glutathione 
cycle-components in the studied plants. These changes were strongly 

substantiated with the changes at proteome level. Conclusively, coping 
strategies in both animal and plant revealed their significance as 
biomarkers for environmental hazards safety screening.

TP-162

THE BIOCHEMISTRY OF THE FIVE “SOS” 
MECHANISMS OF MERCURY TOXICITY
ralsTon, nicholas1; rayMonD, laura2; 
(1) University of North Dakota, Grand Forks, ND, USA; (2) Translational 
Medicine Independent Research Consultants, Grand Forks, ND, USA

nick.ralston@und.edu

Methylmercury (Mehg) toxicity is characterized by: 1.) long latency of 
onset of symptoms following toxic exposure, 2.) neurological tissue 
specificity of pathological effects, 3.) inhibition of selenoenzymes in brain 
tissues, 4.) oxidative damage in the affected tissues, 5.) accentuated 
fetal vulnerability, and, 6.) preventative/rescue effects accompanying 
supplemental dietary selenium (se) commonly referred to as the se-
protective effect. These aspects had previously been difficult to explain, 
but understanding of Mehg toxicology has improved tremendously in the 
past decade. since we now recognize that hgs affinity for selenium (se) is 
~1 million times greater than its affinity for sulfur, its second best binding 
partner, it has become obvious that se, not sulfur, is the molecular target 
of Mehg toxicity. because of its high binding affinity for se, Mehg inhibits 
synthesis and activities of se-dependent enzymes that are required for 
the health, function, and development of brain tissues. The 25 genetically 
distinct and functionally elite enzymes expressed in humans perform 
essential functions in brain physiology including; preventing and reversing 
oxidative damage to lipids and proteins, enabling Dna synthesis, and 
regulating thyroid hormone metabolism, calcium homeostasis, and cell 
signaling pathways. The toxic effects of high Mehg exposures arise from 
its unique abilities to selectively and irreversibly inhibit selenoenzyme 
activities. This understanding Mehgs effects provides a unifying 
perspective that consistently explains all aspects of Mehg toxicity. The 
involvement of se-physiology in mechanisms of Mehg toxicity were not 
initially recognized because selenoenzyme metabolism and its unique 
roles in brain and endocrine tissues were generally unknown. however, in 
recent years, the se-dependent aspects of their physiology are becoming 
better understood. as a result, the characteristic features of Mehg toxicity 
have become much easier to understand. high Mehg exposures occur 
through a sequence of biochemical reactions referred to here as sos 
mechanisms. These include; synergies of sequestration (sos-1), silencing 
of selenoenzymes (sos-2), sequestration of selenium (sos-3), suicide of 
selenium-Deprived Cells (sos-4) and sustained oblivion of sec synthesis 
(sos-5). These disruptions have consequences that increase in severity 
as tissue Mehg concentrations approach, and especially as they exceed 
equimolar stoichiometry with tissue se. The effects of sos mechanisms 
on se physiology and biochemistry coincide with features of Mehg toxicity 
which were previously difficult to explain. Predictions based on these 
mechanisms coincide with observations in cell culture and animal models 
as well as in epidemiological studies of the effects of Mehg exposures on 
neurodevelopmental and cardiovascular outcomes.
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TP-163

PROTEOME OF PRIMARY ASTROCYTES INDICATE 
A CENTRAL ROLE OF OXIDATIVE INJURY EXPOSED 
BY MEHG
shao, yueting1; WanG, lewis2; lanGloIs, Patrick1; Chan, laurie1; 
(1) University of Ottawa, Ottawa/Ontario, Canada; (2) St. George's University, 
St. George's, Grenada

ysha2@uottawa.ca

Methylmercury (Mehg) is a neurotoxicant that posed a health risk in 
both wildlife and human. Cerebellum is the main target of mercury 
toxicity. The toxic effects of Mehg on specific brain cell type is still 
unclear. In this study, cerebellar primary astrocytes were analyzed for 
cellular reactive oxygen species (ros), total hg accumulation, and whole 
cell proteome after exposed with Mehg (1 µM and 5 µM) for 24 hours. 
ros and intracellular hg concentrations showed a dose-dependent 
increase (p<0.05). In proteomic analysis, a total of 3230 proteins were 
identified, among them 436 proteins were significantly changed (one 
Way anoVa, p<0.05). biological processes enrichment analysis showed 
that small molecule metabolic process, energy derivation by oxidation 
of organic compounds, cellular respiration, oxidation-reduction process 
and positive regulation of Dna biosynthetic process are the main 
functions affected by Mehg. oxidation-reduction process is the most 
significantly changed category with 75 proteins were involved. after 
correction of the p value (Permutation-based fDr method), only 17 and 
35 proteins were differentially expressed in 1 µM and 5 µM exposed 
Mehg, respectively. oxidoreduction coenzyme metabolic process 
was significantly changed in both treatment groups. oxidoreductase 
complex, mitochondrial respiratory chain, and membrane raft are 
the main celluar components affected in 5 µM Mehg but not in 1 µM 
Mehg (p<0.05). KeGG Pathway analysis showed huntington’s disease 
(hD) was enriched (p<0.05) in 1 µM Mehg exposed astrocytes, which is 
further confirmed our previous publication on a Mehg dosed marmoset 
model. These results indicated that oxidation and reduction process is 
a major event occurred in Mehg exposed astrocytes. Mehg exposure 
was associated with neurodegenerative disease such as hD. Increasing 
dose of Mehg can disrupt energy generation which is evidenced by the 
significant changes of mitochondrial respiratory chain system.

TP-164

EFFECTS ON PROLACTIN (PRL) ON CYTOTOXITY 
INDUCED BY METHYLMERCURY IN HUMAN 
LYMPHOCYTES AND HUMAN PROMYELOCYTIC 
LEUKEMIA CELL HL60, BOTH IN VITRO.
sIlVa-PereIra, liz1; roDrIGueZ burbano, rommel2; 
(1) Institute of Education, Science and Tecnology of Pará, IFPA, Itaituba 
College, Itaituba Pará, Brazil; (2) University of Pará, Belém Pará, Brazil

lizcarme@hotmail.com

Mercury is a xenobiotic metal that is a highly deleterious environmental 
pollutant. The biotransformation of mercury chloride (hgCl2) into 

methylmercury chloride (Ch3hgCl) in aquatic environments is well 
known and humans are exposed by consumption of contaminated 
fish, shellfish and algae. Methylmercury has been an environmental 
concern to public health and regulatory agencies for over 50 years 
because of its neurotoxicity. Its association with nervous system toxicity 
in adults and infants near Minamata bay, Japan, in the 1950’s initiated 
environmental health research inquiries that continue to this day. The 
objective of the present study was to determine the changes induced 
in vitro by two mercury compounds (hgCl2 and Ch3hgCl) in cultured 
human lymphocytes; and after that evaluate Prolactina's action (Prl) 
on the organomercurial (Ch3hgCl) activity in human lymphocytes and 
human promyelocytic leukemia cell hl60, both in vitro. The cultures 
were incubated to 37ºC for 48 h for both biological systems and the 
treatments were realize 9h after the beginning stimulating cells. a 
significant increase (P < 0.05) in the relative frequency of chromosome 
aberrations was observed for all concentrations of Ch3hgCl (1, 10, 
100, and 1000 µg/l) when compared to control, whether alone or in an 
evident sinergistic combination with hgCl2. In the second experimental 
block, Ch3hgCl when alone treaty (50, 100, 500 and 1000 μM) it was 
cytotoxic also, however its reduced when treaty together with Prl (1,10 
and 100 nM). The frequency of polyploid cells was also significantly 
increased (P < 0.05) when compared to control after exposure to all 
concentrations of Ch3hgCl alone or in combination with hgCl2, however 
reduced been in Prl presence. Ch3hgCl significantly decreased (P < 
0.05) the mitotic index at 100 and 1000 µg/l alone, and at 1, 10, 100, and 
1000 µg/l when combined with hgCl2, showing a synergistic cytotoxic 
effect, the same results presented in the second experimental block too, 
however the Prl presents a protector effect over that. our data showed 
that low concentrations of Ch3hgCl might be cytotoxic/genotoxic and 
the Prl is a potent antimutagenic agent in this biological systems.

TP-165

TOXICOKINETICS OF MERCURY DEMETHYLATION: 
MERCURY ACCUMULATION AND SPECIATION 
IN THE LIVERS OF MARINE AND FRESHWATER 
FISH SPECIES
soulen, brianne1; barsT, benjamin2; brIDGes, Kristin1; DreVnICK, 
Paul3; roberTs, aaron1; 
(1) Department of Biology, Advanced Enivronmental Research Institute, 
University of North Texas, Denton, TX, USA; (2) Environmental Health 
Sciences Lab, McGill University, Ste-Anne-de-Bellevue, Quebec, Canada; 
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Mercury is a global contaminant that is atmospherically deposited 
from a variety of anthropogenic and natural sources. In aquatic 
systems, bacteria convert inorganic mercury (hg (II)) into the more 
bioaccumulative and toxic form methylmercury (Mehg). fish store 
mercury mainly in muscle, liver and kidney tissues. In the liver, Mehg 
is metabolized (demethylated) to form hg (II). In many fish species, it is 
unknown if there is a threshold concentration at which demethylation 
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occurs or whether demethylation is rate limited. It has been postulated 
that phylogenetic differences among fishes in immune organization 
may determine demethylation potential and thus the ability of a species 
to distribute mercury amongst tissues. The objective of this study was 
to examine mercury accumulation and speciation in several marine 
(n= 12) and freshwater (n=14) fish species. liver and muscle tissue 
samples were taken and total mercury concentrations determined 
using a Milestone DMa-80 direct hg analyzer. Toluene extraction or 
GC-CVafs was used to remove Mehg from liver tissues and determine 
concentrations of Mehg and hg (II). a percent Mehg was calculated for 
each individual as well as a ratio of total muscle mercury to total liver 
mercury as a proxy for examining sequestration tissues. Mean total 
muscle hg concentrations across all species ranged from 0.28 (ladyfish) 
5.00 (bowfin) mgkg dw, and mean total liver hg ranged from 0.24 
(bonnethead) 13.51 (spotted Gar) mgkg dw. The highest concentrations 
for both muscle and liver were seen in freshwater species. liver total hg 
was positively correlated with liver Mehg for salmonids, whereas for all 
other species, there seems to be a threshold effect. our results show 
multiple trends to describe the relationship between liver total hg and % 
Mehg. These results will add important information to the knowledge of 
how phylogeny potentially influences mercury demethylation, and the 
toxicokinetics of mercury demethylation amongst fishes to help develop 
a next-generation risk assessment that incorporates species sensitivity.
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bacteria are the most vigorous and versatile transformers of hg in all 
global ecosystems, some making the very lipid soluble forms, hg(0) and 
Mehg(I), and others converting these to highly reactive ionic forms hg(II) 
and Mehg(I). such processes, long studied in the external environment, 
are increasingly recognized also to operate within commensal microbial 
ecosystems (microbiota) of humans, and other wildlife exposed to hg 
environmentally or iatrogenically. all macroscale hg transformations 
have at their base the enzymes within individual cells which catalyze 
those transformations. Most often those cells are bacterial, simply 
because they outnumber all other cell forms on earth and occupy niches 
in every temperature, humidity, salinity, and oxygen range on the planet, 
even those with highly toxic metal values.

Knowledge of the many ways in which diverse bacteria are affected by 
and then transform hg is essential for understanding the macroscale 
processes on which environmental remediation, stewardship and 
risk analyses are based. This is true not only on the scale of terrestrial 
geology, oceanography, glaciology, atmospheric science, etc but also 
directly in the plant and animal victims of hgs toxicity. surprisingly, 

there is limited understanding of the distinctly different ways in which 
inorganic (hg) and organic (rhg) mercury compounds affect subcellular 
biochemistry. Most monitoring of exposure to these compounds is 
by proxies such as behavioral or neurological measures and/or a few 
signature proteins or metabolites.

Moving our vision to the interior of living cells, we investigate key 
subcellular targets of mercurials in a common gut commensal, e. coli. 
Well describe the following studies on growing e.coli cells: (1) biophysical 
analyses quantifying disruption of electrolyte, metal, and biothiol 
homeostases by rhg and especially hg compounds; (2) a novel global 
lC/Ms-Ms proteomics method identifying >300 proteins variously 
vulnerable to stable rhg or hg modification, many with highly conserved 
human homologs, especially in mitochondria; and (3) a longitudinal rna-
seq systems level comparison of gene expression showing strikingly 
different responses immediately after exposure to and during recovery 
from rhg or hg compounds. our findings provide foundations for (a) 
developing specific biomarkers for rhg/hg exposure, (b) understanding 
long-term hg accumulation in higher vertebrates, (c) investigating the 
mechanisms of hormesis i.e. use of subtoxic stressors as adaptogens, 
and (d) assessing nutritional, pharmaceutical or environmental 
interventions to recruit bacteria in support of recovery from chronic or 
acute rhg/hg exposure in individual animals or humans or in external 
environmental settings.
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Methylmercury (Mehg) is known to cause neurobehavioral disorders in 
humans and experimental animals. We are studying Mehg toxicity in type 2 
diabetic KK-ay mice to clarify the effect of glucose metabolism disturbance 
on Mehg toxicity. In a previous study, we observed that exposing 4-week-
old KK-ay mice to 5 mg hg/kg Mehg resulted in severe neurobehavioral 
disorders such as hindlimb clasping. neurobehavioral disorders due to 
Mehg exposure in rodents have been mostly evaluated by observation of 
hindlimb crossing, rota-rod performance test, and footprint test. however, 
it is difficult to quantitatively evaluate the neurobehavioral disturbance 
of Mehg-treated KK-ay mice because of their obesity. In this study, we 
administrated Mehg (5 mg hg/kg/day p.o.) to male KK-ay mice three 
times per week for 5 weeks beginning at 12 weeks of age, and examined 
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neurobehavioral disturbances using the dynamic weight bearing (DWb) 
test, which has been used to assess pain. Mehg-treated mice began to lose 
body weight approximately 4 weeks after treatment was initiated. seven of 
9 Mehg-treated mice showed neurological symptoms such as ataxia and 
gait disturbance in the final stage of the experiment. The weight measured 
using the DWb test was lower for the forelimb than for the hindlimb before 
Mehg treatment and until 1 week after treatment was initiated. at weeks 
24 of Mehg exposure, the DWb load on the forelimb became similar to 
that on the hindlimb. after 5 weeks of exposure, the DWb load on the 
forelimb exceeded that on the hindlimb. Injury of sciatic nerves in Mehg-
exposed KK-ay mice with neurobehavioral disorders was detected using 
the Masson-Goldner staining. This finding indicates that the DWb test can 
be useful for semi-quantitative evaluation of neurobehavioral disorders in 
Mehg-exposed rodents.
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Marine mammals are exposed to mercury mainly through the diet. 
being top predators they accumulate high levels of pollutants as 
the consequence of biomagnification process. after absorbtion, 
toxic substances, as methylmercury, are distributed throughout the 
organism via circulatory system. blood is an excellent transport channel 
for methylmercury. Percentage of this form in blood may exceed 
90%. females exposure to methylmercury during pregnancy may be 
extremely dangerous to the fetus. because physiological barrier such 
as placenta is transparent for this compound and cannot provide 
protection against it.

The object of examination was the grey seal (halichoerus grypus) 
females and their pups blood. seals stay in hel Marine station (Institute 
of oceanography, university of Gdansk, Poland). 4 females located there 
every year give a birth to pups which after 3 weeks of nursing are being 
prepared to live independently in their natural environment. after this, 
all the pups are released to the baltic sea due to grey seal reintroduction 
programme. During 3 years of sampling 9 pups were born in sealarium.

In all blood samples total (hgToT) and organic (hgorG) myercury 
concentrations were measured using atomic absorption spectrometer 
aMa 254. Wherein analysis of the hgorG included its previous 
extraction and transferring it to a hydrophobic carrier.

The aim of the study was not only checking the relationship between 
Mehg concentration in seal females and their pups blood, but also 

the analysis of changes in hg concentration in females and their pups 
blood during the first weeks after birth. To verify whether the transfer 
processes between mother and offspring occur in a similar way in 
humans, studies were supplemented with the analysis of human blood 
(women and their newborn children).

This study resulted in statement that lactation period has impact on 
changes in mercury concentration in maternal as well as offspring blood. 
Just after delivery, levels of mercury concentrations in blood of pup 
mother pairs were similar (~25 ng hgg-1 w.w). The differences started 
to occur as the experiment progresses. The lowest concentrations 
in females blood were measured just after labour. In next 21 days of 
nursing, concentration of mercury in females increased (up to 48 ng 
hgg-1 w.w). It was observed that lactation period affected reversely on 
mercury concentration in pups blood which decreased at the same time 
(down to 7 ng hgg-1 w.w).
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Physiological and ecological factors, including age, sex, diet, and 
geographical location can influence mercury concentrations in and 
among bottlenose dolphin (Tursiops truncatus) populations. Dolphins 
under human care can represent free-ranging dolphins and account 
for data variability usually introduced by location, age, unknown diets, 
and individual feeding preferences. This study examines total mercury 
concentrations and nitrogen (δ15n) and carbon (δ13C) bulk stable 
isotopes in whole blood of bottlenose dolphins under human care 
and their whole prey to determine how life history and diet influence 
mercury bioaccumulation and biomagnification. This sample set 
represents the longest ongoing study with the greatest number of 
animals and samples collected in a controlled setting known to date. 
blood samples (n = 199) were collected from 2011 to 2015 from eighteen 
bottlenose dolphins at Dolphin Quest hawaii (DQh) and oahu (DQo) 
as well as paired prey samples (n = 20). Total mercury was measured 
by atomic absorption spectrometry (aas) and bulk stable isotopes were 
measured by isotope ratio mass spectrometry (IrMs). The average 
mercury concentration (± sD) in bottlenose dolphin whole blood was 
48.1 ± 18.6 ng/g wet mass, which is approximately ten times lower 
than blood mercury concentrations measured in the sarasota, florida 
wild dolphin population. sex and age class had a statistically significant 
influence on dolphin blood mercury concentrations. adult females 
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had significantly greater mercury concentrations than adult males (p 
= 0.0039), and pregnant females had lower mercury concentrations 
than lactating females (p = 0.0274). Calf mercury concentrations were 
significantly lower than adults (p < 0.0001) and subadults (p = 0.0005). 
The average daily mercury uptake accounted for all the variability 
observed among sex and age class. although mercury concentrations 
in blood increased on average approximately 3.3 ± 3.8 ng/g wet mass 
per year, mercury concentrations in whole blood did not increase 
significantly over time for all animals. This study was also the first to 
model mercury biomagnification between bottlenose dolphins and 
their diet in a controlled setting using δ15n measured in dolphin blood 
and prey. There was a significant positive correlation between log10 
mercury concentration and δ15n values in whole blood and prey of 
adult dolphins (p < 0.0001). The trophic magnification slope (TMs) 
was calculated between 0.18 and 0.23, which was similar to other 
observations in marine food webs.
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since the industrial revolution, mercury concentrations in air, water, soil, 
and living organisms have been on the rise. Methylmercury is the most 
bioaccumulative form of mercury in the environment. Depending on 
the level of exposure, effects of methylmercury on wildlife can include 
mortality, reduced fertility, slower growth and abnormal behavior that 
affects survival.

The sensory impairments reported in individuals consuming fish high 
in methylmercury were previously attributed to methylmercury injuring 
a specific region of the brain. however, recent results (Korbas et al. aCs 
Chem. biol. 2013, 8: 2256-2263), which showed preferential accumulation 
of methylmercury in sensory organs such as the eye, indicate that a more 
direct damage of specific sensory cells may also take place.

Pilot whales are source of high mercury food for local population in the 
faroe Islands and are notorious for stranding themselves on beaches. 
several hypotheses have been proposed to account for this behavior, 
however methylmercury-induced sensory impairment has never been 
explored in great detail. To verify the sensory toxicity hypothesis, we 
have investigated mercury and selenium distribution and speciation 
in the eye (lens, cornea, retina, optic nerve) and internal ear (cochlea, 
vestibule) of long-finned pilot whales (Globicephala melas) using 
synchrotron based X-ray fluorescence mapping (XfM) and micro-X-ray 
absorption spectroscopy (micro-Xas), respectively.

using XfM and micro-Xas, we have probed several different specimens 
for mercury, selenium and other metals and metalloids. The mercury 

distribution and levels significantly varied between tissues. low levels of 
mercury were detected in the eye lens, cornea and cochlea. Interestingly, 
high mercury was always co-localized with high selenium in the form of 
small (5-10 microns) deposits. Densely distributed hgse micro-deposits 
were observed in the vestibular nerve. similar deposits but with lower 
spatial density were also mapped in the optic nerve and in the inner 
nuclear layer of the retina. The hgse particles had various sizes and 
hg:se ratios. since in XfM, the spatial resolution of the elemental maps 
is determined by the size of the X-ray beam (5 microns in this study), 
those particles could be significantly smaller than a few microns. 
Currently, using Transmission electron Microscopy (TeM), we are 
determining the dimensions and subcellular localization of these micro-
deposits. The results of this study will shed more light on methylmercury 
detoxification pathways and the role of selenium therein. Moreover, 
they should also contribute to better understanding of the extent of risk 
to the wildlife health associated with chronic exposure to mercury.

4a: Informing the implementation of 
the Minamata Convention: the role of 
scientific assessments
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The Mesoamerican barrier reef system (Mbrs) is the largest barrier reef 
in the northern hemisphere, extending over 1000 kilometers from the 
yucatan Peninsula of Mexico to the bay Islands of northern honduras. It 
is a unesCo World heritage site, renowned for its marine biodiversity. 
an estimated 2 million people from Mexico, belize, Guatemala, and 
honduras depend on the reef for their economic livelihoods.

a series of stressors are impacting the health of the reef including rapid 
coastal development, overfishing, and poor agricultural practices within 
the watersheds that drain into the reef. In addition, recent data suggest 
that mercury contamination may be impacting both freshwater and 
marine fishes of the barrier reef ecosystem. here, we present mercury 
concentrations from more than 700 individual fishes including both 
freshwater and marine species. freshwater fishes were collected in the 
major watersheds of belize, Guatemala, and honduras that drain into 
the barrier reef. additional marine species were collected via market 
landings and direct capture.
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results highlight biological mercury hotspots where fish mercury 
concentrations are elevated above both u.s. ePa and World health 
organization human consumption guidelines. hotspots include the 
Chalillo reservoir and upper belize river in belize and lago yojoa of 
northern honduras. In addition, we identify freshwater and marine 
species that represent both healthy and risky choices for human 
fish consumption. riskier choices include amberjack, mackerel and 
barracuda with average mercury concentrations above 0.5 parts per 
million, wet weight (ppm, ww). healthier choices are fishes with mercury 
concentrations below 0.3 ppm (ww) and include hogfish, spiny lobster, 
and several species of snapper. These data provide a potential model for 
future human health consumption guidelines for freshwater and marine 
fishes of the Mbrs and also the need for more extensive research on 
potential sources of contaminants in the greater Mbrs watershed.
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In response to growing international concern about mercury pollution, 
the united nations environment Programme (uneP) formalized 
the Global Mercury Partnership in 2008 to systematically eliminate 
anthropogenic mercury releases through strategic intervention and 
collaboration with national governments. as of 2009, unePs governing 
council entered negotiations for the preparation of a legally binding 
global instrument on mercury to safeguard human and ecosystem 
health. negotiations were successfully completed in January 2013 
with 147 governments agreeing on draft text. at the Conference of 
Plenipotentiaries on 9-11 october, 2013 in Minamata and Kumamoto, 
Japan, the Minamata Convention on Mercury was formally adopted and 
opened for signature.

The Minamata Convention has a phased approach to reduce, and where 
possible, eliminate mercury use in key industrial sectors. Provisions 
of the Convention include phase out deadlines established for supply 
sources and trade, mercury added products, and manufacturing 
processes in which mercury or mercury compounds are used. based 
on these targets, the Convention is designed to systematically reduce 
emissions and releases to land and water, and phase out the use of 
mercury where alternatives exist.

To meet obligations under the Convention, several barriers must be 
addressed to assist in ratification. These barriers include: (1) lack of 
institutional capacity to implement the Convention; (2) gaps in political 
and legislative frameworks to support Convention provisions; (3) lack of 
data on sources of emissions and releases, as well as outdated national 

inventories of mercury stocks; and (4) low awareness of health risks 
associated with mercury among the public and government officials. 
With the adoption of the Convention, countries generally require 
assistance to formulate and apply sector wide programs.

The development of the Minamata Initial assessment (MIa) addresses 
these barriers by providing standardized, basic and essential 
information to enable policy and strategic decisions to be made and 
assist in developing plans to identify priority sectors and activities within 
the country and to increase awareness of risks to human and ecosystem 
health. The use of financial support from the Global environment facility 
(Gef) enables nations to fulfill essential communication requirements, 
make informed policy decisions and assist in prioritizing activities. over 
90 countries are now conducting MIas through Gef funding.

biodiversity research Institute (brI) is an executing agency for the 
united nations environment Programme, united nations Industrial 
Development organization (unIDo) and the united nations 
Development Programme (unDP). brI is conducting and is now involved 
with MIas in over 30 countries.
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scientific assessments are good tools used to synthesize extensive 
information into relevant and useful summaries on a topical issue. 
Generally, science assessments evaluate the past and current scientific 
status of an issue; identify priorities for future scientific needs and 
inform the scientific community on the state of research. In addition, 
they provide evidence for decision-making by research managers 
and policy-makers on scientific issues. The Canadian Mercury science 
assessment (CMsa) is the first nationally comprehensive, peer-reviewed 
synthesis of scientific knowledge on mercury in Canada and was 
released in 2016/17. This report was intended to provide information 
to support Canadas domestic policy and science priorities as well as 
provide a scientific foundation, from the Canadian perspective, for 
the development of efforts to reduce global mercury emissions in the 
implementation of the Minamata Convention.

Preparation of this assessment began with a series of workshops where 
science questions were developed to capture the information needs 
of the science and policy communities in Canada. based on these 
questions, the goal of this assessment was to respond to the questions 
through a synthesis of knowledge on environmental mercury pollution. 
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results from Canadas Mercury science Program (part of Canadas 
then Clean air regulatory agenda) were used as a platform for the 
assessment as well as other mercury research programs. researchers 
were tasked with quantifying current and past levels of mercury in 
the environment, identifying gaps in our knowledge of the transport 
routes from point of emission to exposure to wildlife and humans. 
further, researchers were challenged to develop the capacity to predict 
changes in indicators associated with changes in levels of emissions of 
mercury or changes in the receiving environment. This information was 
combined in a full 15 chapter assessment report.

The CMsa consists of 3 documents: the executive, summary the 
summary of Key results and the full science assessment. The executive 
summary is a short document highlighting the high level results. 
The summary of Key results contains the answers to the policy-
relevant science questions. The full science assessment provides an 
in-depth knowledge on mercury levels and processes in the Canadian 
environment and identifies gaps in our understanding of how mercury 
travels though the ecosystem, where it ends up, the impact of human 
activities on its chemistry and changes in mercury pollution.

a full summary of the CMsa and its impact on informing decision-
makers for the Minamata Convention will be discussed.
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Pure earths (Pe) Toxic site Identification Program (TsIP) works globally 
to identify and assess polluted sites that pose a risk to public health. 
Though not comprehensive, TsIP works to improve public health in low- 
and middle-income countries (lMICs) while being culturally and socially 
considerate and responsible.

Mercury (hg) is a naturally occurring metal found in air, water and soil. 
because of its damaging effects to public health and persistence as a 
global toxicant, the Who placed mercury on its top ten list of chemicals 
of major public health concern. Despite being highly toxic, even in small 
amounts, it is used, unshielded, and released in several lMICs during the 
extraction of gold and ore processing.

In november 2016, data for 463 mercury-contaminated sites in lMICs 
were extracted from the TsIP database to review descriptive statistics 
where mercury (elemental, inorganic or organic) is identified as the 
key pollutant.

The TsIP database query notes distribution of mercury as a key pollutant 
as follows: 168 in africa (36.3%), 97 in Central and south america (20.9%), 
12 in China (2.6%), 37 in eastern europe (8.0%), 26 in south asia (5.6%), 
and 123 in southeast asia (26.6%). 154 sites (33.3%) have verified health 

effects. The average population potentially at risk of mercury exposure 
at each site is approximately18,000. artisanal Mining (hand Mining), the 
largest industry contributing to global mercury emissions, represents 
nearly half (49.46%, 229 sites) of the TsIP sites with mercury as a key 
pollutant, distantly followed by formal Mining and ore Processing 
(21.38%, 99 sites).

These results give insight into the effects of mercury and its global 
prevalence and detriment. The results are used by Pe to prioritize limited 
funding to conduct additional assessment and to support cleanup at 
sites that have the highest risk.
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In support of the Minamata Convention, the World health organization 
adopted the World health assembly resolution 67.11: Public health 
impacts of exposure to mercury and mercury compounds: the role 
of Who and ministries of public health in the implementation of the 
Minamata Convention. These roles are well defined and evolved 
from the united nations environment Program and International 
negotiating Committee meetings, held during 2009 and 2016, in which 
Who participated.

The Convention urges member states to act on the development and 
implementation of strategies and programs to identify and protect 
population at risk, particularly vulnerable populations, from exposure 
to mercury and mercury compounds. recommendations include 
setting targets for mercury exposure reduction, and public education 
and awareness. In this regard, phase-out of mercury-added products 
in medical devices (i.e. thermometers and sphygmomanometers) and 
in products (i.e. antiseptics and skin-lightening cosmetics) is among the 
health sector responsibilities. In addition, dental amalgam use is under 
phase-down, for which additional resources are needed for its effective 
use reduction. for instance, the effective switch to non-amalgam 
materials should count with health insurance companies to incorporate 
reimbursement mechanisms; therefore providing higher economic 
support to persons using non-amalgam material.

Considering the significance of atmospheric mercury emission from the 
artisanal and small scale gold mining (asGM) sector, the development 
of national action plans to eliminate or reduce mercury use is needed, 
especially for countries that declare asGM as significant. noting that 
public health strategies are required for asGM national action plans, 
Who/Paho has been developing guideline documents to address 
development and implementation of such strategies.

fish consumption is also a relevant aspect of the Convention, given 
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the nutritional benefits and mercury risks involved, especially among 
women of reproductive age. heavy fish-eating communities living in 
areas under the influence of asGM have been considered the most 
vulnerable populations for methyl mercury exposure. opportunities 
to further develop fish advisories, ideally based on local biomonitoring 
data, are warranted. - Dissemination of Who guidelines, health sector 
capacity building, and coordination of information exchanges have been 
addressed in regional workshops conducted in uruguay and Jamaica by 
Who/Paho, and Germany and Jordan, by respective regional offices for 
health representatives. To strengthen health sector capabilities, these 
topics above mentioned are addressed in the Paho Virtual Campus 
course on mercury.

TP-176

EVALUATING REPRODUCIBILITY OF MERCURY 
SCIENCE, MODELS AND BIOMONITORING: 
IMPLICATIONS FOR THE MINAMATA CONVENTION
banK, Michael1; 
(1) University of Massachusetts, Amherst, MA, USA

mbank@eco.umass.edu

reproducibility is a cornerstone of the scientific method and, in principle, 
is an essential part of the scientific process. In recent years mercury 
science has evolved significantly with its use of advanced technologies 
and computational models to address this complex environmental and 
public health issue. These advances in the field have made it essential 
that transparency be enhanced to ensure that mercury studies are truly 
reproducible and scientifically sound. The goal of this presentation is to 
evaluate methods, results and inferential reproducibility as it relates to 
uncertainty in mercury research models, science, and biomonitoring. 
here I use peer reviewed, published studies to evaluate reproducibility 
in several key mercury investigations especially with regard to how it 
relates to policymaking. I will provide examples of the overall principle of 
reproducibility and discuss the role of transparency, peer review, basic 
reporting and open data access standards. lastly, I will also present 
a framework to reduce irreproducibility in mercury research studies, 
models and biomonitoring investigations in support of the Minamata 
Convention on Mercury.

TP-177

USING SEABIRDS AS BIOMONITORS OF TEMPORAL 
AND SPATIAL TRENDS OF MERCURY FOR THE 
MINAMATA CONVENTION
busTaManTe, Paco1; eVers, David2; braune, birgit3; sTenhouse, Iain2; 
Mallory, Mark4; forT, Jérôme5; 
(1) University of La Rochelle, La Rochelle, France; (2) Biodiversity Research 
Institute, Portland (ME), USA; (3) Carleton University, Ottawa, Ontario, 
Canada; (4) Acadia University, Wolfville, Nova Scotia, Canada; (5) Littoral 
Environnement et Sociétés (LIENSs), La Rochelle, France

pbustama@univ-lr.fr

Marine ecosystems are impacted at the global scale by hg and the 
combined effects of climate change and human activities could lead to 
a dramatic increase of its bioaccumulation in marine organisms in the 
future. Indeed, the general warming of ocean water masses is affecting 
the cycle of hg (e.g., its methylation rate), thereby increasing exposure 
of marine organisms. In that context, providing a large-scale and 
comprehensive understanding of marine food web contamination is 
essential to better comprehend the impacts of anthropogenic activities 
and climate change on bioaccumulation of hg in marine organisms 
and to propose mitigation measures in the frame of the Minamata 
Convention. Monitoring at large scales, both spatially and temporally, 
are relevant to such evaluation. In this way, we propose to use seabirds 
as bioindicators of the environmental global contamination by hg. 
seabirds are indeed relevant organisms to monitor hg as: 1) they are 
excellent indicators of hg contamination and reflect the contamination 
of the entire food chain on which they rely; 2) they have a wide 
distribution and different species occupy various compartments of their 
ecosystems (inshore or offshore, benthic or surface feeders, piscivorous 
or zooplankton-feeders); 3) most species are colonial and philopatric, 
giving the opportunity to sample several individuals simultaneously and 
to monitor them repeatedly through time since non-lethal sampling of 
blood (short-time exposure) and feathers (long-term exposure) is easy in 
seabirds; 4) feathers can be collected from Museum specimens, allowing 
retrospective investigation of hg time trends. seabirds therefore 
appear to be ideal organisms to (1) monitor spatial variations of hg 
in marine ecosystems at different latitudes (2) define hotspots of hg 
contamination in the different large ecosystems and highlight sensitive 
areas that require particular attention and protection (3) carry long-
term monitoring of hg trends in the different parts of the world ocean. 
an effort is now needed to generate an integrated and standardized 
biomonitoring network to determine spatial and temporal trends of hg 
to help evaluate the effectiveness of the Minamata Convention.

4b: Contaminated site assessment and 
management: Lessons for technical 
assistance under the Minamata 
Convention

TP-178

MOBILITY OF MERCURY INSIDE TWO LANDFILL 
SITES IN JAPAN
yanG, Jing1; TaKaoKa, Masaki1; KusaKabe, Taketoshi1; sano, akira1; 
oshITa, Kazuyuki1; fuJIMorI, Takashi1; 
(1) Kyoto University, Kyoto, Japan

youjou88@gmail.com

landfills have been identified as vital source of mercury (hg) emissions 
to the environment. although there are some reports available for 
understanding influence of landfill site on environmental mercury 
pollution, only a few studies were carried out for assessment of 
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mobility of mercury inside landfill site, which might be significant for 
environmental sound management of mercury waste. Therefore in 
the present study, core samplings in two landfills were conducted to 
evaluate stability of mercury in waste and gaseous phase hg speciation 
was examined using ontario hydro (oh) Method with the aim of 
distinguishing elemental hg and oxidized hg in landfill gas (lfG). 
leachate from two landfills was also collected seasonally. Total hg 
(T-hg) concentration in landfill a ranged from 4 to 1910 μg kg-1 with a 
geometric mean of 292 μg kg-1 (n=29), meanwhile, T-hg concentration 
in landfill b ranged from 3 to 1368 μg kg-1 with a geometric mean of 
556 μg kg-1 (n=35). Generally, T-hg of landfill b was higher than that of 
landfill a, which is possibly because incineration fly ash which contained 
more hg were accepted. results of Japanese leaching test (JlT-13) which 
was applied to evaluate the hg mobility from solid phase to liquid phase 
were under the detection limit and might indicate hg was still stabilized 
in solid phase. The gaseous hg in lfG was in the μg m-3 range of two 
landfills, which was similar to previous reports of gaseous hg emission 
from landfills (e.g. the florida case and the seoul case). The ratio of 
oxidized hg varied a lot ranged from 40% to 60% while literatures 
reported methylated compounds occupied about 10% in the us landfills, 
which might because ionic hg was also absorbed as oxidized speciation 
in oh Method. In the case of leachate, T-hg was slightly detected in 
landfill a at the range of 0.1 μg l-1, on the country, no detection from 
landfill b, which coincided with the results of JlT-13. hg in the solid 
phase was highly detected as other studies and hg disposed in landfills 
usually caused concern about its mobility to natural environment. 
nevertheless, the low level results of leaching test and leachate collected 
on site corroborated the safety of the two landfills. Compared with 
leachate, lfG seemed to be a predominant release pathway of hg. all 
these results indicated the vast majority of hg remained in the solid 
phase and was stabilized to some extent.

TP-179

GAPS ANALYSIS OF IMPLEMENTING 
MINAMATA CONVENTION IN TWO TYPICAL HG-
CONTAMINATED SITES IN CHINA
ZhanG, Chao1; Xu, Zhidong1; ZhanG, hua1; WanG, Zuguang2; 
(1) Institute of Geochemistry Chinese Academy of Sciences, Guiyang, 
China; (2) Mercury Convention Implementation Division, Foreign Economic 
Cooperation Office, Ministry of Environmental Protection of P.R.C, 
Beijing, China

zhangchao@mail.gyig.ac.cn

at present, due to the rapid development of industry, a large quantity of 
mercury (hg) contaminated sites distributed worldwide. simultaneously, 
being a global pollutant, mercury is characterized with a persistence, 
high bio-accumulation, eco-toxicity, and long-distance transport. 
Mercury pollutants not only can cause risk to environment and human 
health, but also hamper further economy development. according to 
the aim of sub-project on Chinese hg-contaminated sites in sInoMer 
Phase ‒, two typical hg-contaminated sites of mercury mining areas and 
mercury cell chlor-alkali processing plants were selected to generalize a 

preliminary reports on gaps analysis for sites information, remediation 
techniques, policies, management, and public awareness in China.

Gaps for China hg-contaminated sites implementing for Minamata 
Convention exist in the following aspects: 1) Information gaps: a national 
list of hg-contaminated sites has not been established in China, mercury 
levels in environmental compartments as well as actions of remediation 
are lack, and information of some recorded sites are incomplete; 2) 
Policy gaps: the current laws and regulations related to hg-contaminated 
sites are not comprehensive, laws or regulations specifically aimed at hg-
contaminated sites have not been established. a further improvement 
of both national technical guidelines and guides, and environmental 
standards contaminated sites related are necessary. furthermore, 
the regional variation and land use related to contaminated sites 
also need to investigate; 3) Technique gaps: a series of technical 
specifications for environmental monitoring have introduced, a series 
of technical guides and rules for contaminated sites risk assessment 
were recently introduced. Contaminated sites monitoring technologies 
were preliminary established. The adopted remediation techniques of 
mercury pollution are limited. The phytoremediation, weir deposition, 
and other technologies are needed to carry out; 4) Management gaps: 
the environmental sound management of contaminated sites is still 
in the initial stage. The environmental sound management system 
focusing on eco risks assessment has not been established. The special 
regulatory agencies and personnels are required; 5): awareness gaps: 
the existing information of hg-contaminated sites has not been shared. 
The populations are lack of the knowledge on hg characteristics, toxicity, 
and protection. and also hg toxicity protection on public institution and 
activities are scare.

TP-180

EFFECT OF FLOW RATE AND TEMPERATURE ON 
MERCURY DESORPTION KINETICS DURING IN SITU 
THERMAL DESORPTION
naM, Goun1; ParK, Minoh1; honG, yongseok1; 
(1) Daegu university, Gyeonsan-si,Gyeongsangbuk-do, South Korea

namgwo@gmail.com

Mercury is listed by the usePa as among the most toxic chemicals on 
earth due to its natural occurrence and persistence in the environment, 
and its highly toxic nature. The toxicity of mercury became apparent 
after the Minamata disease which first occurred in the 1950s. still, there 
are many recent and ongoing researches investigating other pathways 
of mercury to the human system and the diseases it brings about. 
Various studies around the world investigated and described mercury 
accumulation in soils, plants, bodies of water, and fish species in 
various locations around the world. With the variation of soil types and 
contamination sources, several characterization and speciation methods 
were also designed, implemented and investigated for adequacy and 
efficiency. Thermal treatment has already been in use as a remediation 
method for soil contaminated by heavy metals even before its 
application to the characterization of mercury in soil. More recent 
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studies have analyzed and proven its potential and validity to remediate 
mercury contaminated soils. Thermal desorption studies show that 
in comparison to desorption time, temperature has a greater effect 
on the mercury removal rate. These studies, however, gave different 
values of temperature (100°C and 400°C) at which mercury removal 
becomes very efficient. This difference can be justified by the variations 
in the mercury species and their corresponding concentrations in 
the soil samples studied. It may then be necessary to further study at 
which temperatures each mercury species get to be removed from 
the soil. Quartz columns are filled with mercury contaminated soil and 
are secured using glass wool. heat is applied to the column while n2 
gas carries mercury species into the cold vapor atomic fluorescence 
spectrometry (CVafs) detector. snCl2 reduction, purge and trap gold 
amalgamation pre-concentration, and cold vapor atomic fluorescence 
spectrometry (CVafs) detection as per us ePa Method 1631 were 
implemented for standardization. experimental results show that at 
low temperatures (<200°C), hgCl2 desorption amount is higher than 
hgo, hgs. at temperatures equal to or greater than 300°C, about 97 to 
99% of hgo, hgs and hgCl2 contaminated soils are removed from the 
sample within a span of six hours, respectively. The effect of varying 
temperatures applied and air flow rates to the thermal desorption 
kinetics were studied.

TP-181

MAPPING GASEOUS MERCURY CONCENTRATIONS 
AROUND AN ABANDONED MINE IN ITALY USING 
PASSIVE AIR SAMPLERS
MClaGan, David1; MonaCI, fabrizio2; huanG, haiyong1; abDul 
hussaIn, batual1; leI, ying1; MITChell, Carl1; WanIa, frank1; 
(1) University of Toronto Scarborough, Toronto, Canada; (2) University of 
Siena, Siena, Italy

david.mclagan@mail.utoronto.ca

The abbadia san salvatore mercury (hg) mine was the largest mine of 
the Mount amiata hg ore district (Central Italy) and the third largest 
site of hg production during the 20th Century. Despite the cessation 
of operations in 1983 and recent remediation work, the mine remains 
a major source of hg to the environment, especially the atmosphere. 
To map the atmospheric dispersion of gaseous hg in the region we 
employed our recently calibrated passive air sampler for gaseous 
hg. sampling was conducted across two 7-by-7 sampling grids: at 
a fine-spatial scale (~1 km2 total area) around the mine itself (week 
long deployments in october 2015 and July 2016) and in a coarser 
grid (~50 km2 total area) across the western slope of Mt. amiata (four 
3-month deployments in 2015/16). This constitutes the first highly 
spatially resolved mapping of concurrent, time-averaged gaseous 
hg concentrations in and around a major hg source. Concentrations 
are in good agreement with instantaneous, but non-concurrent 
measurements previously reported for the mine site. In the mine area 
concentrations reach as high as 12,500 ng m-3 and decline rapidly 
with distance from the most contaminated site. In July, concentrations 
are higher than in october, especially around the central, most 

contaminated sites and sites downwind (to the east). This causes 
concentrations in the closest residential areas of the town of abbadia 
san salvatore to reach or even exceed chronic exposure guideline levels 
(200 ng m-3). seasonal deployments across the larger Mt amiata region 
also show elevated concentrations in the summer closer to the mine, 
presumably because emissions increase with temperature. further from 
the mine concentrations are remarkably consistent between seasons 
and show a concentric pattern of rapid decline with distance from the 
mine, which is skewed to the east by the dominant westerly winds. 
background concentrations are observed at sites furthest to the west 
of the mine. The incremental increase in concentrations moving from 
upwind background sites towards the mine demonstrates the capability 
of the sampler to resolve fine differences at background concentrations 
with a high level of precision and accuracy (<0.2 ng m-3).

4c: Anthropogenic emissions: Monitoring 
and analysis to support mitigation

TP-182

USING PASSIVE AIR SAMPLERS TO MAP GASEOUS 
MERCURY CONCENTRATIONS ACROSS AN URBAN 
ENVIRONMENT: GREATER TORONTO AREA
MClaGan, David1; abDul hussaIn, batual1; huanG, haiyong1; leI, 
ying1; WanIa, frank1; MITChell, Carl1; 
(1) University of Toronto Scarborough, Toronto, Canada

david.mclagan@mail.utoronto.ca

atmospheric mercury (hg) has both natural and anthropogenic sources. 
The latter include artisanal gold mining, coal combustion, chlor-alkali 
industry, production of cement and certain metals, crematoria, 
waste disposal and recycling (especially hg containing products), 
and production of hg containing devices (batteries, fluorescent light 
bulbs). While many urban sources have been remediated or relocated 
outside of cities in developed countries, legacy sources may remain 
and poorly identified, continuing sources may exist. We deployed our 
recently developed passive air sampler for gaseous hg at a total of 
161 sites across the Greater Toronto area (GTa), with a greater density 
of sampling sites in the City of Toronto itself. Prior to sampling, we 
identified likely source locations grouped as either waste disposal 
and recycling facilities, crematoria, or hospitals and dental clinics. The 
deployment included 103 additional sites at the homes of graduate 
students, staff, and faculty of the university of Toronto scarborough, 
and other locations where the relative spatial density of deployments 
was low. additionally, a downwind transect of samplers was deployed 
at a regional hg disposal and recovery facility located near Kitchener, 
ontario. Mean gaseous hg concentration near waste disposal and 
recycling facilities (1.9 ± 0.3 ng m-3), crematoria (1.8 ± 0.2 ng m-3), and 
hospitals and dental clinics (1.9 ± 0.3 ng m-3) sites are all slightly, but 
significantly (p < 0.05), higher than at the remaining sites (1.6 ± 0.2 ng 
m-3). The three potential source groupings are not significantly different 
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from each other (p > 0.05). Geospatial interpolation of the data reveals 
slightly elevated concentrations in the central business district of the 
City of Toronto, an area that also includes six hospitals, and a general 
decline of gaseous mercury concentrations toward the eastern Greater 
Toronto area. Gaseous hg concentrations decrease along a transect 
of increasing distance from the hg disposal and recovery facility near 
Kitchener, ranging from 13.7 (~10 m sW of the central building) to 1.5 
ng m-3 (2.2 km sse of the site). This study demonstrates that passive 
sampling using this method can be sufficiently precise to spatially 
distinguish small (<0.2 ng m-3) gaseous hg concentration differences at 
and around global background levels. furthermore, the sampler can be 
used as a valuable tool for identifying point sources in urban areas that 
may previously have been described as diffuse source regions.

TP-183

IMPACTS FROM LOCAL SOURCES COMPARED 
TO LONG-RANGE TRANSPORT OF TOTAL 
GASEOUS MERCURY (TGM) CONCENTRATIONS IN 
INDUSTRIAL COMPLEXES IN SOUTH KOREA
seo, yong-seok1; GIM, youngeun2; holsen, Thomas3; han, young-Ji4; yI, 
seung-Muk2; 
(1) Institute of Environmental Research, Kangwon National University, 
Chuncheon, South Korea; (2) Department of Environmental Health, Graduate 
School of Public Health, Seoul National University, Seoul, South Korea; 
(3) Department of Civil and Environmental Engineering, Clarkson University, 
Potsdam, USA; (4) Department of Environmental Science, Kangwon National 
University, Chuncheon, South Korea

yss523@snu.ac.kr

The objectives of this study were to: (1) characterize the hourly and 
seasonal variations of atmospheric total gaseous mercury (TGM) 
concentrations, (2) identify the relationships between TGM and co-
pollutants concentrations, (3) characterize high TGM concentration 
events by distinguishing between long-range transport events and 
local events, and (4) identify likely source directions and locations of 
TGM using conditional probability function (CPf), conditional bivariate 
probability function (CbPf) and potential source contribution function 
(PsCf) for Gwangyang City, Jeollanam-do, a province in southern 
south Korea. Gwangyang City is heavily industrialized with large steel 
manufacturing facility and there are iron and steel manufacturing 
facilities including electric and sintering furnaces using coking around 
the sampling site. In addition, there is yeosu City which includes a large 
petrochemical complex from the west of the sampling site.

TGM concentrations were measured every 5 min during spring (11 May-
6 June 2016), and fall (2-10 november 2016) on the roof of the public 
bath house using a Tekran 2537b. hourly meteorological data and 
concentrations of so2, no2, o3, Co, PM10 and PM2.5 were obtained 
from the Korea Meteorological administration (KMa) and the national 
air Quality Monitoring network (naQMn), respectively.

The TGM concentration was statistically significantly higher in fall 
(1.4 ± 1.2 ng m-3) than in spring (0.8 ± 0.6 ng m-3) (p<0.01). The TGM 

concentrations in spring were simultaneously positively correlated with 
so2 (r = 0.31, p<0.01), no2 (r = 0.22, p<0.01), PM10 (r = 0.31, p<0.01) and 
PM2.5 (r = 0.23, p<0.01). Compared to spring, the TGM concentrations in 
fall have strong positive correlation with Co (r = 0.94, p<0.01), no2 (r = 
0.53, p<0.01), PM10 (r = 0.71, p<0.01) and PM2.5 (r = 0.26, p<0.01) due to 
an extreme pollution episode with very high TGM concentrations.

a total of 3 high TGM concentration events were identified based 
on ΔTGM/ΔCo slopes and correlations between TGM and Co 
concentrations; 2 long-range transport events and 1 local event. 
backward trajectory analysis showed that air parcels arrived from China 
during long-range transport events.

CPf, CbPf and PsCf plots indicated that the main sources of TGM were 
west of the sample site and included iron and steel manufacturing 
facilities and the east of the site including cement production facilities. 
southeast of the sampling site was also identified as a likely source area 
of TGM where yeosu City, the location of a large petrochemical complex 
and known TGM source.

TP-184

MIGRATION AND TRANSPORT OF ATMOSPHERIC 
MERCURY FROM A MINING REGION OF 
QUERÉTARO (SAN JOAQUÍN) AND ITS IMPACT ON 
THE CITY OF QUERÉTARO, MÉXICO
GarCÍa, rocio1; Wellens, ann1; MenDoZa, alejandra1; ranGel, 
Martín1; reynoso, agustin1; 
(1) Universidad Nacional Autónoma de México, México, Ciudad de México

gmrocio@atmosfera.unam.mx

The study of mercury (hg) in its different chemical forms in the 
environment has developed greatly in the us, Canada, Japan and other 
countries. however in Mxico, few studies have been performed in 
urban, rural coastal and mining areas. The objective of this study was 
to evaluate the concentration of mercury (hg) in particulate matter 
(PM10) in a mining zone the 2014 to 2015 years. Therefore, the people 
who live around this mining region are the most affected because they 
are exposed to the mercury in a chronicle way which is also in high 
concentrations. Chronic exposure to this metal can get to affect human 
health causing severe damage to the immune system. estimating the 
atmospheric concentrations of PM10-bounded hg in mining areas is 
crucial for evaluating adverse health impacts. In the current study, a 
combination of measurements and multivariate statistical tools was 
used to investigate the influence of mines activities on variations in the 
concentrations of particulate mercury (hgP) in ambient air. san Joaqun 
is a mining region south of the sierra Gorda of Queretaro, Mexico. The 
concentrations of hg in PM10 were measured simultaneously at two air 
sites. The comparatively low coefficients of divergence (CoD) that were 
found in the majority of samples highlight that site-specific effects are 
of minor importance. a principal component analysis (PCa) revealed 
that 37.74 %, 13.51 %, and 11.32 % of the total variances represent 
mines emissions, vehicular exhausts. This analysis allows determining 
the extent of contamination by mercury within each environmental 
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component, as well as the detection of its maximum and minimum 
thresholds. for a better understanding of mercury distribution in each 
component, box and whiskers diagrams were used through sTaTIsTICa 
Version 10 software. emphasis is given to the associations between hg 
concentrations and local meteorological conditions.

TP-185

IDENTIFICATION AND CHARACTERIZATION 
OF A POTENTIAL CREMATORIUM MERCURY 
EMISSION SOURCE
MCGoWan, Katherine1; Mao, huiting2; Zhou, ying2; MCGlynn, 
Deborah2; hall, Casey3; 
(1) State University of New York College of Environmental Science and 
Forestry, Syracuse, NY, United States; (2) SUNY-ESF, Syracuse, NY, United 
States; (3) TRC Environmental, Albuquerque, NM, United States

kamcgowa@syr.edu

Mercury is a global pollutant with serious harmful impacts on human 
and ecosystem health. It is emitted into the atmosphere from many 
sources such as fossil fuel combustion, incineration, and landfill. 
some sources/processes are either poorly documented or unknown. 
Cremation processes are one of these that have not been studied 
and are currently unaccounted for in the united states environmental 
Protection agency’s national emissions Inventory. The objective of 
this study was to characterize the temporal variation of total gaseous 
mercury (TGM) concentrations and identify an unknown, seemingly 
highly localized source of gaseous mercury causing very high episodic 
concentrations. TGM measurements were conducted from the state 
university of new york College of environmental science and forestry 
(suny-esf) campus in downtown syracuse, new york during the 
time period of summer 2013 – fall 2015. a complete annual cycle was 
observed, with lowest concentrations (1.36 ng m-3) in september, and 
highest (1.57 ng m-3) in January, with an annual average amplitude of 
0.21 ng m-3. Concentrations appeared to be decreasing continuously 
throughout the study period, with decreases of 0.12 ng m-3 and 0.18 
ng m-3 for summer 2013-2014 and 2014-2015, respectively; 0.14 ng m-3 
and 0.05 ng m-3 for fall 2013-2014 and 2014-2015, respectively; and 0.08 
ng m-3 for winter 2014-2015. Diurnal cycles were observed with daily 
maximums at 13:00-16:00 uTC (1.55 ng m-3 - 1.65 ng m-3) in winter-
spring, 1:00 uTC (1.4 ng m-3 – 1.7 ng m-3) and 12:00-16:00 uTC (1.3 ng 
m-3 – 1.52 ng m-3) in summer-fall. The concentrations above the seasonal 
99th percentile values under calm   (< 2 m s-1) and southeasterly wind 
conditions were associated with probable hg emissions from a nearby 
crematorium, located approximately 890 meters to the southeast of the 
monitoring station. The total emission of mercury from this source was 
estimated to be 0.51 lbs, 1.64 lbs, and 0.49 lbs for 2013, 2014, and 2015, 
respectively. These were compared to nearby sources documented in 
the ePa’s national emissions Inventory 2011, including the syracuse 
steam station (0.3 lbs), onondaga County resource recovery facility 
(7.7 lbs) and bristol-Myer squibb Company (9.52e-02 lbs). further 
study is warranted to determine the extent of mercury emissions from 
crematoriums across the united states.

TP-186

EFFECT OF PROCESS CONDITIONS ON MERCURY 
EMISSIONS FROM A FLUIDIZED BED SEWAGE 
SLUDGE INCINERATOR
baloGh, steven1; nolleT, yabing1; WanG, Corinna1; 
(1) Metropolitan Council Environmental Services, St. Paul, MN, USA

steve.balogh@metc.state.mn.us

Wastewater entering municipal wastewater treatment plants (WWTPs) 
contains mercury (hg) from domestic, commercial, and industrial 
sources. During treatment, almost all of that hg (>98%) ends up in 
the sludge residual stream, and hg concentrations in the treated 
wastewater effluent are typically quite low (<10 ng/l). Many larger 
WWTPs in metropolitan areas incinerate their sludge onsite. u.s. 
environmental Protection agency (ePa) regulations for existing fluidized 
bed reactor (fbr) sewage sludge incinerators limit hg concentrations 
in the stack emissions to 37,000 ng/DsCM (at 7% o2). The limit for new 
fluidized bed reactors (fbrs built after october 14, 2010) is much lower 
(1000 ng/DsCM). at the Metropolitan Wastewater Treatment Plant 
(st. Paul, Minnesota, usa), dewatered primary and waste secondary 
sludge is incinerated in three fbrs at a rate of approximately 230 dry 
tons/day. The process trains for each fbr include energy recovery 
and air pollution control (aPC) equipment, including activated carbon 
addition to the exhaust gas stream for hg control, and baghouses for 
combustion ash and carbon removal. here, we use ePa Method 30b 
to measure the in-stack hg concentrations for one of these fbrs, and 
attempt to correlate hg emission levels with particular process operating 
parameters. The results show that the aPC equipment is capable of 
removing hg to very low levels. actual measured hg concentrations in 
the stack gas ranged from 11 to 300 ng/DsCM (at 7% o2), increasing 
with higher dust levels in the baghouse outlet stream, and decreasing 
with increasing carbon feed rate. actual hg mass emission rates ranged 
from 0.01 to 0.25 g/day for this particular fbr.

TP-187

USE OF A QUADCOPTER FOR TARGETED SAMPLING 
OF GASEOUS MERCURY IN THE ATMOSPHERE
CIZDZIel, James1; blaCK, oscar1; sCIrCle, austin1; Chen, Jingjing2; 
Zhou, ying2; 
(1) Department of Chemistry, University of Mississippi, Mississippi, United 
States; (2) Zheijiang University of Technology, Hangzhou, Zhejiang, China

cizdziel@olemiss.edu

because mercury (hg) is a toxic global pollutant dispersed through 
the atmosphere, measuring it is important to apportion sources 
and determine spatial and temporal trends in deposition and air 
concentrations. here, we modified a popular and inexpensive 
quadcopter to collect gaseous mercury (hg) on gold-coated quartz 
cartridges.  The gold traps were analyzed in the laboratory using 
cold vapor atomic fluorescence spectrometry (usePa Method Io-5). 
The purpose was to determine the feasibility of using the method 
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to measure ambient hg concentrations at precise locations aloft 
and to detect emissions from a known point source. To that end, 
the quadcopter was outfitted with a pump, three gold coated quartz 
cartridges, one colorimetric so2 (Drager) tube, and syringe filters (0.2 
µm, PTfe). flight times averaged 15 minutes, limited by battery life, 
and yielded >5 pg of hg, well above the <0.1 pg detection limit. Method 
precision averaged 12% rsD (range 4.3% to 28%). Demonstrating that 
the technique can measure elevated emissions of hg from a point 
source, we measured progressively higher concentrations nearer a 
pool of elemental hg placed atop a ladder in an open field. We applied 
the method near two coal fired power plants (CfPPs) and a petroleum 
refinery in the mid-south usa. Concentrations (mean ± sD) near the 
rural red hills Power Plant were 1.5 ± 0.2 ng m-3 downwind and 1.3 ± 
0.1 ng m-3 upwind. Concentrations near the allen fossil Plant were 1.9 ± 
0.1 ng m-3 downwind and 2.0 ± 0.1 ng m-3 upwind. however, because of 
distance from the stacks (dilution) we do not know if sampling occurred 
in the actual power plant plumes, and these concentrations likely reflect 
ambient air rather than the near-field plume.  Concentrations near 
the refinery were also similar downwind and upwind (3.2 ± 0.6 ng m-3 
and 3.3 ± 0.9 ng m-3, respectively), but elevated compared to the rural 
location. overall, this study demonstrates that highly maneuverable 
multicopters can be used to probe hg concentrations aloft. because 
of portability, the method may be particularly useful for evaluating hg 
emissions from landscapes and transient sources, such as biomass 
burning, which are poorly characterized and leading to uncertainties 
in ecosystem budgets. however, before using multicopters for air 
sampling, air space and flight restrictions must be carefully considered.

TP-189

THE IMPACT OF LOCAL URBAN SOURCES ON TOTAL 
ATMOSPHERIC MERCURY WET DEPOSITION IN 
CLEVELAND, OHIO, USA
DVonCh, Joseph1; lynaM, Mary1; barres, James1; lanDIs, Matthew2; 
KaMal, ali2; 
(1) University of Michigan, Ann Arbor, MI, USA; (2) U.S. Environmental 
Protection Agency, Research Triangle Park, NC, USA

dvonch@umich.edu

event-based precipitation samples were collected at a downtown 
industrial and a predominantly upwind rural location in the Cleveland, 
ohio metropolitan area from July 2009 through December 2010 
to investigate the potential local total mercury (hg) wet deposition 
enhancement in a region with a high concentration of coal combustion 
sources. Total hg wet deposition for the 18-month period was 6.8 μg/
m2 (n = 81) at the rural site and 10.7 μg/m2 (n = 98) at the urban site 
demonstrating a significant (p = 0.046) 37% enhancement in deposition 
between the two sites. large deposition events (>0.2 μg/m2) occurred 
predominantly from May through october [n = 16 (urban), n = 10 (rural)] 
and represented from 2 to 8% of total 18-month deposition per event. 
at the downtown urban site, the average hg precipitation concentration 
was 53% higher for these large deposition events. Concurrently 
measured precipitation events delivered in aggregate 2.4 times more 

total hg wet deposition to the urban site compared to the rural site. hg 
rainfall concentrations for concurrent events with similar precipitation 
depth were 2-4 times higher at the urban site and suggest scavenging 
of local hg emissions. further evaluation of these events revealed 83% 
more total hg deposition at the urban site from January to December 
2010 compared to July to December 2009, while there was 26% more 
at the rural site during these same time periods. The larger increase in 
deposition at the urban site in 2010 may be evidence of increased local 
emissions from sources that were known to be offline during this study 
period because of an economic recession.

TP-190

A STUDY ON THE MERCURY CONTINUOUS 
EMISSION MONITORING AND SPECIATION FOR 
MEDICAL WASTE INCINERATOR
KIM, Jeonghun1; KIM, heejin1; KIM, Jonghyeon1; KIM, hyungchun1;  
ParK, Jungmin1; lee, sangbo1; 
(1) National Institute of Environmental Research, Incheon, Republic of Korea

magnus@korea.kr

In recent years, national attention has been given to the emission 
characteristics of mercury compounds and their behavior in the air. 
Therefore, it is necessary to conduct a national-level research about 
the inventory of domestic mercury compound emission sources and 
to develop distribution factors to calculate the emission quantity. This 
study had three objectives: (1) process for conducting a relative accuracy 
test audit of Continuous emission Monitor; (2) study mercury behavior 
in incineration sources; (3) evaluate the influence of emission sources 
on ambient point. To understand mercury behavior at medical waste 
incinerator (MWI), their concentrations at the stack were monitored 
continuously for three month. During the same period we conducted 
a relative accuracy test audit of Mercury Continuous emission Monitor 
(hg CeM) using ontario-hydro Method and Method 30b. The relative 
accuracy of hg CeM with respect to ontario-hydro Method and Method 
30b as reference method result was 9.38 % and 7.38 % (20.00 % limit). 
as such, the hg CeM data passed the raTa. Mercury concentration in 
flue gas of MWI was 1.05 ~ 280 ug/sm3, and many cases of short term 
high concentration occurred. Mercury speciation testing using mercury 
CeM and ontario-hydro Method of showed 26 % elemental hg, 74 % 
oxidized hg in stack. To figure out how mercury affects ambient site 
from the emission source, we selected ambient site using Industrial 
source Complex short Term 3 and measured mercury continuously for 
a month and compared evaluation with equipped CeM at MWI. Mercury 
concentration of ambient site shows mostly clean level (0.90 ~ 2.99 ng/
sm3), but in the monitoring period, the episode was occurred twice 
that considered to have an affected from the emission source. further 
studies on the effects of emission sources on the ambient site will be 
needed in the future.
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TP-193

IDENTIFICATIONS OF LOCAL SOURCES OF TOTAL 
GASEOUS MERCURY (TGM) CONCENTRATIONS IN 
INDUSTRIAL COMPLEXES IN SOUTH KOREA
GIM, youngeun1; seo, yong-seok2; holsen, Thomas3; han, young-Ji4;  
yI, seung-Muk1; 
(1) Department of Environmental Health, Graduate School of Public Health, 
Seoul National University, Seoul, South Korea; (2) Institute of Environmental 
Research, Kangwon National University, Chuncheon, South Korea; 
(3) Department of Civil and Environmental Engineering, Clarkson University, 
Potsdam, USA; (4) Department of Environmental Science, Kangwon National 
University, Chuncheon, South Korea

ygim9387@snu.ac.kr

The objectives of this study were to: (1) characterize the diurnal and seasonal 
variations of atmospheric total gaseous mercury (TGM) concentrations, 
(2) investigate the relationships between TGM and co-pollutants 
concentrations, and (3) identify likely source directions and locations of TGM 
using conditional probability function (CPf), conditional bivariate probability 
function (CbPf) and potential source contribution function (PsCf) for ansan 
City, south Korea. There are two national industrial complexes (sihwa and 
banwol) which consist of the manufacturing, electronics industries, the 
petroleum refineries and the steel industry around the sampling site.

TGM concentrations were measured every 5 min during spring (11-19 May 
2015), summer (28 July-04 august 2015), and fall (13-21 october 2015) on the 
roof of the Choji high school using a Tekran 2537b. hourly meteorological 
data and concentrations of no2, o3, Co, PM10 and so2 were obtained 
from the Korea Meteorological administration (KMa) and the national air 
Quality Monitoring network (naQMn), respectively.

The TGM concentration was statistically significantly higher in spring (2.7 ± 
.0 ng m-3) than other seasons (p<0.01), followed by fall (2.5 ± 0.8 ng m-3) 
and summer (1.9 ± 0.5 ng m-3).The TGM concentrations generally showed a 
consistent increase around 7:00 due to local emissions related to increased 
traffic, industrial activities, and activation of local surface emission sources.

The TGM concentrations were simultaneously positively correlated with 
Co (r = 0.42, p<0.01), no2 (r = 0.39, p<0.01) and PM10 (r = 0.51, p<0.01), 
suggesting that combustion processes are an important source.

There was a significantly positive correlation between TGM and Co in this 
study (r = 0.42, p<0.01), suggesting that TGM and Co were affected by 
similar anthropogenic emission sources. however, the observed ΔTGM/
ΔCo was 0.0031 ng m-3 ppbv-1 in spring, 0.0026 ng m-3 ppbv-1 in summer, 
0.0030 ng m-3 ppbv-1 in fall, which are significantly lower than that indicative 
of asian long-range transport (0.0046–0.0056 ng m-3 ppbv-1), suggesting 
that local sources are more important than those of long-range transport in 
this study.

CPf, CbPf and PsCf plots for TGM concentrations higher than the upper 
25th percentile show high source probabilities in the direction of other 
industrial complexes including the Incheon port, and a coal-fired power 
plant as well as two national industrial complexes (sihwa and banwol).

TP-194

GASEOUS ELEMENTAL MERCURY (GEM) AND 
MERCURY CONCENTRATIONS IN BUILDING 
MATERIALS FROM THE FORMER HG-MINING 
DISTRICT OF ABBADIA SAN SALVATORE (SIENA, 
CENTRAL ITALY)
nIsI, barbara1; VasellI, orlando2; raPPuolI, Daniele3; CabassI, Jacopo4; 
TassI, franco2; 
(1) CNR-IGG Institute of Geosciences and Earth Resources, Pisa, Italy; 
(2) Department of Earth Sciences, Florence, Italy; (3) Unione dei Comuni 
Amiata-Val D’Orcia, Castiglion d’Orcia, Siena , Italy; (4) CNR-IGG Insitute of 
Geosciences and Earth Resources, Florence, Italy

barbara.nisi@unifi.it

Gaseous elemental Mercury (GeM) concentrations and total and leached 
mercury contents on paints, plasters, roof tiles, concretes, metals, 
dust and wood structures were determined in the main buildings and 
structures of the abandoned word-class hg-mining district of abbadia 
san salvatore (siena, Central Italy), in order to understand how to 
proceed for the forthcoming remediation activities, the main aim being 
that to recover this site for museum and public green purposes. The 
mining complex covers a surface of about 65 ha and contains mining 
structures and managers and workers buildings. In this work, nine 
surveys of GeM measurements were carried out from July 2011 to august 
2015 and more detailed measurements were performed in february, 
april, July, september and December 2016 in the buildings devoted to 
the production of liquid mercury. GeM concentrations showed a strong 
variability in terms of space and time mostly depending on the distance 
from the building hosting driers, furnaces and condensers and ambient 
temperature, respectively. surveys carried out in the hotter period 
(from June to september) showed strikingly high GeM concentrations 
despite the fact that the mining activity stopped in 1982. In fact, in some 
of the contaminated sites GeM values reached concentrations that 
saturated (>50,000 ng m3) the GeM measurement device (lumex 915+). 
Concentrations of total (in mg kg1) and leached (in g l1) mercury from 
different building materials, e.g. brick, rust, furniture, paint, plaster, 
concrete, showed for the same type of material highly variable values 
in dependence on the edifice or mining structure from which they were 
collected. significantly high total and leached mercury concentrations, 
up to 46,580 mg kg1 and 4,470 mg l1, respectively, were measured. The 
obtained results are of relevant interest for the operational cleanings to 
be carried out during the reclamation activities. operators are to wear 
appropriate personal protective equipments and act with machineries 
(e.g. hydro-blasters) to avoid the dispersion of GeM and reactive mercury 
in the environment during the removal of the building materials. This 
is highly recommended for both the operators safety and that of the 
inhabitants living nearby, the urban centre of abbadia san salvatore 
bordering the former mining area. Continuous acquisition of GeM 
data is suggested and samples of urine, blood and hair for mercury 
concentrations should be collected from the operators prior and after the 
reclamation since several months are likely necessary to complete the 
cleaning activity particularly in the most contaminated sites.
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TP-195

AUNPS/TIO2NF: A PROMISING COMBINATION 
TOWARDS LOW COST AND EFFECTIVE SENSOR 
DEVICES FOR GEM MONITORING IN THE 
FRAMEWORK OF GMOS
MaCaGnano, antonella1; ZaMPeTTI, emiliano1; PerrI, Viviana1; De 
Cesare, fabrizio2; sProVIerI, francesca3; PIrrone, nicola1; 
(1) CNR-Institute of Atmospheric Pollution Research, Monterotondo (Rome), 
Italy; (2) University of Tuscia - DIBAF, Viterbo, Italy; (3) CNR-Institute of 
Atmospheric Pollution Research, Rende (CS), Italy

a.macagnano@iia.cnr.it

In the framework of ongoing research projects and programmes (i.e., 
GMos, uneP f&T) aiming to develop advanced sensors for major 
atmospheric pollutants, and having as overarching goal to assure a 
full operational capability of global observing systems for persistent 
pollutants such as mercury a novel sensors with promising sensing 
features for environmental applications have been designed and tested. 
The aim of this paper is to present novel kinds of sensors with promising 
sensing features for environmental applications, exploiting both the 
combination of gold affinity for mercury and nanosized frameworks 
of the sensing materials. specifically, in the present study, conductive 
sensors working at room temperature and based on composite 
nanofibrous electrospun scaffolds of titania easily decorated with 
gold nanoparticles by photocatalysis under uV-light irradiation, have 
been developed to obtain nanostructured hybrid materials, capable of 
entrapping and detecting Gaseous elemental Mercury (GeM) traces. The 
size and the shape of these nanostructures have been demonstrated to 
be key parameters in defining the properties of the resulting sensors, 
because of the strict relationship between the surface and the bulk of 
the sensing material which is extremely reduced in size. The increase 
in the number of binding sites has been confirmed to be a successful 
strategy to ensure sensitivity at trace level. seM, afM, TeM and hr-TeM 
analyses have been performed to characterise the morphology and the 
nano-sized structure of these composite materials. Different electrical 
and sensing features of the resulting chemosensors have been achieved 
by tuning fibres roughness and gold nanoparticle size. a suitable 
measuring chamber for mercury detection have been designed and 
developed in order to improve the sensing feature of the sensor. Thus 
few minutes of air sampling were sufficient to detect the concentration 
of mercury in the air without using traps (loD ~ 1 ppb). longer 
measurements allowed the sensor to detect lower concentrations 
of GeM (tens of ppt). a short thermal treatment (450°C, 3min) was 
necessary to completely desorb mercury from aunPs. The resulting 
chemosensors are expected to be very stable over time, robust and 
resistant to the interference that may be caused by common solvents 
and by VoCs commonly present in ambient air.

TP-196

MERCURY BEHAVIOUR IN WASTE INCINERATION 
FACILITIES: GASEOUS TRANSFORMATIONS 
AND RETENTION BY CARBON AND 
MINERAL-BASED SORBENTS
ruMayor, Marta1 2; PohoŘelÝ, Michal2; ŠyC, Michal2; sVoboDa, Karel2; 
ŠVehla, Jaroslav2; 
(1) Department of Chemical & Biomolecular Engineering, University of 
Cantabria, Avda. Los Castros s/n, Santander, Spain; (2) Institute of Chemical 
Process Fundamentals of Czech Academy of Sciences, Prague, Czech Republic

marta.rumayor@unican.es

Waste incineration plants have been declared by the Minamata 
Convention as one of the major industrial sources of mercury (hg) 
emissions. elemental mercury (hg0) is released from the incinerator 
(850-1200 ºC) into the flue gas and, as the temperature goes down, 
hg undergoes a large number of homogeneous and heterogeneous 
oxidation processes. hg0 is converted either to oxidized mercury (hg2+) 
compounds and/or hg adsorbed compounds (hgp) onto particles. 
effective and efficient mercury control technologies are needed to 
meet the increasingly stricter mercury emission regulations. Dry flue 
gas cleaning methods, using solid sorbents based either on soda or 
calcium hydroxide, are used in municipal solid waste (MsW) incineration 
but their efficiency on mercury removal needs to be further studied. 
Injection of activated carbon is a potential method for capturing 
mercury which is removed downstream, in a particulate matter control 
device, such as electrostatic precipitators (esP) or fabric filter (ff). The 
efficiency of mercury removal from the flue gas is substantially affected 
by its speciation, flue gas composition and process conditions (e.g. 
temperature, air pollution control units). Many studies are found in 
the literature related to mercury behaviour under conditions of coal 
combustion, however, there is a lack of studies connected with MsW 
conditions. This study discusses the effect of temperature and gas 
components, present in typical flue gas from MsW incineration, on both 
mercury oxidation and capture by mineral and carbon-based sorbents. 
The study was carried out by means of a laboratory scale device that 
simulates the gaseous mercury behaviour in flue gas at temperatures 
ranged between 150-300 ºC. The results show the influence of hCl, 
so2, nox and h2o vapour in the gaseous transformation of mercury 
identifying the major reaction pathways. under the simulated 
conditions, mercury (II) chloride (hgCl2), mercury (II) oxide (hgo) and 
elemental mercury (hg0) are thermodynamically relevant species. In 
presence of Co2 and o2, the minor gas components no, so2, and hCl 
are involved in homogeneous oxidation of mercury and therefore, in 
the retention capacity. The higher temperature, the lower efficiency 
of hg capture (i.e. higher emissions of hg). so2 is oxidized to so3 at 
higher temperature. This effect, together with adsorption effects of 
Co2 and water vapour, inhibit mercury adsorption as there could be 
a competition for the same surface binding sites. The study provides a 
basis for the development of new strategies for mercury removal in the 
air pollution control devices of MsW incineration plants.
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1a: Atmospheric mercury cycling 
and transformations: Insights from 
measurements and models

RP-002

QUANTIFYING SOURCES AND PATHWAYS 
OF MERCURY DEPOSITION AND EXPOSURE 
IN NORTHERN MAINE, USA USING 
INTEGRATED MODELING
anGoT, hélène1; selIn, noelle2; hoffMan, nick3; GIanG, amanda1; 
harVey, abby3; 
(1) Institute for Data, Systems, and Society, Massachusetts Institute of 
Technology, Cambridge, MA, USA; (2) Institute for Data, Systems, and Society/
Department of Earth, Atmospheric, and Planetary Sciences, Massachusetts 
Institute of Technology, Cambridge, MA, USA; (3) Department of Earth, 
Atmospheric, and Planetary Sciences, Massachusetts Institute of Technology, 
Cambridge, MA, USA

angot@mit.edu

We examine the sources and pathways of potential mercury (hg) 
exposure in the context of a case study involving the aroostook band 
of Micmacs based in Presque Isle, Me, using integrated modeling 
and data analysis. We use Geos-Chem to quantify the sources of 
mercury deposition for Maine identifying the contribution of domestic, 
international, and historical sources , and the hysPlIT trajectory 
model to provide further insight into source attribution. simulated 
atmospheric concentrations are compared to measurement data for 
hg at Presque Isle, Me. average concentrations, seasonal variation, 
and diurnal variability are assessed and correlations (r2) calculated 
between observed and simulated time series. simulated wet deposition 
from Geos-Chem are also compared on a seasonal and annual basis 
to weekly samples from the Mercury Deposition network at Caribou, 
Me. We examine source attribution under policy and no policy cases, 
identifying how observed atmospheric and wet deposition data would 
reflect these changes given variations in climate and other drivers. 
We show preliminary analysis of how these Geos-Chem outputs can 
influence fish concentrations and ultimate exposure under desired 
levels of fish consumption.

RP-004

AIR MASS TRAJECTORY INFLUENCE ON  
MERCURY CONCENTRATIONS IN RAINWATER 
COLLECTED AT CAPE POINT, SOUTH AFRICA
soMerseT, Vernon1; WalTers, Chavon2; MKololo, Thumeka3; 
labusChaGne, Casper3; sIlWana, bongiwe4; Van Der horsT, 
Charlton5; MarTIn, lynwill6; 
(1) CPUT - Cape Peninsula University of Technology, Bellville, South Africa; 
(2) CSIR, Stellenbosch, South Africa Stellenbosch; (3) SAWS, Stellenbosch, 

South Africa Stellenbosch; (4) Durham University, Durham, United Kingdom; 
(5) UWC, Bellville, South Africa; (6) SAWS, Stellenbosch, South Africa

vsomerset@gmail.com

Mercury (hg) is known to be a persistent and toxic heavy metal that 
can bio-accumulate in the aquatic environment and lead to serious 
human health effects. hg is released into the atmosphere from 
both natural and anthropogenic sources, where in the atmosphere 
it can be present in a gaseous phase or in particulate matter. In the 
gaseous phase it can be incorporated with atmospheric precipitation 
(e.g. rainwater), which is the portion that eventually ends up in the 
aquatic ecosystem, leading to serious environmental problems. It 
is known that air trajectory calculations can be helpful in a variety 
of atmospheric analyses. It enables researchers to understand the 
transport of pollutants via trajectory routes, assisting in gaining a 
deeper understanding of pollution events, but more specifically of hg in 
rainwater (wet deposition route). ongoing research at Cape Point, south 
africa has shown that most rain events are associated with cold fronts, 
for which approximately two-thirds reached the Cape Point observatory 
directly across the atlantic ocean from the south, while a third can be 
attributed to air mass movement from the Cape Town metropolitan 
region. results to date collected for the rainy season between May 
to october annually (2007-2013), have shown that hg concentrations 
range between 0.03 to 52.5 ng/l (overall average: 9.91 ng/l). a close 
relationship was also found between the GeM concentrations in air and 
Tothg concentrations in rainwater during the raining season. The work 
in this paper evaluated the existence of any relationships between hg 
concentrations in rainwater, to the influence of meteorological variables 
such as wind direction and air mass backward trajectories. These 
variables will be valuable in understanding the ongoing monitoring of hg 
in wet deposition at the sampling station.

RP-005

ATMOSPHERIC HG CONCENTRATIONS AT AN 
ALTITUDE OF 5240M AT CHACALTAYA STATION 
IN BOLIVIA
DoMMerGue, aurélien1; MaGanD, olivier2; Moreno, Isabel3; 
salVaTIerra, Grover3; anDraDe, Marcos3; laJ, Paolo1; 
(1) Univ Grenoble Alpes, Grenoble, France; (2) Univ Grenoble Alpes/CNRS, 
Grenoble, France; (3) Laboratorio de Fısica de la Atmosfera, Instituto de 
Investigaciones Fısicas, Universidad Mayor de San Andres, La Paz, Bolivia

aurelien.dommergue@univ-grenoble-alpes.fr

a new regional station (ChC/GaW for short) of the Global atmosphere 
Watch, which is part of the World Meteorological organization (WMo), 
was set to work in December 2011 at Mount Chacaltaya (5240-5400 
masl, 16°21.0´s 68°07.9´). The purpose of this station is to monitor 
the atmospheric composition of the region, especially the greenhouse 
effect gases, reactive gases and particle material which is carried to the 
medium troposphere and to (or from the ) free troposphere. To this 
purpose, a consortium of european and american institutions set up 
various instruments in the Cosmic ray laboratory.
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from July 2014 to february 2016, we investigated atmospheric Total 
Gaseous Mercury (TGM) using a Tekran 2537a. The instrument worked 
with a 0.8 lPM flowrate and a sampling time resolution of 15 minutes. 
In addition to internal calibration using the internal permeation sources, 
the instrument was calibrated on site with manual injection of mercury 
vapors. The inlet, protected by a PTfe 0.45µm filter was situated 6 
meters above the ground.

The TGM average over the period is around (0.65 ± 0.25) ng/m3 which is 
~30% lower than other sites of the southern hemisphere (amsterdam 
Island, Cape Point) where average TGM is around 1 ng/m3. records of 
TGM in the tropical zone of the southern hemisphere are scarce, and 
this is the sole record at such a high altitude. These low values could 
indicate the existence of a TGM sink in this region, although further work 
is needed to determine its origin.

atmospheric signal is partly influenced by polluted air masses from la 
Paz /el alto urban areas during daytime due to convective transport 
of air masses to Chacaltaya station. at nights, aerosol and black 
carbon measurements clearly indicate that we have free-tropospheric 
conditions. We observe a clear seasonal feature, with higher TGM values 
during the rainy season (oct to Jan) and lower values during the dry 
season (Jul-sept). This data set will be useful to determine the influence 
of regional scale mining activities and the contribution of biomass 
burning occuring in the amazon basin area.

RP-006

A CONTINUOUS RECORD OF ATMOSPHERIC 
MERCURY AT AMSTERDAM ISLAND, 
A BACKGROUND SITE OF THE 
SOUTHERN HEMISPHERE
DoMMerGue, aurélien1; MaGanD, olivier2; JouVIe, Isabelle1;  
anGoT, hélène1; 
(1) Univ. Grenoble Alpes, Grenoble, France; (2) Univ. Grenoble Alpes/CNRS, 
Grenoble, France
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In the last few years continuous mercury monitoring has commenced 
at several sites in the southern hemisphere, providing new and more 
refined information. under the frame work of the Global Mercury 
observation system (GMos) project, a monitoring station has been 
set up on amsterdam Island (37°48’s, 77°34’e) in the remote southern 
Indian ocean in January 2012.

for the first time in the southern hemisphere, a 3-year record of 
gaseous elemental mercury (GeM), reactive gaseous mercury (rGM) and 
particle-bound mercury (PbM) is presented. In 2016, the Tekran 1130-
1135 unit was uninstalled, and we now record total TGM using a Tekran 
2537b analyzer (1 lPM, 15 minutes). Wet deposition is also measured 
using an eigenbrodt wet-only collector.

GeM concentrations are remarkably steady (1.03±0.08 ng m−3) 
while rGM and PbM concentrations were very low and exhibited a 
strong variability (mean: 0.34 pgm−3, range: This data set provides 

a new insight into baseline concentrations of mercury species in the 
southern hemisphere mid-latitudes and new measurement constraints 
on the mercury cycle, opening the way for new avenues in future 
modeling studies.

RP-007

INTERPRETATION OF NEW AUSTRALIAN 
MERCURY OBSERVATIONS USING THE GEOS-CHEM 
BIOGEOCHEMICAL MERCURY MODEL
PaGe, neil1; fIsher, Jenny1; DIon, Iris1; eDWarDs, Grant2; hoWarD, 
Dean2; nelson, Peter2; MorrIson, anthony2; KeyWooD, Melita3; 
(1) University of Wollongong, Wollongong NSW, Australia; (2) Macquarie 
University, Macquarie Park, Australia; (3) CSIRO, Aspendale VIC, Australia

ncp532@uowmail.edu.au

The Geos-Chem biogeochemical hg model (like every other major 
hg model) has historically been developed and evaluated using 
observations from the northern hemisphere, which are significantly 
more abundant than observations in the southern hemisphere. a recent 
evaluation of Geos-Chem against a global database of hg observations 
found significant biases in simulation of hg in the southern hemisphere; 
however, only three southern hemisphere sites were included and 
none were in australia. To date, model performance in australia has 
not been evaluated due to a lack of available hg observations. six 
years of continuous atmospheric gaseous elemental mercury (GeM) 
data have now been collected at the Cape Grim baseline air pollution 
station located at the northwest tip of Tasmania. additional time series 
of ambient GeM, ranging in duration from 1 to 3 years, have been 
measured at several locations in australia: a tropical baseline site at 
Gunn Point nT, a site located near coal-fired power plants and open 
pit coal mining in Glenville, nsW, and an urban site in sydney, nsW. 
These diverse, newly available atmospheric mercury datasets provide 
an opportunity to test our understanding of the hg cycle in australia 
as embedded in global models. here, we will present evaluation of 
the Geos-Chem model using the new hg observations along with 
preliminary model development designed to improve model skill and 
utility in australia. our evaluations to date show that the model is able 
to simulate observed latitudinal gradients and seasonality, and that all 
australian sites are highly sensitive to treatment of ocean hg exchange. 
uncertainties remain in simulating the southern hemisphere GeM 
background and the air-surface exchange over terrestrial australian 
landscapes, and these are the focus of ongoing and future work.

RP-008

ESTIMATES OF DRY DEPOSITION OF SPECIATED 
MERCURY USING NATIONAL ATMOSPHERIC 
DEPOSITION PROGRAM GASEOUS MEASUREMENTS
ZhanG, leiming1; Gay, David2; PresTbo, eric3; MorrIs, Kristi4; 
(1) Environment and Climate Change Canada, Toronto, Ontario, Canada; 
(2) National Atmospheric Deposition Program, Champaign, IL, United States; 
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(3) Tekran Instruments Corp., Seattle, WA, USA; (4) National Park Service, 
Denver, CO, USA

leiming.zhang@canada.ca

The national atmospheric Deposition Program (naDP) and its Total 
Deposition science Committee is planning to provide estimates of 
speciated mercury dry deposition using gaseous concentrations 
measured in the atmospheric Mercury network (aMnet). This poster will 
detail the approach that naDP will use, and provide basic output from 
this approach. The method will provide fluxes for the three operationally 
defined mercury forms, i.e., gaseous oxidized mercury (GoM), 
particulate bound mercury (PbM), and gaseous elemental mercury 
(GeM). Calculations will be made hourly to multi-hourly depending on 
availability. Weekly aggregated values (Tuesday to Tuesday) to align with 
wet deposition observation.

The flux of GoM is estimated as the product of its air concentration and 
dry deposition velocity calculated using the dry deposition scheme of 
Zhang et al. (2003; 2012).The flux of PbM is estimated as the product of 
its air concentration of both fine particulate (<2.5 µm) and an estimated 
course particulate loading (PbM 2.5-10 µm) and dry deposition velocity 
of fine and coarse particles calculated according to Zhang and he (2014). 
The flux of GeM is estimated using a bi-directional air-surface exchange 
scheme described in Wright and Zhang (2015).

hourly Meteorological data used are from the archived Canadian 
weather forecast model at a horizontal grid resolution of 15 km by 15 
km and surface and the first model-layer data (typically 40-50 meters 
agl). land cover in the vicinity (3 km circle) of monitoring sites is taken 
from the MoDerate resolution Imaging spectroradiometer (MoDIs) land 
cover type product (MCD12Q1). fluxes for all existing land covers will 
be calculated and also aggregated into site-specific (land-cover area-
weighted) values. uncertainty in the estimated fluxes will be provided in 
the poster. at some point in the future, these estimates will be released 
for public use through its aMnet webpage.

RP-009

SEA SURFACE TEMPERATURE VARIATION LINKED 
TO ELEMENTAL MERCURY CONCENTRATIONS 
MEASURED ON MAUNA LOA
Carbone, francesco1; lanDIs, Matthew2; GenCarellI, Christian1; 
naCCaraTo, attilio1; De sIMone, francesco1; sProVIerI, francesca1; 
heDGeCoCK, Ian1; PIrrone, nicola3; 
(1) CNR-Institute of Atmospheric Pollution Research, Rende, Italy; (2) U.S. 
Environmental Protection Agency, Office of Research and Development, 
Research Triangle Park, North Carolina, United States; (3) CNR-Institute of 
Atmospheric Pollution Research, Rome, Italy

f.carbone@iia.cnr.it

The concentration of Gaseous elemental Mercury (GeM) recorded at 
the Mauna loa observatoryin hawaii between during the period 2002 
- 2009 has been analyzed using theempirical Mode Decomposition 
technique.This technique has been used in numerous contexts in order 

to identify periodical variations in time series data.The periodicities 
observed in the sea surface Temperature collected by five buoys,three 
in the equatorial Pacific, and two to the south of hawaii over the 
sameperiod are also observed in GeM concentrations measured at 
the Mlo.The lag times in the observed periodicities are related to 
the position of thebuoys with respect to the measurement site. This 
demonstrates a direct link between climatological phenomena, in this 
case sea surface Temperature, and measured GeMand reflects the 
influence of ocean sea surface Temperature on GeM evasion. This is 
the first long-term experimental evidence of such a direct effect onGeM 
evasion from the oceanic surface driven by temperature.

RP-010

NEW TOWER INFRASTRUCTURE FOR 
MEASUREMENTS OF THE TEMPORAL MERCURY 
ATMOSPHERIC TRENDS IN KOŠETICE, 
CZECH REPUBLIC
holoubeK, Ivan1; KoMÍnKoVÁ, Kateřina1; VÍTKoVÁ, Gabriela1;  
hanuŠ, Vlastimil1; 
(1) Global Change Research Institute, Brno, Czech Republic

holoubek.i.@czechglobe.cz

Climate, meteorology and atmospheric chemistry are scientific 
disciplines that study the same system: the atmosphere. long-lasting 
research infrastructures covering all three areas are therefore of 
highest importance.

one of them, the atmospheric station (as) Křen u Pacova (part of the 
national atmospheric observatory Koetice), central Czech republic, is 
focused on monitoring of the occurrence and long-range transport of 
greenhouse gases, atmospheric aerosols, selected gaseous atmospheric 
pollutants and basic meteorological characteristics. The as and its 250 m 
tall tower was built according to the recommendations of the Integrated 
Carbon observation system (ICos) and cooperates with numerous 
national and international projects and monitoring programmes. first 
measurements conducted at ground started in 2012, vertical profile 
measurements were added in 2013.

The atmospheric station (as) Křen u Pacova consists mainly of a 250 
m tall guyed mast of a lattice, 2.6 m wide triangular structure. It was 
designed and equipped exclusively for scientific purposes according 
to recommendations by ICos, aCTrIs (aerosol, Clouds, and Trace 
Gases research Infrastructure network) and GMos (Global Mercury 
observation system). Measurement data are or will be provided also 
to the InGos (Integrated non-Co2 Greenhouse gas observing system), 
eMeP (european Monitoring and evaluation Programme), GaW 
(Global atmosphere Watch) and IsKo (Czech air Quality Information 
system) databases. The as was built in 100 m distance from the 
Koetice observatory, an infrastructure specialized in air quality and 
hydrological monitoring since 1988. The character of the site as rural 
background located in densely populated central europe, far (> 80 km) 
from major pollution sources (cities, industry), has been confirmed in 
numerous studies using air quality data from the Koetice observatory. 
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atmospheric long-range transport is expected especially from the west 
and northwest, comprising also marine air masses as calculated for the 
Koetice observatory.

The trends and gradient in atmospheric mercury concentration are part 
of this measurement programme. station is equipped by the continuous 
gaseous elemental mercury (GeM) measurements conducted with 
two Tekran 2537b instruments installed in a ground-based container 
and in small technological container in height of 230m on the tower. 
This sampling design is worldwide unique, and is thoroughly examined 
and tested.

The detection limit and sensitivity of a Tekran 2537b instrument is < 0.1 
ng m-3 (www.tekran.com).

The data sets produced during the period from the opening of this 
tower until now are now evaluated and validated. Tower represents 
very important infrastructure for the long-term atmospheric research 
and monitoring.

RP-011

PATTERN OF ATMOSPHERIC MERCURY SPECIATION 
DURING EPISODES OF ELEVATED PM2.5 LEVELS 
IN A COASTAL CITY IN THE YANGTZE RIVER 
DELTA, CHINA
honG, youwei1; ZhanG, yanru1; Xu, lingling1; XIao, hang1; Chen, 
Jinsheng1; 
(1) Institute of Urban Environment, Chinese Academy of Sciences, 
Xiamen, China

ywhong@iue.ac.cn

With the severe and persistent air pollution (e.g. extremely high 
concentrations of PM2.5), an emerging challenge is to understand 
pattern and sources of atmospheric hg speciation during haze and 
non-haze days. Measurement of atmospheric mercury speciation 
was conducted in a coastal city of the yangtze river Delta, China 
from July 2013 to January 2014, in conjunction with air pollutants and 
meteorological parameters. The mean concentrations of gaseous 
elemental mercury (GeM), particulate bound mercury (hgP) and reactive 
gaseous mercury (rGM) were 3.26±1.63 ng m-3, 659±931 pg m-3, and 
197±246 pg m-3, respectively. high percentages of hgP during haze days 
were found, due to the increase in direct emissions and gas-particle 
partitioning of rGM. The average gas-particle partitioning coefficients 
(Kp) during moderate or severe haze days (PM2.5>150 ug m-3) were 
obviously decreased. GeM and hgP were positively correlated with 
PM2.5, so2, no2 and Co, suggesting a significant contribution of 
anthropogenic sources. elevated hgP concentrations in cold seasons 
and in the morning were observed while rGM exhibited different 
seasonal and diurnal pattern. The ratio of hgP/so2 and pearson 
correlation analysis suggested that coal combustion was the main cause 
of increasing atmospheric hg concentrations. The monitoring site was 
affected by local, regional and interregional sources. The back trajectory 
analysis suggested that air mass from northwest China and huabei 

Plain contributed to elevated atmospheric hg in winter and autumn, 
while southeast China with clean air masses were the major contributor 
in summer. These results emphasized that both the reduction of 
anthropogenic emissions from local sources and regional cooperation 
policy among different city cluster were required to decrease hg 
pollution in the atmosphere. Meanwhile, PM2.5 level in developing 
countries should be controlled to reduce the risks of atmospheric hg to 
human health and land ecosystems.

RP-012

TWO YEARS OF GASEOUS ELEMENTAL 
MERCURY MEASUREMENTS AT AN AUSTRALIAN 
TROPICAL SITE
hoWarD, Dean1; nelson, Peter1; eDWarDs, Grant1; MorrIson, 
anthony1; fIsher, Jenny2; WarD, Jason3; harWell, James4; Van Der 
sChooT, Marcel5; aTKInson, brad6; ChaMbers, scott7; WIllIaMs, 
alastair7; 
(1) Macquarie University, Macquarie Park, Australia; (2) University of 
Wollongong, Wollongong, NSW, Australia; (3) Bureau of Meteorology, 
Aspendale, Victoria, Australia; (4) CSIRO, Aspendale, Victoria, Australia; 
(5) CSIRO, Aspendale, Vic, Australia; (6) Bureau of Meteorology, Darwin, NT, 
Australia; (7) ANSTO, Lucas Heights, NSW, Australia

dean.howard@mq.edu.au

The tropics represent an important region for mercury cycling as it is 
home to around 40% of the worlds human population, including over 
50% of people under the age of 15 - a group at greater risk of adverse 
effects due to mercury exposure during early development. stationary 
observations of gaseous elemental mercury (GeM) taken within the 
tropics are rare but report significant changes in concentration as source 
regions shift across hemispheres with the continual drift of the chemical 
equator. Initiated under the Global Mercury observation system 
(GMos) in June 2014, measurements of GeM are being undertaken at 
the australian Tropical atmospheric research station (aTars) east of 
Darwin, australia. The shifting latitude of the inter-tropical convergence 
zone (ITCZ) in this region leads to significant differences in air mass 
sources - identified using back trajectory analyses and concomitant 
radon measurements - over aTars between the wet monsoon and dry 
seasons. Mean GeM concentrations over the entire year were 0.95 ng 
m-3, with higher values over the dry season (largely terrestrial fetch) 
than the wet season (greater oceanic fetch). GeM concentrations also 
showed a significant diurnal pattern, with a notable decrease overnight. 
using radon as an indicator of atmospheric stability shows that this 
nocturnal depletion is enhanced under calm, stable boundary layers. 
Due to the low latitude of Darwin (12 ˚s), impacts from air masses 
originating in the northern hemisphere at this site are rare, however 
these events are characterised by increases in GeM concentrations. back 
trajectory analyses show that these air masses pass over the populated 
Indonesian archipelago, suggesting impacts from GeM sources in 
this region rather than from the northern hemisphere background 
GeM pool.
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RP-013

HOW HAS THE RELOCATION OF A MONITORING 
SITE CHANGED OUR UNDERSTANDING OF 
INFLUENCES ON RURAL ATMOSPHERIC MERCURY 
IN THE UNITED KINGDOM?
KenTIsbeer, John1; leeson, sarah1; rITChIe, stuart2; 
(1) NERC Centre for Ecology & Hydrology, Edinburgh, United Kingdom; 
(2) Ricardo Energy & Environment, Oxfordshire, United Kingdom

jkbeer@ceh.ac.uk

since January 2016, total gaseous mercury (TGM) has been monitored 
at Chilbolton, hampshire, uK. Chilbolton became one of the uKs two 
eMeP supersites (level II) in 2016 as a replacement for the harwell 
supersite, oxfordshire, england. Chilbolton is operated by ricardo-aea 
on behalf of the uK Department for the environment, food and rural 
affairs. Mercury in air monitoring is undertaken at the site as part of the 
uK eutrophying and acidifying Pollutants (uKeaP) monitoring network 
run by the uK’s Centre for ecology & hydrology. The monitoring site is in 
a rural setting surrounded by agricultural fields, a short distance from a 
small village and satellite observatory located at 51.144°n, 1.438°W.

Total gaseous mercury (comprising elemental and gaseous oxidised 
mercury) was monitored using a Tekran 2537a mercury vapour 
analyser, run at a resolution of 5 minutes, using dual channels allowing 
for continuous monitoring. The average TGM concentration at 
Chilbolton for January – october 2016 was 1.38 ng m-3, whilst the 2015 
average for harwell was 1.44 ng m-3. both sites showing lower averages 
than the northern hemispherical background observed in other studies.

We present an initial overview of TGM measurements at the Chilbolton 
supersite since January 2016 and compares the data to that collected at 
the previous supersite at harwell between 2012 and 2015.

We have used wind sector analysis, cluster analysis and air-mass back 
trajectories in the openair package in the r statistical software, we 
show how the TGM concentrations are influenced by local and regional 
sources (< 50 km) as well as long-range sources at both sites.

Previous work has shown that harwell was significantly impacted by 
local sources, through its science campus location and potential mercury 
remissions due to activity on site, and from its relatively short distance 
from a coal-fired power station. We address the question of what new or 
different sources or influences (local or otherwise) are influencing TGM 
at Chilbolton? What effect has changing monitoring location had on the 
data? are the sites comparable? how does that change the context and 
understanding of atmospheric mercury in the uK?

RP-015

DRY DEPOSITION FLUXES OF GASEOUS 
OXIDIZED MERCURY (GOM) AND PARTICULATE 
BOUND MERCURY (PBM): MEASUREMENT AND 
MODELING WORKS
KIM, Pyung-rae1; han, young-Ji1; 

(1) Kangwon National University, Chuncheon, Gangwon-do, Korea

pyung8847@gmail.com

Mercury (hg) is a toxic pollutant of concern throughout the northern 
hemisphere. atmospheric hg is often emitted as inorganic forms; 
however once inorganic hg is deposited into aquatic ecosystems it can 
be transformed into Mehg, the most toxic form. atmospheric deposition 
has been suggested as an important input for aquatic and terrestrial 
environments in many previous studies; therefore, quantification of 
atmospheric hg deposition is critically needed in order to reduce Mehg 
levels in aquatic environment. among atmospheric inorganic hg species, 
gaseous divalent form (often called as gaseous oxidized mercury (GoM)) 
and particulate bound mercury (PbM) are considered to be important 
with respect to deposition due to high dry and wet deposition velocities 
although their concentrations are generally much lower than hg0.

In this study, atmospheric concentrations of GoM and PbM were 
measured using KCl coated denuder and quartz filter, respectively. 
size-distribution of PbM was also investigated using MouDI sampler. 
Concurrently, a knife-edge surrogate surfaces using cation-exchange 
membrane and quartz filter were used to directly measure GoM and 
PbM dry deposition fluxes, respectively. The measured dry deposition 
fluxes were compared with the fluxes estimated using three-layer 
resistance model. average concentration of GoM was higher in 
spring (7.47 ± 1.99 pg m-3) than in other seasons (2.76 ± 1.30 pg m-3). 
average dry deposition flux of GoM was measured to be 0.74 ± 0.20 
ng m-2 h-1 from surrogate surface, which was similar to the previous 
measurements in yorkville (0.22 ng m-2 h-1) and reno (0.79 ng m-2 h-1). 
There was a strong correlation between GoM concentration and GoM 
measured flux (r = 0.82), suggesting the rationality of dry deposition 
device. Measured flux was highly correlated with the estimated flux 
(r = 0.68); however, the measured flux was approximately 12 times 
higher than the estimated flux. Detailed results will be presented at 
the conference.

RP-016

TRAPSA (TRAJECTORY-BASED POTENTIAL SOURCE 
APPORTIONMENT): A GRAPHIC SOFTWARE FOR 
TRAJECTORY ENSEMBLE RECEPTOR MODELS AND 
AIR POLLUTION SOURCE IDENTIFICATION WITH 
GIS FUNCTION
Zhou, Chuanlong1; Zhou, hao1; hoPKe, Philip2; holsen, Thomas1; 
(1) Clarkson University, Potsdam, United States; (2) Hopke, Potsdam, 
United States

zhouc@clarkson.edu

TraPsa (Trajectory-based Potential source apportionment) software 
is a graphical air pollution source analysis tool based on air pollutant 
measurements and a state-of-art air mass back trajectories 
modelhysPlIT-4. TraPsa provides researchers and students 
an integrated, user-friendly platform for air pollutant database 
development and management, pollutant pattern and trend analysis, 
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and potential source identification, by applying, comparing and 
exploring current popular trajectory ensemble receptor models. 
a database of pollutant monitoring site data can be established in 
TraPsa. The smart back-trajectory method in TraPsa helps users easily 
set up, calculate, and import trajectory data. TraPsa includes current 
popular algorithms for trajectory ensemble receptor models including 
Conditional Probability function (CPf), Concentration field analysis 
(Cfa), Concentration Weighted Trajectory (CWT), residence Time 
Weighted Concentration (rTWC), Potential source Contribution function 
(PsCf), and simplified Quantitative Transport bias analysis (sQTba). 
TraPsa provides users sufficient GIs editing functions for mapping air 
pollutant source apportionment. In addition, GIs data files (esrI shape 
file and Geo TIff file) can be imported or exported by TraPsa allowing 
further research or editing by GIs software.

RP-018

CHEMISTRY OF THE BRHGO RADICAL FORMED 
IN THE BR-INITIATED OXIDATION OF GASEOUS 
ELEMENTAL MERCURY
laM, Khoa1; WIlhelMsen, Curtis1; sChWID, abraham1; DIbble, 
Theodore1; 
(1) SUNY-Environmental Science and Forestry, Syracuse, NY, USA

klam03@syr.edu

some models of the global oxidation of gaseous elemental mercury 
(GeM) by atomic bromine suggest that brhgono is the major hg(II) 
species formed. The molecular structure of this compound is analogous 
to that of hono, which is known to photolyze rapidly to ho + no. 
Quantum chemical calculations suggest that brhgono will photolyze in 
a similar manner to produce brhgo + no. The brhgo radical has never 
been directly detected in the laboratory, although calculations a decade 
ago indicated that it is thermally stable.

In the absence of a way to produce and monitor the abundance of 
brhgo, we use computational chemistry to evaluate its mechanism 
of reaction in the atmosphere. We estimate the rate constant for the 
reaction brhgo + Ch4 --> brhgoh + Ch3 to be 3 10-14 cm3 molecules-1 
s-1 at 298 K. This corresponds to a brhgo lifetime of 0.7 seconds 
with respect to forming brhgoh. We are also studying analogous 
reactions in which brhgo abstracts hydrogen atoms from ethane and 
formaldehyde. The theoretical approach used to date (Pbe0 functional 
with a valence triple-zeta basis set) overestimates the rate constant for 
the analogous ho + Ch4 --> hoh + Ch3 reaction; as a result, the lifetime 
reported here is probably smaller than the true value. We are refining 
our results.

We find that brhgo can also react with no2 or no to form thermally 
stable brhgono2 or regenerate brhgono, respectively. These 
reactions may be significant fates of brhgo in areas heavily impacted by 
emissions from motor vehicles and energy production.

This work contributes to identifying the molecular identity of gaseous 
oxidized mercury (GoM) species formed in the br-initiated oxidation 

of GeM. This work will help improve models of atmospheric mercury 
oxidation, aid laboratory scientists in designing kinetic and mechanistic 
experiments, and contribute to identifying GoM species in field work.

RP-019

INVESTIGATION OF ATMOSPHERIC MERCURY 
AT AN URBAN CAMPUS SITE IN TAIPEI, TAIWAN 
DURING 2007-2009
lIao, ling-Chun1; TsenG, Chun-Mao1; 
(1) Institute of Oceanography, National Taiwan University, Taipei, Taiwan

r04241406@ntu.edu.tw

Temporal variation of gaseous elemental mercury (GeM) was 
investigated over metropolitan Taipei in Taiwan during 2007 by using 
an in-situ automated Gaseous Mercury analyzer (aGMa). The mean 
GeM concentration was 4.3 ng m-3 with a range from 0.9 to 15.5 ng 
m-3. Distinct annual patterns were observed for the GeM with a winter 
maximum of 5.1±2.0 ng m-3 (n=3) and low in summer (3.7±1.1, n=3). 
The data showed the seasonal monsoons play a crucial role in the 
atmospheric long-range transport of hg with its distribution and cycling 
in Taiwan. During the northeast monsoon in winter, air masses came 
from mainland China, bringing continental- and industrial-derived 
GeM to Taipei. The measured GeM/Co ratio of 0.0047 ng m-3 ppbv-1 
is further similar to the results, which are observed at Mount bachelor 
observatory (Mbo) and hedo station, okinawa (hso) from asian 
long-range transport. In contrast, the southwest monsoon prevailed 
in summer transports marine air from the south China sea and west 
Pacific ocean with lower GeM levels. furthermore, a distinct diurnal 
variation of GeM concentration was observed, which level significantly 
exhibited greater in daytime than in nighttime during the warm season. 
Diel GeM variation was positively related to the ozone, PM10, PM2.5 and 
solar irradiance. The daily pattern with a maximum GeM concentration 
observed in the early afternoon and a minimum in the mid-night was 
likely due to local human activities, rising solar irradiance and ambient 
surface air temperature in Taipei area.

RP-020

THE WET DEPOSITION OF MERCURY, LEAD, 
DISSOLVED ORGANIC CARBON, AND MAJOR 
IONS AT THOMPSON FARM, DURHAM, NEW 
HAMPSHIRE USA
loMbarD, Melissa1; shaTTuCK, Michelle1; fahnesToCK, florencia1; 
bryCe, Julia1; MCDoWell, William1; 
(1) University of New Hampshire, Durham, NH, USA

melissa.lombard@unh.edu

Mercury is a naturally occurring metal that is toxic to many organisms. 
The atmospheric emission of hg from natural and anthropogenic 
sources combined with the long atmospheric lifetime of gas phase 
elemental hg and subsequent atmospheric deposition cause the 
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element to occur globally in environmental systems. atmospheric 
wet deposition of hg via rain and snow is an important process in the 
biogeochemical cycling of hg.

In an effort to characterize and understand processes contributing 
to the wet deposition of hg, event based wet deposition samples 
were collected at the Thompson farm aIrMaP site in Durham, 
new hampshire from June 2006 to september 2009. samples were 
analyzed for total aqueous hg, total Pb, dissolved organic carbon (DoC), 
total dissolved nitrogen (TDn), nitrate, ammonium, sulfate, sodium, 
potassium, and chloride. statistically significant (p<0.05) positive 
correlations exist between concentrations of hg and total Pb, DoC, TDn, 
nitrate, ammonium, sulfate, and potassium.

This multi-year dataset allows for seasonal comparisons between the 
analytes. Volume weighted mean (VWM) concentrations were highest 
during the summer for hg, Pb, DoC, TDn, ammonium, and sulfate. The 
VWM concentrations of sodium, chloride, and potassium were highest 
during the fall. The lowest seasonal VWM concentrations of sodium 
and chloride were during the summer. The VWM concentrations for the 
majority of the other analytes were lowest during the winter. seasonal 
patterns in total deposition, the product of concentration and total 
rainfall, largely follow the patterns in seasonal VWM concentrations.

The interpretation of these results may be used to distinguish 
atmospheric sources of hg and inform efforts to model the atmospheric 
deposition of hg.

RP-021

SOURCE, CONCENTRATION AND DISTRIBUTION 
OF GASEOUS ELEMENTAL MERCURY (GEM) IN THE 
URBAN ATMOSPHERE
PreTe, Daniel1; lu, Julia1; 
(1) Ryerson University, Toronto, Canada

deprete@ryerson.ca

GeM was measured in downtown Toronto, Canada from oct. 2015 to 
oct. 2016 at two rooftop sites (i.e. Khn and Jor) which are 120m apart 
and have heights 29m and 60m respectively. Monitoring was done using 
mercury vapour analyzers (model 2537a, Tekran Inc., Toronto, Canada) 
accompanied with portable weather stations (onset hoboData loggers) 
equipped with sensors to measure meteorological parameters.

The average atmospheric concentration of GeM was found to be 1.76 ± 
0.87 ng/m3 at Khn and 1.23 ± 0.44 ng/m3 at the Jor site. The average 
GeM values measured at the two sites are statistically different at the 
95% confidence level. This suggests local sources are contributing to the 
higher values measured at Khn. In addition, the difference in the height 
of the sampling sites and in city topography may also have contributed 
to the different values of hg observed.

There is evidence of hg pollution sources to the experiment sites 
from the nW and se directions. Comparison of the data collected 
from Khn in 2004 and 2016 show similar hg distribution patterns 

from the same direction but the average concentration observed at 
the sampling site dropped from 4.5 ng/m3 in 2004 to 1.76 ng/m3 in 
2016. GeM measurements from downtown Toronto in 2004 and 2016 
were also compared to background values from the CaMnet for the 
same or similar years. a decrease in average GeM was observed from 
2004 to 2016 at both the urban sampling sites as well as at the rural 
CaMnet sites. The observed decrease of mercury may be a result 
of the restrictions placed on the use and disposal of mercury and 
mercury-containing products.

The results from the study suggest that the concentration and 
distribution of GeM in an urban environment is influenced by local and 
regional point sources, city topography and environmental policy.

RP-022

ATMOSPHERIC WET DEPOSITION OF MERCURY 
TO THE ATHABASCA OIL SANDS REGION, 
ALBERTA, CANADA
lynaM, Mary1; DVonCh, Joseph1; barres, James1; PerCy, Kevin2; 
(1) University of Michigan, Ann Arbor, MI, USA; (2) Wood Buffalo 
Environmental Association, Fort McMurray, AB, Canada

lynam@umich.edu

event-based wet deposition of mercury was collected in a study from 
2010 to 2012 at the Patricia McInnes (aMs 6) monitoring site 30 km 
from the nearest upgrading facilities in fort McMurray, ab, Canada. 
for the entire study period (21 months), volume weighted mean, 
VWM, concentration was 11.2 ng l-1 while total hg wet deposition 
was 2.3 g m-2. hg enrichment factors ranged from 105419 in rainfall, 
45-599 in mixed precipitation and 73-266 in snowfall samples. 
Concurrent enrichment of trace elements including s, as, and Zn was 
also observed in samples. our results suggest near field deposition of 
local anthropogenic emissions from the industrial and energy sectors 
impacted the aMs 6 site. Maximum hg enrichment was found when 
winds transported smoke and particulate matter from forest fires 
100 km away, to the sampling site. This finding corroborates previous 
findings that biomass burning is a source of particulate hg that is 
deposited on a local scale. The magnitude of hg wet deposition at the 
aMs 6 site was at the lower end of the measurement range made in 
the united states and Canada and limited by the low precipitation 
depths that occurred at this semi-arid location. This suggests that hg dry 
deposition may be significant in the aosr and should be addressed in 
future studies.
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RP-023

TRENDS OF ATMOSPHERIC MERCURY AT CAPE 
POINT, SOUTH AFRICA, AND THEIR RELATION TO 
TRENDS OF OTHER TRACE GASES.
MarTIn, lynwill1; labusChaGne, Casper1; MKololo, Thumeka1; 
brunKe, ernst-Günther2; ebInGhaus, ralf3; WeIGelT, andreas3; 
sleMr, franz4; ChaMbers, scott5; WIllIaMs, alastair5; WhITTlesTone, 
stewart5; 
(1) South African Weather Service, Stellenbosch, South Africa; (2) South 
African Weather Service, Cape Town, South Africa; (3) Helmholtz-Zentrum 
Geesthacht, Geesthacht, Germany; (4) Max-Planck-Institut for Chemistry, 
Mainz, Germany; (5) Australian Nuclear Science and Technology 
Organisation, Kirawee, Australia

lynwill.martin@weathersa.co.za

Gaseous elemental mercury (GeM) has been measured at the WMo 
Global atmosphere Watch (GaW) station, Cape Point, south africa, 
since september 1995. Two techniques have been used: a low 
resolution manual technique until the end of 2004 and a high resolution 
auto-mated technique since March 2007. besides meteorological 
parameters and solar radiation data, Co, Ch4, Co2, o3, n2o and 
222rn concentration values are available for the interpretation of the 
GeM data.

a downward GeM trend was observed between 1995 and 2004 and an 
upward one since 2007. a statistical analysis of GeM, 222rn, Co, Ch4, 
and n2o trends as well as their inter-comparison will be presented. 
furthermore, the implications of this comparison and possible 
underlying reasons of the observed trends will be discussed.

RP-024

LONG-TERM AIR MERCURY MONITORING AT 
LISTVYANKA STATION, SIBERIA
MashyanoV, nikolay1; ryZhoV, Vladimir1; PoGareV, sergey1; 
sholuPoV, sergey2; obolKIn, Vladimir3; KhoDZher, Tamara3; 
(1) St. Petersburg State University, St. Petersburg , Russia; (2) Lumex-
Marketing LLC, St. Petersburg, Russia; (3) Limnological Institute, 
Irkutsk, Russia

nrm@lumex.ru

The listvyanka station is located at a shore of lake baikal, siberia, far 
away from the existing mercury monitoring sites in asia. long-term 
air mercury monitoring within Global Mercury observation system 
(GMos) project started in october 2011. The station is part of the 
eaneT network whereby numerous parameters of the air pollution, wet 
and dry deposition, as well as condition of the terrestrial and aquatic 
environment are measured. lumex ra-915aM mercury monitor is 
used for the continuous air mercury monitoring in compliance with the 
unified GMos network standard operational procedures.

The 5-years monitoring shows obvious seasonal variation of the 
background gaseous elemental mercury (GeM) concentration in air, 

which increases in the winter season with monthly average of 1.59 
(1.43-1.79) ng/m3 and decreases in the warm season with monthly 
average minima of 1.25 (1.11 -1.54) ng/m3 in June-september. The same 
character of the seasonal variation is observed for particulate bound 
mercury (PbM) having average concentration of 6.2 (2.5-20) pg/m3.

local short-term mercury concentration rises are associated mainly 
with the wind carrying air from industrial areas of Irkutsk and angarsk 
cities where several big coal-fired power plants are located. These 
power plants are the main sources of the elevated acid gases and 
mercury concentrations in air measured at the listvyanka site. a 
positive correlation between mercury, so2 and noX concentrations is 
observed both in the short-term variations and in the monthly average 
concentrations, whereas correlation between the mercury and ozone 
concentrations is negative due to the o3 depletion in the power plants 
plume. The short-term variations clearly show the possibility of the long 
distance mercury transfer with the so-called low-level atmospheric jets. 
In contrast to industrial emission, during huge forest fires of summer 
2015, a positive correlation between mercury and ozone was observed. 
at the same time, no PbM increase was registered during the forest 
fires. Data processing reveals a moderate, statistically significant, diurnal 
cycle of the mercury concentration both in the warm and cold seasons 
with a lower level at night and higher level at daytime.

This research was carried out under fP7 project Global Mercury 
observation system, grant agreement no 265113.

RP-026

PASSIVE SAMPLING GASEOUS HG ACROSS THE 
GLOBE: HOW VARIABLE ARE SAMPLING RATES?
MClaGan, David1; MITChell, Carl1; sTeffen, alexandra2; hunG, 
hayley2; shIn, Cecilia3; olson, Mark4; hoWarD, Dean5; eDWarDs, 
Grant5; XIao, hang6; Dreyer, annekatrin7; huanG, haiyong1; leI, ying1; 
WanIa, frank1; 
(1) University of Toronto Scarborough, Toronto, Canada; (2) Environment 
and Climate Change Canada, Toronto, Canada; (3) Environment and 
Climate Change Canada, Gatineau, Canada; (4) Illinois State Water Survey, 
Champaign, IL, USA; (5) Macquarie University, Sydney, Australia; (6) Chinese 
Academy of Sciences, Institute for Urban Environment, Ningbo, China; 
(7) Eurofins, Hamburg, Germany

david.mclagan@mail.utoronto.ca

our recently introduced passive air sampler (Pas) for gaseous mercury 
(hg) uses a radial diffusive barrier to control uptake kinetics and sulfur-
impregnated activated carbon as a sorbent. Deploying multiple Pass 
simultaneously, retrieving them after variable lengths of time and 
analyzing them for the amount of hg taken up yields an uptake curve. If 
the hg concentration is simultaneously recorded with another sampling 
technique, e.g. a Tekran 2537 instrument, one can calculate a sampling 
rate sr (defined as the volume of air stripped of hg per unit of time) 
from the slope of the uptake curve, i.e., by dividing the amount of hg 
collected by the Pas by the actively measured concentration during the 
sampling period, and the deployment time. If a sr is known a priori, it 
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is possible to compare the mean concentration measured by Pas with 
the actively measured concentration, i.e. establish the accuracy of the 
Pas. We previously presented a year-long uptake curve measured in 
Toronto, Canada, yielding a sr of 0.121 ± 0.005 m3 day−1. here, we 
present year-long uptake curves measured at 22 sites across the globe 
with ongoing active hg measurements. The sites, located in Canada, 
usa, Germany, China, Taiwan, and australia, cover a range of climatic 
conditions (tropical to polar), geographic settings (city, mountain, coast) 
and hg concentrations. The data are used in two ways. by calculating 
an air concentration using the sr determined in Toronto, we obtain an 
estimate of the accuracy of the Pas if it is assumed that the sr is the 
same everywhere. alternatively, we can calculate site-specific srs. We 
show that even with a generic sr, Pas-derived hg concentrations are 
generally within 10 % of those obtained by a Tekran. better accuracy can 
be achieved by using site-specific srs. for sites for which no site specific 
sr exists a priori, it is possible to estimate a sr using local temperature 
and wind speed conditions.

RP-027

AMBIENT MERCURY SOURCE IDENTIFICATION AT 
TWO URBAN SITES: RESULTS FROM PRINCIPLE 
COMPONENTS ANALYSIS (PCA) AND CONDITIONAL 
BIVARIATE PROBABILITY FUNCTION APPLIED TO 
MERCURY MONITORING NETWORK DATA
Zhou, hao1; Zhou, Chuanlong1; hoPKe, Philip1; holsen, Thomas1; 
(1) Clarkson University, Potsdam, United States

haozhou@clarkson.edu

Gaseous elemental mercury (GeM), gaseous oxidized mercury (GoM), 
and particulate bound mercury (PbM)) were continuously measured 
in rochester, ny (ny43) and bronx, ny (ny06) from Jan 2012 to Dec 
2014. Continuous measurements of ozone (o3), sulfur dioxide(so2), 
carbon monoxide(Co), nitrogen oxides(nox), particulate matter 
(PM2.5), and meteorological data were also made at these sites. a 
principle components analysis (PCa) of 15 variables for the period 
identified several factors including wet deposition of GoM and PbM, 
and oxidization of GeM. Wood and coal combustion were found in 
two different factors through PCa analysis at the rochester site and 
conditional bivariate probability function (CbPf) was used to determine 
the source of these two factors. a heating oil combustion factor was 
found for bronx site indicating an increasing consumption of no.6 oil 
for central heating systems in that area. Mobile source was significant 
in 2012 but not in 2014 for both sites indicating the influence of the 
implementation of increasing tax of diesel starting in July, 2013.

RP-028

ATMOSPHERIC TOTAL GASEOUS MERCURY 
(TGM) CONCENTRATIONS AT A HIGH ALTITUDE 
SITE IN NORTHEASTERN UNITED STATES: 
CONCENTRATIONS AND RELATIONSHIPS TO 
OTHER POLLUTANTS
Zhou, hao1; Zhou, Chuanlong1; holsen, Thomas1; 
(1) Clarkson University, Potsdam, United States

haozhou@clarkson.edu

a field campaign to measure total gaseous mercury (TGM) 
concentrations in ambient air was conducted at the Whiteface 
Mountain peak, ny from 1 June 2016 to 14 oct 2016 using an automatic 
atmospheric mercury analyzer (Tekran 2537X) to investigate the 
concentrations at high altitude and relationships with other pollutants 
In addition concentrations were compared to a nearby low altitude site. 
The average TGM concentration from the high altitude site was 0.940.34 
ng/m3, which is lower than the GeM concentration measured at nearby 
huntington forest ground site (ny20). a correlation analysis of TGM 
with other atmospheric pollutant concentrations was used to explore 
the characteristic of the measured TGM. In addition factors such as 
temperature, wind speed, wind direction and precipitation events were 
evaluated to determine if they are correlated with TGM concentrations. 
Conditional probability function (CPf) and potential source contribution 
function (PsCf) models were used to determine the source of TGM 
measured at the receptor site on the peak of Whiteface Mountain.

RP-029

USE OF A PARTICULATE MASS MEASUREMENT 
SYSTEM FOR TRACING POLLUTION AND MERCURY 
SOURCES USING LEAD ISOTOPES
PIerCe, ashley1; GusTIn, Mae1; ChrIsTensen, John2; lorÍa-salaZar, s. 
Marcela1; 
(1) University of Nevada, Reno, United States; (2) Lawrence Berkeley National 
Laboratory, Berkeley, United States

ash.pie4@gmail.com

Tracing pollution sources in complex terrain, such as the western 
united states, is a difficult task. for this work, we investigated the 
hypothesis that lead isotope analyses would aid in identifying sources 
of mercury and ozone to the western united states. reactive mercury 
and lead analysis of 24 h ambient air particulate matter was used to 
determine sources of pollution to three different sites in nevada, usa. 
Measurements were made at three sites: a lower elevation, highway-
impacted site (elev. 1370 m) from December 2013 to november 2015; 
a high elevation site (elev. 2515 m) adjacent to the lower elevation site 
from December 2013 to october 2014; and in Great basin national Park 
(2061 m, eastern edge of nevada near the utah border) from March to 
october 2014. ambient reactive mercury (gaseous oxidized mercury 
+ particulate bound mercury) was collected using one inlet with cation 
exchange membranes while ambient lead samples were collected 
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through a second inlet using Teflon membranes. a Tekran total mercury 
system (Model 2600) was used for analyses of CeM filters for total hg. 
lead isotope samples collected on the Teflon filters were analyzed 
with a multi-collector inductively coupled plasma mass spectrometer 
(IsoProbe). lead isotope ratios have been used to identify asian lead 
sources based on the 206/207 and the 208/207 lead isotope ratios. 
analysis of preliminary results suggests that both higher elevation 
sites see a greater influence of asian lead than the lower elevation site 
during the study periods. high asian lead influence occurred mainly 
from March to June when long-range transport of pollutants occurs in 
this area. The two sites at higher elevation typically experience higher 
concentrations of reactive mercury during lower asian lead influence, 
suggesting regional sources of reactive mercury. reactive mercury at the 
low elevation, urban site varied less with the influence of asian lead than 
the two higher elevation sites.

RP-030

A COMPARISON OF TOTAL GASEOUS MERCURY 
(TGM) CONCENTRATIONS MEASURED IN URBAN 
AND BACKGROUND AREAS IN SOUTH KOREA
seo, yong-seok1; GIM, youngeun2; holsen, Thomas3; han, young-Ji4; yI, 
seung-Muk2; 
(1) Institute of Environmental Research, Kangwon National University, 
Chuncheon, South Korea; (2) Department of Environmental Health, Graduate 
School of Public Health, Seoul National University, Seoul, South Korea; 
(3) Department of Civil and Environmental Engineering, Clarkson University, 
Potsdam, USA; (4) Department of Environmental Science, Kangwon National 
University, Chuncheon, South Korea

yss523@snu.ac.kr

The objectives of this study were to: (1) characterize the hourly and 
seasonal variations of atmospheric total gaseous mercury (TGM) and 
co-pollutants concentrations in urban (seoul) and background areas 
(Kanghwa island) of south Korea, (2) identify the relationships between 
TGM and co-pollutants concentrations, (3) characterize high TGM 
concentration events by distinguishing between long-range transport 
(lrT) and local impacts, (4) estimate TGM emission flux using ΔTGM/
ΔCo, and (5) identify likely source locations of TGM for lrT events 
using potential source contribution function (PsCf) and likely source 
directions and locations of TGM for local sources using conditional 
probability function (CPf), conditional bivariate probability function 
(CbPf) and PsCf.

TGM concentrations were measured every 5 min from January 2008 
to December 2009 on the roof of the Graduate school of Public health 
building using a Tekran 2537a in the urban area and in Kanghwa island 
using a Tekran 2537b.

hourly meteorological data and concentrations of so2, no2, o3, 
Co, PM10 and PM2.5 were obtained from the Korea Meteorological 
administration (KMa) and the national air Quality Monitoring network 
(naQMn), respectively. The TGM (3.7 ± 2.3 ng m-3), Co (661.7 ± 389.7 
ppbv), no2 (35.2 ± 17.5 ppbv), so2 (7.4 ± 3.6 ppbv) and PM10 (52.5 ± 

37.3 ppbv) concentrations in urban area were statistically significantly 
higher than the TGM (2.0 ± 0.9 ng m-3), Co (661.7 ± 389.7 ppbv), 
no2 (35.2 ± 17.5 ppbv), so2 (7.4 ± 3.6 ppbv) and PM10 (52.5 ± 37.3 
ppbv) concentrations in background area (p<0.01). however, the o3 
concentrations in the background area were significantly higher than 
those in urban area (p<0.01). The TGM concentrations in the background 
area were significantly positively correlated with Co, no2, so2 and 
PM10 (p < 0.01) but negative correlated with o3 (p < 0.01). similarly, 
the TGM concentrations in urban area were significantly positively 
correlated with Co, no2, so2 (p < 0.01) and PM10 (p < 0.05) but negative 
correlated with o3 (p < 0.01).

a total of 150 high TGM concentration events in urban area were 
identified during the sampling period: 107 (71%) lrT events and 43 
(29%) local events. a total of 91 high TGM concentration events in 
background area were identified during the sampling period: 61 (67%) 
lrT events and 30 (33%) local events.

backward trajectory analysis starting from two sampling sites 
showed that air parcels arrived mostly from China for long-range 
transport events.

RP-032

MERCURY IN PUERTO RICO: HIGH DEPOSITION BUT 
LOW BIOACCUMULATION
shanley, James1; lane, oksana2; MarVIn-DIPasQuale, Mark3; 
arenDT, Wayne4; hall, steven5; 
(1) U.S. Geological Survey, Montpelier, VT, USA; (2) Biodiversity Research 
Institute, Gorham, ME, USA; (3) U.S. Geological Survey, Menlo Park, CA, USA; 
(4) U.S .Forest Service, San Juan, PR, USA; (5) Iowa State University, Ames, 
IA, USA

jshanley@usgs.gov

at a “clean air” trade winds site in tropical northeastern Puerto rico, 
atmospheric total mercury (Thg) deposition in 2006-2007 averaged 
27.9 µg m-2 yr-1, higher than any site in the usa Mercury Deposition 
network. These high rates of Thg deposition are driven by high 
rainfall amount, and evidence also supports efficient capture of Thg 
of upper tropospheric hg by high rain-forming clouds. The elevated 
Thg in deposition was reflected in high Thg concentration and flux in 
streamwater, but assimilation into the local food web was quite low. 
There are few mammalian or freshwater fish predators on the island, 
but avian blood Thg concentrations (n=31, from 8 species in various 
foraging guilds) ranged widely from 0.2 to 32 ng g-1, with a median of 
4.3 ng g-1. avian blood Thg levels were an order of magnitude lower 
than comparable values in the northeastern u.s. These low levels were 
surprising given the high hg inputs and watershed features that would 
seem to favor methylmercury (Mehg) production (hg(II)-methylation) 
– high soil moisture, ample organic matter and sulfur, and year-round 
warm temperatures. however, organic soil (0-10 cm) along a hillslope to 
riparian transect averaged only 0.45 ng/g Mehg, with an average Mehg/
Thg ratio percent of only 0.34%. stable isotope amendment incubations 
(n=6) to assess 200hg(II)-methylation and Me201hg demethylation 
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potentials along the upland to wetland transect indicated that rate 
constants for demethylation were 6-60 fold greater than those for hg(II)-
methylation, and calculated potential demethylation rates were 3-9 fold 
greater than hg(II)-methylation rates. The net change in the ambient 
Me200hg pool in the 6-day anoxic Me201hg incubations revealed slight 
positive net methylation (mean = 15.8 ± 4.6 pg g-1 d-1 dry wt.; n = 6). 
This rate is considered an upper limit, as the soil samples were initially 
oxic (field eh range +342 to +575 mV), while the 6-day incubations were 
performed under anoxic conditions. Thus, a likely resolution of the 
paradox is that Mehg degradation keeps pace with Mehg production 
on the landscape. The interplay of these microbial processes shields 
the food web from adverse effects of high atmospheric hg loading on 
the island.

RP-034

ATMOSPHERIC SPECIATED MERCURY 
CONCENTRATIONS AT BACKGROUND SITE 
IN YANGTZE RIVER DELTA: INFLUENCE 
OF ANTHROPOGENIC SOURCE AND 
SUMMER MONSOON
TanG, yi1; WanG, shuxiao1; WanG, long1; Wu, Qingru1; hao, Jiming1; 
(1) Tsinghua University, Beijing, China

tangy15@mails.tsinghua.edu.cn

To better understand the influence of anthropogenic source and 
monsoon transport of atmospheric mercury(hg) in yangtze river Delta, 
measurements of total gaseous mercury (TGM), and gaseous oxidized 
mercury (GoM), particulate bound mercury(PbM) were carried out 
at Chongming Island (CM) in the eastern China from March 2014 to 
December 2016. The mean concentration (±sD) for TGM, GoM and 
PbM were 2.24 ± 1.17ng m−3, 14.12 ± 13.49 and 16.88 ± 31.69 pg 
m−3, respectively. In the sampling period, TGM showed an annual 
change trends from 2014 to 2016 with relatively lower concentrations 
(1.54±0.49 ng m-3) during 2016 and higher concentrations (2.81±1.46 ng 
m-3) during 2014. The Potential source Contribution function analysis 
suggests that the in-land source have a significant influence for GeM 
and PbM in CM while oceanic source contribute more for GoM. back-
trajectory-based analysis consistently indicated that TGM showed a 
monsoonal distribution pattern with relatively higher concentrations 
during the east asia summer monsoon (easM, from May to september) 
than winter monsoon. This study suggests that the anthropogenic 
source and monsoonal transportation have a collaborative significant 
influence for GeM in yrD. The easM have a strong impact on long-
range transport of hg between yrD and east China sea. besides 
the climate change in the study area, this study suggests that the 
decrease in anthropogenic emission also contributes to the down 
trend of mercury concentration at CM. The trajectory cluster analysis 
indicates that anthropogenic sources have more influences on the 
concentration variations of GeM compared to the summer monsoon. 
Various pollutants were also observed at CM and principal component 
analysis suggested that combustion emissions were the dominant 
anthropogenic mercury sources for the study area.

RP-035

ATMOSPHERIC GASEOUS ELEMENTAL MERCURY 
CONCENTRATIONS IN THE NORTH PACIFIC, 
NORTH ATLANTIC, AND CANADIAN ARCTIC FROM 
SHIPBOARD MEASUREMENTS
Munson, Kathleen1; laTonas, Jeffrey1; Xu, Wen1; ellIoT, ashley1; 
arMsTronG, Debbie1; WanG, Kang1; WanG, feiyue1; 
(1) University of Manitoba, Winnipeg, MB, Canada

kathleen.munson@umanitoba.ca

atmospheric concentrations of gaseous elemental mercury (GeM) were 
measured from a shipboard system during transects around continental 
north america and in the Canadian arctic in 2009 and 2015.

In the atlantic, strong diurnal variations were observed in GeM 
concentrations between 40°n to 23°n, which is consistent with previous 
work indicating high variability in the atlantic basin. Concentrations 
in the Pacific between 9.5°n and 36°n were less variable, although 
minimum values were higher in the Pacific relative to the atlantic. 
Concentrations of GeM were low in the equatorial Pacific and atlantic, 
with the exception of the Panama Canal, where transient spikes in GeM 
concentrations were attributed to exhaust from Canal ship traffic.

In arctic waters, GeM concentrations were elevated in baffin bay 
relative to the beaufort sea where concentrations were low throughout. 
summertime atmospheric mercury depletion events (aMDes) were 
potentially observed in the waters surrounding banks Island, with 
consistently low observed GeM concentrations (< 1.0 nm m-3) observed 
over several periods.

The combined data set prevent us from distinguish between spatial 
and temporal differences to any great extent, although overlapping 
regions of the beaufort sea were measured in both 2009 and 2015. 
southwest of banks Island GeM concentrations were higher in late-June 
2009 relative to late-august 2015 in contrast to previous studies, which 
generally have observed maximum GeM in summer.

overall, our data provide insight into understudied regions of GeM 
distributions, especially Pacific and Canadian arctic waters. In general, 
observed GeM concentrations are lower than both previously published 
shipboard measurements and averages collected at land-based 
monitoring sites. The temporal and spatial variability may inform models 
of GeM distributions in the marine boundary layer.

RP-036

OBSERVATIONAL EVIDENCE OF FORMATION 
OF GASEOUS OXIDIZED MERCURY IN 
THE TROPOSPHERE
WÄnGberG, Ingvar1; nerenTorP MasTrMonaCo, Michelle2; MunThe, 
John1; 
(1) IVL, Gothenburg, Sweden; (2) CTH, Gothenburg, Sweden

ingvar.wangberg@ivl.se
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Within the eu-funded project, Global Mercury observation system 
(GMos) the airborne mercury species/fractions: Gaseous elemental 
Mercury (GeM), Particulate bound Mercury (PbM) and Gaseous oxidized 
Mercury (GoM) were monitored using the Tekran speciation system at 
the r background measurement site on the west coast of sweden. an 
evaluation of mercury concentrations measured during May 2012 to 
May 2015 is presented. The mercury concentrations measured at the r 
site were found to be low in comparison to other, comparable european 
measurement sites. The r site receives background air about 60% of 
the time. however, elevated mercury concentrations arriving with air 
masses from source areas from the south-east are noticeable. GeM 
and PbM concentrations show a clear annual variation with the highest 
values occurring during winter, whereas the highest concentrations 
of GoM were obtained in spring and summer. GoM concentrations 
observed at the r site often show a diurnal pattern with peak 
concentrations at midday. This phenomenon has also been observed at 
other sites and has often been interpreted as oxidation of GeM driven 
by local atmospheric photochemistry. an analysis of the origin of air 
masses arriving to the r site made it possible to distinguish between 
air masses associated to regional mercury sources from air originating 
from clean background air. This analysis showed that the highest GoM 
concentrations were observed in conjunction to import of air masses 
from the north which, are not associated with major anthropogenic 
mercury sources. The highest GoM concentrations were obtained from 
air masses originating from north of scandinavia.

here it is proposed that a significant part of the GoM measured during 
summertime at the r site is due to elevated concentrations of GoM 
accumulated in the free troposphere from oxidation of GeM. evidence 
of this sort has also have been suggested from earlier observations, 
e.g. Wngberg et al., 2007; Weiss-Penzias et al., 2009. hence, like with 
ozone, which also is secondary air pollutant the diurnal variation in 
concentration can be understood in terms of local meteorology, i.e. by 
nocturnal inversion at night, a phenomenon that occurs during clear sky 
conditions. During night GoM and ozone is depleted due to deposition 
on vegetation and on wet aerosols. The inversion prevents GoM and 
ozone from above to mix with the air below until the next morning when 
the inversion is broken by the sun and air from above are transferred to 
the ground through vertical mixing.

RP-037

IMPROVED REGIONAL PHOTOCHEMICAL MODEL 
SIMULATIONS OF SPECIATED AMBIENT MERCURY 
CONCENTRATIONS AND WET DEPOSITION
ye, Zhuyun1; Mao, huiting1; DrIsColl, Charles2; hoGrefe, Christian3; 
VolKaMer, rainer4; ZhanG, yanxu5; JaeGle, lyatt6; 
(1) Department of Chemistry, State University of New York College of 
Environmental Science and Forestry, Syracuse, NY, USA; (2) Department 
of Civil and Environmental Engineering, Syracuse University, Syracuse, NY, 
USA; (3) Emissions and Model Evaluation Branch, Atmospheric Modeling 
and Analysis Division, NERL, ORD, U.S. EPA, Research Triangle Park, NC, 
USA; (4) Department of Chemistry and Biochemistry, University of Colorado, 

Boulder, CO, USA; (5) School of Engineering and Applied Sciences, Harvard 
University, Cambridge, MA, USA; (6) Department of Atmospheric Sciences, 
University of Washington, Seattle, WA, USA

zye01@syr.edu

atmospheric mercury (hg) deposition of three atmospheric mercury 
species gaseous elemental mercury (GeM), gaseous oxidized mercury 
(GoM), and particulate bound mercury (PbM) is the largest atmospheric 
input to most terrestrial and aquatic ecosystems. regional air quality 
models are needed to quantify hg budgets in the atmosphere but 
limited by large uncertainties. The Community Multiscale air Quality 
model with mercury (CMaQ-hg) has been extensively used in research 
and policy-related studies. however, the default CMaQ-hg (version 
5.0.2) does not include GeM oxidation by active br species, which have 
been suggested as important GeM oxidants. In this study, an algorithm 
depicting state-of-the-art hg and halogen chemistry mechanisms was 
implemented in CMaQ-hg, and br species were constrained with an 
observed vertical bro profile. using this new mechanisms with initial 
and boundary concentrations (ICs and bCs) from global model output, 
we conducted simulations for the months of March to november 2010 
over a domain covering the northeastern united states at a horizontal 
resolution of 12 km. simulated GeM mixing ratios appeared to be 
dominated by the bCs, and hence reflected the significant seasonal 
variation that was captured in the global model output as opposed 
to the lack of seasonal cycles using the CMaQs default constant bCs. 
our improved model simulations agreed well with GeM observations 
with 6.5% fractional bias (fb) in the fall, but underestimated GeM in 
the spring (fb = 13%) and summer (fb = 20%). GoM and PbM were 
better simulated using the improved model with fb = 2% and 19%, 
respectively, compared with fb = 72% and 69% using the default model. 
The new chemical mechanism alone resulted in a 12% decrease in GoM 
and a 34% decrease in PbM mixing ratios compared to the default one, 
and both reached maximum decreases in the summer. With simulated 
GoM and PbM close to or slightly higher than observations, hg wet 
deposition was underestimated (fb = -60%) by the improved model at 
all observational sites in the domain. a sensitivity test of including GeM 
oxidation by oh in the new chemical mechanism resulted in the best 
simulations of monthly total hg wet deposition with 0.3% bias.
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SOURCE - RECEPTOR RELATIONSHIPS FOR MERCURY 
DEPOSITION IN THE CONTEXT OF GLOBAL CHANGE
ZhanG, huanxin1; Wu, shiliang1; leIbensPerGer, eric2; 
(1) Michigan Technological University, Houghton/MI, USA; (2) SUNY 
Plattsburgh, Plattsburgh/NY, USA
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There have been growing concerns on mercury pollution on local, 
regional and global scales. better understanding of the source receptor 
relationships for mercury deposition in the context of global change is 
greatly needed. We use the global Geos-Chem coupled atmosphere-
land-ocean mercury model, driven by GIss Modele2 meteorology to 
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examine the source attribution for mercury deposition over various 
regions (such as north america, east asia and the Great lakes region) 
for the present-day as well as the impacts from future changes in 
anthropogenic emissions, biomass burning emissions, climate, land 
use and land cover. Through a suite of sensitivity simulations, we 
quantify the contributions from various sources (e.g., anthropogenic vs 
natural sources) and various regions (e.g., local emissions vs long-range 
transport) to the total mercury deposition over specific receptor regions. 
The spatial-temporal patterns of the perturbations to these source-
receptor relationships associated with various factors in the context of 
global change are examined in detail.

RP-041

CHARACTERIZATION OF WET AND DRY DEPOSITION 
OF ATMOSPHERIC MERCURY TO A MOUNTAIN 
BACKGROUND SITE IN EAST ASIA IN 2009-2016
nGuyen, ly-sy-Phu1; sheu, Guey-rong1; lIn, Da-Wei1; ZhanG, leiming2; 
lIn, neng-huei1; 
(1) National Central University, Taoyuan, Taiwan; (2) Environment and 
Climate Change Canada, Toronto, Canada

nlsphu@g.ncu.edu.tw

although east asia is the major atmospheric mercury (hg) emission 
source region, studies about atmospheric hg deposition in this region 
are still limited. here we reported the wet and dry deposition of 
atmospheric hg to the lulin atmospheric background station (labs), 
a tropical mountain site in central Taiwan (23.47ºn, 120.87ºe, 2862 m 
a.s.l.), from 2009 to 2016. Weekly rainwater samples were collected 
for total hg analysis. Wet deposition flux was calculated by multiplying 
rainwater hg concentration and rainfall depth. Concentrations of 
speciated atmospheric hg, including gaseous elemental hg (GeM), 
gaseous oxidized hg (GoM) and particulate hg (Phg), were measured 
by the Tekran 2537a/1130/1135 speciation unit. Dry deposition of 
speciated hg was estimated by multiplying concentration and deposition 
velocity. In 2009-2012, the annual rainfall ranged from 3172 to 4991 
mm and the volume-weighted mean concentration of hg in rainwater 
ranged from 8.71 to 13.53 ng l-1. annual wet deposition fluxes ranged 
between 33.89 and 42.84 µg m-2. hg wet deposition fluxes were higher 
in summer because of higher rainfall. Weekly wet deposition fluxes 
and rainfall were highly correlated (r2 = 0.81, p < 0.01). annual dry 
deposition fluxes ranged from 67.41 to 75.91 µg m-2, nearly 2 times 
the wet deposition fluxes. nighttime GoM dry deposition flux (6.92 
µg m-2 yr-1) was higher than that of daytime (4.51 µg m-2 yr-1) due to 
higher GoM concentration and wind speed at night. because of the high 
percentage of forest canopies at the monitoring site, average annual 
GeM dry deposition (59.71 µg m-2) was significantly higher than GoM 
(11.43 µg m-2) and PbM (0.13 µg m-2). It should be noted that the GeM 
dry deposition fluxes could be overestimated because GeM re-emission 
from the surface was not considered. We are still working on the 
estimation of dry hg deposition using bi-directional surface resistance 
model. Moreover, we will expand the estimation of atmospheric hg 
deposition to cover the whole 2009-2016 time period.

1c: Stable isotope studies of global 
mercury cycling and bioaccumulation
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DETERMINATION OF MEHG SOURCES TO FISH 
IN THE ST. LOUIS RIVER, MN, USA, USING HG 
STABLE ISOTOPES
Janssen, sarah1; lePaK, ryan2; hoffMan, Joel3; Monson, bruce4; 
oGoreK, Jacob1; DeWIlD, John1; TaTe, Michael1; KrabbenhofT, David1; 
(1) United States Geological Survey, Middleton, WI, United States
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Mercury contamination in the Great lakes region has become a 
prevalent concern due to elevated methylmercury (Mehg) levels in fish. 
While atmospheric deposition of hg is ubiquitous, releases from legacy 
point-sources give rise to numerous areas of Concern (aoCs) across 
the Great lakes region. one of these aoCs is the lower st. louis river 
estuary, which has Mehg concentrations in predatory fish double that of 
lake superior. Despite these highly elevated concentrations, it is difficult 
to infer the sources of the Mehg to these fish due to different hg(II) 
inputs, as well as the complex ecology of estuarine systems. The aim of 
this study is to utilize hg stable isotopes to elucidate sources of Mehg to 
populations of walleye and white suckers in the st. louis river and lake 
superior region. Walleye from lake superior display enhanced Δ199hg 
≥ 5 ‰ and significant Δ200hg = 0.08-0.10 ‰ for total hg (Thg) isotopes, 
likely from atmospheric influence and high levels of photochemical 
demethylation in the Mehg source. however, white suckers from 
superior show depleted Δ199hg and δ202hg signatures and no 
significant Δ200hg. This indicates that there are two distinct hg sources 
for these fish in lake superior, presumably benthic and pelagic derived 
Mehg. In contrast to lake superior, the walleye and suckers feeding 
in the st. louis river mirror the depleted signature observed in white 
suckers from the lake, which strongly suggests that hg sources to these 
populations are obtained from the estuary and are likely sediment-
based. While data supports sediment being the primary source of Mehg 
to fish in the st louis river it still remains unclear whether the Mehg 
being produced is derived from legacy or more recent hg (II), possibly 
of terrestrial or wetland origin. Preliminary data shows the presence of 
Δ199hg (-0.12 ‰) and Δ200hg (-0.05 ‰) anomalies as well as negative 
δ202hg (-0.90 to -1.7) in upstream sediment Thg commonly associated 
with precipitation and vegetation (litterfall). This signature is likely diluted 
downstream due to the high concentrations of legacy hg (II) in the 
estuary and is not reflected in the bulk analysis of Thg isotopes even 
though there is still a potential for methylation of this pool. In order to 
fully address the sources of Mehg to the st. louis food web, further 
experiments examining the isotopic composition of Mehg pools in 
sediments and fish tissue will be performed.
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USE OF MERCURY STABLE ISOTOPE SIGNATURES 
TO ASCERTAIN SOURCES TO PISCIVOROUS GREAT 
LAKE’S FISH
lePaK, ryan1; runshenG, yin2; Janssen, sarah3; KrabbenhofT, 
David3; oGoreK, Jacob3; DeWIlD, John3; TaTe, Michael3; holsen, 
Thomas4; hurley, James1; 
(1) University of Wisconsin - Madison Environmental Chemistry and 
Technology Program, Madison, WI, United States; (2) State Key Laboratory 
of Ore Deposit Geochemistry, Guiyang, China; (3) United States Geological 
Survey, Middleton, WI, United States; (4) Clarkson University - Department of 
Civil and Environmental Engineering, Postdam, WI, United States
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an important goal of the Great lakes restoration Initiative is to reduce 
fish mercury (hg) levels such that advisories for human consumption 
can be removed.  however, methylmercury (Mehg), the most toxic 
and bioaccumulative form of hg, is the form that predominantly 
occurs in edible fish tissues. Mehg has a complex biogeochemical 
cycle in aquatic systems, and thus it is generally very challenging to 
offer effective scientific results that can lead to reduced Mehg levels in 
fish. of particular importance is the ability to ascertain hg sources, the 
relative bioavailability of those sources, and key processes controlling 
bioaccumulation in fish. Previous use of hg stable isotopes (δ202hg, 
Δ199hg, and Δ200hg) in sediments of the laurentian Great lakes 
allowed for the quantitative identification of hg source portfolios for 
each lake. here, we apply a similar approach to identify isotopically 
distinct hg signatures in Great lakes’ piscivorous fish in order to 
evaluate hg sources. Temporal variability and intra-lake differences in 
isotopic signatures were not evident, with the exception of lake erie, 
where fish collected in separate basins reflected distinct signatures. 
additionally, concentrations of Mehg in predator fish did not correlate 
with isotopic hg signatures or sedimentary total hg concentrations. 
Great lakes predatory fish span a large range of Δ199hg (2.27 - 6.73‰) 
and displayed some of the highest odd mass independent fractionation 
(MIf) measured to date. The range in large odd MIf (Δ199hg) may be 
explained by differences in euphotic depth (2-43m) among the Great 
lakes, a region where hg and Mehg may be entering the base of 
the aquatic food web at the lowest trophic levels. signatures of even 
MIf (Δ200hg), a potential binary tracer for precipitation, appears to 
be disconnected from local sedimentary sources in fish tissue, and is 
comparable in magnitude across five Great lakes. This is particularly 
evident in lake ontario, where bottom sedimentary signatures suggest 
a significant contribution from past industrial sources, but the same 
signal is not evident in fish tissues. our combined use of odd and even 
MIf hg signatures allow us to evaluate the influence of atmospheric 
precipitation on bioaccumulation and compare the degree of 
photochemical processing of hg in the Great lakes.
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MERCURY RECOVERY FROM AQUEOUS SAMPLES 
FOR ISOTOPIC MEASUREMENT USING CHEMICAL 
PURGING AND CHLORINE-IMPREGNATED 
ACTIVATED CARBON TRAPS
lI, Kai1; lIn, Che-Jen2; sun, Guangyi1; fu, Xuewu1; fenG, Xinbin1; yuan, Wei1; 
(1) State Key Laboratory of Environmental Geochemistry, Institute of 
Geochemistry, Chinese Academy of Sciences, Guiyang, China; (2) Lamar 
University, Beaumont, United States
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Measurement of stable mercury (hg) isotope provides important chemical 
signatures for tracing the transport and transformation of mercury in the 
environment. however, such a measurement is challenging for natural water 
samples since typical hg concentrations (0.5-100 ng/l) in these samples are 
at least 1,000 times lower than the needed level for isotopic measurements 
(>0.5 ng/ml) and therefore a pre-concentration step is required. existing 
methods such as chromatographic method using ion-exchange resin or 
activated carbon,purge and trap method using gold trap or acid fixation. but 
those methods have the disadvantages such as inconsistent recovery, limited 
sample matrix, unsatisfactory precision and unsuitable for field deployment. 
In this study, we developed a pre-concentration method that uses modulated 
assemblies and can be deployed to field sites. The pre-concentration 
system include a 2.5-l bottle with a bubble diffuser, a chlorine-impregnated 
activated carbon (ClC) trap, a zero air filter was connected to the inlet, and 
a vacuum pump. hg in aqueous phase samples is first oxidized by brCl, 
then reduced with snCl2. The produced hg0 is purged from the aqueous 
phase and captured in the trap containing 500 mg of ClC. The captured 
hg0 is then thermally desorbed in an argon carrying gas, followed by acid 
(4 M hno3 and 1.3 M hCl) fixation. Complete purge and trap of hg0 can be 
accomplished within 2 hours at 6 l/min flow rate of carrying gas. The method 
was verified using solutions spiked with nIsT srM 3133, uM-almadén and 
bCr 482 standards at hg concentrations of 1–200 ng /l. The results showed 
an analytical recovery of 98±2% (2sD, n = 45), with a deviation of d202hg 
within±0.10‰ compared to the standards. The pre-concentration method 
represents a reliable and efficient method for determining the hg isotope 
composition for natural water samples.

RP-046

INVESTIGATING METHYLMERCURY EXPOSURE 
IN NORTH ATLANTIC CETACEANS USING HG 
STABLE ISOTOPES
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anthropogenic emissions have substantially perturbed the global 
biogeochemical cycle of mercury (hg) and high latitude ecosystems 
are particularly vulnerable to hg pollution and climate change. We 
investigated temporal changes in methylmercury (Mehg) exposures of 
long-finned pilot whales (Globicephala melas, n=68) between 1986-
2015 using hg isotopes  (δ202hg, Δ199hg, Δ200hg, Δ201hg) as tracers 
of the physical environment and foraging ecology. Mass-independent 
fraction (MIf) of hg (Δ199hg, Δ201hg) is mainly driven by photochemical 
demethylation in seawater. enriched δ202hg has been shown to 
result from demethylation. The ranges in Δ199hg and Δ201hg values 
in whales are similar across time periods with the exception of a few 
years following the 2010 volcanic eruption in Iceland that may have 
affected light penetration in surface waters. The mean δ202hg values of 
whale muscle samples are consistently ~1.5 ‰ across the study period, 
which is ~1 ‰ higher than their prey (squid, blue whiting, and greater 
argentine). This fractionation is consistent with in vivo demethylation as 
a detoxification mechanism in the whales. Individuals with the highest 
Mehg concentrations in muscle have the lowest δ202hg values and we 
hypothesize that this results from more limited Mehg demethylation. 
We further examine the hg speciation and isotopes in livers to test our 
hypothesis. We find a linear relationship between Δ200hg anomalies 
(-0.1 to 0.2‰) and Δ199hg (r2=0.76) that has not previously been 
reported. Variability in Δ200hg is thought to be driven by photochemical 
reactions in the tropopause and may provide an effective tracer 
for atmospheric hg inputs to the ocean that are methylated and 
accumulated in aquatic biota.
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ISOTOPIC COMPOSITION OF ATMOSPHERIC 
SPECIATED MERCURY AT URBAN AND RURAL SITES 
IN KOREA: SOURCES AND TRANSPORT PATHWAYS
KIM, hyuk1; seoK, Kwang-seol1; KIM, rok-ho1; yu, seok-min1; ParK, 
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atmospheric mercury (hg) species can be interconverted through 
various redox reactions, and this interconversion complicates the 
identification of the sources and transport pathways of hg in the 
atmosphere. The hg isotope signature is a useful tool for understanding 
hg sources and the potential processes that hg has undergone in the 
atmospheric environment. We examined the hg stable isotope ratios 
in atmospheric hg species (precipitation, gaseous elemental hg, and 
particle-bound hg) collected in seoul (urban) and Taean (rural), Korea 
to identify the impact of local and regional transported hg. We present 
both the mass-dependent fractionation (MDf, δ202hg signature) 
and mass-independent fractionation (MIf) of odd (Δ199hg signature) 
and even (Δ200hg signature) hg isotopes in precipitation, gaseous 
elemental hg, and particle-bound hg samples. Potential sources of hg in 
atmospheric samples were identified by coupling the both MDf and MIf 
values obtained for hg isotopes with a back-trajectory model.
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COMPARISON OF HG CONCENTRATION, 
SPECIATION AND STABLE ISOTOPIC COMPOSITION 
IN THE FOOD WEBS OF LAKE TITICACA 
AND LAKE URU-URU FROM THE BOLIVIAN 
ALTIPLANO REGION.
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Methylation and biomagnification of mercury (hg) are well documented 
in most continental aquatic ecosystems. few data exist in high altitude 
lake ecosystems, in particular from the bolivian altiplano region. 
This region is characterized by extreme physicochemical conditions 
(intense uV radiations and low dissolved oxygen contents) that were 
previously documented to favor in situ methylmercury production 
(alanoca et al. 2016). lake Titicaca and lake uru-uru are part of the 
endoreic bolivian-Peruvian Titicaca catchment located at 3800m, and 
are connected together by the Desaguadero river. lake uru-uru is 
located downstream of lake Titicaca, and is under the intense influence 
of mining activities.

similar biological samples representative of the aquatic food webs 
from this region were collected in both lakes for assessing a meaningful 
comparison of hg concentrations, bioaccumulation and stable isotopic 
composition. biological samples included zooplankton samples, fish 
samples, in particular individuals of two native benthopelagic and 
omnivorous fish species (orestias agassii and orestias luteus), and of a 
pelagic piscivorous species (odontesthes bonariensis). blood samples 
from two endemic water bird species, fulica ardesiaca (andean Coot) 
and rollandia roland (White-Tufted Grebe) characterized by omnivorous 
and piscivorous foraging behavior respectively were also collected in 
both lakes.

Total hg concentrations increased significantly across the food webs 
in both  lakes, illustrating the first evidence of hg bioaccumulation in 
extreme  lake ecosystems from the south american altiplano region. 
Mercury concentrations were found to be 3 to 5 fold higher at each 
trophic level between lake Titicaca and lake uru-uru. This suggests 
that hg levels in the food webs were directly related to the difference  
of  in situ net production of Methylmercury (Mehg) at the base of each 
lake system. lake uru-uru showed Mehg dissolved concentration of 
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approximately 700±100pg/l, compared to 55±50 pg/l in lake Titicaca. 
This difference likely reflects a higher hg methylation in lake uru-uru 
compared to lake Titicaca where Mehg photodegradation is enhanced 
(confirmed by hg stable isotopes analysis).
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HIGH VARIATIONS ON HG ISOTOPIC SIGNATURES 
IN BLOOD AND FEATHERS OF SKUA POPULATIONS 
FROM THE SOUTHERN OCEAN
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seabirds bioaccumulate significant hg amounts in their tissues as a 
consequence of their high position in marine trophic webs. since they 
display contrasted foraging strategies, feeding on different trophic levels, 
marine birds are appropriate models to assess hg biomagnification 
processes. Working on chicks is particularly interesting for tracing hg 
contamination because they are fed with prey collected by their parents 
, who forage around the colonies during the breeding period. Therefore, 
chick tissues are mostly representative of hg local contamination. 
skuas are exceptional models to investigate since chicks’ diet is largely 
composed of seabird meat and, consequently, they generally occupy a 
high trophic position within their communities. This study is focused on 
hg speciation and isotopic composition of blood and feathers of antarctic 
(Catharacta maccormicki) and subantarctic (Catharacta lonnbergi) skua 
chicks from diverse breeding colonies of the southern ocean (adélie 
land, Crozet and Kerguelen archipelagos and amsterdam Island). Mass 
dependent fractionation (MDf, δ202 hg) values for blood and feathers 
clearly discriminated subtropical, subantarctic and antarctic populations. 
a quite significant correlation in δ202 hg values (r2= 0.81) was found 
between both tissues. nevertheless, a lower dispersion was found in 
the case of blood (mean sD δ202 hg: 0.12 ‰) than in feathers (mean 
sD δ202 hg: 0.22 ‰). This is especially remarkable in the case of adélie 
population with blood δ202 hg values varying from -0.02 to 0.41‰, 
whereas feather displayed values from -0.56 to 0.51‰. Concerning 
mass independent fractionation (MIf, ∆199hg), feathers displayed highly 
dispersed values whereas ∆199hg blood values presented a geographical 
trend from antarctic to the subtropics. This dispersion effect may be 
attributed to different integration times between the two tissues studied. 
In conclusion, both blood and feathers are valuable bioindicators for 
hg isotopic studies, however, blood samples seem to provide more 
specific isotopic signature to better discriminate different populations. 
Differences in hg isotopic compositions in blood and feathers presented 
in this study highlight the capability of hg isotopes in seabirds to 
investigate the factor controlling Mehg sources and biomagnification to 
the food webs of the southern marine ecosystems.
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Mercury (hg) stable isotope ratio analysis (Ira) is nowadays widely used 
for determination of hg sources and its biogeochemical cycling. hg has 
seven stable isotopes, which fractionate during different biogeochemical 
processes. as a result of fractionation, specific isotopic signatures can 
be found in the end products, which can be further used for tracing hg 
sources. Modern methods based on Multicollector Inductively Coupled 
Plasma Mass spectrometry (MC-ICP-Ms) enable total and species 
specific hg isotopic analysis with high precision. as for all analytical 
techniques, a metrological approach is needed in order to assess 
and improve the quality of the results. hg isotopic compositions are 
commonly reported as delta values relatively to the standard reference 
material nIsT 3133. however, in Ira  use of the secondary isotopic 
standard is very important. nowadays, only few standards are used for 
quality control of isotope analysis. Due to the lack of hg Ira secondary 
standards, current research is directed in producing ‘in-house’ hg Ira 
secondary standard from cinnabar ore from Idrija mercury mine (Idrija, 
slovenia). To get more information of elemental composition of that 
ore, neutron activation analysis has been done. In this work, storing 
conditions, different digestion ways (acid digestions, using 3 different 
acid mixtures, and high pressure asher), matrix effects and hg stability 
were studied on Cold Vapour Generator (CVG) coupled with MC-ICP-
Ms. results were compared in two laboratories using two different 
instruments. negative mass-dependent fractionation (MDf) expressed 
as δ202hg values of -0.90 ± 0.20 ‰ was obtained.

RP-052

FULLY PROGRAMMABLE ATMOSPHERIC HG 
ISOTOPE SAMPLING AND RESEARCH USING THE 
TEKRAN 1115I MULTI-VALVE MODEL AND 2537X 
ANALYZER
sonKe, Jeroen1; MarusCZaK, nicolas1; leunG, Kin-hung2; JIsKra, 
Martin1; haWKIns, lucas3; PresTbo, eric3; 
(1) CNRS - University of Toulouse, Toulouse, France; (2) Tekran Instruments 
Corp., Toronto, Canada; (3) Tekran Instruments Corp., Seattle, USA

sonke@get.obs-mip.fr

atmospheric mercury (hg) monitoring programs such as GMos , 
aMnet, CaMnet and the Chinese hg program make observations 
of atmospheric hg species concentrations, but do not provide direct 
information on hg emission sources. hg stable isotope studies of 
emission sources (coal, mining, natural, re-emission) and atmospheric 
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GeM have over the past decade shown great potential for better 
understanding hg emission sources, and transformation and exchange 
processes in the atmosphere. The objective of this work was to develop 
a hg isotope monitoring tool that is compatible with current mercury 
monitoring programs. The tool is based on the coupling of the new 
automated plug-and-play Model 1115i multi-valve module with the 
Tekran 2537X analyzer. The valve box, operated and programmed 
via a 2537X plug-in, routes analyzed hg(0) at the 2537X cell vent into 
different channels where the hg(0) is accumulated on traps. The traps 
are then manually desorbed for hg isotope analysis by MC-ICPMs. We 
will present rD results on the use of gold traps and oxidizing solution 
traps, and illustrate results for diurnal hg isotope monitoring. Potential 
applications other than diurnal monitoring are pollution-event (GeM, 
Co threshold) based valve switching, TGM/GeM hg isotope monitoring 
using a pyrolizer, DGM/GeM isotope monitoring using an equilibrator, or 
gradient hg isotopes using soils wells, snow or atmosphere towers, etc.

RP-053

A NATIONAL SURVEY OF TOTAL GASEOUS 
MERCURY ISOTOPE COMPOSITION
TaTe, Michael1; lePaK, ryan1; KrabbenhofT, David1; rIsCh, Martin2; 
Gay, David3; DeWIlD, John1; oGoreK, Jacob1; 
(1) US Geological Survey, Middleton, WI, USA; (2) US Geological Survey, 
Indianapolis, IN, USA; (3) Illinois State Water Survey, Champaign, IL, USA

mttate@usgs.gov

With the 2011 promulgation of the Mercury and air Toxics standards 
by the u.s. environmental Protection agency, and the successful 
negotiation by united nations environment Programme of the 
Minamata Convention, global emissions of mercury (hg) to the 
atmosphere from anthropogenic sources are expected to decline.  
recent reports suggest regional gaseous hg declines have already begun 
well before they were anticipated; however, providing independent 
evidence for the drivers of such declines is difficult.  To address this 
challenge, the u.s. Geological survey and national atmospheric 
Deposition (naDP) program have initiated a national-scale effort to 
establish a baseline of total gaseous mercury (TGM) and hg stable 
isotopic compositions at 31 sites distributed across north america.  
samples were collected on gold traps and integrated over a 2-week 
period every other month using a simple static air pump. Collaboration 
with national scale air quality monitoring networks, such as the Mercury 
Deposition network (MDn) and the atmospheric Mercury network 
(aMnet) has provided the backbone for linking the baseline to long-term 
wet hg deposition and gaseous hg monitoring sites, with approximately 
two thirds of the bulk air samplers operating at MDn or aMnet sites. 
The network includes a highly diverse set of sites ranging from remote 
locations (Denali national Park, alaska) to highly urbanized sites (bronx, 
new york and boston, Massachusetts). for all sites, the average odd 
isotope mass independent fractionation (MIf) was -0.23‰ (D199hg) and 
had a range of -0.38‰ to 0.01‰. We observed a positive correlation 
between D199hg and D200hg (r2 = 0.68). Mass dependent fractionation 
(MDf, d202hg) was generally positive with a mean value of 0.27‰, 

although negative MDf was also observed at some sites. for example, 
near the highly contaminated y12 Plant at oak ridge national lab, 
Tennessee, d202hg was consistently very light (-0.40‰), similar to co-
located sediment. a comparison of urban vs background sites showed 
no difference in D199hg, but there was a difference in d202hg of 0.28‰ 
(urban sites consistently lighter). Differences in odd MIf and MDf among 
regions were small; however, there were interesting trends within some 
regions. for example, in eastern north america D199hg was negatively 
correlated with d202hg (r2 = 0.86). The long-term goal of this effort is 
to help provide a better understanding of anticipated future changes in 
atmospheric hg concentrations and isotope abundances to evaluate the 
success of these regulations.

RP-055

ISOTOPIC CHARACTERIZATION OF MERCURY 
IN NATURAL GAS VIA ANALYSIS OF MERCURY 
REMOVAL UNIT CATALYSTS
Washburn, spencer1; bluM, Joel1; Johnson, Marcus1; ToMes, Jodie2; 
Carnell, Peter2; 
(1) University of Michigan, Ann Arbor, MI, United States

sjwash@umich.edu

natural gas (nG) represents an important and rapidly growing global 
energy source, and some commercially relevant reserves of nG are 
known to contain mercury (hg) at concentrations between 0.01 and 
5000μg/m3. The amount of gaseous elemental mercury released to the 
atmosphere from gas production and combustion is largely unknown, 
but is likely an increasing contribution to the global atmospheric hg 
pool. some models of changing sources of hg to the atmosphere 
rely on hg stable isotope compositions of atmospheric sources as 
baseline parameters. however, no hg isotopic compositions have 
been published for hg entering the atmosphere from nG. In an effort 
to characterize the isotopic composition of hg released from nG, we 
analyzed the stable isotopic compositions of used mercury removal 
unit (Mru) catalysts (PurasPeC) supplied by Johnson Matthey Inc. Mru 
catalyst samples were analyzed from production facilities that process 
nG from different gas fields (Malaysia, north sea, brazil, n. europe, 
australia).  Catalyst samples had a wide range of δ202hg values (4.5‰) 
and a narrower but still large range of ∆199hg values (0.74‰). We 
suggest that the bulk of hg adsorbed to catalyst near the inlet of each 
Mru reactor is representative of the hg isotopic composition of the nG 
source. Different gas fields range in δ202hg and ∆199hg from -3.75‰ 
to -0.68‰ and -0.09‰ to 0.65‰, respectively. analysis of four samples 
from different positions within a single Mru reactor demonstrates 
significant fractionation of a small fraction of hg that is not removed at 
the entrance to the Mru. We suggest that this fractionation is due to 
sorption of hg to the catalyst surface from the gas phase, and that this 
process follows a rayleigh fractionation model with ε ≈ -0.40‰. The 
∆199hg values of these samples decrease from inlet (0.25‰) to outlet 
(0.08‰), which suggests that the hg sorption to catalyst surfaces may 
be causing mass independent fractionation related to nuclear volume 
effects of the sorption reaction. These results suggest that hg isotopic 
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analysis may be a feasible monitoring tool for hg emissions from nG 
production in some gas fields. With further analyses of nG from around 
the world, a global average hg isotopic composition could be estimated 
(as has been done for coal) to characterize this input to atmospheric hg 
isotope models.

RP-056

MERCURY EMISSIONS AND ISOTOPE 
CHARACTERISTICS FROM CEMENT PLANTS
Wu, Tingting1; Chen, Ji1; lI, Zhonggen1; fenG, Xinbin1; 
(1) Institute of Geochemistry, Chinese Academy of Sciences, Guiyang, China

wutingtingcc@163.com

Mercury emissions from two cement plants in China with pre-calcine 
technique were measured. flue gas samples were taken with ontario 
hydro Method (ohM) and hg within were detected with CVaas (f732). 
Total hg in solid samples such as limestone, fe material, clay, coal, feed 
meal, esP ash, clinker, cement products were determined with lumex 
CVaas. hg isotope signatures in the flue gas and solid samples were 
detected with MC-ICP-Ms (nu Instruments, nu plasma model II). Total 
hg in the stack flue gas varied distinctively for two plants, with about 15 
µg/m3 for plant #1, while <0.5 µg/m3 for plant #2, and most hg were 
in divalent form. hg emission factors were 76 mg hg/ t clinker for plant 
#1 and 1.8 mg hg/ t clinker for plant #2. hg was introduced into the 
production system mainly by the raw material, such as limestone and fe 
material, and coal constitute for another lesser portion (< 30%). hg levels 
in the raw material and hg cycling and accumulation ability in the system 
determined the hg emission levels. Clinker contained no mercury, and 
hg in the cement were introduced by additives, such gypsum and fly 
ash. no clear mass-dependent fraction (MDf) of hg was found between 
raw material and flue gas samples, with δ202hg in a range of about 
-1.3~-2.8‰, which were much lighter than the stack flue gas emitted 
from coal-fired power plants. also, there were no mass-independent 
fraction (MIf) in different solid and flue gas samples.

RP-057

CHARACTERISTIC OF TOTAL MERCURY 
AND ISOTOPIC COMPOSITION OF HG IN 
WET DEPOSITION IN A COASTAL CITY IN 
SOUTHEAST CHINA
Xu, lingling1; ZhanG, yanru1; honG, youwei1; Chen, Jinsheng1; 
(1) Institute of Urban Environment, Chinese Academy of Sciences, 
Xiamen, China

linglingxu@iue.ac.cn

Mercury has attracted a great concern because of its accumulative 
toxic effect to the organisms and human beings. Deposition of hg 
from the atmosphere is regarded as an important source for aquatic 
and terrestrial ecosystem. before that, mercury is subject to a series 
of physical and chemical processes in the atmosphere. Total mercury 

(Thg) in daily precipitation was determined at four sites in a coastal 
city in southeast China from June 2012 to May 2013. In addition, the 
precipitation samples during May-october (rainy season) and the rest 
of months (dry season) were respectively combined to examine the hg 
isotopic composition. The volume-weighted mean concentration of Thg 
ranged from 1.0 to 59.4 ng/l, with an annual value of 12.3 ng/l, and 
the wet deposition flux was 14.0 µg/m2/y. no significant difference of 
Thg concentrations was observed between the rainy and dry seasons, 
which was inconsistent with the seasonal variation presenting higher 
Thg in dry season due to increasing combustion in inland cities of 
China. a total of 8 mixed precipitation samples were first concentrated 
and then measured by MC-ICP-Ms. all precipitation samples displayed 
the significant negative MDf (202hg ranged from -2.2 to -1.5‰), the 
positive MIf of odd isotopes (∆199hg and ∆201hg ranged from 0.08 to 
0.22‰ and from 0.02 to 0.12‰ respectively), as well as the positive but 
not evident MDf of even isotope (∆200hg ranged from 0.01 to 0.07‰). 
The ratio of ∆199hg/∆201hg was 1.10, being close to the ratio of MIf 
produced by magnetic isotope effect (MIe) but different from the value 
caused by nuclear volume effect (nVe), which suggested that MIe could 
be the main mechanisms during the aqueous hg photoreduction. The 
∆199hg value in precipitation samples was quite low, and the correlation 
of δ202hg and ∆199hg was significantly negative, which indicated 
that the influence of long-range transport was small. The δ202hg and 
∆199hg in precipitation and in some environmental samples from other 
studies were compared. The δ202hg and ∆199hg of all precipitation 
samples fell in the ranges in coal, but whether the coal combustion 
source could be considered producing the fractionation of hg isotope 
was not sure because the fractionation of hg isotope would be occurred 
during the process of coal combustion.

RP-059

MERCURY ISOTOPE RECORD IN SEDIMENTS FROM A 
REMOTE ALPINE LAKE IN WYOMING, USA
KurZ, aaron1; bluM, Joel1; 
(1) Department of Earth and Environmental Sciences, University of Michigan, 
Ann Arbor, MI, United States

kurz@umich.edu

lake sediments provide an important record of changing mercury (hg) 
deposition and isotopic composition. however, there are few records 
that preserve a record of direct deposition from the global hg pool. a 
remote lake in northwestern Wyoming was studied because of its small 
watershed to lake surface ratio of ~2, and a lack of regional upwind hg 
sources. The lake was cored and sectioned at 0.5 cm intervals. organic 
soil and foliage were also collected from the watershed. The lake core 
samples were dated using 210Pb and 137Cs and analyzed for Thg and 
hg isotopic compositions including mass dependent (MDf) and mass 
independent (MIf) fractionation. Thg concentrations ranged from 16.2 
to 20.8 ng/g in pre-1850 samples before increasing to a maximum 
of 103 ng/g in 2005. hg isotopic compositions of the lake sediments 
were relatively constant before 1850 with average values for δ202hg 
(MDf), Δ199hg (odd-MIf) and Δ204hg (even-MIf) of -0.86‰, -0.02‰and 
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-0.19‰ respectively. beginning in 1850, isotope values shifted toward 
recent sediment values for δ202hg, Δ199hg and Δ204hg of -0.45‰, 
0.47‰ and -0.41‰ respectively, which are similar to values measured 
in precipitation at other locations in north america. soil isotopic values 
for δ202hg, Δ199hg and Δ204hg are -1.69‰, -0.32‰ and -0.08‰ 
respectively, suggesting a negligible input of hg from soil to lake 
sediments. Previous studies have suggested that the mechanisms 
responsible for MIf in precipitation are predominantly photochemical 
reduction (odd-MIf) and photochemical oxidation (even-MIf). Thus, 
the isotopic shifts that we observe are more consistent with changes 
in photochemical processes in the atmosphere rather than simply 
additions of anthropogenic hg to the atmosphere.

RP-060

SEASONAL VARIATION IN MERCURY EXPORTED 
FROM AN UPLAND-PEATLAND ECOSYSTEM AS 
REVEALED BY STABLE MERCURY ISOTOPES
WoDernDle, Glenn1; TsuI, Martin1; sebesTyen, stephen2; bluM, Joel3; 
eGGerT, sue2; nIe, Xiangping4; 
(1) UNC-Greensboro, Greensboro, NC, USA; (2) USDA Forest Service, Grand 
Rapids, MN, USA; (3) University of Michigan, Ann Arbor, MI, USA; (4) Jinan 
University, Guangzhou, China
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boreal peatland ecosystems are well known as an important sink 
of atmospheric mercury (hg) as well as a source of highly toxic 
methylmercury (Mehg) to downstream ecosystems. Therefore, a 
thorough understanding of the complex hg cycling in these northern 
ecosystems is warranted. stable hg isotopes were evaluated as a tool for 
investigating hg cycling in an upland-peatland ecosystem. specifically, 
we examined the variability of stable hg isotopes in exported waters 
in a relatively well characterized small peatland-upland watershed 
(~0.1 km2, Watershed s2) in Marcell experimental forest in northern 
Minnesota. exported water samples at the watershed outlet were 
collected biweekly when the stream flowed in years 2014 and 2015. 
additionally, we collected surface and subsurface runoff from upland 
soils and porewater from the lagg zones, bog cores, upland soil, and 
litter. We determined total hg concentrations and stable hg isotope 
compositions for these sample types. Due to the high dissolved organic 
matter (DoM) in the exported waters, we completely oxidized the DoM 
by digesting the samples with 1-5% of an acidic mixture of KMno4 and 
K2s2o8 at 95oC, before we purged and trapped the sample hg by 
slowly adding snCl2, and used 1% KMno4 traps to collect reduced hg. 
Data on exported waters over time (2014- 2015) showed a large range 
of mass-dependent fractionation (as δ202hg, ranging from -2.1 to -1.3 
‰; n=21) but only a small range of mass-independent fractionation (as 
D199hg, ranging from -0.35 to -0.10 ‰; n=21), with D199hg resembling 
the isotopic values of hg in bog and vegetation samples. samples with 
more positive δ202hg in the exported waters were collected during the 
spring snow-melt period, and these δ202hg values were similar to the 
values of surface and subsurface runoff from the upland (i.e., -1.4 to 
-1.2 ‰; n=4). our results suggest that the temporal variation of stable 

hg isotope compositions in the exported waters is relatively large in 
this small upland-peatland watershed, which was largely driven by the 
hydrology of the watershed. The differences in δ202hg values may 
allow us to distinguish two specific sources of hg in the exported waters 
as derived from upland forest vs. peatland bog. Therefore, stable hg 
isotopes could potentially be used in studying hg cycling in DoM-rich 
surface waters, provided that effective methods are used to remove the 
influence of DoM on subsequent hg extraction process (e.g., purge and 
trap) for high-precision isotopic analysis.

1d: Mercury cycling, bioaccumulation and 
health impacts in polar regions

RP-061

MERCURY ASSESSMENT AT INDIAN 
ANTARCTIC STATIONS IN ANTARCTICA – A 
PRELIMINARY STUDY
QureshI, asif1; TIWarI, anoop2; subhaVana, K l1; 
(1) IIT Hyderabad, TS, India; (2) NCAOR, Goa, India

asif@iith.ac.in

assessment of Mercury in antarctica is important for many reasons: 
a. antarctica is a pristine remote place which governs the climate of 
the southern hemisphere, and b. it has been decided in Minamata 
convention to reduce the risk of mercury pollution through research 
and monitoring. India is signatory to Minamata convention. assessment 
of signature of mercury in remote location is also useful to understand 
the pathway of transportation so control mechanism can be derived by 
decision makers. here, we present results of mercury monitoring in two 
Indian antarctic stations in years 2012, 2014-15 and 2015-16.

Maitri station is situated in schirmacher hills in east antarctica, around 
80 km from the coast-line on rocky terrain. schirmacher hills cover 
approximate 35 km2 area with an average width of three km. It remains 
almost ice-free during austral summer; however, blizzards occasionally 
cover the rocky terrain with snow. bharati station is located around 2500 
km away from Maitri station in east antarctica in the larsemann hills 
area. We recorded the Total Gaseous Mercury (TGM) in the atmosphere 
in Maitri by installing Tekran 2537-b mercury analyser during austral 
summer of 2012 during XXXII- Indian scientific expedition to antarctica 
(Isea). observed values of TGM were in the range of 1 to 3.5 ng/m3. 
however, higher concentrations were recorded soon after after blizzard 
when concentration reached to nearly 10 ng/m3. During XXXIV- Isea in 
austral summer of 2014-15 another instrument ( Gardis-5) had been 
operated, near bharati station for nearly 20 days and observed value 
sown the results in the range of 1-to 2.5 ng/m3. same instrument has 
been installed at Maitri station during austral summer of XXXV-Isea 
(2015-16) and results recorded in the in range of 0.5 to 2 ng/m3.

abrupt change in the concentration of the mercury soon after 
blizzard is a particular phenomenon that has to be further explored 
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through experiments and observations. We will also present mercury 
concentrations in moss, water and snow samples from Maitri station to 
cover the complete biogeochemical occurrence of mercury in the area. 
These results can be used as baseline for future assessment of trends.

RP-062

WHAT VARIABLES ARE DRIVING THE VARIATIONS 
IN CONCENTRATIONS OF GEM, RGM AND P-HG 
DURING THE YEAR AT THE ZEPPELIN STATION ?
berG, Torunn1; Pfaffhuber, Katrine2; enGelsen, ola3; MelanD, 
Johanne1; sTroM, Joohan4; 
(1) NTNU, Trondheim, Norway; (2) NILU, Kjeller, Norway; (3) NILU, Tromsø, 
Norway; (4) University of Stocholm, Stocholm, Norway

torunn.berg@ntnu.no

exposure of current levels of hg in the arctic can have adverse impacts 
on human health, particularly for the development fetus and children 
(aMaP, 2011). long-range transported atmospheric hg from sources 
in asia, russia, europe and north-america, is recognized as one of 
the main antropogenic sources of this toxic pollutant in the arctic, 
and especially focus has been on the impact of atmospheric Mercury 
Depletion events (aMDes) as a means of delivering hg to the ecosystems 
for now almost 20 years (schroeder et al., 1998; aMaP, 2011). Mercury 
exist in the atmosphere mainly as gaseous elemental mercury (GeM) 
which has an atmospheric residence time of 6 months to 1 year. During 
aMDes GeM can through a series of photochemically initiated reactions 
be oxidized to a more shorter lived species which is called reactive 
gaseous mercury (rGM). rGM can either stay in the air or if there are 
particles available be attached to these, and reported as particulate 
mercury (Phg). rGM and Phg can be deposited within hours to weeks. 
In the following presentation of five years of atmospheric speciation 
data for mercury from the Zeppelin station, ny-lesund is presented. 
speciated mercury have beens measured by automated Tekran mercury 
instrumentation. rGM was measured with a speciation unit (Model 
1130) consisting of a KCl coated denuders while Phg was sampled on 
a particulate filter (Model 1135). In trying to find out what variables are 
driving the variations in concentrations of gaseous elemetal mercury 
(GeM), reactive gaseous mercury (rGM) and particulate mercury (phg) 
during the year at the Zeppelin station five year of mercury speciation 
data together with meteorology data, aerosol data, uV data as well as 
correlation analysis have been studied.

RP-065

AIR SEA EXCHANGE OF MERCURY IN THE 
ARCTIC OCEAN
DIMenTo, brian1; Mason, robert1; brooKs, steve2; Moore, Chris3; 
(1) University of Connecticut, Groton, CT, USA; (2) University of Tennessee, 
Tullahoma, TN, USA; (3) Desert Research Institute, Reno, NV, USA

brian.dimento@uconn.edu

atmospheric deposition is the main input of mercury (hg) to the ocean, 
even in remote locations such as the arctic. furthermore, evasion of 
elemental hg (hg(0)) is the major sink for oceanic hg, resulting in air-sea 
exchange being an important part of the oceanic hg cycle. Many factors 
influence gas exchange, and prior studies have suggested that some 
locations are net sources of hg to the atmosphere, while others are 
sinks. To examine air-sea exchange in the arctic ocean we made high 
resolution measurements of hg(0) in surface waters and hg speciation 
in the atmosphere during the us GeoTraCes cruise in 2015 using 
sampling systems which continuously sampled surface water and the 
atmosphere. additionally, samples were obtained for measurement of 
hg in precipitation and aerosols, and for hg profiles in sea ice. We use 
the measurements in water and the atmosphere to estimate fluxes of 
hg(0) from the ocean to the atmosphere (these being potential rates 
for locations under ice). overall, concentrations of hg(0) were near 
saturation in ice free waters (21±12 fM), and resultant fluxes low, but 
hg(0) was highly enriched under contiguous ice (120±101 fM, up to 450 
fM), suggesting the continual formation of hg(0) in waters even when ice 
covered. Predicted peaks in hg(0) evasion, blocked by the sea ice barrier, 
were as high as 270 pmol/m^2/h. We compare our estimates of hg(0) 
evasion with those of others and with models, and use these data, our 
measurements of atmospheric and ice concentrations, and the results 
of others to estimate potential deposition of hg to the regions covered 
by the cruise. based on these estimates, we can make predictions 
of the rate of response of the region to changes in ice cover and the 
potential impact of climate change on hg dynamics and food web 
bioaccumulation in this important ocean region.

RP-066

DISTRIBUTION OF ELEMENTAL MERCURY IN THE 
ARCTIC AND ANTARCTIC SEA ICE ENVIRONMENT
nerenTorP MasTroMonaCo, Michelle1; Jonsson, sofi2; lanGer, 
sarka3; GÅrDfelDT, Katarina1; 
(1) Chalmers University of Technology, Gothenburg, Sweden; (2) University 
of Conneticut, Conneticut, United States of America; (3) IVL Swedish 
Environmental Institute, Gothenburg, Sweden
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Due to climate change, the sea ice extents in the arctic and in antarctica 
are rapidly changing. Deposited atmospheric mercury onto surface 
snow and sea water that is not re-emitted back to air can enter the sea 
ice from the overlaying snow and/or the underlying seawater. reported 
data on the concentration of total, elemental and methylated mercury 
species in polar sea ice is however scant.

here we present concentrations of elemental mercury (hg(0)) in various 
media in the arctic and antarctic sea ice environment. samples of sea 
ice, snow, under ice water, brine, melt pond water, new ice and frost 
flowers were collected at 26 ice stations in the eurasian and amerasian 
basins in the arctic ocean during the sWeDarCTIC 2016 campaign 
arranged by the swedish Polar research secretariat (sPrs) aboard the 
Ib oden (8/8 – 20/9 2016). Corresponding samples were collected in 
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antarctica at 25 ice stations in the Weddell sea aboard r/V Polarstern 
(anTXXIX/6&7, June - october 2013) arranged by the alfred Wegener 
Institute (aWI) and in the amundsen and ross’ seas aboard Ib oden 
(oso 10/11, sPrs, December – January 2010/2011).

The concentrations of hg(0) in under ice water and in sea ice brine in 
the two polar regions were found to be comparable. however, the 
average concentrations of hg(0) in sea ice were significantly higher in 
antarctica (70 - 105 pg l-1) than in the arctic (25 ± 10 pg l-1). The hg(0) 
concentrations in the overlaying snow was also found to be considerably 
higher in antarctica (250 - 730 pg l-1) than in the arctic (10 ± 5 pg l-1), 
possibly due to spatial variations in atmospheric deposition and/or re-
evasion.

a seasonal variation of the hg(0) concentrations in the sea ice 
environment was found in antarctica leading to the conclusion 
that factors such as solar radiation, temperature, brine volume and 
atmospheric deposition might be important for the transformation and 
transportation processes of mercury in sea ice in polar regions. The 
polar marine cryosphere, found to be a significant reservoir of mercury, 
is affecting the cycling of mercury in polar regions.Climate change 
and changing sea ice extent in the arctic and antarctica could lead to 
consequences for the global mercury budget.

RP-067

ACCUMULATION OF MERCURY AND 
METHYLMERCURY IN EMPEROR PENGUINS 
(APENODYTES FORSTERI) FROM THE WESTERN 
ROSS SEA, ANTARCTICA
KIM, eunhee1; JunG, Jin-Woo2; naM, Goun3; ParK, yeongeon4; honG, 
yongseok4; KIM, Jeong-hoon5; 
(1) Citizens' Institute for Environmental Studies (CIES), Seoul, Korea

ekim@kfem.or.kr

The emperor penguin (apenodytes forsteri) is unique in that they are 
the only species breeding on the fast sea ice during austral winter 
months. Given that sea ice conditions are deteriorating significantly 
due to climate change, emperor penguins have recently been listed 
as near threatened species by the IuCn (the International union for 
Conservation of nature). additionally, emperor penguins are the 
deepest divers reaching up to 500 m, which allows them to forage in a 
relatively wide range of water column. because antarctica is no longer 
free from impacts of anthropogenic activities and diving seabirds (e.g., 
penguins) play an important role in transporting not only nutrients 
but also contaminants from the oceans, there have been many 
studies on accumulation of contaminants including mercury (hg) in 
different penguin species. however, there is very little information on 
hg accumulation in emperor penguins. To the best of our knowledge, 
this is the first study reporting both total mercury (Thg) and Mehg in 
emperor penguins from Cape Washington in the western ross sea, 
antarctica. liver and muscle samples were obtained from a total of 24 
chicks and 6 adult emperor penguins. our results fell within the ranges 
of previously reported hg levels in antarctic and subantarctic seabirds 

including penguin species. Compared to the muscle, both Thg and 
Mehg concentrations in the liver were significantly higher, indicating 
that hg detoxification as protective mechanism occurred. We found 
significant correlations of Thg and Mehg with selenium (se) in the liver 
only, suggesting a potential role of se in hg detoxification. additionally, 
average Thg and Mehg in chick penguins appeared to be somewhat 
higher than adults, likely due to molting as one excretory pathway of hg 
to feathers. further studies are required to investigate hg accumulation 
process in emperor penguins and its controlling factors.

RP-068

CHARACTERIZING DIETARY METHYLMERCURY 
EXPOSURE IN SUBARCTIC FIRST NATIONS 
COMMUNITIES IN THE DEHCHO REGION OF THE 
NORTHWEST TERRITORIES, CANADA
laIrD, Matthew1; arIsTIZabal henao, Juan1; sTarK, Ken1; loW, 
George2; sWanson, heidi1; raTelle, Mylene1; laIrD, brian1; 
(1) University of Waterloo, Waterloo, Ontario, Canada; (2) Aboriginal Aquatic 
Resource and Oceans Management, Hay River, Northwest Territories, Canada

matthew.laird@uwaterloo.ca

fish are an important source of essential micronutrients for many 
populations, and serve as a cultural staple in traditional food systems 
of subarctic first nations communities in the Mackenzie Valley. 
however, mercury is a common environmental contaminant often 
found in traditional foods including fish, and can pose health risks. 
This study measured total mercury (hgT) and omega-3 fatty acid (n-3 
fa) content in wild-harvested fish of the northwest Territories, and 
designed a dose reconstruction model to estimate community profiles 
of mercury exposure and n-3 intake. In 2016, a multi-year contaminant 
biomonitoring study was conducted to investigate contaminant 
exposure among first nations communities of the Mackenzie 
Valley region.

The aim of this work is to build a draft, probabilistic model that will help 
evaluate the risk-benefit balance associated with consumption of locally-
harvested freshwater fish. To achieve this goal, this study evaluated hgT 
and n-3 levels in harvested fish, and defined probability distributions for 
the draft model using profiles for hgT and n-3 fas in fish tissue.

samples from eight fish species were harvested in lakes of the 
Mackenzie Valley from 2013-2015. hgT in fish tissue was measured 
using a Direct Mercury analyzer, and fas were measured by lipid 
extraction and analysis using a gas chromatograph. Weight and dietary 
intake data collected from the Contaminants biomonitoring study were 
incorporated into the model. biomarkers for community exposure to 
mercury and n-3 fas will be used to gauge model performance.

hgT concentrations in predatory fish, including northern Pike 
(0.458ppm), Walleye (0.467ppm), and lake Trout (0.224ppm) were up to 
8.65-fold higher than levels observed in benthivorous and planktivorous 
fish species, such as Cisco (0.054ppm), and lake Whitefish (0.094ppm). 
lake Whitefish demonstrated n-3 fa levels (288.87 mg/100g) that were 
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up to 3.06 times higher than in predatory fish. Interestingly, significant 
negative correlations were observed between mercury and nutrient 
content in particular fish species. negative correlations were observed 
between hgT and n-3 fa content for burbot, northern Pike, and Walleye. 
These associations will be built into the probabilistic analysis to refine 
the models ability to generate estimates for contaminant exposure and 
nutrient intake.

This model will be used to inform public health organizations in 
the development of consumption advisories for northern first 
nations communities, with the goal of minimizing the risks from hg 
exposure while promoting the nutritional benefits of fish in traditional 
food systems.

RP-069

CLIMATE AND VOLCANISM CONTROLLED EXTREME 
MERCURY ACCUMULATION IN LIMNOPOLAR LAKE, 
ANTARCTICA, DURING THE LAST CA. 1600 YEARS
PÉreZ-roDrÍGueZ, Marta1; bIesTer, harald2; aboal, Jesús1; Toro, 
Manuel3; MarTÍneZ CorTIZas, antonio1; 
(1) Universidade de Santiago de Compostela, Santiago de Compostela, Spain; 
(2) Technische Universität Braunschweig, Braunschweig, Germany; (3) Centro 
de Estudios Hidrográficos, Madird, Spain

mperez.rodriguez@usc.es

The toxicity of its methylated forms and its ability of dispersion 
through the atmosphere make mercury (hg) of special concern in 
remote-pristine ecosystems, such as the artic and antarctica. We 
sampled a short sediment core in limnopolar lake (livingston Island, 
south shetland Islands), spanning the last ~1600 years. sediments 
were sectioned at high resolution, 210Pb dated and analysed for 
total mercury, as well as mercury species by means of hg-thermo 
desorption-CVaas. The core shows sections of extreme mercury 
concentrations ranging between 1,141 and 11,286 ng g-1 compared 
to background concentrations between 13 and 155 ng g-1hg-thermo-
desorption analyses indicate that mercury is retained in the sediment 
by organic matter at different stages of degradation. To explain the 
large differences in concentrations and the extremely high values found, 
we proposed a combination of different natural processes such as 
volcanism, climate and hg depletion events. The nearby (30 km) volcano 
at Deception Island appears to be the main source of mercury, while 
climatic conditions have controlled freezing and thawing of ice-cover and 
snowpacks on the surface of the lake and in the catchment, which likely 
caused event based fluxes of hg to the lakes sediments. Moreoever, 
extreme mercury concentrations match with elevated br/C ratios (a 
measure of bromine deposition independent of the organic matter), 
suggesting that atmospheric depletion events may have been involved 
in enhanced mercury atmospheric deposition. These also coincided with 
low Total solar Irradiance (TsI) during known low insolation periods. no 
evidence of anthropogenic mercury pollution was found.

RP-070

TEMPORAL TRENDS IN HG CONTAMINATION 
AND FOOD WEB TRANSFER ON A REMOTE ARCTIC 
ISLAND (BJØRNØYA, SVALBARD)
PosTe, amanda1; eVenseT, anita2; ChrIsTensen, Guttorm2; 
(1) NIVA, Oslo, Norway; (2) Akvaplan-niva, Tromsø, Norway

amanda.poste@niva.no

The global release of hg to the environment has increased greatly as a 
result of human activities. since hg is subject to long-range atmospheric 
transport, its continued global use and emission poses risks to humans 
and ecosystems both at the point of use and in remote locations. 
bjørnøya, a remote norwegian island in the barents sea, is an ideal 
location for research on hg transport to the arctic, given the presence 
of lakes supporting arctic char populations that can act as reference 
sites where inputs are limited to long-range atmospheric transport 
(e.g. laksvatn and Øyangen), as well as sites with a high abundance 
of seabirds (e.g. ellasjøen), which may act as a biological vector for 
transport and deposition of hg.

This work aimed to combine contemporary data with existing historical 
data and analysis of an extensive collection of archival fish samples in 
order to assess long-term changes in hg contamination on bjørnøya.

briefly, we carried out hg analysis on archival frozen muscle tissue 
samples from arctic char collected from bjørnøya over the past two 
decades. The sample set consisted of more than 500 char collected 
from 3 lakes (ellasjøen, laksvatn, Øyangen) over an 18-year period. We 
found that length-adjusted hg concentrations were significantly higher 
in ellasjøen than in either laksvatn or Øyangen, likely reflecting elevated 
hg inputs to ellasjøen from seabirds, similar to what has previously 
been observed for PCbs. hg concentrations in char from all lakes 
exhibited considerable interannual variability. for ellasjøen, we observed 
a statistically significant increase (P<0.00001) in length-adjusted 
hg concentrations of approximately 1.6 % per year. We also took a 
generalized additive modelling (GaM) approach in order to explore 
several key drivers of hg concentrations in fish from ellasjøen (n=218 
fish), including collection year, length, age and condition factor. using a 
GaM, we were able to explain approximately 80% of the deviance in fish 
hg concentrations for ellasjøen, with increasing hg over time, a bimodal 
relationship between length and hg (due to the inclusion of two char 
morphotypes in the sample set), a positive relationship with age, and 
a negative relationship with condition factor. We also explore potential 
drivers of the interannual variability and long-term increase in fish hg in 
ellasjøen by comparing our results with paleolimnological records of hg 
in ellasjøen, and long-term data on climate and seabird population size 
on bjørnøya.
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RP-071

DIURNAL VARIATION OF HG 
ABUNDANCE IN SURFACE SNOW IN 
CONNECTION WITH ATMOSPHERIC AND 
METEOROLOGICAL CONDITIONS
sPolaor, andrea1; barbaro, elena2; CaPPelleTTI, David3; MaZZola, 
Mauro4; GIarDI, fabio5; bJÖrKMan, Mats6; Pfaffhuber, Katrine7; 
DoMMerGue, aurélien8; CaIrns, Warren1; 
(1) Institute for the Dynamics of Environmental Processes, IDPA-CNR, Venice, 
Italy; (2) Ca’ Foscari University of Venice, Venice, Italy; (3) Università degli 
Studi di Perugia, Perugia, Italy; (4) Institute of Atmospheric Sciences and 
Climate, CNR-ISAC, Bologna, Italy; (5) University of Florence, Florence, Italy; 
(6) University of Gothenburg, Gothenburg, Sweden; (7) NILU - Norwegian 
Institute for Air Research, Kjeller, Norway; (8) Univ. Grenoble Alpes /CNRS/
LGGE, Grenoble, France

andrea.spolaor@unive.it

Mercury deposition and re-emission from surface snow in the polar 
regions is an important part of the global mercury cycle. Mercury can 
be deposited during the polar winter and accumulate in the snow 
pack. During spring time the increasing solar radiation as well as the 
increase in oxidant species in the atmosphere can interact with the 
mercury present in the surface snow and increase emission of gas 
phase mercury from the surface. Dommergue et al. in 2014 suggested 
that atmospheric mercury above the antarctic Plateau (Total gaseous 
mercury TGM) can undergo to a daily concentration cycle. Two 72 hours 
experiments were carried out in the proximity of ny-alesund research 
station, svalbard. The two experiments were performed to evaluate the 
changes in concentration of hg and other possible reactive elements in 
surface snow. The first experiment was conducted between the 27th 
and the 1st of May 2015 under 24h sun irradiation conditions and the 
second was between the 7th and the 10th of april 2016 when a day 
and night cycle still occurred. The experiment was performed with 
high temporal resolution to investigate the possible changes in hg, br, 
major ions include nitrate, ammonia and I and trace elements. surfaces 
samples have been collected every hour for 3 consecutive days, aimed 
at the study of the effect of solar radiation, snow events, deposition 
and meteorological conditions on surface snow chemical composition 
and evolution.

The results obtained were integrated with the meteorological data 
collected by the amundsen-nobile Climate Change Tower and 
compared with the TGM measured as part of the eMeP program at the 
Mt. Zeppelin observatory in ny-alesund. The results show two different 
trends. During the period with continuous solar presence, no diurnal 
variations in surface snow were detected for hg and other elements that 
can undergo photochemical processes. for the experiment conducted 
during the day and night cycle, hg and I showed appreciable diurnal 
cycles with maximum concentrations during the night and lower 
concentrations during the daytime. During the 24h solar presence 
experiment, the surface snow mercury did not show any correlation 
with atmospheric mercury while with a cycle of light and dark conditions 
we detect a negative correlation between the two measurements. In 

both experiments snow deposition events occurred during the surface 
snow sampling. In both cases the hg concentration in the snow increase 
markedly suggesting a primary role of snow deposition as a mercury 
scavenger from the atmosphere.

RP-072

A MODEL CALCULATION OF MERCURY CYCLES AT 
DOME CONCORDIA ON THE ANTARCTIC PLATEAU
sonG, shaojie2 1; selIn, noelle2; anGoT, hélène3;  
DoMMerGue, aurélien3; 
(1) Harvard University, Cambridge, United States; (2) Massachusetts Institute 
of Technology, Cambridge, United States; (3) LGGE, Grenoble, France

shaojie.song@gmail.com

The remote antarctic plateau receives significant inputs of mercury 
because this element is subject to long-range atmospheric transport 
and is readily cycled between surfaces and the atmosphere. Previous 
observational studies over the plateau have shown distinct diurnal 
and seasonal variations of mercury in near surface air, suggesting that 
a photochemically driven mercury cycle may occur at the air-snow 
interface. however, the controlling processes have not yet been well 
understood and quantified. In this study, we build a one-dimensional 
chemical and transport model and use it to simulate the mercury cycles 
over the year of 2013 at the inland french-Italian Concordia research 
station, in order to quantitatively explore the most important processes 
contributing to the mercury variabilities. The major chemical/physical 
processes in our model include the oxidation of gaseous elemental 
mercury (hg0) by different oxidants (i.e. bromine, oh and ozone), the 
deposition of hg0 and oxidized mercury (hgII) onto snow, the photo-
reduction of hgII to hg0 in surface snow, the reemission of hg0 back 
into the atmosphere, and the exchange of boundary layer mercury 
with its free tropospheric pool. The transport is driven by vertical 
diffusion coefficients from a regional climate model which has been 
validated against meteorological observations at this station. our model 
is constrained by in situ measurements of hg0 and other chemical 
tracers at Dome Concordia in 2013. We find during the sunlit period 
that a bromine-initiated scheme oxidizes hg0 quickly, favored by low 
temperature and high levels of nitrogen oxides. sensitivity simulations 
suggest that the rate constant of hg0 + br and/or the mixing ratio of br 
should be close to the upper uncertainty bound in order to match the 
observation. The recycling time for mercury in the surface snowpack 
is roughly one week but highly uncertain. During the austral winter, 
mercury levels in the shallow boundary layer are dominated by the 
exchange with the free troposphere. our model simulations also reveal 
several specific research needs in order to obtain a better understanding 
of mercury cycling over the antarctic plateau and other polar regions.
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RP-074

THE ROLE OF MELTING ALPINE GLACIERS IN 
MERCURY EXPORT AND TRANSPORT: AN 
INTENSIVE SAMPLING CAMPAIGN IN THE QUGAQIE 
BASIN, INLAND TIBETAN PLATEAU
sun, Xuejun1; 
(1) Institute of the Tibetan Plateau ,CAS, Beijing, China

sunxuejun@itpcas.ac.cn

Glaciers, particularly alpine glaciers, have been receding globally at an 
accelerated rate in recent decades. The glacial melt-induced release of 
pollutants (e.g., mercury) and its potential impact on the atmosphere 
and glacier-fed ecosystems has drawn increasing concerns. During 15th 
to 20th august, 2011, an intensive sampling campaign was conducted 
in Qugaqie basin (Qb), a typical high mountain glacierized catchment 
in the inland Tibetan Plateau, to investigate the export and transport of 
mercury from glacier to runoff. The total mercury (Thg) level in Zhadang 
(ZD) glacier ranged from < 1 to 20.8 ng l-1, and was slightly higher 
than levels measured in glacier melt water and the glacier-fed river. 
Particulate hg (Phg) was the predominant form of hg in all sampled 
environmental matrices. Mercury concentration in Qugaqie river (Qr) 
was characterized by a clear diurnal variation which is linked to glacier 
melt. The estimated annual hg exports by ZD glacier, the upper river 
basin and the entire Qb were 8.76, 7.3 and 157.85 g, respectively, with 
respective yields of 4.61, 0.99 and 2.74 μg m-2 yr-1. unique landforms 
and significant gradients from the glacier terminus to Qb estuary might 
promote weathering and erosion, thereby controlling the transport of 
total suspended particulates (TsP) and Phg. In comparison with other 
glacier-fed rivers, Qb has a small hg export yet remarkably high hg yield, 
underlining the significant impact of melting alpine glaciers on regional 
hg biogeochemical cycles. such impacts are expected to be enhanced in 
high altitude regions under the changing climate.

2d: Mercury fate in aquatic and terrestrial 
food webs

RP-075

WHY IS MERCURY CONCENTRATION IN 
LARVAL SPIKETAIL DRAGONFLIES (FAMILY 
CORDULEGASTRIDAE) CONSISTENTLY GREATER 
THAN IN THEIR BURROWING RELATIVES, THE 
CLUBTAIL DRAGONFLIES (FAMILY GOMPHIDAE)?
haro, roger1; hess, Megan2; rolfhus, Kristofer3; sanDheInrICh, 
Mark4; WIener, James4; 
(1) River Studies Center, La Crosse, United States; (2) Texas A&M/Institute of 
Renewable Natural Resources, College Station/Texas, USA; (3) River Studies 
CenterUniversity of Wisconsin - La Crosse, La Crosse, United States; (4) River 
Studies Center/University of Wisconsin - La Crosse, La Crosse, United States

rharo@uwlax.edu

In north america, larval dragonflies are increasingly used as biosentinels 
for monitoring mercury (hg) contamination in freshwater food webs. 
for practical reasons, field studies and monitoring programs alike 
often do not identify larval dragonflies below the taxonomic level of 
family. several studies, however, have recognized that differences 
in hg concentration among coincidently collected families do occur 
and may be associated with distinct family-level behavioral habits or 
guilds (e.g., burrowers vs. climbers). understanding the consistency of 
these differences among guilds across habitats and water bodies will 
be important to the refinement of protocols using larval dragonflies 
as biosentinels. apart from the implications for monitoring hg, these 
guild differences generate basic questions about the intersection of 
environmental toxicology, behavioral ecology, and phylogeny. Two 
separate field studies conducted in the north-central states of Wisconsin 
and Michigan (usa) have shown consistent differences in total mercury 
(Thg) concentration between two intraguild (burrower) families of late-
instar larval dragonflies: the spiketails (family Cordulegastridae) and the 
clubtails (family Gomphidae). across 5 of 6 water bodies, 3 streams and 
3 lakes, Thg concentration in spiketail larvae was significantly greater 
than in coincidently collected clubtail larvae. furthermore, spiketail 
Thg concentration was often greater than all other co-occurring larvae 
belonging to non-burrowing guilds (i.e., sprawlers and climbers). Mean 
(± se) Thg concentration across water bodies ranged from 170.9 ± 
10.0 – 497.8 ± 136.2 ng/g dwt. and from 67.0 ± 2.1 – 165.0 ± 18.2 ng/g 
dwt. for spiketails and clubtails, respectively. In the 5 water bodies with 
significant differences, spiketail Thg concentrations were between 
189% and 558% greater than their clubtail counterparts. an explanation 
for these differences likely includes voltinism; in the north-central us, 
spiketails are merovoltine, spending 3 to 4 years as larvae, while clubtails 
are typically bivotline, spending 2 years as larvae. however, other 
factors including the amount of body setae (surface area), differences 
in burrowing behavior, and the significance of their phylogenetic 
relationship are explored.

RP-076

THG AND MEHG IN DOLPHINS (INIA SP.) OF THE 
MADEIRA RIVER BASIN, BRAZILIAN AMAZON
barbosa, Melissa1; De CarValho, Dario2; GraVena, Waleska3;  
De alMeIDa, ronaldo3; Mussy, Marília1; ManZaTTo, Ângelo1;  
basTos, Wanderley1; 
(1) Universidade Federal de Rondônia, Porto Velho, Rondônia, Brazil; 
(2) Universidade Federal do Rio de Janeiro, Rio de Janeiro, Rio de Janeiro, 
Brazil; (3) Universidade Federal do Amazonas, Manaus, Amazonas, Brazil

melissa_pvh@hotmail.com

In the amazon, contamination by mercury (hg) can be derived from: 
gold mining activities; soil remobilization processes; and global hg cycle. 
In aquatic ecosystems, hg finds favorable conditions for organification 
and becomes methylmercury (Mehg), considered the most toxic 
chemical form of hg, having the potential to bio-accumulate and/or 
biomagnify along the food chain. The red dolphin (Inia sp.), an aquatic 
mammal that inhabits the amazonian rivers, can be considered a 
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sentinel species of this environmental contaminant. The objective of this 
work was to evaluate the average level of total hg (Thg) and Mehg in 
amazonian dolphins will be compared with the results of Thg and Mehg 
in fish of the region collected along the Madeira river (rondônia, brazil). 
Without causing damage to the animal a simple biopsy was performed 
for the removal of small pieces of its fatty tissue and soon after, these 
were returned to the river. The Thg and Mehg determinations were 
performed by cold vapor atomic absorption spectrophotometry and 
by gas chromatography coupled to atomic fluorescence spectrometry, 
respectively. The results of Thg (n=19) and Mehg (n=65) in red dolphins 
presented an average of 0.9408 ± 1.0515 mg/kg and 0.6904± 0.5546 mg/
kg, respectively. average Thg concentration in fish muscle tissue (n=320) 
was of 0.3665 ± 0.4858 mg/kg and for non-carnivores 0.3648 ± 0.4857 
mg / kg. The results show the dynamics of mercury, where the bulk is in 
the form of methylmercury (hgT: Mehg ratio of 61%). Carnivorous fish 
presented higher results than non-carnivorous fish and, consequently, 
because the porpoises have a diet almost exclusively food in fish and 
because they are food web tops, showed higher concentrations of 
hgT and Mehg than carnivorous fish, result already expected due to 
biomagnification and bioaccumulation of this contaminant along the 
trophic chain of resident organisms of the amazon region.

RP-077

CONCENTRATIONS OF MERCURY IN TROPICAL 
CATFISH FROM SINNAMARY RIVER ESTUARY IN 
FRENCH GUIANA (SOUTH AMERICA)
bauMann, Zofia1; rousseau, yann2; MIChauD, emma3; Mason, 
robert1; 
(1) University of Connecticut, Groton, USA; (2) USR 3456 LEEISA CNRS, 
IFREMER, Université de Guyane, Cayenne, French Guiana; (3) Université de 
Bretagne Occidentale, Brest, France
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Mercury is rarely measured in fish from tropical river estuaries but 
local people rely on these for food. In tropical regions, mangrove 
forests provide an important nursery for juvenile fish and are used 
as a habitat by a variety of other aquatic and terrestrial animals. In 
french Guiana and neighboring countries, there are several factors that 
could contribute to elevated methylmercury concentrations [Mehg] in 
estuarine fish: 1). the soils in the amazon are naturally enriched with hg; 
2). streams and rivers in some areas have been a subject to hg pollution 
from small scale artisanal gold mining; 3). a reservoir, Petit saut, created 
at time of hydroelectric dam installation upstream sinnamary river, 
sources Mehg for downstream. We therefore asked whether fish in 
the lower part of the estuary have elevated [Mehg] and whether their 
consumption would pose health hazard to people. During the dry 
season in october 2015, we have sampled fish by gill net in the mouth of 
the sinnamary river estuary (sre; 5.45°n 53.01°e), where salinity ranges 
from ~2 to 32 and where the evolving marine mangrove (avicenia sp.) 
forest hugs the river bank. Two catfish species hexanematichthys 
proops and aspistor quadriscutis dominated the 2-day catch (n=28 and 
43, respectively) with total lengths ranging from 42 to 67 and 41 to 53 

cm, respectively. other adult fish species e.g. hexanematichthys couma, 
sciades herzbergii, s. passany, Macrodon ancylodon, Cathorops spixii, 
C. arenatus, lobotes surinamensis, Pellona flavipinnis, Centropomus 
undecimalis, C. mexicanus, C. ensiferus, Pseudochenipterus nodosus, 
Cynoscion acoupa, as well as their juveniles, shrimp and crabs (uca 
maraocani) were also collected to establish mercury concentrations 
in the food web of this ecosystem. overall, the mean total [hg] in the 
muscle tissue were ~ 2-fold higher in h. proops (mean= 0.42; range: 0.17 
– 1.34 mg kg-1 wet wt.) in comparison to a. quadriscutis (mean= 0.18; 
range: 0.03 – 0.47 mg kg-1 wet wt.). The average % Mehg was ~50 for 
both catfish species. [Mehg] in the other large fish fell within the range 
of values observed for the above-mentioned catfish. among all analyzed 
fish, none exceeded the Mehg safety levels in france (i.e. 0.5 mg kg-1 
wet wt.). We therefore conclude that despite a risk of elevated Mehg in 
fish of sre, observed [Mehg] were low and catfish of size comparable to 
that in this study are safe to eat.
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RE-WRITING HISTORY: FIVE DECADES OF 
METHYLMERCURY CONCENTRATIONS IN AQUATIC 
ZOOBENTHOS FROM LAKES IN THE NORWEGIAN 
BOREAL ECOZONE
braaTen, hans1; lInDholM, Markus1; halVorsen, Godtfred2; De WIT, 
heleen1; 
(1) Norwegian Institute for Water Research, Oslo, Norway; (2) UNI Research 
Environment, Bergen, Norway
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a major key to understand the hg contamination of aquatic biota 
is the exposure of toxic and organic forms (i.e. methylmercury, 
Mehg) of mercury (hg) at the base of the food web, and transfer 
through consumer trophic levels. While data series of historical hg 
concentrations in top consumers of aquatic food webs (e.g. fish, birds) 
are increasing in peer-review literature, long-term high resolution 
datasets of hg in biota from lower food web compartments are scarce. 
In the present study we tested the hypothesis that long-term changes 
in Mehg in biota relate to water chemistry and are indirectly linked to 
climate and deposition change.

We have, through access to historically archived samples, analysed 
Mehg in samples of littoral macro-invertebrates from two norwegian 
boreal lakes, breidtjern (59.60 n, 11.40 e) and langtjern (60.37 n, 9.73 
e). breidtjern and langtjern are both humic lakes with relatively similar 
water chemistry (data from 2016): total organic carbon concentrations 
between 10 and 15 mg/l; ph approximately 5.0; total hg concentrations 
between 2.5 and 6.5 ng/l; and Mehg concentrations between 0.02 
and 0.2 ng/l. The historical samples we analysed date back to 1976 
and 1978 for the two lakes, respectively, with samples collected with a 
frequency of between every second and every fifth year, and yearly after 
the millennium. We also sampled present-day invertebrates from the 
two lakes and quantified transfer of aqueous Mehg to the invertebrates 
(as bio-concentration factors, bCfs). The historical invertebrates are 
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primary and secondary consumers, taxonomically described and fixed 
in ethanol. literature suggests that ethanol affects lipid content and 
therefore stable isotopes, but not Mehg which is primarily associated 
with proteins. The possible effects from sample storage over time in 
ethanol solutions were tested by quantifying leakage of Mehg from 
present-day invertebrates stored over 500 days.

our study will show if and how records of archived invertebrate samples 
can be used to untangle historical time-trends of hg concentrations 
in boreal lakes. We will, in combination with explanatory variables, 
highlight the changes in hg concentrations that can be found with 
time in these lakes. Included explanatory variables, water chemistry, 
hydrology, and precipitation, will be used in a statistical analysis of Mehg 
in primary consumers, similar to an earlier analysis of DoC time series.

RP-079

FRESHWATER TURTLES AS BIOMONITORS OF 
MERCURY AVAILABILITY IN AQUATIC ECOSYSTEMS 
OF WESTERN TENNESSEE
herrbolDT, Madison1; WeIble, Caitlin1; GarIG, Dustin1; felTMan, 
andrew1; ColVIn, rob2; DennIson, Jeremy2; ennen, Joshua3; 
DaVenPorT, Jon1; brasso, rebecka1; 
(1) Southeast Missouri State University, Cape Girardeau, MO, United 
States; (2) Tennessee Wildlife Resources Agency, Jackson, TN, United 
States; (3) Tennessee Aquarium Conservation Institute, Chattanooga, TN, 
United States

maherrboldt1s@semo.edu

Turtles are often used as biomonitors in aquatic ecosystems as they 
are long-lived top predators making them highly susceptible to both 
bioaccumulation and biomagnification of mercury. The purpose of this 
study was to determine mercury exposure in three species of turtles, 
the red-eared slider (Trachemys scripta), the common snapping turtle 
(Chelydra serpentina), and the alligator snapping turtle (Macrochelys 
temminckii), in aquatic ecosystems across western Tennessee. all three 
species of turtles were trapped at twelve different sites from March 
to July 2016. Toenails were taken from the back feet of each captured 
turtle and analyzed for total mercury using a nippon Ma-3000 Direct 
Mercury analyzer. Mercury exposure varied significantly among species: 
alligator snappers (5.26ppm)>common snappers (4.49ppm)>red-eared 
sliders (1.09ppm). Mercury concentrations in both alligator and common 
snapping turtle toenails exceeded the ePa recommended consumption 
level for freshwater fish (0.3 ppm). This is of particular cause for 
concern from a human health perspective as common snapping turtles 
are still harvested for human consumption in this region. Mercury 
concentrations in turtle toenails are a strong predictor of soft tissue and 
organ concentrations suggesting consumption of common snapping 
turtles from this region may pose a human health risk.

RP-080

METHYLMERCURY BIOACCUMULATION IN VERNAL 
POOL INVERTEBRATES
buCKMan, Kate1; CurTIs, amanda1; faCCIo, steve2; Taylor, Vivien1; 
(1) Dartmouth College, Hanover, NH, USA; (2) Vermont Center for Ecostudies, 
Norwich, VT, USA

kate.l.buckman@dartmouth.edu

Vernal pools in northeast us forests provide critical habitat for 
numerous invertebrate and amphibian species. however, vernal pools 
have also been shown to be potential “hotspots” for accumulation 
and methylation of mercury (hg). under the right conditions, the 
Mehg produced within the pool can bioaccumulate in the vernal pool 
organisms, which can subsequently become a vector for Mehg transport 
into the surrounding terrestrial ecosystem. During the spring of 2015, 20 
vernal pools in Vermont were sampled for common invertebrates using 
funnel traps or hand collection. The pools ranged from rockingham, 
VT north to Walden, VT, all east of the Green Mountain range, and 
were influenced by a variety of forest types and land uses. Invertebrate 
samples were analyzed for Mehg or total hg concentration, as well 
as δ13C and δ15n. There was large variation in Mehg concentration 
across all of the pools. Caddisfly larvae (Mehg range: 6 – 189 ppb DW; 
14 pools) and mosquito larvae (Mehg range: 4 – 243 ppb DW; 8 pools) 
were generally lower than fairy shrimp (Mehg range: 71 – 283 ppb DW; 
7 pools) or predatory beetles (acilius sp. Thg range: 51 – 613 ppb DW; 
10 pools, Dytiscus sp. Thg range: 131 – 342 ppb DW; 6 pools). δ15n 
of predatory beetles was generally higher than that of fairy shrimp, 
caddisfly, or mosquito larvae, as expected. relationships between pool 
and landscape characteristics and hg bioaccumulation in resident 
invertebrates will be discussed.

RP-081

SPATIAL VARIATION OF METHYLMERCURY 
CONCENTRATION IN MEDITERRANEAN SEA 
ZOOPLANKTON, FISH AND, SQUID
buCKMan, Kate1; lane, oksana2; eVers, David2; Chen, Celia1; 
(1) Dartmouth College, Hanover, NH, USA; (2) Biodiversity Research Institute, 
Portland, ME, USA

kate.l.buckman@dartmouth.edu

Plankton and lower trophic level nekton are critical conduits for the 
transfer of methylmercury (Mehg) in marine food webs, yet little is 
known about the variation in Mehg concentrations between species 
and across sites in these lower trophic fauna. Zooplankton were 
sampled from the neuston layer at both coastal and open sea stations 
in the Mediterranean sea during cruise campaigns undertaken in the 
fall of 2011 and the summers of 2012 and 2013. horse mackerel and 
two species of squid were obtained opportunistically during the same 
cruises. Zooplankton were separated by morphospecies, and the most 
abundant taxa analyzed for methylmercury (Mehg) concentration. 
squid and fish samples were analyzed for total hg (Thg). Data will be 
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presented for euphausiids, mysids, and myctophids, all important prey 
items for fish, marine mammals, and birds, as well as for the mackerel 
and squid. euphausiid Mehg concentration ranged from 22 226 ppb 
DW with spatial variation between sites. Myctophid Mehg tissue 
concentrations were similar, ranging from 22-297 ppb DW across all 
sites, while mysid concentrations were slightly lower (range: 6 204 ppb 
DW). The data suggest elevated Mehg concentration in the Tyrhennian 
and balearic seas in comparison with more eastern and western 
stations. horse mackerel had higher muscle tissue concentrations 
(range across sites: 344 - 1510 ppb DW) on average than flying squid 
(range: 49 448 ppb DW), with some individuals exceeding the ePa 300 
ppb WW tissue criterion. euphausiids, due to their abundance, larger 
size, and importance as a food source for other fauna may be a good 
species to use for Mehg monitoring in marine systems such as the 
Mediterranean sea.

RP-082

EVALUATION OF CHRONIC NONCOMMUNICABLE 
DISEASES POTENTIALLY RELATED TO MERCURY 
CONTAMINATION IN A RIVERINE POPULATION OF 
THE AMAZON
CarValho, anjo1; PInTo PeDrosa, olakson1; Da sIlVa barbIraTo, 
Davi1; faMPa foGaCCI, Mariana1; roDrIGues basTos, Wanderley1; 
(1) Federal University of Rondônia, Porto Velho, Brasil

anjogabrielc@gmail.com

The presence of mercury of anthropogenic and natural origin in the 
aquatic ecosystems of the amazon represents an exposure factor 
for neurotoxic, teratogenic and chronic noncommunicable diseases. 
In the amazon region, contamination by organic and inorganic 
mercury can be attributed mainly to high fish consumption and to 
the practice of goldmining, respectively. The methylmercury levels in 
humans can be considered an endemic condition in amazon, mostly 
in traditional populations such as the riverines and Indigenous , by the 
expressive daily consumption of fish, as well as cassava flour, chestnut 
and sometimes meat. however, changes in the livelihoods of these 
populations, due to political, economic and social factors, have been 
influencing the human health and the environment, due to the insertion 
and possible exclusion of risk factors and protective factors, respectively. 
according to the World health organization, diabetes mellitus, metabolic 
syndrome, overweight and obesity, cardiovascular diseases, cancers 
and lung diseases, referred as chronic noncommunicable diseases, are 
the main causes of death related to increasing expectation of life. The 
mercury contamination can be causally associated with hyperglycemia 
by direct effect on pancreatic beta cells, with the pathogenesis of the 
metabolic syndrome, endocrine disorders, inflammatory diseases 
and the carcinogenic potential by oxidative stress. Metallic mercury 
compromises the lungs and kidneys, indirectly reflecting blood pressure, 
by inhalation. hypertension can also be caused by methylmercury 
contamination, not only by renal impairment, but also mainly by the 
activation of the renin angiotensin system. overweight and obesity 
are risk factors for cardiovascular events and may be correlated with 

systemic levels of methylmercury because of it lipophilic potential. 
These diseases represent a public health problem and affect the quality 
of life, life expectancy, treatment and hospitalization expenses, labor 
capacity and regional development. In this context, the epidemiological 
transition and nutritional transition should be evaluated as important 
covariates for understanding the effects of exposure to methylmercury 
on the health of the traditional populations in amazon. studies on the 
relationship between mercury and chronic noncommunicable diseases 
are extremely important and not enough explored in amazonian 
risk populations. The present study aims to evaluate the possible 
relationship between methylmercury contamination and chronic 
noncommunicable diseases potentially related to this exposure factor in 
a riverine population of the brazilian amazon. The potential explanatory 
variables such as lifestyle habits, body-mass index, socioeconomic 
factors, hypercholesterolemia, selenium and n-3 fatty acid consumption 
were evaluated.

RP-083

ARE THERE CUMULATIVE TRENDS IN THE 
BIOACCUMULATION OF METHYLMERCURY 
DOWNSTREAM OF FOREST HARVESTING 
OPERATIONS IN NORTHERN HARDWOOD 
CATCHMENTS?
Charbonneau, Kelli1; KIDD, Karen1; KreuTZWeIser, Dave2; sIbley, 
Paul3; o'DrIsColl, nelson4; 
(1) University of New Brunswick, Saint John, Canada; (2) Canadian Forest 
Service, Sault Ste Marie, Canada; (3) University of Guelph, Guelph, Canada; 
(4) Acadia University, Wolfville, Canada

kelli.charbonneau@unb.ca

as a global leader in the export of forest products, Canadian forest 
managers are tasked with balancing exploitation of one of the countrys 
most cherished natural resources with maintaining a high standard 
of forest ecosystem integrity. Despite environmental protection 
guidelines for forest management, legacies of ecosystem degradation 
persist, many of which are specific to aquatic environments. one 
example includes the accelerated input of atmospherically-deposited 
or weathered contaminants like mercury (hg) into forest streams 
via terrestrial erosion following forest harvest operations. In aquatic 
environments, hg is transformed by anaerobic bacteria at the sediment-
water interface to methylmercury (Mehg), a neurotoxicant with high 
potential for bioaccumulation and biomagnification in aquatic food webs. 
In response to concerns for sustaining ecosystem integrity in the face 
of resource development, this study examines the impact of selection-
based harvesting of northern hardwood stands in the batchawana river 
watershed on the northeastern shore of lake superior in ontario on 
bioaccumulation of Mehg in forest stream food webs. The study area 
consists of four catchments, each with three sampling sites of increasing 
stream order, that have been subject to either very little harvest (<15% 
area harvested) or substantial harvest (>60% area harvested) in the last 10 
years. bioaccumulation of methylmercury in northern hardwood stream 
food webs is assessed by measuring its concentration in stream water 
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and in late instars of the larvae of ubiquitous filter-feeding caddisflies 
(hydropsychidae) at all sites within these catchments. other metrics of the 
impact of forest management on aquatic ecosystem health include water 
quality, leaf litter decomposition and associated macroinvertebrates, and 
fine sediment deposition. ultimately, this study will look for evidence of 
whether or not bioaccumulation of Mehg and other impacts to stream 
health are spatially cumulative downstream of forestry activities, an 
analysis that has received relatively little attention despite its requirement 
under Canadian environmental assessment legislation. a comprehensive 
and predictive understanding of the spatially cumulative effects associated 
with forest management is critical to maintaining healthy future forests 
and provisioning of their aquatic ecosystem services.

RP-084

SPACE AND TEMPORAL DISTRIBUTION OF 
CONCENTRATION OF MERCURY IN ANTARCTIC 
FOOD WEB: A REVIEW
esPeJo, Winfred1; ChIanG, Gustavo2; CelIs, Jose3; PaDIlha, Janeide4; 
barra, ricardo1; MalM, olaf4; 
(1) Concepcion University, Concepcion, Chile; (2) Fundacion MERI, Santiago, 
Chile; (3) Concepcion University, Chillan, Chile; (4) Federal University of Rio de 
Janeiro, Rio de Janeiro, Brazil

winfredespejo@gmail.com

although more chemicals are reaching antarctica, the link between 
those xenobiotics and specially mercury (hg) exposure and its effects on 
antarctic food web is still poorly understood. antarctic organisms have 
long life cycles, tendency to gigantism and slow metabolic rates (due to 
low temperatures), being more inclined to accumulate and magnify hg 
in its organic form methylmercury though the food web in comparison 
with species of lower latitudes. Due to the new global environmental 
problems, the study of hg behavior in the antarctic is urgent.

In order to identify the interaction of antarctic species and hg, a 
systematic study of the existing literature on the concentrations of these 
compounds in different organisms was conducted. The organisms 
considered were zooplankton, crustaceans, benthonic fauna, fish, 
seabirds and marine mammals. some databases such as Direct, 
springer, scopus and Web of science were used. selection criteria 
corresponded to the levels of total hg on the basis of dry weight (d.w.). 
subsequently, this information was summarized in tables. Maps of 
the distribution of total hg levels in different antarctic locations were 
also considered, as well as hg temporal distribution (80s, 90s and 
current time).

During the 80s, hg average levels in crustaceans are < 0.1 μg/g, in 
seabirds 0.2 μg/g, while in marine mammals are 2.4 μg/g. During the 
90s, hg levels in crustaceans are 0.025 μg/g and in marine mammals 
5.03 μg/g. More recently (between 2000-2016), hg levels in zooplankton 
are 0.07 μg/g, in crustaceans 17.67 μg/g, in benthonic organisms 0.18 
μg/g, in fish 0.36 μg/g, in seabirds 0.81 μg/g, and in marine mammals 
are 0. 2μg/g. according to metal distribution in antarctic locations, the 
hg levels are: admiralty bay > antarctic Peninsula > southern ocean 

> newfoundland bay > ross sea > bird Island > King George Island > 
Windmill Island > antarctic scotia sea.

Mercury concentrations have been increasing over the years. More 
studies are needed in order to correlate reported levels with δ15n 
isotopes at different trophic levels. likewise, more studies are needed in 
different antarctic locations.
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11, project 214.074.051-1.0 and 216.153.025-1.0 of the research Division 
of the universidad de Concepción-Chile.
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ECOLOGICAL FACTORS CONTROLLING INSECT-
MEDIATED METHYLMERCURY FLUX FROM AQUATIC 
TO TERRESTRIAL ECOSYSTEMS: LESSONS LEARNED 
FROM EXPERIMENTAL STUDIES IN MESOCOSMS 
AND PONDS
ChuMChal, Matthew1; Drenner, ray1; 
(1) TCU, Fort Worth, Texas, USA

m.m.chumchal@tcu.edu

The diets of terrestrial consumers can be subsidized by energy and 
nutrients transported from aquatic ecosystems to terrestrial food webs 
by emergent aquatic insects. The cross-system transport of energy and 
nutrients by insects can have a dark side because emergent aquatic 
insects also transport toxic contaminants such as methyl mercury 
(Mehg) to terrestrial ecosystems when they emerge. although many 
ecological factors influence insect emergence and the cross-system 
transport of energy and nutrients by insects, the ecological factors 
regulating insect-mediated Mehg flux have been little studied. In this 
presentation, we overview our mesocosm and pond experiments 
examining ecological factors regulating the transport of Mehg out of 
aquatic ecosystems by emergent insects. We calculate insect-mediated 
Mehg flux as the product of the Mehg concentrations and biomass 
of emergent insects. ecological factors can impact insect-mediated 
Mehg flux either by affecting Mehg concentrations in emergent 
insects or by altering the biomass of emergent insects. We overview 
the effects of four ecological factors on aquatic insect-mediated Mehg 
flux: 1) predation and community structure, 2) nutrient limitation 
and productivity, 3) drying disturbance and pond permanence and 4) 
phenology of insect emergence.

RP-086

MERCURY CONTAMINATION IN BATS FROM THE 
CENTRAL UNITED STATES
KorsTIan, Jennifer1; ChuMChal, Matthew1; benneTT, Victoria1;  
hale, amanda1; 
(1) TCU, Fort Worth, Texas, USA

j.korstian@ttu.edu
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We surveyed mercury (hg) concentrations in 10 species of bats collected 
at wind farms in the central united states and found contamination in 
all species. Mercury contamination in fur was highly variable both within 
and between species (range 1.08-10.52 μg/g). Despite the distance 
between sites (up to 1200 km), only 2 of the 5 species sampled at 
multiple locations had concentrations of hg that differed between sites. 
The hg concentrations observed in this study all fell within the previously 
reported ranges for bats collected from the northeastern united 
states and Canada, although many of the bats we sampled had lower 
maximum hg concentrations. Juvenile bats had lower concentrations of 
hg in fur than adult bats, and we found no significant effect of sex on hg 
concentrations in fur. for a subset of 2 species, we also measured hg 
concertation in muscle tissue; concentrations were much higher in fur 
than in muscle and hg concentration in the 2 tissue types was weakly 
correlated. abundant wind farms and ongoing post-construction fatality 
surveys offer an underutilized opportunity to obtain tissue samples that 
can be used to assess hg contamination in bats.

RP-087

EFFECTS OF MERCURY DEPOSITION, FISH SPECIES 
AND FISH LENGTH CATEGORY ON MERCURY 
CONTAMINATION OF GAME FISH IN THE SOUTH 
CENTRAL UNITED STATES
Drenner, ray1; ChuMChal, Matthew1; aDaMs, Kimberly1; Gay, David2; 
(1) Texas Christian University, Fort Worth/Texas, United States; (2) National 
Atmospheric Deposition Program, Champaign/Illinois, United States

r.drenner@tcu.edu

because of its extreme toxicity and its widespread presence in aquatic 
food webs, methyl mercury (Mehg) poses a threat to human health. The 
primary pathway of Mehg into humans is through the consumption 
of Mehg-contaminated fish. Methyl mercury contamination of water 
bodies and their food webs vary across the landscape, and many 
ecological factors have been found to be correlated with Mehg 
contamination of fish. In this study, we examined the relationship 
between average Mehg concentrations in five fisheries length categories 
(stock, quality, preferred, memorable and trophy) of bluegill (lepomis 
macrochirus) and largemouth bass (Micropterus salmoides) and average 
hg deposition in 14 ecoregions located within all or part of six states 
in the south central u.s. We focused on bluegill and largemouth bass 
because they are widely distributed and economically important species 
of freshwater game fish. The national Descriptive Model of Mercury 
in fish was utilized to estimate concentrations of Mehg in bluegill and 
largemouth bass. Mercury deposition was estimated using wet hg 
deposition data from the Mercury Deposition network adjusted for the 
presence of coniferous forests. average Mehg concentrations of bluegill 
and largemouth bass increased with hg deposition and fish length 
category. only large length categories of bluegill in ecoregions with high 
levels of hg deposition had average concentrations of total Mehg above 
300 ng/g ww, the threshold concentration of Mehg recommended 
by the u.s. environmental Protection agency for the issuance of 
fish consumption advisories. The three largest length categories of 

largemouth bass had Mehg concentrations above 300 ng/g ww in all 
ecoregions. In ecoregions with high hg deposition, the largest length 
category of bass (63 cm Tl) had Mehg concentrations over four times 
greater than 300 ng/g ww. our study suggests that in the south central 
u.s., atmospheric hg deposition adjusted for the presence of coniferous 
forests sets the potential for Mehg contamination of fish, and that 
fish species and fish length category determine the observed levels of 
Mehg contamination. over 90% of the ecoregion-level variance of Mehg 
concentrations in bluegill and largemouth bass was accounted for by hg 
deposition adjusted for conifers, fish species and fish length category.

RP-088

BIOACCUMULATION OF MERCURY IN 
MUMMICHOGS (FUNDULUS HETEROCLITUS) AND 
ATLANTIC SILVERSIDES (MENIDIA MENIDIA) IN 
DUNN SOUND, SOUTH CAROLINA
ferons, Daniel1; GuenTZel, Jane1; heyes, andrew2; 
(1) Coastal Carolina University, Conway, SC, USA; (2) University of Maryland , 
Solomons, MD, USA

dpferons@coastal.edu

Two year round forage fish that reside in south Carolina salt marshes 
are mummichogs (fundulus heteroclitus) and atlantic silversides 
(Menidia menidia). Mummichogs target prey associated with spartina 
alterniflora, from the sediment and within the water column while 
atlantic silversides feed on zooplankton in the water column. This 
study quantified and compared levels of total and methyl mercury in 
mummichogs and atlantic silversides from Dunn sound, sC. sample 
collection occurred in february, april, July, and october 2014, and an 
additional sample event occurred in april 2015 to obtain an annual 
comparison. also, gut contents were quantified and compared to 
determine if there was a potential dietary impact on the concentrations 
of total and methyl mercury within these fish.

atlantic silversides had significantly higher whole body total (p < 0.01, 
Two-Way anoVa, Tukey) and methyl mercury (p < 0.01, Kruskal Wallace, 
Dunns Test) concentrations when compared to mummichogs for all of 
the sampling events. There was no significant difference between total 
(p = 0.0683, Two-Way anoVa, Tukey) and methyl (p = 0.1005, Kruskal 
Wallace) mercury concentrations in the fish when comparing each 
sampling event. although percent methylmercury in atlantic silversides 
and mummichogs changed significantly by event (p < 0.01, Kruskal 
Wallace, Dunns Test) there was no significant difference between the 
species (p < 0.3553, Kruskal Wallace). This suggests that both species of 
fish assimilate mercury at the same rate.

When comparing april 2014 to april 2015, there was no significant 
difference in the total mercury concentrations between these fish 
(p=0.3553, Two way anoVa). for both species, the concentration 
of methylmercury was significantly higher in april 2015 relative to 
april 2014 (p<0.01, Two- way anoVa, Tukeys Test), however for both 
years atlantic silversides had significantly higher methylmercury 
concentrations relative to mummichogs (p<0.01, Two- way anoVa, 
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Tukeys Test). There was no significant difference between the percent 
methylmercury of both species (p=2919, Kruskal Wallace) but april 2015 
had significantly greater percentages methylmercury than april 2014 
(p<0.01, Kruskal Wallace, Dunns Test).

The quarterly percent gut contents by weight (%W) and number (%n) of 
atlantic silversides were significantly different relative to mummichogs 
(p < 0.01, PerManoVa). atlantic silversides consumed greater numbers 
of crustaceans whereas mummichogs preyed on a variety of organisms 
within the food web. Differences in the mercury concentrations of 
these two fish may impact the bioaccumulation and biomagnification of 
mercury within the salt marsh food web.

RP-089

MERCURY BIOACCUMULATION ALONG FOOD 
WEBS IN FOUR TEMPERATE LAKES OF THE SOUTH 
WESTERN FRANCE (AQUITAINE REGION)
GenTes, sophie1; aZaroff, alyssa2; lohrer, brice1; leGeay, alexia1; 
feurTeT-MaZel, agnes1; bauDrIMonT, Magalie1; Maury-braCheT, 
regine1; 
(1) Bordeaux University, Arcachon, France; (2) Pau University, Pau, France

sophie.gentes@u-bordeaux.fr

recently, in lakes of aquitaine region, analysis conducted by anses 
(french agency for food, environmental and occupational health and 
safety) revealed total mercury concentrations (hgT) exceeding the 
International Marketing level in muscle of zander (sander lucioperca), 
a carnivorous fish, in 2 lakes (Carcans- hourtin and lacanau). a ban 
on consumption of this species was thus decided. following this, a 
multidisciplinary research project was launched in order to better 
understand the biogeochemical cycle of mercury on these lakes and the 
origin of mercury.

This study focused on the four largest lakes of aquitaine (hourtin-
Carcans, lacanau, Cazaux-sanguinet, Parentis-biscarrosse), emblematic 
environments of the region, closely related to tourism. each of these 
hydrosystems has its own characteristics (trophic levels, physicochemical 
factors, different anthropic pressure between the lakes ...). Their 
response to a contamination pressure and the evolution over time of 
this contamination will therefore be potentially different. This integrative 
study considers all the aquatic compartments: water, sediment, 
and different level of the trophic chain (phytoplancton, periphyton, 
macrophytes, mollusks, crustaceans and fishes).

The objectives of the first part of this project were: (1) to measure hg 
concentrations in different compartments at one season (for fish: 
age assessed), (2) to study the structure of these food webs using 
nitrogen and carbon stable isotope analysis, (3) to check the mercury 
biomagnification along food webs and to identify a possible entry point 
of this pollutant in food webs.

The results indicate that carnivorous species like pike (esox lucius), 
zander (sander lucioperca) and perch (Perca fluviatilis) may exceed 
the International Marketing level depending on their size. a 

biomagnification of hg along food webs was observed for lakes. a 
north-south mercury contamination gradient could also be highlighted: 
hourtin-Carcans > lacanau > Cazaux- sanguinet > Parentis-biscarosse. 
several explanations concerning the origin of this gradient are now 
available but need to be further studied. This study provides information 
on the transfer of hg in the lake ecosystems of south western france 
and makes it possible to evaluate the risk associated with the presence 
of hg in aquatic food webs.

RP-090

IN VITRO BIOACCESSIBILITY OF MERCURY FROM 
TRADITIONAL FOODS OF BIGSTONE CREE FIRST 
NATION (ALBERTA, CANADA)
GolZaDeh, nasrin1; braDley, Mark1; baKer, Janelle1; basu, nilandri1; 
(1) McGill University, Montreal, Canada

nasrin.golzadeh@mail.mcgill.ca

Mercury (hg) is a global pollutant of concern with impacts on public 
health and ecosystem quality. first nations communities whose lives 
are heavily dependent on traditional foods are particularly susceptible 
to mercury exposure given that their traditional foods are known to be 
contaminated with mercury. Most studies have focused on mercury 
contamination in seafood consumed by first nations communities, 
while relatively few studies have investigated other food types. further, 
it is assumed that 100% of ingested hg is bioavailable (reaches the 
systemic circulation) though new studies suggest that this may be less 
than 100%. The objective of this study is to characterize in vitro total 
mercury (Thg) bioaccessibility from muscle tissue of four food items 
consumed by members of the bigstone Cree nation (alberta, Canada).

The food items of concern (grouse, hare, fish, and duck) were collected 
through a participatory research activity.  The Thg levels in these 
samples ranged from 0.02 ppm to 0.34 ppm. next, we will assess 
Thg bioaccessibility using an in-vitro model of human digestion; 
bioaccessible Thg will be measured in the soluble fraction of the digests. 
The expected results of this work are an increased understanding of 
Thg bioaccessibility from a range of foods not previously studied, and 
ultimately improved abilities to assess exposure-related risks.

RP-091

SPATIAL DISTRIBUTION OF MERCURY LEVELS 
IN FLYING FISHES IN THE NORTHERN AND 
SOUTHERN HEMISPHERES
hanaMaChI, yuji1; TaKeuChI, akinori1; noDa, akira2; 
(1) National Institute for Environmental Studies, Japan, Tsukuba, Ibaraki, 
Japan; (2) Tokyo University of Marine Science and Technology, Minatoku, 
Tokyo, Japan

hanamachi.yuji@nies.go.jp

since the industrial revolution, atmospheric mercury (hg) 
concentrations have been increased by anthropogenic emissions. 
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The hg concentrations are higher in the northern hemisphere than 
the southern hemisphere because of a large extent of the industrial 
activities in the north. according to a global hg model, the emitted 
hg is likely transported and deposited within the same hemisphere. 
The deposited hg can be converted to methylated form of hg, which 
is neurotoxic and bioaccumulative in aquatic food webs. Pelagic 
fishes in the northern hemisphere are expected to contain more hg 
than those in the southern hemisphere. The distribution of such an 
information has, however, been poorly obtained. In this study, total hg 
(Thg) and methyl-hg (Mehg) concentrations in muscle of flying fishes 
from western Pacific and eastern Indian oceans from 30º n to 41º s 
in latitude were measured. These samples can be used to evaluate 
the hemispheric and latitudinal hg variations. The Thg concentrations 
of the northern hemisphere flying fishes ranged from 30 to 450 ppb 
(d.w.), whereas the range in the southern hemisphere was between 50 
and 530 ppb (d.w.). More than 90 % of hg in most of the flying fishes 
were Mehg. There was no significant difference in Thg concentrations 
between the northern and southern hemispheres. Variations in Thg 
concentrations of biota are often explained by different body length. 
nevertheless, body lengths of the flying fishes in this study were poorly 
correlated. Positive correlations were observed between the Thg 
concentrations of the flying fishes and latitude in the both northern (r 
= 0.42, n = 19) and southern (r = 0.61, n = 8) hemispheres. The Mehg 
concentrations in the flying fishes were also positively correlated with 
the latitudes. It has been documented that Mehg concentrations of 
freshwater fishes are increased as wet atmospheric hg deposition 
becomes greater. Therefore, the variations in hg concentrations of the 
flying fishes likely reflect the magnitude of atmospheric hg deposition. 
a global hg model showed that hg deposition fluxes were relatively 
large from 30º to 50º latitude in both hemispheres because of the global 
atmospheric circulation pattern and the distribution of industrialize 
areas within those latitudes. This study indicates that atmospheric hg 
deposition is directly linked to the hg levels in marine organisms.

RP-092

SPATIAL AND TEMPORAL VARIATION OF 
METHYLMERCURY CONCENTRATIONS OF 
ATLANTIC SILVERSIDES (MENIDIA MENIDIA) FROM 
LONG ISLAND SOUND
hansen, Gunnar1; bauMann, Zofia1; Mason, robert1; huffMan, 
Wesley1; 
(1) University of Connecticut - Avery Point, Groton/CT, United States 
of America

gunnar.hansen@uconn.edu

atlantic silverside (Menidia menidia) is an annual forage fish species 
whose populations reside in coastal embayments along the atlantic 
ocean. They substantially contribute to the diet of other predatory 
fish and are therefore a stepping-stone in the trophic transfer of 
contaminants to the higher trophic levels. atlantic silversides also serve 
as a model for planktivorous marine fish in studies of contaminant 
bioaccumulation, including total mercury (Thg) and methylmercury 

(Mehg). We therefore investigated the spatial and seasonal variability 
of Thg and Mehg in the pelagic food webs of five long Island sound 
(lIs) embayments. seawater, the suspended particles, copepods, and 
fish were collected in May, June, July, and september of 2016 from 
these embayments from norwalk harbor in the Western part of lIs 
to Mumford Cove in the east. suspended in seawater particles were 
collected via 20 μm and 3 μm pore size filter membranes to capture 
the particle pool most relevant to copepod diet (i.e. 3-20 μm). female 
copepods of the same species and of similar size were “hand-picked” 
under the dissecting microscope to limit data variability. Presently no 
data is available on intersex and interspecies Mehg concentration 
differences in lIs copepods. adult fish but not the juveniles were 
separated based on sex. Muscle tissue was dissected from the adults 
but for the juvenile fish head and fins were cut off and the abdomen 
was used for the analysis. our results show an increase of Mehg 
concentrations in the silversides from both Mumford Cove or norwalk 
harbor from May to July, but Mehg concentrations in fish from the 
intermediate locations remained similar during that period. overall, 
adult female silverside had Mehg concentrations of 0.34 ± 0.14 
(mean ± sD) µg/g dry weight that were 18% higher than males. Mehg 
concentrations in 2-3 month old silverside juveniles were 0.13 ± 0.05 
µg/g dry weight. Mehg concentrations in the copepods were highest 
in Mumford Cove and decreased towards the Western sound. highest 
Mehg concentrations in copepods from Mumford Cove were found 
during May and June and declined by 50% in July. The east-west gradient 
of Mehg concentrations in copepods was steepest in May and least 
pronounced in July. Insufficient copepods were found in september, 
likely due the bloom of their predators, gelatinous zooplankton. We will 
present the bioaccumulation and trophic transfer trends in studied lIs 
embayments during the spring and summer of 2016.

RP-093

TOTAL MERCURY CONCENTRATION IN JAGUAR 
(PANTHERA ONCA), TAIAMÃ ECOLOGICAL 
STATION, PANTANAL OF MATO GROSSO, BRAZIL
IGnaCIo, aurea1; sanTos fIlho, Manoel1; KanTeK, Daniel2; onuMa, 
selma2; MalM, olaf3; 
(1) UNEMAT, Caceres/Mato Grosso, Brazil; (2) ICMBIO, Caceres/Mato Grosso, 
Brazil; (3) UFRJ, Rio de Janeiro/RJ, Brazil

aurea@unemat.br

Mercury is one of the pollutants most resistant to degradation and its 
bioaccumulation can be highly harmful to aquatic biota, transposing 
trophic chain levels and reaching top food chain predatory mammals. 
The Taiamã ecological station is a federal / ICMbIo reserve. The jaguars 
of Taiamã have as preferential diet the fish and alligator, already 
evaluated in other studies as bioindicators of mercurial contamination 
in the Pantanal of Mato Grosso, brazil. The objective of this study was 
to evaluate the concentrations of total mercury in jaguar (Panthera 
onca), using a non - invasive method of barbed wire and adhesive tape 
and collection of hairs samples obtained in collar / ICMbIo / CenaP. 
for the composite samples, seven sample points were monitored for 
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six months with a Trap camera, with the objective of individualizing 
them. a total of 15 samples were collected, of which 13 were individual 
and 02 were composites (03 and 04 individuals per sample). for the 
quantification of the concentrations of total mercury was used atomic 
absorption spectrophotometer, Perkin elmer (fIMs - system). The 
average concentration of mercury (μg.Kg) was 4,265,448 (2,130,531 
min and 7,259,444 max). There was no significant difference in the 
concentrations of total mercury between the sexes (T test = 1,571, 
df = 10.8, p = 0.143), although the females presented the highest 
concentrations, which surely can cause over the years to biodiversity. 
age also did not explain the variations in concentrations (r2 = 0.1603, 
p = 0.1753). however, there was a significant negative difference 
between the concentrations of total mercury and the animals' weight 
(r2 = 0.3516; p = 0.03269). Thus, lighter animals had the highest 
concentrations of mercury in the body, suggesting that a mercury 
demethylation mechanism may be occurring over the life of these 
animals or individual factors of metal absorption in the body. The results 
are unprecedented and demonstrate bioaccumulation through trophic 
chain levels, reaching the largest predatory cat in the Pantanal, Mato 
Grosso, brazil through its diet almost exclusively of fish and alligators.

RP-094

ORGANOTROPISM OF MERCURY IN TWO 
CARNIVOROUS FISHES SPECIES FROM THE AMAZON 
REGION, BRAZIL
JaCob, laiana1; 
(1) Universidade Federal de Rondonia, Porto Velho, Brasil

laianajacob@hotmail.com

The amazon region is considereda region with natural mercury (hg) in 
soils.however, since the 1980s, tons of hg were released from the gold 
mining activity. This fact raises ecological concerns, due this chemical 
element undergobiomagnification along the trophic chain, reaching 
the human beings. Thus, fish as the main vectors of methylmercury 
(Mehg) for human population in the amazon, demand studies that 
understand the hg dynamics in its organisms. The aim of this study 
was to evaluate the organotropism of hg in fish tissues (muscle, 
liver, gills and brain) of the carnivorous species Cichlamonoculus and 
Pseudoplatystomafasciatum, sampled in Puruzinho lake (Madeira river, 
amazon state).These species are consideredas chain top organisms 
due shows carnivorous food habit. In addition,such species are widely 
consumed by the riverine population. fish samples were obtained by 
fishing net from august 2014 to July 2015. a chemical solubilization 
(hno3: h2so4) was performed for the total mercury determination 
(Thg), followed by oxidation (KMno4at 5%) and a pre-reduction (nh2oh.
hCl at 12%) for further quantification in a cold vapor atomic absorption 
spectrophotometer.extraction of methylmercury (Mehg)was carried out 
through a basic solubilization (Koh at 25%) keeping the sample in an 
oven at 70°C for 6 hours. subsequently, aliquots of fish tissue samples 
were transferred into the vials and buffered with 2M of naC2h3o2. 
The samples were ethylated by the addition of nabet4 and measured 
with ultra-pure water for further determination in a gas chromatograph 

coupled atomic fluorescence spectrophotometer. The analytical 
quality control was done using certified reference muscle samples 
(DorM-2 - dogfish).The mean of Thg concentrations inP. fasciatum 
followed the order liver >Muscle>brain>Gills, showing a similar order 
for Mehg in C. monoculus. The order of concentration for Thg was 
liver>Muscle>brain>Gills. for the concentrations of Mehg the species 
followed the same pattern as the first.Percentage of ratio (Mehg/hgT) 
of the species P. fasciatum was Gills>brain>Muscle>liver, and for C. 
monoculus was Gills>Muscle>brain>liver. The highest concentrations of 
hgT are present in the muscle and liver of the species P. fasciatum and 
C. monoculus respectively, and thus the highest organotropic ratio of 
hgT in these species due to their carnivorous food habit.

RP-095

VARIABILITY OF MERCURY CONCENTRATIONS IN 
LAKE STURGEON FROM FIVE RIVER SYSTEMS IN 
MANITOBA, CANADA
Jansen, Wolfgang1; aIKen, James1; 
(1) North/South Consultants, Winnipeg, Canada

wjansen@nscons.ca

In 2006, the Committee on the status of endangered species in Canada 
(CoseWIC) assessed most lake sturgeon (acipenser fulvescens) 
populations in Manitoba as endangered, although they have yet 
to be formally listed under the federal species at risk act (sara). 
Currently, commercial and recreational harvest is entirely prohibited, 
but varying degrees of subsistence harvest persists throughout much 
of the province. for many first nation communities in Manitoba, 
lake sturgeon is an important traditional food source and is generally 
considered an essential and integral part of their distinct cultural 
identity. Community members occasionally consume large quantities 
of sturgeon and concerns have been expressed about the associated 
health risk from mercury exposure. sturgeon are long-lived, regularly 
feed on large invertebrates and fish, and thus may accumulate mercury 
at substantial rates over several decades. however, relatively little is 
known about mercury concentrations in lake sturgeon in Manitoba 
(and elsewhere in north america). over the past decade, incidental 
sturgeon mortalities from several environmental monitoring programs 
and other environmental assessments in Manitoba have been 
sampled and analyzed for total mercury (Thg) in the axial musculature, 
substantially expanding the existing data base. here, we summarize 
Thg concentrations for almost 300 lake sturgeon collected from 
10 river reaches located within five river systems (four regulated, 
one unregulated) throughout Manitoba. Mercury concentrations in 
sturgeon measuring between 97 and 1390 mm fork length and age 
o+ to 51 years ranged from 0.01 ppm to 0.67 ppm. Mean and median 
concentrations were 0.12 ppm and 0.09 ppm, respectively, and mean 
and median lengths were 684 mm and 664 mm, respectively. except 
for those from the saskatchewan river, sturgeon from all other rivers 
showed a significant relationship between Thg and fish length. The 
slope of the Thg-length regression significantly differed between some 
sturgeon populations, indicating differences in their rate of mercury 
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bioaccumulation. The few available fish from the unregulated hayes 
river had the steepest slope of all populations. Thirty (12%) sturgeon 
exceeded a mercury concentration of 0.2 ppm, which is generally 
considered the limit for unrestricted fish consumption for subsistence 
purposes by health organizations. These 30 sturgeon had a mean length 
of 1053 mm, indicating that subsistence harvest should avoid larger fish 
to reduce dietary mercury exposure.

RP-097

RELATIVE IMPORTANCE OF TISSUE GROWTH RATE 
ON HG AND PCB DYNAMICS IN FISH
lI, Jiajia1; haffner, Douglas1; WanG, Dingyong2; DrouIllarD, Ken1; 
(1) Great Lakes Institute for Environmental Research, University of Windsor, 
Windsor, Canada; (2) Southwest University, Chongqing, China

likkxyz@126.com

This study evaluated the effect of growth of different tissue 
compartments on the bioaccumulation of mercury (hg) and 
polychlorinated biphenyls (PCbs) in silver carp (hypophthalmichthys 
molitrix) and bighead carp (hypophthalmichthys nobilis) from the 
Three Gorges reservoir (TGr), China. It was observed that although 
hg increased with fish age and size in both species, there was little 
evidence of PCb concentrations being related to fish size. To investigate 
this anomalous pattern of bioaccumulation, model simulations were 
developed and revealed that the growth rate coefficient (kg) of storage 
tissue compartments exceeded whole body elimination coefficients 
(ktot) of each contaminant. The kg of lipids also exceeded the kgof 
protein when expressed on a per unit tissue basis. using the actual 
tissue specific kgand calibrated Cd(PCb or hg concentration in diet), 
a general bioaccumulation model was able to accurately predict 
bioaccumulation of PCb and hg in these two species and major 
inflection points of chemical accumulation. This study concludes that 
kgis a dominant process regulating the bioaccumulation of hg and 
PCb in silver and bighead carp populations of the TGr. furthermore, 
the wider fluctuation in kgof lipid than kg of protein can lead to higher 
variability in the PCb bioaccumulation rate compared to hg.

RP-098

ASSESSMENT OF MERCURY CONTAMINATION IN 
RIVERINE FISH ASSOCIATED WITH UNCONTROLLED 
GOLD MINING IN MADRE DE DIOS, PERU
MarTIneZ, Gerardo1; MCCorD, stephen1; ToDoroVa, svetoslava2; 
araÚJo flores, Julio3; 
(1) University of California, Davis, CA, United States; (2) Syracuse University, 
Syracuse, NY, United States; (3) Centro de Innovación Científica Amazónica, 
Madre de Dios, Puerto Maldonado, Perú

gmarti@ucdavis.edu

artisanal and small-scale gold mining (asGM) in the Madre de Dios 
region of Peru is causing widespread environmental damage. as global 

market prices of gold increase, the rainforest is rapidly being cleared 
for alluvial mining. More than 100,000 acres of protected rainforest 
have been destroyed by illegal mining over the past decade. as hillsides 
are washed away, miners use elemental mercury to recover gold in a 
rudimentary amalgamation process, which is likely driving significant 
mercury contamination downstream.

The objective of this study is to assess the level of environmental 
contamination of recent asGM activities in Madre de Dios. We will 
monitor sites in the Tambopata and heath rivers. Tambopata river 
receives inputs from the mining-impacted Malinowski river. The heath 
river watershed remains undisturbed. both rivers are in the Tambopata 
national reserve and have similar watershed characteristics, such that 
under normal conditions they would be expected to have similar water 
quality and ecological conditions.

samples will be collected at four sites during the rainy season (January-
March) and dry season (July-september) in 2017. sampling sites are 
in the Tambopata river (one each upstream and downstream of the 
Malinowski river tributary), one in the Malinowski river, and one in the 
heath river. We will quantify the concentrations of mercury (total and 
methyl mercury) in fine-grained riverbed sediments and in four sentinel 
fish species (Donsello, boca chico, Chambira, and Paco). ancillary 
physical and chemical parameters (temperature, turbidity, ph, dissolved 
oxygen, and nitrate) will be measured in-situ. results from the rainy 
season will be presented and discussed. We expect to identify distinct 
patterns between the two river ecosystems and to use the heath rivers 
data as a baseline for future monitoring.

RP-099

MERCURY ASSESSMENT AS PART OF THE 
CALIFORNIA STREAM QUALITY ASSESSMENT
May, Jason1; Van MeTre, Peter2; rIVa-Murray, Karen3; DoMaGalsKI, 
Joseph1; 
(1) USGS California Water Science Center, Sacramento, CA, USA; (2) USGS 
Texas Waters Science Center, Austin, TX, USA; (3) USGS New York Water 
Science Center, Troy, NY, USA

jasonmay@usgs.gov

as part of the u.s. Geological survey (usGs) regional stream Quality 
assessment studies; the California stream Quality assessment (CsQa) 
evaluated mercury in water, sediment, and fish at 85 stream sites in 
the coastal chaparral ecological region during spring 2017. The study 
region spans ~520 km from santa barbara in the south to santa rosa 
area in the north and is home to roughly 8 million people as well as is 
a major agricultural setting that provides much of the nations produce. 
There are numerous potential sources for mercury (hg) and other 
trace elements in the CsQa region, such as selenium that may impact 
mercury occurrence and bioaccumulation. sources for hg include 
industrial wastewater, municipal wastewater, urban storm runoff, 
natural geothermal sources, mercury mines, gold mines, and direct 
atmospheric deposition. The number of mercury mines in the upstream 
watersheds of the sampling sites ranges from 0 to as many as 50 
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mines. Many of the watersheds within this region have total maximum 
daily load limit (TMDls) management plans in place for mercury. CsQa 
sampling included weekly water chemistry for six weeks culminating in 
sampling of bed sediment and full ecological surveys at each site. fish 
tissue samples were collected at most sites for analysis of total mercury 
in composite samples of insectivorous forage fish. opportunistically 
game fish were collected and analyzed for total mercury in the fillet 
tissue. Carbon and nitrogen isotopes were used to evaluate tropic 
position of the fish. Mercury isotopes were assessed in bed sediment 
and fish tissue at selected sites to evaluate potential sources of 
mercury. In addition, water quality information was collected (e.g., 
dissolved organic carbon, sulfate) that might help to explain mercury 
methylation in the streams and concentrations of hg in fish. These 
results will aid in better understanding the conditions of these streams 
within this region and assist future management of these streams and 
downstream waterbodies.

RP-100

CHARISMATIC MINI-FAUNA CONNECT CITIZEN 
SCIENTISTS TO MERCURY AIR AND WATER 
POLLUTION ISSUES IN NATIONAL PARKS: THE 
DRAGONFLY MERCURY PROJECT
nelson, sarah1; flanaGan PrITZ, Colleen2; KleMMer, amanda1; 
WIllaCKer, James3; Webber, hannah4; MarIon, Michael5; eaGles-
sMITh, Collin3; 
(1) University of Maine, Orono, ME, United States; (2) National Park Service 
Air Resources Division, Lakewood, CO, United States; (3) USGS Forest 
and Rangeland Ecosystem Science Center, Corvallis, OR, United States; 
(4) Schoodic Institute at Acadia National Park, Winter Harbor, ME, United 
States; (5) Acadia National Park, Bar Harbor, ME, United States

sarah.j.nelson@maine.edu

The Dragonfly Mercury Project engages citizen scientists in monitoring 
mercury contamination in national Parks across the us. The scientist 
team at the university of Maine, us Geological survey, and national Park 
service (nPs) enlist park staff or community partners, who lead teams 
of citizen scientists in the collection of dragonfly larvae. Dragonflies 
are analyzed for mercury, a global pollutant that affects resources the 
nPs is charged with protecting. The results provide individual parks 
and nPs data regarding the distribution of mercury at broad spatial 
scales. our goals for citizen scientist engagement are to: (1) provide an 
opportunity for biodiversity discovery; (2) connect people to parks; and 
(3) provide a vehicle for education and outreach regarding mercury. 
after field sampling, each park lead completes a short phone survey 
to provide structured feedback about citizen scientist outcomes. since 
2013, we have conducted a consistent survey covering >100 sampling 
expeditions across 60 national parks, involving >2,500 citizen scientists 
who typically contribute ~4 hours each to the project. Preliminary results 
indicate that deep engagement in the biodiversity discovery objective 
was an overwhelmingly important aspect of the project, with several 
participants citing getting kids outdoors as a highlight of the program. 
at acadia national Park, expanded sampling plans allowed for multiple 

citizen science expeditions, with over 660 participants (from middle 
school students to families to retirees) during 2013-2016. We will discuss 
our development of key messages for each citizen group type and 
outline challenges of working with the various citizen groups.

RP-101

MERCURY IN STREAM ECOSYSTEMS OF 
THE CHESAPEAKE BAY COASTAL PLAIN: 
USING INVERTEBRATES TO EVALUATE FOOD 
WEB EXPOSURE
osTer, Jacob1; heyes, andrew1; laPhaM, laura1; 
(1) University of Maryland Center for Environmental Science, Solomons, 
Maryland, United States

joster@umces.edu

Methylmercury (Mehg) is produced in numerous aquatic ecosystems. 
some systems have the potential to easily transfer and biomagnify 
into both aquatic and terrestrial food webs. While bioaccumulation 
processes within higher trophic levels have been well documented, 
processes controlling methylation of inorganic mercury (hg) and 
initial steps of accumulation of Mehg into the food web are not as 
well understood. We have been studying mercury cycling in stream 
ecosystems at the smithsonian environmental research Center (serC) 
which is located on the Coastal Plain on the western shore of the 
Chesapeake bay. one part of this research is focused on the transfer of 
Mehg and hg to the food web of two first order streams with different 
watershed histories, one which has been forested for the past 80 years 
and one that until recently supported agriculture. Production of Mehg 
in the riparian zone occurs in both streams, but stream and shallow 
groundwater concentration are much higher in the forested stream. 
by measuring concentrations of Mehg in sediment, stream pore 
water, and benthic macroinvertebrates of the two stream ecosystems, 
we are attempting to identify benthic macroinvertebrate taxa to 
serve as bioindicators in Mehg risk assessment. Initial examination 
of macroinvertebrate species diversity and abundance indicates an 
anticipated difference between the two watersheds, but with some 
commonality to explore our question. This difference is likely driven 
by the differing hydrology between the forested and the agriculturally 
impacted watershed. Mehg and hg analysis is currently underway and 
the results will be presented.

RP-103

ENVIRONMENTAL SELENIUM IS INVERSELY 
RELATED TO MERCURY BIOACCUMULATION IN 
FRESHWATER FISH
ralsTon, nicholas1; rayMonD, laura2; 
(1) University of North Dakota, Grand Forks, ND, USA; (2) Translational 
Medicine Independent Research Consultants, Grand Forks, ND, USA

nick.ralston@und.edu
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a recent study that assessed the mercury (hg) and selenium (se) 
concentrations in >14,000 ocean and freshwater fish has found the 
overwhelming majority of ocean fish contain far more se than hg, and 
are therefore more likely to prevent than cause hg toxicity. In contrast, 
the hg contents of freshwater fish are inversely related to environmental 
se availability, introducing great variability in the risks associated with 
their consumption. for this reason, the effects of methylmercury (Mehg) 
exposures from fresh water fish consumption require a better informed 
approach to risk assessments than those previously available. In all 
vertebrate tissues, Mehg initially binds to thiols, but since substrate 
thiols are directly acted upon by certain selenoenzymes, these species 
become suicide substrates that actively deliver Mehg into the active sites 
of se-dependent enzymes in the proper orientation to accomplish its 
transfer from the substrate thiol to the enzyme selenol. These Mehg-
se conjugates degrade to form mercury selenide (hgse), an insoluble, 
biologically unavailable form that cannot be absorbed during digestion. 
This retires hg from the biogeochemical cycle, and diminishes the 
amount available in tissues of predators or human consumers. because 
the soils of many north american watersheds are se-rich, fresh water 
fish from most regions contain far more se than Mehg. however, fish 
from certain regions of north american and many other regions of 
the world have poor se availability, either due to low abundance in 
the geological parent rock material, or due to poor se bioavailability 
due to low ph of the watersheds soil or waters. Poor se availability in 
freshwater bodies was found to greatly increase Mehg bioaccumulation 
in lepomis machrochiris (bluegill), sander vitreus (walleye), Ictalurus 
punctatus (channel catfish), esox lucius (northern pike), and Micropterus 
salmoides (largemouth bass). In the absence of sufficient se, freshwater 
fish bioaccumulate more Mehg than fish from se-rich watersheds, 
and their poor se contents greatly increase the risks associated with 
these Mehg exposures. Therefore, these aspects of Mehg associated 
risks urgently require further study, especially in regions of the world 
which are known to be se-poor. The risks associated with eating fish 
from such watersheds will need to be established on a case by case 
basis. In summary, Mehg risks cannot be accurately evaluated using 
outdated methods that only consider Mehg exposures. The se-health 
benefit Values (hbV) is intended to enable rapid identification of areas 
at accentuated risk and will more accurately establish Mehg-exposure 
related health hazards.

RP-104

TEMPORAL TRENDS OF ZOOPLANKTON 
METHYLMERCURY CONCENTRATIONS IN THE 
FINGER LAKES, NEW YORK
raZaVI, r1; buffInGTon, K1; besT, r1; broWn, M1; CleCKner, l1; 
(1) Hobart and William Smith Colleges, Geneva, United States

razavi@hws.edu

Zooplankton are an important vector of methylmercury (Mehg) to 
aquatic food webs and can be used to assess the role of morphological, 
land cover, and water quality parameters on Mehg availability. The 
finger lakes (new york, usa) are a series of glacially formed lakes 

with land cover dominated by agriculture that are experiencing 
increasing eutrophication. The objective of this study was to evaluate 
the association of lake productivity, frequency of anoxia, and dissolved 
organic carbon concentrations with temporal trends in zooplankton 
Mehg concentrations. lakes were selected with contrasting land 
use, watershed size, and depths. We surveyed bulk zooplankton (153 
m mesh size) weekly from honeoye lake and seneca lake in May 
september 2016. honeoye lake is a shallow (max depth 9 m), polymictic 
lake that undergoes frequent anoxia over the summer while seneca 
lake is a deep (max depth of 198 m), monomictic lake that remains 
oxygenated in the hypolimnion. We hypothesized that honeoye lake will 
have higher Mehg concentrations in zooplankton due to the frequent 
anoxic events which can lead to higher Mehg production, and the 
greater catchment area to surface area ratio (Ca:sa) which can increase 
hg transport from the watershed. In a preliminary subset of samples, 
Mehg concentrations were low in both lakes (range = 2 21 ng/g dry 
weight (dw); mean 10 ng/g dw) compared to bulk zooplankton of a 
similar size class from other regional watershed systems including lake 
Champlain and the adirondacks. Zooplankton data collected monthly 
(May-september) in 2015 from a previous study of five finger lakes 
showed significant differences among lakes in May, July, and september. 
Within lakes, trends varied, but lakes with larger Ca:sa (e.g., honeoye 
lake) had significantly higher Mehg concentrations in May. Dissolved 
organic carbon was not a significant predictor of zooplankton Mehg 
concentrations with the monthly samples collected in 2015. analyses 
of the 2016 zooplankton samples continue and we hypothesize that 
changes in zooplankton Mehg concentrations on a finer temporal scale 
will reveal higher Mehg concentrations in honeoye lake compared to 
seneca lake.

RP-105

MERCURY IN FISH AND INVERTEBRATES IN THE 
SAINT JOHN RIVER ESTUARY
reInharT, bethany1; KIDD, Karen1; o'DrIsColl, nelson2; PaVey, scott1; 
(1) University of New Brunswick Saint John, Saint John, NB, Canada; (2) Acadia 
University, Wolfville, NS, Canada

bethany.reinhart@unb.ca

although methylmercury (Mehg) can be higher in freshwater than 
estuarine or marine sediments, it is not known whether Mehg in biota 
also follows this trend. The objective of this research was to determine if 
Mehg concentrations in fish and invertebrates decrease along gradients 
of increasing marine influence in estuaries, as measured by salinity. 
fourspine stickleback (apeltes quadracus), as well as invertebrates 
(snails, amphipods and chironomids), were collected from each of ten 
sites along the saint John river estuary in 2015 and 2016. sediments 
and water were also collected in 2016. Total mercury (Thg; used as a 
proxy for Mehg in fish) was measured in whole stickleback and Mehg 
was measured in pooled invertebrates as well as sediments and water. 
stable sulfur (δ34s) (measure of marine influence), carbon (δ 13C) 
(measures of food sources) and nitrogen isotope (δ 15n) (measure 
of trophic position) values were also measured, as these help explain 
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variability in Mehg and Thg in animals. analysis of variance tests were 
used to check for among-site differences in Thg in fish and generalized 
linear models were used to determine which factors predict Thg in 
stickleback and which factors (salinity, dissolved oxygen, length (fish 
only) and stable isotope values) predict Mehg in invertebrates. salinity 
and dissolved oxygen of the sites ranged from 0.1 ppt to 8.1 ppt and 
from 5.9 to 12.2 mg/l, respectively. Concentrations of Thg in stickleback 
were 109.4 to 1,134.1 µg/kg dry weight (dw) across sites. Mehg ranged 
from 10.1 to 145.1 µg/kg dw in amphipods, from 22.1 to 613.0 µg/kg dw 
in snails and from 23.4 – 101.0 µg/kg dw in chironomids across sites. 
Though there were significant among site differences in Thg in fish, 
these differences seemed to be unrelated to salinity. for stickleback 
in 2015, mean Thg was best predicted by mean length and δ34s. 
Mehg in both amphipods and snails were significantly predicted by 
d15n. although several factors affect the accumulation of Mehg in the 
tissues of biota, these preliminary results do not suggest salinity was a 
main influence, although δ34s, another measure of marine influence, 
explained some variability of Thg in 2015 fish. analyses of samples and 
data from 2016 is ongoing.

RP-106

A REGIONAL INVESTIGATION OF MERCURY IN 
SMALL MID-TROPHIC FISHES AND PREDATORY 
GAME FISHES OF STREAMS IN THE NORTHEASTERN 
UNITED STATES
rIVa-Murray, Karen1; Van MeTre, Peter2; Coles, James3; Janssen, 
sarah4; KrabbenhofT, David4; 
(1) U.S. Geological Survey, Troy, NY, United States; (2) U.S. Geological Survey, 
Austin, TX, United States; (3) U.S. Geological Survey, Northboro, MA, United 
States; (4) U..S. Geological Survey, Middleton, WI, United States

krmurray@usgs.gov

fish-tissue mercury (hg) concentrations exceed human health 
advisory levels and wildlife guidelines in water bodies throughout the 
northeastern united states. Mercury concentrations in small, mid-
trophic level invertivorous fishes and in predatory game fishes of this 
regions streams were assessed during the summer of 2016 as part of 
the northeast stream Quality assessment (nesQa), a multi-stressor 
study conducted by the usGs national Water-Quality Program. The 
objectives of the fish mercury investigation were to document stream-
fish hg concentrations throughout the region and to describe the 
environmental factors associated with observed spatial patterns across 
the region. streams were located in urban, agricultural, and forested 
watersheds, and represented a variety of potential mercury sourcess. 
Total mercury (Thg), assumed to be primarily methylmercury (Mehg), 
was analyzed in fish tissue collected from 91 streams. small-bodied, 
mid-trophic, invertivorous fishes were collected from nearly every site, 
and game fish samples were collected from 54 of the sites. fish tissue 
from 23 of the sites was also analyzed for Thg isotopes to evaluate 
hg sources. The most commonly-collected mid-trophic level fishes 
were blacknose Dace (Rhinichthys atratulus, 61 sites), longnose Dace 
(R. cataractae, 22 sites), and Creek Chub (Semotilus atromaculatus, 22 

sites). These samples consisted of single-species composites of whole 
specimens. The most commonly-collected game fish samples were 
salmonids (collected from 26 sites) and centrarchids (mainly Micropterus 
and Lepomis species; collected from 21 sites). Multiple mid-trophic 
level species and game fish species were collected at many sites, to 
facilitate spatial comparisons across the region. fish and periphyton 
samples also were analyzed for nitrogen stable isotopes (δ15n) to 
provide estimates of base-adjusted trophic position (i.e. by adjusting fish 
δ15n for differences among sites in base nitrogen signature). fish hg 
concentrations will be compared with human-health and wildlife-health 
guideline levels, and will be analyzed in relation to stream physical 
data (such as stage, temperature), water quality data (including ph and 
concentrations of dissolved organic carbon, sulfate, Thg and Mehg), bed 
sediment Thg, landscape characteristics, and food web characteristics 
(based on periphyton, macroinvertebrate, and fish community sampling 
data) to document factors affecting mercury bioaccumulation in stream-
resident fish across the northeastern united states.

RP-107

MULTI-PREDATOR PROJECT: AN ANALYSIS 
OF TROPHIC ECOLOGY AND MERCURY 
BIOACCUMULATION BY CO-HABITING PISCIVORES
saVaGe, Pascale-laure1; JohnsTon, Thomas2; Gunn, John1; 
(1) Laurentian University, Sudbury, Ontario, Canada; (2) Ontario Ministry of 
Natural Resources and Forestry, Sudbury, Canada

psavage@laurentian.ca

fish mercury (hg) concentrations are positively correlated to 
atmospheric deposition. While north american and global deposition 
of hg has declined in recent decades fish hg concentrations in boreal 
shield lakes of ontario, Canada, have not shown a similar decline and 
may even be rising in some areas. at a landscape scale, much of the 
observed variability in fish hg concentrations is among waterbodies 
suggesting ecosystem-level effects on methylmercury production. 
There is also considerable variation among trophic guilds of fishes 
within waterbodies, with piscivores usually having the highest hg 
concentrations. Variation in hg concentrations may also be substantial 
among species within a trophic guild, though the reasons for this have 
not been closely investigated. We are examining the relative roles 
of food web position and growth rate in accounting for interspecific 
variation in mercury concentration of four co-habiting native piscivore 
species (walleye, northern pike, lake trout and burbot) in 34 boreal 
shield lakes of ontario. Preliminary results have shown that variation 
among lakes may be higher than variation among species and much 
of the interspecific variation in mercury concentrations among boreal 
piscivores may be accounted for by subtle differences in food web 
position. hg and stable isotope data analyses are ongoing, linear models 
relating total mercury concentration [Thg] to carbon source (inferred 
from 13C), trophic position (inferred from 15n) and growth rate in a 
standard size of fish (1 kg) will be compared using akaikes Information 
Criterion (aIC).



POSTeR ABSTRACTS ICMGP2017 The 13Th InTernaTIonal ConferenCe on MerCury as a Global PolluTanT InTeGRATInG MeRCuRy ReSeARCh And POLICy In A ChAnGInG WORLd July 16 – 21, 2017 · ProVIDenCe, rhoDe IslanD, usa 351

RP-108

MODELING MERCURY BIOACCUMULATION IN THE 
MICROBIAL FOOD WEB
soerensen, anne1; MÜller-KarulIs, bärbel2; sCharTuP, amina3; 
sKrobonJa, aleksandra4; GusTafsson, bo2; bJÖrn, erik4; 
(1) Stockholm University, Stockholm, Sweden; (2) Baltic Sea Centre, 
Stockholm, Sweden; (3) Harvard University, Cambridge, USA; (4) Umeå 
University, Umeå, Sweden

anne.soerensen@aces.su.se

Methylmercury (Mehg) bioaccumulates in food webs. The length of 
microbial food webs differs between heterotrophic and autotrophic 
dominated systems. This difference in length could affect the level of 
Mehg bioaccumulation between the water column and zooplankton 
communities. biogeochemical models often have a reduced pelagic 
microbial food web with simplified carbon and nutrient turnover. 
To quantify the uptake and trophic transfer of Mehg through the 
bottom of the food web we use the baltsem model, a biogeochemical 
model that has been expanded to include a microbial food web. 
The model thus includes a detailed scheme for carbon and nutrient 
cycling in the water column and through three types of phytoplankton 
(cyanobacteria, diatoms and flagellates), bacteria, heterotroph 
nanoflagellates, ciliates and mesozooplankton. We recently updated 
the model to include biogeochemical hg cycling in the water column 
and uptake into phytoplankton. here we add uptake by bacteria as 
well as trophic transfer of Mehg through both the autotrophic and 
heterotrophic food web up to mesozooplankton. To validate the 
model we collected different size classes of seston in the baltic sea. 
The microbial communities in the samples were determined as well as 
the Mehg content. With the updated model we simulate differences in 
trophic Mehg transfer between the autotroph and heterotroph food 
webs. We discuss results from the model simulations with a focus on 
the impact of variability in autotroph/heterotroph driven food webs for 
Mehg bioaccumulation.

RP-109

ROLE OF MICROPLANKTONIC SPECIES IN MERCURY 
BIOACCUMULATION IN THE PELAGIC FOODWEB OF 
AN ULTRAOLIGOTROPHIC LAKE
soTo CÁrDenas, Carolina1; Gerea, Marina1; DIÉGueZ, María1; rIbeIro 
GueVara, sergio2; QueIMalIÑos, Claudia1; 
(1) INIBIOMA UNComahue-CONICET, San Carlos de Bariloche, Río Negro, 
Argentina; (2) CAB, CNEA, San Carlos de Bariloche, Río Negro, Argentina

sotocardenasc@comahue-conicet.gob.ar

In ultraoligotrophic lakes of andean-Patagonia, the aquatic biota 
generally bears high total mercury (hg) levels. In these systems, 
inorganic hg (hg2+) makes up to ~93% of the hg pool. The 
microplanktonic fraction (20-200 m) of these lakes is dominated by 
autotrophic dinoflagellates, (Gymnodinium spp.) and mixotrophic 
ciliates (ophrydium naumanni and stentor araucanus). These 

organisms may potentially incorporate hg passively from the dissolved 
phase and, in the case of the mixotrophic ciliates, also through 
consumption of picoplanktonic organisms, transferring this metal to 
higher trophic levels. In this investigation we analyzed the passive and 
active incorporation of hg2+ by three basal planktonic organisms of 
contrasting sizes (increasing size: Gymnodinium spp.

RP-110

TEMPORAL FISH MERCURY TRENDS IN RELATION 
TO FOOD WEB DYNAMICS IN LITTLE MOOSE LAKE, 
ADIRONDACKS NY
Taylor, Mariah1; DrIsColl, Charles1; lePaK, Jesse2; JosePhson, 
Daniel3; KrafT, Clifford3; 
(1) Syracuse University, Syracuse, NY, United States; (2) Cornell University, 
Ithaca, NY, United States; (3) Cornell University, Ithaca, NY

mstayl02@syr.edu

Mercury contamination within aquatic ecosystems is of particular 
concern in the adirondack Park of new york state due to elevated levels 
of mercury deposition from global and regional atmospheric sources 
and watershed characteristics that drive biophysical interactions that 
mobilize and transform mercury altering its bioavailability. short-term 
internal biological forces impact mercury bioaccumulation as fish 
communities and populations change due to species introductions and 
lake management practices causing alterations in food web structure 
and energy transfer. utilizing archived samples and historical data, total 
mercury concentrations, diet and age data were evaluated for lake 
trout, the native top-predator, and smallmouth bass, an introduced 
top-predator removed annually for over 15 years from little Moose lake 
in the adirondacks. Mercury concentrations in lake trout have increased 
over time while smallmouth bass mercury concentrations decreased 
significantly over the same interval and so changes in mercury deposition 
are likely not the main driver for these observations. Diets for both 
species also changed over time with lake trout consuming higher trophic 
level prey containing higher levels of mercury. The annual bass removal 
could result in shifts in many different trophic transfer mechanisms that 
may have influenced the observations in temporal mercury trends in 
the two top-predator species. The knowledge gained from this in-depth 
study will allow better evaluation and monitoring of spatial patterns and 
temporal trends in sportfish mercury concentrations in the context of 
food web changes to protect human health and the environment.

RP-111

USING CYSTEINE TO QUANTIFY THE 
BIOMAGNIFICATION OF METHYLMERCURY IN 
AQUATIC FOOD WEBS: A NOVEL APPROACH
Thera, Jennifer1; KIDD, Karen1; berTolo, robert2; o'DrIsColl, nelson3; 
(1) University of New Brunswick, Saint John, NB, Canada; (2) Memorial 
University, St. John's, NL, Canada; (3) Acadia University, Wolfville, NS, Canada

jenniferthera@gmail.com
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The average biomagnification of methylmercury (Mehg) through aquatic 
food webs is quantified as the slope of log Mehg versus stable nitrogen 
isotopes (delta15n; a measure of relative trophic position). however, 
these slopes can vary significantly among ecosystems for reasons 
that are not well understood. In biota, Mehg is stored in proteins, in 
particular it is bound to the sulphur-containing amino acid cysteine. our 
hypothesis was that cysteine content is a better and more consistent 
predictor of Mehg transfer through lake food webs than delta15n. In 
2013, food web taxa (benthic invertebrates, zooplankton, and fish) were 
collected from six lakes within Kejimkujik national Park, nova scotia, 
Canada, a biological Mehg hotspot. Mehg concentrations and delta15n 
were measured and compared to protein-bound cysteine (measured 
as cysteic acid using ultra performance liquid chromatography) in 
composite invertebrate samples and fish muscle. Cysteine content 
(nmol per mg tissue) had a strong positive correlation with delta15n 
(Pearson correlation, r = 0.86; p < 0.001). In addition, log Mehg (mg/kg 
dw) was significantly and positively related to log cysteine (nmol per mg 
total protein) (r2 = 0.74-0.90; p < 0.001) within food webs across all lakes; 
no among-system differences in these slopes were observed (anCoVa 
interaction term, p = 0.2134). for these same systems, relationships 
between Mehg and delta15n resulted in a better goodness of fit (r2 
= 0.90-0.95; p < 0.001) and similar slopes (anCoVa interaction term, 
p = 0.5059). These results suggest that while cysteine content was a 
significant predictor of Mehg in aquatic food webs, delta15n explained 
more of the among-taxa variability within each system.

RP-112

BOTH TROPHIC AND BIOGEOCHEMICAL 
PROCESSES CONTRIBUTE TO HABITAT-SPECIFIC 
MERCURY BIOACCUMULATION
WIllaCKer, James1; eaGles-sMITh, Collin1; Von hIPPel, frank2; 
o'hara, Todd3; 
(1) U.S. Geological Survey, Forest and Rangeland Ecosystem Science Center, 
Corvallis, OR, USA; (2) Northern Arizona University, Flagstaff, AZ, USA; 
(3) University of Alaska Fairbanks, Department of Veterinary Medicine, 
Fairbanks, AK, USA

jwillacker@usgs.gov

bioaccumulation of mercury in fishes is often a complex process 
influenced by numerous biogeochemical, ecological, and physiological 
factors at various hierarchical levels. habitat-specific foraging, 
including specialization on either littoral or pelagic resources, can be a 
particularly important ecological process influencing fish tissue mercury 
concentrations. however, the mechanisms underlying habitat-specific 
differences in mercury bioaccumulation are poorly understood. In 
particular, the degree to which differences in mercury bioaccumulation 
among habitats are due to trophic processes occurring within habitat-
specific food webs as compared to variable production of bioavailable 
methylmercury in different habitats is unclear. To differentiate 
between these two sources of variation, we measured total mercury 
and methylmercury concentrations in threespine stickleback fish 
(Gasterosteus aculeatus) and primary consumers from both littoral 

(grazing snails) and pelagic (filter-feeding mussels) food webs in seven 
lakes where the proportion of the lake that was composed of littoral 
habitat ranged from 10% to 99%. Preliminary results indicate that in 
all seven lakes methylmercury concentrations of primary consumers 
were significantly (2- to 4-fold) higher in pelagic taxa than in littoral 
taxa. however, Mehg concentrations in primary consumers from 
both habitats displayed nearly identical positive correlations with 
the proportion of littoral area within lakes. In contrast, we found 
an inverse-quadratic (u-shaped) relationship between stickleback 
mercury concentrations and the proportion of littoral area within a 
lake; concentrations were higher in lakes with proportionally low or 
high littoral area compared to lakes with nearly equal proportions of 
the two habitats. higher mercury concentrations in stickleback from 
lakes with high relative littoral areas may be due to higher mercury 
concentrations in the primary consumers at the base of these lakes 
food webs. however, lakes with low relative littoral area also had low 
mercury concentrations in primary consumers, suggesting that the 
elevated concentrations in the stickleback from these lakes are likely 
due to trophic processes occurring within the food webs. Together 
these data highlight the importance of considering both trophic and 
biogeochemical processes when evaluating habitat-specific sources of 
variation in mercury bioaccumulation.

RP-113

MERCURY BIOACCUMULATION, FATTY ACID 
PROFILES, AND STABLE ISOTOPES IN SWEDISH AND 
CHINESE LAKE FOOD WEBS
Wu, Pianpian1; yan, haiyu2; KaInZ, Martin3; ÅKerbloM, staffan1; JInG, 
Min4; branfIreun, brian5; berGsTrÖM, ann-Kristin6; bIshoP, Kevin1; 
(1) Swedish University of Agricultural Sciences, Uppsala, Sweden; (2) State Key 
Laboratory of Environmental Geochemistry, Chinese Academy of Science, 
Guiyang, China; (3) WasserCluster - Biologische Station Lunz, Inter-University 
Center for Aquatic Ecosystem Research, Lunz am See, Austria; (4) College of 
Environmental Science and Engineering, Taiyuan University of Technology, 
Guiyang, China; (5) Western University, London, Canada; (6) Umeå University, 
Umeå, Sweden

pianpian.wu@slu.se

The consumption of fish is the major exposure route of potentially 
toxic mercury (hg) as well as physiologically highly required long-chain 
polyunsaturated fatty acids (Pufa) to humans. There are considerable 
differences in hg and Pufa concentrations of freshwater fish in 
sweden and China, with generally lower methyl mercury (Mehg) 
concentrations in fish from China than sweden, although aqueous 
Mehg concentrations are very similar. such inconsistence encouraged 
us to explore hg, Mehg, and Pufa patterns in lake food webs to better 
understand the contrasts between the freshwater ecosystems of 
sweden and China, as well as the large variation within each country. 
To do this we measured hg and Mehg concentrations in surface 
water, plankton, benthic invertebrates, and fishes sampled from 7 
freshwater lakes in sweden and 6 reservoirs in China. stable carbon 
(d13C) and nitrogen (d15n) isotope ratios, and Pufa concentrations 
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were measured in aquatic biota. We also included Mehg concentrations 
and Pufa profiles in different plankton size groups: seston (<25 µm in 
sweden), microplankton (64-112 µm in China; 25-100 µm in sweden), 
mesozooplankton (112-500 µm in China; 100-500 µm in sweden) and 
macrozooplankton (>500 µm in sweden).

our preliminary results indicate: 1. Chinese fish muscle samples were 
rich in the omega-6 Pufa linoleic acid (lIn), whereas swedish fish 
samples were rich in the omega-3 Pufa docosahexaenoic acid (Dha); 
2. Pufa appear to be effective biomarkers indicative of different food 
sources in different locations. for example, gamma-linoleic acid (Gla) 
characteristic of blue-green algae, is significantly higher in Chinese fish 
muscle samples. 3. Mehg and Mehg/Thg were significantly lower in 
swedish zooplankton samples, but significantly higher Mehg and Mehg/
Thg in fish samples as compared to the samples from China; 4. There 
was a statistically significant negative correlation between Mehg and 
Pufa, monounsaturated fatty acids (Mufa), saturated fatty acids (safa), 
and terrestrial fatty acids in fish samples from oligotrophic lakes in 
sweden. The same trend was not observed in samples from eutrophic 
lakes in China.

overall, these data begin reveal the complexity of how food 
web structures influence regional and global differences in the 
bioaccumulation of hg.

2h: Mercury cycling in response to 
ecosystem perturbations

RP-114

STABILIZATION OF RESIDUAL ELEMENTAL 
MERCURY FOLLOWING THERMAL REMEDIATION 
USING GASEOUS SULFUR
DICKson, Johnbull1; JaCKson, Dennis1; DenhaM, Miles1; eDDy-DIleK, 
Carol1; looney, brian1; 
(1) Savannah River National Laboratory, Aiken, USA

johnbull.dickson@srnl.doe.gov

In this study, the effectiveness of using gas-phase sulfur as a 
stabilization enhancement following in-situ thermal remediation of 
elemental mercury is evaluated. In-situ thermal remediation involves 
the application of heat and vacuum to remove volatile contaminants 
from the subsurface. Thermal remediation is a mature technology that 
is commercially available for targeted cleanup of subsurface volatile 
organic contaminants and is being evaluated as a viable treatment 
technology for elemental mercury by several research groups. 
laboratory experiments have demonstrated that 99.8% of elemental 
mercury can be removed using in-situ heating at temperatures of 
244-259°C. a field-scale deployment by one group of researchers 
demonstrated a fourfold increase in hg removal relative to ambient 
conditions, by increasing the subsurface temperature to 50-55°C. 
Moreover, results from numerical simulations indicate that phase 

transitions that occur with increasing temperature can lead to complete 
vaporization of elemental mercury below the boiling point of water. 
although thermal remediation appears viable for substantial hg mass 
removal, small residuals are likely to remain in the subsurface following 
deployment. These hg residuals will likely exceed environmental 
thresholds, thus requiring a combined remedial solution that includes 
large-scale mass removal with an in-situ stabilization component. In 
this study the immobilization of residual elemental mercury in the 
subsurface with a sequestering agent (vapor-phase elemental sulfur) is 
examined. The novel process utilizes residual heat that is present within 
the system following in-situ thermal remediation to deliver gaseous 
sulfur, resulting in the in situ formation of recalcitrant mercury sulfide 
species. Conceptually the process is simple with elemental mercury and 
elemental sulfur reacting in the gas phase to form the recalcitrant solid 
phase species. simulations indicate that the role of oxygen is significant, 
especially if atmospheric air is used as the delivery mechanism. These 
simulations indicate that a reducing environment (i.e. a transport gas 
with depleted oxygen) is needed to form the targeted mercury sulfides. 
When considering the role of other elements present in the subsurface, 
our simulations identified the potential formation of iron sulfide (pyrite) 
that will acidify the soil as moisture and oxygen enter the system. The 
acidification potential can be overcome by judicious selection of the 
transport gas used to deliver elemental sulfur. simulations indicate 
that with the proper selection of the transport gas, a buffered system 
can be established with redox conditions that favor the targeted 
stabilization reaction.

RP-116

SOIL-WATER METHYLMERCURY FLUX FROM NEWLY 
FLOODED WETLAND AND RIVER VALLEY SOILS
balCoM, P1; Ge, b1; CalDer, r1; sCharTuP, a1; TurPIn, J2; WaTTs, r2; 
bIasuTTI-broWn, M3; yao, l1; bell, T4; sunDerlanD, e1; 
(1) Harvard John A. Paulson School of Engineering and Applied Sciences, 
Cambridge, MA, USA; (2) Resident, Happy Valley-Goose Bay/North West 
River, NL, Canada; (3) Nunatsiavut Government, Happy Valley-Goose 
Bay, NL, Canada; (4) Department of Geography, Memorial University  of 
Newfoundland, St John’s, NL, Canada

pbalcom@seas.harvard.edu

Methylmercury (Mehg) production in newly flooded soils has been 
shown to be strongly related to soil organic carbon content. new 
hydroelectric developments and reservoir creation are being proposed 
in many ecosystems, but no data exists on whether Mehg flux from 
soil will vary with carbon content and composition. This information 
is essential to assess the environmental and human risks prior to 
reservoir creation. To address this knowledge gap for a hydroelectric 
power development under construction near Muskrat falls on the 
Churchill river (labrador, Canada), we collected 27 soil cores (15 cm 
long) from 3 sites for Mehg flux experiments. The core incubations 
included pre-flood soils, infrequently flooded soils, and wetland sites. 
additional incubations with pre-flood soil cores included: 1) leaf litter 
layer removed, and 2) leaf litter layer and top 5 cm of soil removed. each 
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soil type and manipulation was replicated using three cores and flooded 
with Churchill river water, which was replaced every 24 hours. We 
sampled overlying water for Mehg analysis at intervals of 3 to 12 days 
for a period of 6 weeks. In previous flux core experiments using Muskrat 
falls soil with leaf litter layer removed, we observed a 14-fold increase 
in Mehg concentration after only 5 days of incubation. We projected a 
10-fold increase in riverine Mehg levels associated with flooding of the 
Muskrat falls reservoir based on the relationship between soil organic 
carbon and soil Mehg for other systems. This resulted in a projected 
factor of 2.6 increase in Mehg in downstream lake Melville estuarine 
surface waters, and an expected doubling of mean Inuit Mehg exposure. 
our work suggests that soil organic carbon content is a useful screening 
criterion for hydroelectric power site selection, and that carbon removal 
could help reduce environmental Mehg concentrations associated with 
flooding. Plans for additional work at the Muskrat falls reservoir site 
include soil characterization, water column Mehg measurements, Mehg 
flux core experiments with different levels of soil organic carbon, and 
probabilistic modeling to refine prior impact assessments.

RP-117

ANTHROPOGENIC AND NATURAL FACTORS 
AFFECTING THE INPUT OF LABILE MERCURY INTO 
MARINE COASTAL ZONE
beŁDoWsKa, Magdalena1; sanIeWsKa, Dominika1; GĘbKa, Karolina1; 
KWasIGroCh, urszula1; 
(1) Institute of Oceanography University of Gdańsk, Gdynia, Poland

m.beldowska@ug.edu.pl

The important pathway of terrestrial hg transport into marine 
ecosystems is the atmosphere, however in the coastal zone, rivers 
represent the main source of this metal. hg emission in the baltic 
region at the beginning of the 21st century was about 20% - 30% 
lower than during the 1980s. The climate warming, particularly in the 
autumn-winter season, is another factor contributing to the decline in 
hg emission from the main source, the burning of fossil fuels, into the 
coastal zone of the southern baltic. on the other hand, warmer winters 
result in a lack of icing or its persistence for a shorter period of time, thus 
giving more time for remobilization of hg and its incorporation to the 
marine trophic chain. In addition extreme events, such as storms, heavy 
rains, floods, the erosion processes along the coast are more frequent. 
In consequence higher load of hg is introduced to the sea. The toxicity 
of mercury depends on its form, therefore the aim of this study was 
an estimation of input of labile mercury to the coastal zone, under the 
influence of intensive precipitation, catchment management strategies 
and erosion of the coast. samples were collected in years 2015-2017 
in the Gulf of Gdańsk watershed (southern baltic). Mercury fractions 
(labile and stabile) were analyzed with DMa-80 mercury analyzer using 
thermodesorption method. The obtained results show that during 
present days, when anthropogenic emission is significantly reduced, 
extreme events, such as intensive precipitations, floods, coastal erosion 
and development of catchment area are important factors for hg 
bioaccumulation in marine trophic chain.

RP-118

IMPACT OF INTENSE RAINS AND FLOODING ON 
MERCURY RIVERINE INPUT TO THE COASTAL ZONE
sanIeWsKa, Dominika1; beŁDoWsKI, Jacek2; belDoWsKa, Magdalena1; 
sanIeWsKI, Michał3; GĘbKa, Karolina1; sZubsKa, Marta2; 
(1) Institute of Oceanography, University of Gdańsk, Gdynia, Poland; 
(2) Institute of Oceanology PAS, Sopot, Poland; (3) Maritime Branch, Institute 
of Meteorology and Water Management, Gdańsk, Poland

dominika.saniewska@gmail.com

Mercury input from rivers to the coastal zone depends on local sources 
of this metal, and is regulated mostly by land use and meteorological 
events. This study focused on four small rivers, typical for southern 
baltic, with no significant mercury sources, transporting mostly hg 
originating from atmospheric deposition. samples were collected from 
5 stations in Zagrska struga and Gizdepka, 4 in Płutnica and 7 in reda 
river catchment. station represent most common land use types forest, 
agriculture, wetlands and urban areas. samples were collected during 
average flow conditions in four seasons for two years, additionally, 
water was sampled during selected meteorological events floodings, 
downpours, snowmelt and draught. samples included filtered and 
unfiltered river water, which was analysed for total mercury using CV-
afs Tekran 2600. additional analyses included DoC, temperature, ph, 
dissolved oxygen and conductivity. additionally, flow was measured 
by current meter. To evaluate mercury retention in the catchment, 
rainwater mercury concentrations were measured, and for the 
estimation of relative importance of small river mercury input for 
the baltic, water from one of the largest rivers, Vistula, was sampled 
near mouth.

results show decreased mercury retention and greater input during 
intense rainfalls, and floodings, showing mercury elution from 
catchment. This suggests that relative importance of mercury input from 
smaller rivers may increase due to Climate Change, which in the boreal 
environment may lead to more frequent extreme events.

RP-119

IMPACT OF WARMING SURFACE FRESH WATERS ON 
MERCURY CYCLING AND ACCUMULATION IN FISH
bhaVsar, satyendra1; GanDhI, nilima2; PoIrIer, Dave1; PeTro, 
steve1; branfIreun, brian3; arhonDITsIs, George2; arTs, Michael4; 
ChonGKIT, richard1; 
(1) Ontario Ministry of the Environment and Climate Change, Ontario, 
Canada; (2) University of Toronto, Ontario, Canada; (3) University of Western 
Ontario, Ontario, Canada; (4) Ryerson University, Ontario, Canada

satyendra.bhavsar@ontario.ca

rising air and water temperature have been reported worldwide. 
Predicted increases in water temperature for temperate waters by 
2100 are between 1.5 and 4.5°C. similarly, water temperatures in the 
majority of Canada are predicted to increase by 5–10°C by 2100. We 
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experimentally studied the impact of warming surface fresh waters on 
mercury cycling and accumulation in fish. Twelve tubs were filled to 8 
cm depth with natural sediment collected from a lake in the Canadian 
shield region, and filled with reverse osmosis filtered water to 40 cm 
depth. To simulate the effects of warming waters, four temperature 
settings with three replicates each were implemented: 12°C (baseline), 
8°C (cooling), 16°C and 20°C (warming). These temperatures also cover 
the optimal range for white sucker, fish species used in the study. after 
4 weeks, about 110 g of lumbriculus (food for fish) and sixty-five juvenile 
white suckers reared in the laboratory were added to each tub. The 
experiment was then run for 8 more weeks.Tubs were weekly topped 
up with reverse osmosis water to the initial volume to compensate for 
the evaporation loss. Water chemistry parameters, namely teperature, 
dissolved oxygen, ph and conductivity were measured daily, while 
hardness was measured weekly. every week, three water samples 
from each tub were collected using a clean-hand dirty-hand procedure 
and acidified to 1% with ultrapure hydrochloric acid (hCl) for analyses 
of total and methylmercury concentrations. five fish were randomly 
collected from each tub on a weekly basis and measured for length 
and mercury. fish mortality was monitored daily and dead fish were 
removed. observed changes in water chemistry, as well as total mercury 
and methylmercury concentrations in water, sediment and fish with 
time under the influence of varied water temperatures will be discussed.

RP-121

WATER QUALITY RESPONSE TO FLOW 
MANIPULATION IN A HG-CONTAMINATED CREEK
brooKs, scott1; MIller, Carrie2; rIsCassI, ami3; olsen, Todd1; loWe, 
Kenneth1; Mehlhorn, Tonia1; yIn, Xiangping1; branDT, Craig1; 
forTner, allison1; DICKson, Johnbull1; 
(1) Oak Ridge National Laboratory, Oak Ridge, TN, USA; (2) Troy University, 
Troy, AL, USA; (3) University of Virginia, Charlottesville, VA, USA

brookssc@ornl.gov

east fork Poplar Creek (efPC) in east Tennessee, usa, was contaminated 
with large amounts of hg between 1950 and 1963. small amounts 
of hg continue to be released from the primary source located at 
the headwaters of the creek. stream restoration activities since 1983 
included the initiation of a flow management program in 1996 to restore 
minimum baseflow in the uppermost reaches of the creek by pumping 
in uncontaminated water from a nearby lake. This water constituted 
~13% of the baseflow measured at a point 21 km downstream but 
delivered substantial loads of dissolved organic carbon (DoC)(~25 kg/d) 
and total suspended solids (Tss)(166 kg/d).

We conducted water sampling along the length of efPC on a 
monthly basis during 2011-2012 to assess patterns in hg and 
monomethylmercury (MMhg) concentration along with ancillary 
water quality parameters (e.g., nutrients, DoC, Tss). hg concentration 
decreased and MMhg concentration increased with distance 
downstream and MMhg concentrations were higher in spring and 
summer versus autumn and winter.

upon cessation of the flow management program on 1 May 2014 
monthly longitudinal sampling was repeated to determine what, if 
any, changes in hg or MMhg might occur. since cessation of flow 
management the hg solid-water partitioning coefficient (Kd) has 
decreased by up to an order-of-magnitude throughout much of efPC 
due to both lower solid phase concentrations and higher dissolved 
hg (hgD) concentrations. ph values are slightly lower since flow 
management ended but remain in the range 7 8.3 where hg sorption 
is relatively insensitive to ph changes. DoC concentrations have been 
more variable but are generally comparable to the earlier survey. 
specific uV-absorbance at 254 nm (suVa254), a measure of dissolved 
organic matter (DoM) composition, has increased.

higher hgD concentration has potential implications for bioavailability 
and MMhg production. Total and dissolved MMhg concentrations 
have increased in efPC and these increases are most pronounced 
during spring and early summer when biota may be more susceptible 
to exposure and uptake. similar MMhg concentrations have not been 
seen in 20 years and in some locations are the highest on record. other 
watershed-scale factors likely contribute to the observed patterns as 
these changes occurred over months rather than instantaneously after 
flow management stopped. nevertheless, similar changes in MMhg 
have not been observed in a tributary to efPC.

RP-122

IMPACT OF TIMBER HARVEST ON MERCURY 
WITHIN A LOBLOLLY PINE FOREST AND STREAM 
IN MISSISSIPPI
CIZDZIel, James1; DICKerson, Kristen1; neTTles, Jami2; 
(1) University of Mississippi, University / Mississippi, United States; 
(2) Weyerhaeuser Company, Columbus, Mississippi, United States

cizdziel@olemiss.edu

Whereas forestry provides numerous benefits for humans and 
wildlife, forest harvest has been hypothesized to increase mercury 
(hg) mobilization to aquatic systems. Mercury tends to accumulate in 
the upper layer of forest soil, where it associates with organic matter. 
This top soil can be disturbed by clear-cutting and the exposed soil 
is susceptible to runoff.  harvest may also change the net balance 
between methylation and demethylation through addition of carbon 
sources from decaying logging residues. To better understand the 
impact of timber harvest in a mixed pine and hardwood forest in the 
southeast united states, we measured hg in soil, sediment, and water 
from the forest floor, a forest stream, and a nearby lake before and after 
harvest. We also determined methylmercury (Mehg) in the stream and 
the lake that it flowed into. Mean concentrations of Thg in the top two 
cm of soil from sites transecting the forest floor decreased from 52.3 ± 
4.3 ng/g before harvest to 36.0 ± 3.6 ng/g after harvest (±95% CI, n=14). 
The post-harvest reduction in hg in the surface soils may be due to a 
combination of factors including mixing of surface soil with deeper soils 
that have lower hg concentrations, an increase in runoff, and increased 
hg volatilization stemming from higher soil temperatures and/or direct 
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sunlight. soil-hg levels varied with particle size, with organic matter 
content having a greater influence than particle surface area. sequential 
extraction of soil showed a significant decline in the percent of hg 
bound to the oxidizable fraction, which includes organic matter known 
to complex hg. In the lake, concentrations of Thg and Mehg increased 
in the month following harvest. Thg increased from 0.82 to 5.0 ng/l 
and Mehg increased from 0.04 to 0.17 ng/l. In the stream, dissolved 
Thg decreased after harvest from ~3 to ~1.5 ng/l. Dissolved Mehg 
was similar before and after harvest (0.48 and 0.40 ng/l, respectively), 
but the proportion of Mehg increased in the stream from 10 to 30%. 
a methylation rate study is needed to fully address impacts of timber 
harvest on in-situ production of Mehg. In any case, an unharvested 
stream riparian zone likely served as a buffer retaining hg and organic 
matter, and minimizing impacts to the stream and lake.

RP-123

EXPLORING THE EFFECTS OF TEMPERATURE 
AND RESOURCE LIMITATION ON MERCURY 
BIOACCUMULATION AND GROWTH IN FUNDULUS 
HETEROCLITUS USING DYNAMIC ENERGY BUDGET 
MODELING AND BEHAVIORAL ASSESSMENT
ClarK, bryan1; buCKMan, Kate2; berTranD, ashley3; KIrby, Ian3; 
bIshoP, Joseph3; ChaMPlIn, Denise3; Chen, Celia2; naCCI, Diane3; 
(1) USEPA, Atlantic Ecology Div., Narragansett, RI, United States; 
(2) Dartmouth College, Hanover, NH, United States; (3) USEPA, Atlantic 
Ecology Div., Narragansett, United States

clark.bryan@epa.gov

Global climate change is likely to affect both temperature and resource 
availability in aquatic ecosystems. While higher temperatures may result 
in increased food consumption and increased mercury accumulation, 
they may also lead to increased growth and reduced mercury tissue 
concentration through somatic dilution. Dynamic energy budget 
theory provides a broad and generalizable framework based on first 
principles of energy metabolism that is well suited to understand 
these interactions, allowing joint acquisition and interpretation of 
chemical exposure and stressor effect information to be translated 
into demographic rate changes. In the current study, we conducted 
growth and bioaccumulation experiments to examine the interaction 
of temperature and resource availability on mercury accumulation and 
effects in the estuarine fish fundulus heteroclitus (mummichog). In the 
first experiment, juvenile mummichog were fed 3.3% or 10% of their 
dry body weight/day with tuna naturally contaminated with mercury 
and held at either 15 or 27°C for 28 days. Growth was low in most 
treatments, except in fish fed 10% body weight held at 27°C (40% weight 
and 12% length increase). however, methylmercury bioaccumulation 
was similar across feeding conditions but increased with temperature 
(~17-fold increase in methylmercury concentration at 27°C and ~7-fold 
increase at 15°C, regardless of feeding rate). In the second experiment, 
mummichogs from two wild populations with differing native mercury 
exposures were fed either a high or low methylmercury diet. fish were 
strip-spawned every two weeks during the feeding period. adults were 

sampled for total mercury concentration at the start and end of the 
experiment, and egg methylmercury concentration was measured in 
unfertilized eggs from each spawning event. Danioscope software was 
used to assess the heart rate of developing embryos at 10 days post 
fertilization. a dark:light movement assay determined differences in 
behavior of larvae between treatments at three and 10 days post hatch 
using ethovision software. Tissue analysis indicated successful maternal 
transfer of mercury to eggs in the high mercury feed treatment. 
heart rate and movement assays indicated potential population 
level differences in baseline behavior. The use of these data in a 
dynamic energy budget model may greatly aid in understanding how 
temperature and resource availability affect mercury bioaccumulation. 
overall, this work contributes to the ongoing development of an 
ecological modeling framework in a fish with an extensive toxicological 
and genomic background. ultimately, we are working to connect 
molecular mechanistic, physiological, reproductive, and behavioral 
responses to population level fitness.

RP-124

MICROBIAL ACTIVITY AND DIVERSITY, SOIL 
ENZYMES, MERCURY AND ARSENIC SPECIATION 
INDICATORS OF QUALITY RESTORATION IN 
FRENCH GUIANA OLD MINING SITES
CouIC, ewan1; GrIMalDI, Michel2; alPhonse, Vanessa1; lIVeT, 
alexandre1; ballanD-bolou-bI, Clarisse1; GIusTI-MIller, stéphanie1; 
GarnIer-ZarlI, evelyne1; bousserrhIne, noureddine1; 
(1) IEES-Paris. UPEC, Créteil, France; (2) IRD. IEES-Paris, Bondy, France

ewan.couic@univ-paris-est.fr

Gold mining activities in amazonian rainforest lead to deforestation 
since decades and also to pollution with the use of mercury, arsenic and 
cyanide during the extraction process. While ecological rehabilitation 
is essential to restore biodiversity and decrease erosion on deforested 
lands such as mining sites, few studies point out the behavior of toxic 
traces elements such as mercury or arsenic during the rehabilitation 
process as well as their toxicity. our original study focused on the 
potential use of microbial parameters related to C, n and P turnover, 
functional diversity, soil chemical proprerties and sequential extraction 
of hg and as, to assess ecological impact and quality of revegetation 
processes of old mining sites affected by long-term acid and metal 
stress. We sampled two plots revegetated since 18 years in the site 
of yaoni, in french Guyana. The first (r) revegetated with leguminous 
species (Clitoria racermosa and acacia mangium), the second 
revegetated with spontaneous vegetation (sv). We performed a 
microcosm experiment of soil in controlled conditions during 30 days 
where soil characteristics and mercury and arsenic speciation were 
analyzed. along the incubation, microbial biomass, carbon, nitrogen 
and phosphorous mineralization processes and enzyme activities (fDa, 
dehydrogenase, β-glucosidase, urease, alkaline and acid phosphatase) 
were estimated to characterize the soil functional diversity and 
metal stress.
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our results showed that revegetation with leguminous (r) had a positive 
and significant effect on soil chemical quality, soil microbial biomass, 
mineralization rates of C, P, and on enzyme activities involved in C and P 
cycles. revegetation process had however no effect on n mineralization 
and urease activity which suggested a metal stress in these conditions. 
revegetation process had a significant effect on hg speciation. In r 
the major proportion of hg is bound to organic matter phase and few 
bound to iron oxide one. While in sv we found more mercury mostly 
associated to iron oxide phase, and significantly to exchangeable and 
soluble hg representing the more available carrier phases. Difference in 
revegetation process had less effect on as speciation. statisticals analysis 
demonstrated that exchangeable hg, total as and soil ph are key stress 
factors for biological parameters in rehabilitated lands.

These results also suggested that microbial activity, enzymes activities 
and mercury cycle are sensitive to land rehabilitation, which confirm 
our hypothesis that mercury speciation, microbial activity and 
enzymes activities must be evaluated as parameters for revegetation 
process quality.

RP-125

METHYLMERCURY PRODUCTION RESPONSE 
TO WETLAND CREATION AT KELLY’S SLOUGH 
NATIONAL WILDLIFE REFUGE, NORTH DAKOTA
DeWIlD, John1; fIsher, Mark2; KrabbenhofT, David1; TaTe, Mike1; 
oGorreK, Jacob1; 
(1) US Geological Survey, Middleton, WI, USA; (2) US Fish and Wildlife Service, 
Devils Lake, ND, USA

jfdewild@usgs.gov

established in 1936, Kellys slough national Wildlife refuge (KsnWr) is a 
5.1 km2 managed grassland and wetland complex located near Grand 
forks, nD. In the early 1990s water control structures were constructed 
on an intermittent stream located within the refuge to create standing 
water conditions that support migratory waterfowl and shorebirds. 
This along with excavation of some surface soil resulted in a complex 
of three interconnected open-water pools: upper pool 1 [uP1], lower 
pool 1 [lP1], and lower pool 2 [lP2]. Immediately above the inlet to uP1, 
stream inflow passes through Pender pool (PP), a dense cattail marsh 
that was unintentionally formed during either pool or road construction 
at the site. a concern for the refuge managers is the observation from 
mercury (hg) researchers that creating impoundments can lead to 
elevated levels of toxic methylmercury (Mehg), and that manipulating 
water levels so that sediments are alternatively dried and rewetted can 
further stimulate Mehg production, via sulfate re-oxidation. starting in 
June 2014, the us fish and Wildlife service and us Geological survey 
initiated a study of KsnWr to address these concerns. surface water 
samples were collected from the three distinct pools during ice free 
periods in 2014 2016, and a sampling site was added at the inlet to 
Pender pool in 2015. Water samples were analyzed for total hg, Mehg, 
and dissolved organic carbon (DoC) at the us Geological survey Mercury 
research lab in Middleton, Wisconsin.

filter passing Mehg (fMhG) concentrations increase an average 1.5X 
(range 0.5 5.5X) and percent of total mercury that is methylmercury 
increases an average of 1.3X (range 0.5 3.7X) from the inlet to the 
outlet of PP., suggesting that Pender pool is a source of fMhG to 
the downstream complex. spatial trends of DoC show decreasing 
concentrations from the inlet to outlet of the study area, indicating that 
inflowing surface water is an important source of DoC to the system. 
Within the complex, average concentration of fMhG is highest at the 
inlet to uP1 and decreases in a downstream direction, which is likely due 
to photo-demethylation and reduced primary production in response 
to lower nutrient conditions. In addition, observed increases fMhG 
concentration between lP1 and lP2 during spring and early summer 
suggests that this part of the complex serves as a location of net Mehg 
production. Given that this location experiences the greatest range 
of water level manipulation, we surmise the Mehg increases are in 
response to seasonal wetting and drying of bottom sediment.

RP-126

INCREASES IN FISH MERCURY FROM HISTORICALLY 
IMPOUNDED AND NEARBY REFERENCE WATER 
BODIES OF NORTHERN MANITOBA
Munson, Kathleen1; sTern, Gary1; WanG, feiyue1; 
(1) University of Manitoba, Winnipeg, MB, Canada

kathleen.munson@umanitoba.ca

We have analyzed a database of fish muscle hg concentrations from 
water bodies in northern Manitoba, Canada, in order to determine the 
extent of long-term recovery toward pre-impoundment levels in the 
decades that have elapsed since reservoir flooding for hydroelectricity 
generation. To date we have examined available data from 1971 
2012 for walleye (esox lucius), northern pike (sander vitreus), and lake 
whitefish (Coregonus clupeaformis) species collected from 22 northern 
boreal water bodies.

The water bodies examined in this study include several flooded during 
the diversion of the Churchill river flow in the 1970s to augment the flow 
of the burntwood-nelson river system for electricity production. Prior 
studies have identified the extent of area flooded during impoundment 
as the major determinant of an initial increases in fish muscle hg for 
these three species, ranging from 100 to 700% of background levels, 
within 2 -14 years of initial impoundment. The mechanism of the hg 
increases is thought to be enhanced decomposition of organic matter in 
newly flooded regions, which promotes hg methylation and entry into 
aquatic food webs.

Despite large variations between reservoirs, we observed increases 
in walleye and northern pike hg concentrations over the past decade 
in the majority of examined reservoirs. In most cases, these increases 
occurred in the past decade after minimum fish hg levels were observed 
between 1998-2005.

In contrast to the historical increases observed soon after 
impoundment, the recent increases are not correlated to initial flooded 
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area nor to estimates of organic carbon content of regional soils. 
furthermore, the magnitude of observed increases in walleye and 
northern pike muscle hg observed in non-regulated water bodies over 
the last decade can equal those in regulated water bodies. Preliminary 
analysis suggests that regional variations, including those enhanced 
by climate-driven changes in the hydrologic cycle, may elevate fish 
hg concentrations and in turn exacerbate fish hg burdens in regions 
impacted by regulation.

RP-127

OCCURRENCE OF MERCURY METHYLATION 
HOTSPOTS AFTER FOREST HARVEST
eKlÖf, Karin1; bIshoP, Kevin1; berTIlsson, stefan2; bJÖrn, erik3; buCK, 
Moritz2; sKyllberG, ulf4; osMan, omneya2; KronberG, rose-Marie4; 
GarCIa, andrea2; 
(1) Swedish University of Agricultural Sciences, Uppsala, Sweden; (2) Uppsala 
University, Uppsala, Sweden; (3) Umeå University, Umeå, Sweden; (4) Swedish 
University of Agricultural Sciences, Umeå, Sweden

karin.eklof@slu.se

forestry activities have in several studies been identified to increase 
concentrations and loads of methylmercury (Mehg) in surface waters. 
There is, however, a great deal of variation in the magnitude of 
documented effects, varying from no effect up to manifold increases 
in Mehg concentrations and export. In contrast, studies of soils after 
forest harvest are very few. by combining molecular methods with soil 
geochemical analyses, we here examine how various forestry activities 
affect hg methylating microbial communities and Mehg formation in 
soils. We investigated areas undergoing conventional stem-only-harvest 
and areas where both stem and stumps are removed to increase the 
share of bioenergy. We tested the hypothesis that environments of 
high Mehg net formation, so called hg methylation hotspots, are more 
prone to form after stump-harvest than after stem-only-harvest. The 
reason would be more severe soil compaction and soil disturbance 
when stumps are removed. soil concentrations of Mehg, percent Mehg 
of total hg (Thg) and bacterial community composition were determined 
at 200 sampling sites distributed across eight catchments in the north 
and south of sweden. each catchment was either stem-only-harvested 
(n=3), stem- and stump-harvested (n=2) or left undisturbed (n=3). a 
higher percentage of Mehg relative to Thg was observed in one of the 
stump-harvested catchments. This catchment also featured the highest 
bacterial diversity and highest relative abundance of bacterial taxa 
known to include hg methylators, such as sulfate- and iron-reducers. 
environments showing high Mehg net formation and high share of 
microorganisms known to methylate hg, i.e. so called hg methylation 
hotspots, were most often associated with water-filled cavities created 
by stump removal or driving damage. We suggest limited oxygen 
supply in these environments in combination with access to labile 
carbon sources from logging residual may favor the activity of hg 
methylating microorganisms and thereby enhance Mehg formation. 
Despite this observation, stump harvest did not cause increased 
concentrations of Mehg in the stream, indicating that soils with high 

Mehg concentrations were not directly connected to the stream. We 
suggest the large variability regarding forestrys influence on Mehg 
in runoff water reported in the literature is due to a combination of 
how forestry operations affect the net formation of Mehg and the 
hydrological connectivity between environments where Mehg is formed 
and surface waters.
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SYSTEMATIC REVIEW AND ASSESSMENT OF 
LINKS BETWEEN SULFUR DEPOSITION, SULFUR 
CYCLING, AND MERCURY CYCLING IN NORTH 
AMERICAN ECOSYSTEMS
felKer-QuInn, e1; lassITer, M1; sanDIforD, V2; GreaVer, T1; 
(1) NCEA, U.S. EPA, Research Triangle Park, NC, US; (2) OAQPS, U.S. EPA, 
Research Triangle Park, NC, US

felker-quinn.emmi@epa.gov

The latest review of the current secondary national ambient air Quality 
standards (naaQs) for oxides of nitrogen and sulfur started in 2013. 
The scope of the review includes, but is not limited to, the atmospheric 
chemistry and ecological effects of sulfur (s) deposition. The Integrated 
science assessment (Isa) of relevant research is currently under 
development by the u.s. ePa and will provide the scientific foundation 
for review of the secondary naaQs for oxides of sulfur and other 
closely related criteria pollutants. one of the subjects in the Isa is the 
link between atmospheric s deposition and mercury methylation 
within aquatic and wetland ecosystems. relevant scientific literature 
was identified using machine learning and citation mapping based 
on the references included in the previous Isa addressing ecological 
effects of oxides of sulfur (published in 2008). relevant literature was 
also identified by participants in an Isa Peer Input Workshop held in 
summer 2015. These approaches identified approximately 6500 papers 
published between 2008 and 2015 related to the non-acidifying effects 
of s deposition, and keyword searches and title screening within this set 
of publications identified 203 publications for detailed review. recent 
research has expanded the geographic scope of inference of links 
between s cycling and methylmercury from the northeastern peat bogs 
and lakes described in the 2008 Isa to now include streams, rivers, and 
freshwater marshes across the continental united states. advances in 
microbial ecology have enhanced mechanistic explanations of mercury 
methylation. observational studies, experimental s additions, and 
long-term field collections provide limited but coherent evidence of 
quantitative relationships between s and methylmercury production or 
concentration. additional research or modeling could potentially identify 
dose-response relationships between s deposition and surface water 
sulfate concentrations, or between s deposition and methylmercury 
in the environment and in biota. The views expressed in this abstract 
are those of the authors and do not necessarily represent the views or 
policies of the u.s. ePa.
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RP-129

THE LEACHING OF MERCURY FROM SOILS 
AND ITS INFLOW TO THE SEA DUE TO 
INTENSE PRECIPITATION
GĘbKa, Karolina1; sanIeWsKa, Dominika1; beŁDoWsKa, Magdalena1; 
(1) Institute of Oceanography, University of Gdansk, Gdynia, Poland

karolinagebka@o2.pl

for several years mercury has been recognized as a one of the most 
dangerous world pollutants. Despite all the restrictions related to the 
limitation of introducing of hg into the environment, the concentration 
of the metal is still at a high level. The baltic sea is a relatively small water 
body and it should be taken into account that rivers are the main source of 
mercury there. Due to this, the size and management of river basins have 
a huge impact on the level of mercury contamination in the coastal region. 
soil can be considered the main sink of natural and anthropogenic mercury. 
Moreover, in relation to changing climate, the growth of concentration of 
hg was recorded. It was caused by intense rainfall enhancing surface runoff 
and leaching of mercury from soil to the river water. The aim of that work 
was to estimate the impact of seasonal changes and intense precipitation on 
the leaching of labile form of hg from soils.

The samples were collected in the reda river (the longest river of the 
Pucka bay basin (southern baltic sea)). These rivers where divided into 
7 stations characterized by different levels of development of the basin. 
The material was collected seasonally in 2015 year from three depths 
of soil layer (0-20cm, 20-40cm, 40-60cm) and from river sediment. 
The fractionation of mercury was carried out by thermal desorption 
by DMa analyzed. Due to the combustion of the samples in different 
temperatures, the labile and stable form of mercury were detected.

The reda river was characterized by high content of labile form of 
mercury in all studied stations. Take into account individual stations, a 
twofold increase of labile form of hg in source of reda river after flooding 
was detected. The leaching of labile mercury from soil and transfer to the 
river sediment was caused by the growth of the water level in the river. 
The significant increase of this form was noticed in the other stations as 
well. It was connected with content of fine grain and organic matter. The 
intense precipitation changed in the contribution share in both stable and 
labile form of mercury in soil and sediment of the reda river.

RP-130

A MECHANISTIC MODEL FOR MERCURY CYCLING 
AND BIOACCUMULATION IN NEW RESERVOIRS
harrIs, reed1; huTChInson, David2; beals, Don3; boDaly, Drew4; 
rolfhus, Kristofer5; hall, britt6; 
(1) Reed Harris Environmental Ltd., Oakville, ON, Canada; (2) Reed Harris 
Environmental Ltd., Washago, ON, Canada; (3) Beals & Associates, Fergus, 
ON, Canada; (4) Penobscot River Mercury Study, Salt Spring Island, BC, 
Canada; (5) University of Wisconsin - La Crosse, La Crosse, WI, United States; 
(6) University of Regina, Regina, SK, Canada

reed.harris100@gmail.com

flooding has been well documented to result in increased fish mercury 
concentrations. Peak concentrations in adult sportfish such as northern 
pike or walleye can be up to 7 times greater than background levels 
in some new reservoirs. a mechanistic model of mercury cycling and 
bioaccumulation in reservoirs (resMerC) was developed and initially 
calibrated using data from a series of whole-ecosystem mercury/
greenhouse gas experiments at the experimental lakes area (ela) in 
ontario, Canada. The elarP experiment flooded a boreal wetland, 
while the fluDeX experiment flooded three boreal forest upland sites 
with contrasting moisture conditions, vegetation, and stores of organic 
carbon. The model was then applied to two full scale reservoirs: notigi 
reservoir in Manitoba and robert bourassa reservoir in Qubec. Model 
calibration included components for hydrology, carbon decomposition 
in flooded soils and sediments, and inorganic hg(II)/methylmercury 
fluxes and concentrations. The model calibration reproduced several 
key trends observed at the ela sites, including the rapid increase and 
subsequent decline of Mehg levels observed for the upland sites (fluDeX) 
and sustained Mehg production in the wetland environment (elarP). 
observations and simulations suggested a pulse in decomposition after 
flooding that led to a pulse in Mehg production lasting a few years in 
flooded uplands, and longer in the flooded wetland. large increases in 
porewater hg(II) were observed for the medium carbon fluDeX site shortly 
after filling. simulations suggest that this was driven by DoC increases and 
that hg bound to DoC in porewater is methylated. When the model was 
applied to notigi reservoir, the calibration based on the ela sites resulted 
in peak mercury concentrationsfor northern pike and walleye that were too 
low, and a predicted recovery that was too fast (e.g. 10-15 years), compared 
to the observed 20-30 year recovery period. The model was recalibrated 
to fit observed fish mercury levels in notigi and robert bourassa reservoir 
well, but this calibration did not represent fluDeX results adequately. 
There may be additional processes in full scale reservoirs with hypolimnetic 
waters that are not reflected in fluDeX and elarP, which represented 
shallower floodzones with seasonal water level fluctuations. sensitivity 
analysis predicted that in addition to the extent of flooding and type of 
terrain flooded, flowrate is an important consideration when predicting 
the response of fish hg levels following reservoir creation. rapid water 
throughput has the potential to reduce peak Mehg levels.

RP-131

WHY DO FISH MERCURY CONCENTRATIONS 
INCREASE IN HELLS CANYON COMPLEX? A 
CONCEPTUAL MODEL
harrIs, reed1; KrabbenhofT, David2; MarVIn-DIPasQuale, Mark3; 
eaGles-sMITh, Collin4; aIKen, George5; WIllaCKer, James4; ChanDler, 
James6; nayMIK, Jesse6; Myers, ralph6; 
(1) Reed Harris Environmental Ltd., Oakville, ON, Canada; (2) U.S. Geological 
Survey, Middleton, WI, United States; (3) U.S. Geological Survey, Menlo Park, 
CA, United States; (4) U.S. Geological Survey, Corvalis, OR, United States; 
(5) U.S. Geological Survey, Boulder, CO, United States; (6) Idaho Power 
Company, Boise, ID, United States

reed.harris100@gmail.com
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The hells Canyon Complex (hCC) consists of three hydroelectric facilities 
and associated reservoirs along a 145 km stretch of the snake river on 
the Idaho-oregon border (usa). brownlee, oxbow, and hells Canyon 
reservoirs went into service between 1958 and 1967, have surface areas 
of 4.6 to 59.1 square km and maximum depths from 25 to 91 m. other 
human influences affecting the study area include increased regional 
and global atmospheric mercury (hg) emissions since the 1800s, 
hg mining in the upstream watershed that began in the mid-1800s, 
upstream agriculture since the 1900s, and the operation of a large 
cement kiln roughly 15 km from hCC, since 1979. These activities have 
increased hg loading to the river system and altered conditions related 
to hydrology, particle dynamics, nutrient loads, system productivity, 
and water quality. fish sampling in 2013-2015 clearly showed that 
smallmouth bass hg concentrations in hCC increased progressively 
through the three reservoirs and declined in the snake river 
downstream of the complex. Mercury concentrations in smallmouth 
bass (>250 mm) in hells Canyon reservoir were 0.266 µg/g, 4.4X greater 
than concentrations of ~0.061 µg/g in the snake river immediately 
upstream of hCC. brownlee and hells Canyon reservoirs are listed 
as impaired for hg by the states of Idaho and oregon. Deep water 
pumping from hCC has also been considered to improve downstream 
cold-water fish habitat, but there are concerns regarding the fate of 
high levels of methylmercury (Mehg) observed in hypolimnetic waters 
of hCC (up to 2.9 ng/l in brownlee reservoir and 5.5 ng/l in hells 
Canyon reservoir), if a pumping strategy were to be implemented. The 
u.s. Geological survey and Idaho Power Company are collaborating 
on a study to better document total hg and Mehg levels in hCC and 
downstream, understand factors controlling their spatial and temporal 
distribution, and ultimately explore remedial options. a conceptual 
model of hg cycling and bioaccumulation in hCC will be presented. a 
leading hypothesis to explain elevated Mehg in hCC food webs is that 
elevated inputs of nutrients and organics enhance the supply of labile 
carbon, which serves as a substrate for hg(II)-methylating microbes in 
deep zones of the system. other possible contributing factors include hg 
inputs from legacy hg mining in the watershed and legacy/ongoing hg 
inputs from the other nearby air and watershed sources.

RP-132

MERCURY EMISSION FROM WASTEWATER 
IRRIGATED SOIL IN CHINA
he, yipeng1; lIu, Maodian1; XIe, han1; TonG, yindong2; ZhanG, Wei3; 
WanG, Xuejun1; 
(1) Peking University, Beijing, China; (2) Tianjin University, Beijing, China; 
(3) Renmin University, Beijing, China

yerickhe@pku.edu.cn

With the industrialization and urbanization after the adoption of reform 
and opening-up policy in China, industrial and domestic wastewater 
has been widely produced and released into rivers, and has been used 
to irrigate cultivated soil due to its rich nutrient substances. Therefore, 
mercury (hg) in the wastewater irrigated soil could become an important 
emission source of hg to the air. In this study, we investigated and 

sampled surface soils from 13 traditional wastewater irrigated fields 
which had more than 20 years irrigation history. a continuous flow 
chamber was designed to simulate the emission of hg under different 
temperature and solar irradiation in lab. by measuring the total gaseous 
mercury (TGM) concentration in the chamber, the emission rate has 
been calculated. We estimated that TGM emission to the air from 38 
major wastewater irrigated fields in China is 2019±404 kg per year. The 
emission rate has a strong positive correlation with temperature and 
solar irradiation, respectively. also, contents and speciation of hg in 
the irrigated soils were determined and discussed. Due to wastewater 
irrigation, the Thg concentrations in the irrigate soil range from 166±12 
ng/g to 10089±72 ng/g. Most of them are much higher than the 
background values of Chinese soil. our study shows that hg emission 
from wastewater irrigated soil in China should not be ignored.

RP-136

CONCENTRATION, REACTIVITY AND 
BIOAVAILABILITY OF MERCURY IN WILDFIRE ASH
Ku, Peijia1; TsuI, Martin1; nIe, Xiangping2; hoanG, Tham3; DahlGren, 
randy4; ChoW, alex5; 
(1) UNC-Greensboro, Greensboro, NC, USA; (2) Jinan University, Guangzhou, 
China; (3) Loyola University Chicago, Chicago, IL, USA; (4) UC Davis, Davis, CA, 
USA; (5) Clemson University, Georgetown, SC, USA

p_ku@uncg.edu

Wildfire has been increasing in frequency, size and intensity in recent 
decades due to climate change and increasing fuel loads, and these 
trends are expected to further rise in the future. There are many 
studies showing that mercury (hg) is lost from forest ecosystems to 
the atmosphere due to wildfire. however, few studies have examined 
residual pools of hg after wildfire, namely surface ash, which can 
contribute dissolved and particle-bound hg to aquatic ecosystems upon 
runoff and erosion. specifically, the hg contents in different ash types, 
and more importantly the reactivity and bioavailability of hg in ash, 
are largely unknown. In the present study, we quantified hg contents 
and investigated the reactivity and bioavailability of hg in different 
ash types generated from two wildfires in northern California (Wragg 
fire and rocky fire in summer 2015). black ash (200−500°C) and white 
ash (>500°C) were collected from multiple locations within the burn 
perimeter before any rainfall/leaching events. Two acid digestions were 
used to extract hg from each ash sample: nitric acid/peroxide (reactive 
hg) and aqua regia (reactive and non-reactive hg). The difference in hg 
concentrations between these two digestions was operationally defined 
as the non-reactive hg pool. all ash samples contained measurable but 
highly variable hg contents, ranging from 4 to 125 ng/g (n=28). overall, 
the black ash had a median hg concentration (based on aqua regia 
digestion) of 29 ng/g (n=14) compared to 14 ng/g in white ash (n=14). 
regarding the reactivity of hg, we found that compared to litter samples 
(unburned sites), the majority of black ash and white ash samples 
contained much larger pools of non-reactive hg, indicating that wildfire 
altered hg reactivity in the ash. further, we performed a sealed-bottle 
incubation experiment in which litter, black ash, or white ash was 



POSTeR ABSTRACTS ICMGP2017 The 13Th InTernaTIonal ConferenCe on MerCury as a Global PolluTanT InTeGRATInG MeRCuRy ReSeARCh And POLICy In A ChAnGInG WORLd July 16 – 21, 2017 · ProVIDenCe, rhoDe IslanD, usa 361

incubated with fresh surface water for 4 and 12 weeks. Preliminary data 
indicated that hg in litter was highly soluble and efficiently methylated 
by anaerobic microbes inside the incubation bottle. In contrast, we 
observed very small amounts of soluble hg when black ash or white ash 
was incubated, and we detected almost no methylated hg suggesting 
that hg in ash is less reactive and bioavailable. Therefore, our work 
implies that hg in ash may be less available for further biogeochemical 
transformation (e.g., methylation), which has important implications 
for the effects of wildfires on the risk of hg to aquatic food webs and 
consumers of fish.

RP-137

WATERSCAPE EFFECTS ON NET MERCURY 
METHYLATION IN A TROPICAL WETLAND 
LANSCAPE OF THE AMAZONIA
lÁZaro, Wilkinson1; DÍeZ, sergi2; GuIMarÃes, Jean3; 
(1) Universidade do Estado de Mato Grosso, Cáceres-MT, Brazil; (2) Institute 
of Environmental Assessment and Water Research - IDAEA/CSIC, Barcelona, 
Spain; (3) Laboratório de Traçadores, IBCCF, Universidade Federal do Rio de 
Janeiro (UFRJ), Rio de Janeiro, Brazil

wilkinsonlopes@gmail.com

The periphyton associated with freshwater macrophyte rhizomes is 
the main site of hg methylation in different wetlands in the world. The 
objective of this study was to test the use of water bodies connectivity 
metrics, in the context of landscape ecology, in a tropical wetland 
landscape (Guapor river, amazonia, brazil) as an indicator of net 
mercury methylation potential in periphytic communities. fifteen 
lakes with different lateral connectivity patterns were sampled as well 
as the main channel of the river. We tested net mercury methylation 
potentials through incubations with local water and eichhornia crassipes 
periphyton/rhizomes complexes, using 203hgCl2 as a tracer. Physical-
chemical variables, landscape data (morphological characteristics, 
land use, types of lateral connection of water bodies) and field data 
were analyzed with Variation Partioning, and Generalized additive 
Models (GaM). The Me203hg net production (as% of 203hg added) was 
expressive (6 - 26%). The model that best explained variations in the net 
production of Me203hg (76%) was constructed by the variables: lateral 
connection type, total phosphorus and dissolved organic carbon (CoD) 
in water. The type of connection was the best factor to the model fit (r2 
= 0.32, p = 0.008) and the temporarily connected lakes showed higher 
rates of net mercury methylation. both CoD and total phosphorus 
showed significant covariance with mercury methylation rates (r2 = 
0.26, p = 0.008 and r2 = 0.21, p = 0.012 respectively). our study proposes 
a strong relationship between net Mehg production rates in tropical 
areas, the type of water body and its hydrological connectivity within the 
aquatic landscape.

RP-138

CHARACTERIZATION OF THE MACROPEDOFAUNA 
AND ITS INFLUENCE ON THE CONCENTRATIONS OF 
HG IN SOIL UNDER AGROFORESTRY SYSTEM IN THE 
SOUTH OF AMAZON
lInhares, Joiada1; basTos, Wanderley2; reCKTenValD, Maria2; De 
holanDa, Igor2; sIlVa, Deborah1; 
(1) Instituto Federal de Educação, Ciência e Tecnologia do Amazonas, 
Lábrea-Amazonas, Brazil; (2) Universidade Federal de Rondônia, Porto Velho 
- Rondônia, Brazil

joiada.silva@fam.edu.br

The agroforestry system (saf) is a land use category, that integrates in 
the same geographic space: perennial woody plants with crops and / or 
animal breeding. This farming system has been identified as strategic in 
the mitigation of greenhouse gas emissions (GhG) is an alternative use 
of the land capable of reducing mercury remobilization adsorbed on 
leaf tissue of native or cultivated vegetation. In this context, the objective 
of the present study was to assess the influence of macro invertebrate 
soil on mercury concentrations in deployed agroforestry system under 
red ultisol in the umari rural settlement, south of amazonas state. 
four methods were used: i) digital image processing and production 
of thematic maps; ii) demarcation of fixed plots and construction 
of soil monoliths; iii) determination of hg concentrations in soil and 
individuals of the macro invertebrate soil; and iv) statistical analysis. a 
total of, 11 groups of macro soil invertebrates, especially in the layer of 
0 -10cm depth of soil. The dominant groups of soil invertebrates were: 
oligochaetas (72.32%), Diplpodes (miripodes) adults and young (13.20%), 
Isoptera anaplotermes (5.66%) e arachnida (2.51%). among these, in 
descending order, high [hg] were recorded in oligochaetas (19.337 
ng/g), larvas de Diplpodes (16.939 ng /g), arachnida (781 ng / g) e 
Chilopoda (445 ng / g). The average concentrations of mercury in the soil 
compartment (0-10cm depth) varied of 38 ng / g and 292 ng / g In the 
rainy season and 22 ng / g an 219 ng /g In the dry season. among land 
use systems assessed (shifting cultivation, livestock and agroforestry 
system), the agroforestry systems with (sQf) ten years or more of 
deployment presented greater diversity of macrofauna taxonomic 
groups of the soil and, the same time high levels of hg (Med. 286.5 ng 
/ g) in soil and macrofauna of soil. on the other hand, the conventional 
farming systems with low diversity of soil invertebrate groups, had 
lower [hg] in the soil and in soil macrofauna individuals. These results 
demonstrate the potential of the agroforestry system to retain hg and 
potentially other heavy metals, from natural and / or anthropogenic 
sources. furthermore, the presence of macrofauna of the soil tends to 
favor the fixation of hg among other substances the natural ecosystem 
and cultivated southern amazon.
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METHYLMERCURY IN AN INTERMEDIATE FEN 
PEATLAND – SPATIAL AND TEMPORAL PATTERNS 
AND IMPLICATIONS FOR CLIMATE CHANGE
MaCK, Mikhail1; branfIreun, brian2; 
(1) Western University, London, Ontario, Canada; (2) Western University, 
London, ON, Canada

mmack@uwo.ca

northern peatlands can be sites of net methylmercury (Mehg) 
production and sources of Mehg to downstream aquatic ecosystems. 
northern peatlands are ‘hot spots’ of Mehg production and transport 
because of their anoxic organic peat soils that support sulphate-
reduction and hence, mercury methylation. northern peatlands are 
not a single ecosystem type, but are a continuum of hydrological 
connectivity and nutrient status (nutrient-rich, groundwater-fed fens to 
nutrient-poor, rain-fed bogs). although they are all peat accumulating 
systems, fens tend to be dominated by vascular plants (e.g. sedge 
spp.) while bogs are moss-dominated (typically sphagnum spp.). 
although a considerable number of intensive studies on Mehg have 
been undertaken on nutrient-limited, moss dominated peatlands, no 
intensive field studies have been undertaken to evaluate patterns and 
controls on Mehg concentrations in circumneutral ph, sedge-dominated 
fen peatlands. We investigated pore water and stream total mercury 
(Thg) and Mehg along with other hydrochemical parameters in a boreal 
intermediate fen in northern ontario, Canada to evaluate the overall 
distribution of Mehg and to assess whether or not within-peatland 
near-stream zones of potential groundwater-surface water interaction 
had higher Mehg concentrations than more hydrologically decoupled 
areas of the peatland. Pore water sampling was conducted monthly 
during the summer and fall 2016 at both higher resolution transects (8 
m length) near incised fen streams and lower resolution transects (190 
± 65 m length) across the broader fen area. a clear pattern of greater 
net Mehg production near incised fen streams than the broader area 
of the peatland emerges as a result local groundwater discharge as 
indicated by other water chemistry and hydraulic head measurements. 
The proximity and high degree of hydrologic connectivity of near-stream 
pore waters to the streams represents an important linkage between 
net Mehg production and transport to downstream aquatic ecosystems 
in these understudied peatland types. It has been suggested that climate 
change has the potential to shift northern peatlands toward more 
vascular-plant dominated ecosystems, so greater insight into their hg 
biogeochemistry will contribute to the broader understanding of hg in 
northern aquatic ecosystems in the future.

RP-140

INFLUENCE OF CAGE AQUACULTURE ACTIVITY ON 
THE DISTRIBUTION AND METHYLATION OF HG IN A 
RIVER-RESERVOIR SYSTEM, SOUTHWEST CHINA
MenG, bo1; fenG, Xinbin1; yao, heng1; 
(1) State Key Laboratory of Environmental Geochemistry Institute of 
Geochemistry, Chinese Academy of Sciences, Guiyang, Guizhou, China

mengbo@vip.skleg.cn

To understand the influence of cage aquaculture activity on the 
distribution and methylation in river-reservoir system, Wujiangdu (WJD) 
and yinzidu (yZD) reservoirs which located in Wujiang river basin, 
southwest China, were chosen in this study. The WJD and the yZD 
are characterized by absent and popular cage aquaculture activities, 
respectively. Concentration and distribution of hg species in different 
sectors of the river-reservoir system (e.g. water column, sediment, 
inflow-outflow rivers of reservoirs) were systematically investigated over 
a one-year period. on the basis of the measured data, a detailed hg 
mass balance in selected reservoirs were developed as well.

our results showed that the concentrations of Thg in the WJD and the 
yZD present the same level. however, concentrations of Mehg in water 
column and sediment of WJD were significantly elevated compared 
to those of yZD, suggesting the active hg methylation in the WJD. In 
contrast, no discernable hg methylation was observed in the yZD during 
the sampling periods. The results suggest that high primary productivity 
resulting from cage aquaculture activities in the WJD is an important 
control on hg methylation in the reservoir, increasing the concentrations 
of Mehg in water in the Wujiang river basin, southwestern China. our 
hg mass balance calculations showed that yZD represented a net sink of 
Mehg, WJD acted as a source for Mehg annually.

The yZD as a newly formed reservoir were not active sites of net hg 
methylation because of the low organic matter in submerged soil. on 
the opposite, organic matter in surface sediment originating from cage 
aquaculture activities in WJD principally lead to a much more active 
net hg methylation. Current study confirmed that Mehg production 
in reservoirs located in southwestern China cannot be predicted using 
previous observations in north america and europe because the hg 
methylation process in the Wujiang river basin is driven by a completely 
different biogeochemical dynamic.

RP-142

A MOLECULAR APPROACH TO UNDERSTAND 
BIOAVAILABILITY OF METHYLMERCURY 
ASSOCIATED WITH VARIABLE SOURCES OF 
NATURAL DISSOLVED ORGANIC MATTER
seelen, emily1; lIeM-nGuyen, Van2; sKyllberG, ulf3; Mason, robert1; 
bJÖrn, erik2; 
(1) University of Connecticut, Groton, CT, USA; (2) Umeå University, Umeå, 
Sweden; (3) Swedish University of Agricultural Sciences, Umeå, Sweden
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Coastal marine ecosystems have ecologic, economic, and social 
value, but they are threatened by human induced climate change 
and increased mercury (hg) loadings. These changes may influence 
the bioaccumulation of methylmercury (Mehg) into aquatic food 
webs where it becomes an exposure risk to humans. The most 
important step for Mehg incorporation into the coastal food web is 
via phytoplankton uptake and assimilation. uptake depends on the 
chemical form (speciation) of Mehg, and has been correlated to the 
concentration and composition of organic matter (oM) in the system. 
specifically, terrestrially derived oM in coastal waters decreases 
Mehg bioavailability compared to that of autochthonous origin (here 
forward referred to as marine). Thiol ligands associated with dissolved 
oM (DoM) and particulate oM (PoM) primarily control the chemical 
speciation and bioavailability of Mehg in oxidizing coastal waters, so 
we have hypothesized that differences between thiol composition 
or concentration may be controlling uptake via thermodynamic and 
kinetic constraints. To test this, DoM was extracted from water samples 
collected at discrete points along the ne coast of the united states 
that represent variable organic matter and hg loadings. The overall 
binding strength of the DoM to Mehg was then quantified through 
competing ligand experiments using a low molecular mass thiol 
ligand as the competing ligand. DoM binding capacity was evaluated 
through s K-edge Xanes measurements and speciation modeling. 
our results provide a refined molecular level understanding of how 
Mehg speciation is influenced by DoM from various sources, and give 
insight towards the observed higher bioavailability of Mehg bound to 
marine compared to terrestrial DoM. understanding these processes 
is critical for reliably predicting Mehg levels in marine biota, and human 
exposure, now and following expected human and climate driven 
ecosystem changes.

RP-143

OUTFLOW OF MERCURY FROM SOIL TO THE RIVER 
CAUSED BY RIVER ENGINEERING
sanIeWsKa, Dominika1; GĘbKa, Karolina1; beŁDoWsKa, Magdalena1; 
sZubsKa, Marta2; beŁDoWsKI, Jacek2; sanIeWsKI, Michał3; 
(1) Institute of Oceanography, University of Gdansk, Gdynia, Poland; 
(2) Institute of Oceanology, Polish Academy of Science, Sopot, Poland; 
(3) Maritime Branch, Institute of Meteorology and Water Management, 
Gdynia, Poland

dominika.saniewska@gmail.com

Many research indicate that in the catchments atmospheric hg retention 
takes place. Deposited hg is accumulated in the organic-rich soil where 
it effectively binds to reduced sulphur sites as well as with oxygen/
nitrogen-groups in the organic molecules. however there are some 
factors which stimulate the outflow of hg from soil to the river. The aim 
of this research was to assess the impact of the river engineering on 
the outflow of mercury from soil to the river. for this purpose in years 
2015-2016 mercury concentrations were measured in precipitation, soil 
and also in water, sediment and sPM from rivers in different parts of the 
southern baltic coastal zone. Total hg in liquid samples were analyzed 

by means of Tekran 2600 analyzer. The direct mercury analyzer DMa-80 
was used for the detection of hg in solid samples. apart from total hg 
concentration in solid samples, also four fraction of hg were separated. 
hg fraction associated with labile compounds such as: mercury halides, 
mercury perchlorate, mercury nitrate, mercury cyanide, mercury 
thiocyanate,mercury fulminate,mercury acetate,methyl mercury 
and humus-like substance (labile-1); mercury sulfate, mercury oxide 
(red) andmercury fluoride (labile-2) as well as with mercury sulphide 
(stabile-1) and mineral matrix (stabile-2) was analyzed using the 
thermo-desorption method.

The obtained results show that activities related to river engineering 
such as dredging, desludging and rebuilding of the riverbed had a 
significant effect on mercury outflow to the river. as a result of these 
actions significant increase of mercury concentration in water and 
sediment river was observed. also the percentage contribution of 
mercury fraction in soil and sediment was changed. elevated levels of 
mercury in the sediment remained during few next weeks. This indicate 
that catchment management affects the load and the form of hg 
reaching the sea with surface runoff. While less important on a global 
scale, it is crucial in mediterranean seas and coastal zones, where rivers 
can be the main source of mercury.

RP-144

CONSTRAINING UNCERTAINTIES AND PROCESSES 
IN THE GLOBAL MULTIMEDIA MASS BALANCE OF 
MERCURY: UNDERSTANDING OCEANS IS MORE 
IMPORTANT THAN FURTHER UNDERSTANDING 
ATMOSPHERIC EMISSIONS
MusTala, shalini1; QureshI, asif1; TIWarI, anoop2; subhaVana, K l1; 
(1) IIT Hyderabad, TS, India; (2) National Centre for Antarctic and Ocean 
Research, Vasco da Gama, Goa, India

anoopktiwari@gmail.com

uncertainties in emissions and key kinetic processes such as reduction-
oxidation (redox) reactions, mass transfer coefficients and partition 
coefficients limit our quantitative understanding of the global 
mercury mass balance. such an understanding helps us comprehend 
how confident can we be in the results from global models. also, 
research can then be directed towards most uncertain parameters or 
processes. at present, a substantial effort is made towards constraining 
anthropogenic emissions of mercury, particularly to atmosphere. 
uncertainty around global atmospheric mercury emissions is generally 
accepted to be +/- 50%. however, it is also known that the uncertainty 
surrounding rate constants for reduction and oxidation span orders 
of magnitude, factor 10 to 100! This brings out the question if more 
research, and money, should be directed towards updating emissions or 
towards, for example, better understanding rate constants for reactions.

recent Geos-Chem publications attempt to constrain mercury 
emissions to the atmosphere using sensitivity analysis type updating 
of model results by using field observations of mercury. While this is 
important, a true uncertainty analysis should involve probabilistic Monte 
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Carlo sampling, and a bayesian updating of key input parameters using 
all available mercury observations. Previously, Qureshi et al. (2011, 
Global biogeochem. Cycles, doi: 10.1029/2011Gb004068) had conducted 
a complete but unbounded Monte Carlo uncertainty analysis on the 
global mercury multimedia mass balance, including fluxes, transfer 
processes and compartmental inventories. here, we use all the available 
observations of mercury and mercury species in air and water to bound 
the uncertainties in the global mass balance of mercury, and determine 
important influential parameters. a Markov Chain Monte Carlo 
technique called Metropolis hastings is adopted. a priori uncertainties 
in model inputs, such as emissions, rate constants, partition coefficients, 
are determined from literature. Then 10,000 model runs are made, and 
uncertainties in inputs are refined based on the bounds forced by actual 
observations. finally, a posterior distribution of inputs is obtained. This is 
used to calculate the refined and more constrained global mass balance 
of mercury and to determine influential parameters.

It is found that the uncertainties in key fluxes, such as evasion of 
mercury from ocean to atmosphere are reduced from factor 650 to 
factor 50, and in net reduction of hg(II) to hg(0) in atmosphere from 
factor 36 to 10. an important finding is that uncertainties in oceanic 
parameters such as redox rate constants, and the partition coefficients 
of mercury in surface oceans are much more influential than 
anthropogenic mercury emissions. Therefore, more efforts should be 
made on understanding oceans rather than emissions. This finding also 
questions the inferences from some global models that asian emissions 
shoud be higher just because results do not match observations it could 
be because of rate constants!

RP-145

THE INFLUENCE OF NUTRIENT LOADING ON 
METHYLMERCURY AVAILABILITY IN ESTUARIES, 
LONG ISLAND, NY
shaW, amy1; Taylor, Mariah1; DrIsColl, Charles1; buCKMan, Kate2; 
CurTIs, amanda2; Chen, Celia2; 
(1) Syracuse University, Syracuse NY, United States; (2) Dartmouth College, 
Hanover NH, United States

alshaw01@syr.edu

although mercury dynamics have been relatively well-studied 
in freshwater ecosystems, they are understudied in estuarine 
environments. It is suggested that nutrient loading into coastal waters 
may have an inverse relationship with methylmercury availability due 
to growth dilution from eutrophication, decreases in methylation due 
to reducing conditions and the binding and sequestration of mercury 
with organic matter at higher nutrient concentrations. In order to fully 
understand the relationship between nutrient concentrations and 
mercury availability, water and sediment samples were collected in 
2015 and 2016 in two estuaries and analyzed for mercury and nutrients, 
with a focus on nitrogen and carbon species. The two study estuaries 
were chosen to represent a gradient of residential and industrial 
development. Jamaica bay is highly urbanized with dense residential and 

industrial zoning and receives 89% of its nutrient load from wastewater 
effluent, whereas Great south bay is characterized largely by residential 
properties and has a more diverse input of nutrients. results from 
2015 show a stronger relationship between particulate nutrient and 
mercury concentrations than for dissolved concentrations. Mercury 
bioavailability appears to decrease with increases in sediment nutrient 
concentration after an initial increase in mercury bioavailability at very 
low concentrations. Patterns of coastal mercury will be investigated 
further with the addition of the 2016 analysis and the relationships will 
be presented.

RP-146

VOLATILIZATION OF ELEMENTAL MERCURY UNDER 
ACIDIC CONDITIONS FROM MERCURY- POLLUTED 
SOIL AND MERCURY WASTEWATER BY A HIGHLY 
MERCURY RESISTANT IRON-OXIDIZING BACTERIUM 
ACIDITHIOBACILLUS FERROOXIDANS
suGIo, Tsuyoshi1; neGIshI, atsunori2; TaKeuChI, fumiaki3; 
(1) Sugio Inst. of Chemoautotrophy, Okayama City, Okayama Prefecture, 
Japan; (2) Tech. Res. Inst. Hazama Ando Corp., Tsukuba City, Ibaragi 
Prefecture, Japan; (3) Environ.Manage.Cen.Okayama Univ., Okayama City, 
Okayama Prefecture, Japan

tcmry-sugio@nifty.com

acidithiobacillus ferrooxidans is an acidophilic chemolithoautotrophic 
iron-oxidizing bacterium. The bacterium is highly resistant to many kinds 
of heavy metal ions, but sensitive to hg2+. Mercury is toxic to almost all 
organisms because it has a strong affinity for the thiol groups in protein. 
It is expected that a. ferrooxidans resistant to mercury can be used as a 
powerful agent for bioremediation of mercury under acidic conditions. 
a number of heterotrophs have a mercury reductase that reduces hg2+ 
with naDPh and generates elemental mercury (hg0) under neutrophilic 
ph. In this work, we tried to isolate a mercury resistant a. ferrooxidans.

of 100 strains of iron-oxidizing bacteria isolated, a. ferrooxidans suG2-2 
was the most resistant to hgCl2 and could grow in an iron medium (ph 
2.5) with 6 μM hgCl2. In contrast, a mercury sensitive a. ferrooxidans 
aP19-3 could not grow on the medium with 0.7 μM hg2+. When 
incubated for 3 h in 20 ml of salt solution (ph 2.5) with 0.7μM hg2+ 
and suG 2-2 or aP19-3 cells (1.0 mg protein), 20% and 1.7% of the total 
mercury added were volatilized, respectively. When suG 2-2 cells (0.01 
mg protein) was incubated for 10 d at 30°C in 20 ml of sulfuric acid 
(ph 2.5) with ferrous sulfate (2.2 mmol) and 1 g of mercury-polluted 
soil (7.5 nmol hg), 4.1 nmol of hg0 was volatilized. further addition of 
ferrous sulfate (2.2 mmol) and suG 2-2 cells (0.01 mg) to the reaction 
mixture, with an additional 30 d incubation, increased the amount of 
hg0 volatilized to 6.9 nmol. When 50 μl of an acidic-mercury wastewater 
containing 17.5 nmol of hg, which is usually produced in the course of 
everyday laboratory work in okayama university (ph, 0.98 and CoD, 600 
mg/l), was incubated in 20 ml sulfuric acid (ph 2.5) with ferrous sulfate 
(100 μmol) and suG cells (0.05 mg protein) for 10 d at 30°C, 47% of the 
total mercury in the reaction mixture (8.23 nmol hg0) was volatilized. 
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however, when organic compounds in the mercury wastewater were 
decomposed by fenton’s method and then treated with suG cells, 17.5 
nmol of hg (100% of the total mercury in the wastewater) was volatilized. 
It was found that cytochrome oxidase on the plasma membrane of a. 
ferrooxidans suG 2-2 plays a crucial role in the rapid reduction of hg2+ 
with ferrous iron to produce hg0.

RP-148

ENVIRONMENTAL MERCURY STATUS AND TRENDS 
IN MICHIGAN, USA - A COMPREHENSIVE UPDATE 
OF ENVIRONMENTAL MERCURY RELEASES, USAGE 
AND LEVELS IN AIR, SEDIMENTS & WILDLIFE
Taylor MorGan, Joy1; DreVnICK, Paul2; Gay, David3; bohr, Joe4; 
MCGeen, Dennis1; hannan, farzana5; 
(1) MDEQ-AQD, Lansing, MI, USA; (2) Alberta Environment & Parks, Calgary, 
Alberta, Canada; (3) NADP, Champaign, IL, USA; (4) MDEQ-WRD, Lansing, MI, 
USA; (5) DEQ Intern

taylorj1@michigan.gov

anthropogenic environmental mercury contamination in Michigan dates 
back over one hundred years to the mining activities in Michigans upper 
Peninsula and in the 1970s, massive mercury discharges to the waters of 
Michigans lower Peninsula were identified. More recently, atmospheric 
sources of mercury were characterized as the leading source of loadings 
to state waters. significant progress has been made in the state towards 
reducing all uses and environmental releases of mercury including 
water discharges, air emissions, biosolids and product use. however, 
the environmental media and bioindicator data do not necessarily 
demonstrate consistent temporal trend reductions. The mercury 
use and release trend data will be presented along with temporal 
environmental trends and an assessment for successful phase out of 
use within the state of Michigan. a Michigan state-wide goal is being 
established that limits atmospheric emissions and deposition, thereby 
reducing the mercury available for methylation and bioaccumulation 
in fish. however, further national and international efforts are needed 
to reduce these impacts because most of the atmospheric mercury 
deposition in Michigan originates from beyond the states borders.

RP-149

IS THERE MERCURY CONTAMINATION IN DAN 
RIVER (NORTH CAROLINA/VIRGINIA) DUE TO COAL 
ASH SPILL IN FEBRUARY 2014?
TsuI, Martin1; Ku, Peijia1; lIu, songnian1; hershey, anne1; rublee, 
Parke1; Corson, Kimber1; WIllIaMs, ashley1; 
(1) UNC-Greensboro, Greensboro, NC, USA

tmtsui@uncg.edu

Coal ash is the left over material after coal is burned and contains 
various kinds of toxic metals including mercury (hg). on february 2, 
2014, massive amounts of coal ash and contaminated water from a 

decommissioned coal-fired power plant spilled into the Dan river near 
eden, north Carolina, representing the third worst coal ash spill in 
the history of the united states. although analyses on water samples 
immediately after the incident indicated very low levels of contaminants, 
including hg, it is widely speculated that these contaminants would 
deposit in the bottom sediment where biogeochemical transformations, 
such as hg methylation, can occur. Therefore, it is necessary to assess 
whether there is hg contamination in the Dan river sediment and biota 
at downstream sites following the coal ash spill. In July 2015, about 17 
months after the spill, we performed longitudinal sampling in 10 sites 
along Dan river, with 3 sites in the upstream section (up to 3.6 km) 
and 7 sites in the downstream section (up to 65 km) relative to the spill 
site. at each sampling site, we collected river channel coarse sand and 
finer depositional sediments along the shore. We also collected asian 
clams (Corbicula fluminea) when available. We analyzed total hg (Thg) 
for the sediment samples, and Thg and methyl-hg (Mehg) for the clam 
tissue. overall, Thg in sediment samples was generally considered 
low but variable, from 2 to 76 ng/g. sediment Thg correlated well with 
organic matter (oM) content, and thus we normalized sediment Thg to 
oM; oM-normalized sediment Thg ranged from 293 to 741 ng/g oM. 
oM-normalized sediment Thg in the upstream section ranged from 
319 to 661 ng/g oM. If we assumed that the sediment sample with the 
highest Thg in the upstream section was the upper limit of hg in Dan 
river sediment without coal ash, the majority of downstream sediment 
samples (90%) would have oM-normalized Thg lower than this 
threshold. In fact, the few samples exceeding this upper limit had oM-
normalized Thg only slightly higher than this upper limit. Clam tissue 
Thg and Mehg levels were variable among sites but did not appear to 
be different between upstream and downstream sections. Thus, our 
findings indicated essentially no hg contamination in Dan river up to 
65 km of downstream of eden, north Carolina due to the coal ash spill 
after almost 1.5 years of the incident. however, it may be possible that 
hg contamination hotspots were either not sampled (e.g., spatially too 
variable, or buried in deeper layers) or occurred further downstream of 
our most downstream sampling site (65 km).

RP-150

FLUVIAL TRANSPORT OF MERCURY FROM TWO 
BURNED WATERSHEDS IN NORTHERN CALIFORNIA
TsuI, Martin1; uZun, habibullah2; Ku, Peijia1; KaranfIl, Tanju2; 
DahlGren, randy3; ChoW, alex4; 
(1) UNC-Greensboro, Greensboro, NC, USA; (2) Clemson University, Clemson, 
SC, USA; (3) UC Davis, Davis, CA, USA; (4) Clemson University, Georgetown, 
SC, USA

tmtsui@uncg.edu

Due to global climate warming, the frequency and intensity of wildfires 
are expected to increase in the next few decades. This is especially 
important in regions with prolonged dry summers, such as in the 
Mediterranean climate of California where forests have accumulated 
a large fuel load over the past century. Wildfires are known to release 
substantial amounts of previously sequestered mercury (hg) in natural 
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forests but residual pools of hg may be left behind in the ash layer and 
burned soils. These residual hg pools can be mobilized by intensive 
rainfall events leading to hg transport dissolved in surface runoff 
and attached to eroded soil particles. This study examined the fluvial 
transport of total hg (Thg) and methyl hg (Mehg) in two streams in 
northern California whose watersheds were previously burned in 
summer 2015: Cold Creek burned by the Wragg fire (33 km2) and Cache 
Creek partly burned by the rocky fire (281 km2). event and baseflow 
water samples were collected in these two streams during the first wet 
season (January to april, 2016) after the wildfires, and samples were 
analyzed for Thg and Mehg in both unfiltered and filtered samples, as 
well as for total suspended solids (Tss) and dissolved organic carbon 
(DoC). remarkably, stream water from the burned watersheds had 
extremely high Tss levels, approaching 20 g/l in Cold Creek compared 
to a maximum of ~50 mg/l in an adjacent unburned reference stream. 
We observed highly variable unfiltered Thg in streams from both 
burned watersheds, ranging from 0.9 ng/l (baseflow) to 1,379 ng/l 
(event) for Cold Creek and from 3.8 ng/l (baseflow) to 688 ng/l (event) 
for Cache Creek. We observed much higher particulate Thg during 
the first or second flush due to the extensive mobilization of surface 
ash and soil layers by erosion. for filtered samples, we observed only 
small variations of filtered Thg among event and baseflow samples (i.e., 
0.81 to 5.6 ng/l for Cold Creek and 1.6 to 15.0 ng/l for Cache Creek), 
and most of these variations can be explained by differences in DoC 
concentrations. Mehg levels were low across all water samples but we 
observed higher Mehg levels and % Mehg in water and particulates at 
the beginning of the rainy season.

RP-151

EXTREME FLOODING-INDUCED FLUVIAL EXPORT OF 
TOTAL MERCURY AND METHYLMERCURY IN THE 
COASTAL PLAIN
TsuI, Martin1; uZun, habibullah2; bao, shaowu3; ZhanG, hongyuan3; 
rueCKer, alexander2; KaranfIl, Tanju2; ChoW, alex2; 
(1) UNC-Greensboro, Greensboro, NC, USA; (2) Clemson University, Clemson, 
SC, USA; (3) Coastal Carolina University, Conway, SC, USA

tmtsui@uncg.edu

It is widely predicted that global climate change would cause extensive 
changes in weather patterns, one of which would result in higher 
frequency of extreme weather events such as hurricanes and droughts. 
In two consecutive years, two strong hurricanes (hurricane Joaquin 
in october, 2015, and hurricane Matthew in october, 2016) affected 
much of the southeastern united states. These extreme weather 
events caused extensive flooding in the low-lying coastal plain of the 
southeastern region where wetlands are widespread and representing 
substantial sources of mercury (hg) to the freshwater and coastal 
environment. In this work, we assessed filtered total hg (Thg) and 
methyl-hg (Mehg) concentrations in a blackwater river (Waccamaw 
river) in south Carolina, in which the river drains much of forested 
wetlands and swamps in the region and represents a model system 
to examine the impacts of these extreme flooding on fluvial export of 

Thg and Mehg over time. overall, river discharge increased by about 
5-10 times during and right after the surging hydrograph in both years 
and the flooding lasted for about 2-3 weeks. In fall 2015, we found that 
dissolved organic carbon (DoC) and Thg were both lower than under 
normal conditions (up to 50% lower). Different from Thg, Mehg was 
much lower during the high flow period and the aqueous concentrations 
of Mehg were about 5-10 times lower than low flow period, suggesting 
different biogeochemical controls on the fluvial export of inorganic 
hg vs. Mehg. Percentage of total hg as Mehg (%Mehg) increased 
from 4% during high flow period to about 25% during low flow period, 
implying exports of Mehg from those wetlands and possibly some new 
production of Mehg in the system. overall, during the high flow period 
Thg flux would be about 2-3 times higher than normal conditions but 
Mehg flux would be somewhat similar between high and low flow 
period. sample analyses are still on-going for 2016 samples and the 
data will be presented, compared with 2015 data, and discussed in the 
context of extreme flooding events and biogeochemical hg cycling in the 
coastal plain.

2i: Regional and local scale stable isotope 
studies of mercury biogeochemical cycling 
and bioaccumulation

RP-152

DRIVERS OF SPATIAL AND TEMPORAL VARIABILITY 
OF MERCURY AND METHYLMERCURY ACROSS THE 
EVERGLADES NATIONAL PARK (USA)
babIarZ, Christopher1; KrabbenhofT, David1; TaTe, Michael1; DeWIlD, 
John1; oGoreK, Jacob1; aIKen, George2; oreM, William3; KlIne, Jeffrey4; 
CasTro, Joffre4; 
(1) U.S. Geological Survey, Middleton, WI, USA; (2) U.S. Geological Survey, 
Boulder, CO, USA; (3) U.S. Geological Survey, Reston, VA, USA; (4) National 
Park Service, Homestead, FL, USA

cbabiarz@usgs.gov

elevated mercury (hg) levels in the aquatic food web of the everglades 
has been a public concern since the late 1980s, and remains a persistent 
issue confronting ecosystem restoration efforts. The formation of 
methylmercury (Mehg) in the system is driven by the bioavailability of 
inorganic hg(II) and the metabolic activity of sulfate-reducing bacteria. 
These in turn are influenced by the abundance and character of 
dissolved organic carbon (DoC) and sulfate concentrations. here, we 
report on an eight-year collaboration between the u.s. Geological 
survey and the national Park service to examine the drivers of spatial 
and temporal variability of hg and Mehg within the everglades national 
Park. surface water and forage fish (Gambusia holbrooki and Jewel 
Cichlid) were collected annually at 76 sites from 2008 to 2016. Water 
samples were analyzed for total mercury (hgT), Mehg, DoC, specific uV 
absorbance at 254 nm (suVa), and major ions. fish were analyzed for 
hgT, Mehg, and stable isotopes of carbon, and nitrogen. In addition, 
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archived fish samples are currently being analyzed for stable isotopes of 
mercury to provide greater insight into trophic transfer.

Methylmercury concentrations in water and fish exhibited distinct regional 
patterns with peak levels in the shark river slough (srs) a receiving area 
for sulfate and DoC-rich canal water. Throughout the srs, hgT was a 
strong predictor of Mehg concentrations in filtered water (r-squared = 
0.70), whereas in marsh sites unaffected by the canal this result does not 
hold true (r-squared = 0.15). regression analysis using a gradient boosting 
algorithm revealed several additional drivers of Mehg production which 
included: dry days preceding sampling, sulfate concentration, and suVa 
levels (all of which were greatly enhanced in the marsh relative to the 
srs). annual hydrologic conditions were an important driver of mercury 
levels in water each year. high water during an el nio event (2009-10) 
corresponded to a decrease in hgT and Mehg concentrations, while low 
water levels during a strong la nia event (2011-12) corresponded to a 
dramatic increase in concentrations due to drying and rewetting cycles.

overall, trends of hg in fish generally followed those of Mehg in filtered 
surface water with the exception of elevated hg in fish from the marsh 
in 2010 (likely due to fish escaping the srs in high water). In addition, the 
prevalence of exotic Jewel fish in the everglades has greatly expanded 
over the course of this study; recent data (2010-2013) show that Jewel 
fish mercury concentrations (measured as hgT) are 15-20% higher than 
mercury concentrations in native Gambusia. Mercury sources and diet 
differences between Jewel fish and Gambusia will be assessed using 
stable isotope techniques (hg, C, n) to better understand their mercury 
uptake dynamics.

RP-153

TRACKING SOURCES OF MERCURY IN THE IDRIJA 
MINING AREA – THE RELATIONSHIP BETWEEN 
MERCURY ISOTOPES AND SPECIES IN SOILS, 
SUSPENDED MATTER AND SEDIMENTS
baPTIsTa-salaZar, Carluvy1; hInTelMann, holger2; bIesTer, harald1; 
(1) Technische Universität Braunschweig, Braunschweig, Germany; (2) Trent 
University, ON, Peterborough, Canada

c.baptista-salazar@tu-braunschweig.de

Mercury (hg) released by mining activities can be highly dispersed in 
the environment and may undergo species transformations processes, 
which are essential to evaluate environmental risk. hg from roaster 
emissions or mining-residues is accumulated in soils and sediments. In 
aquatic systems hg can be transported over great distances as dissolved 
organic matter complexes or bound to suspended matter (sM). hg-
isotope analysis have been used to track hg-sources in hg-mining areas 
although it is mostly unclear to which extent changes in hg-isotope 
ratios are attributed to different sources or hg-species transformations. 
In Idrija-slovenia, hg was mined as hg-sulphide (cinnabar-ore, α-hgs) 
for centuries. Dumping of mining-residues caused accumulation of 
cinnabar in river sediments, whereas atmospheric hg deposition led 
to contamination of soils and enrichment of organically-bound hg, 
which, in contrast to cinnabar, can potentially be methylated in aquatic 

systems. hg released from soils and mine dumps is mainly transported 
via sM in Idrijca river to the Gulf of Trieste (GT) in Italy. so far, high δ202hg 
values in the marine environment were related to cinnabar from the 
Idrija mine, and different values from that of cinnabar where assigned 
to the adriatic background, but organically-bound hg derived from soils 
have been neglected. here, we determine hg-species and hg-isotopes 
in sM, soils and sediments from the Idrijca-catchment to decipher 
variability of hg-isotope ratios related to distribution of hg-species. 
hg-isotopes were determined by means of MC-ICP-Ms while hg-species 
were analyzed using hg-thermo-desorption.

In general, δ202hg values in sM correspond to those found in soils 
ranging from -2.81 to 0.73‰ and from -2.45 to 0.15‰, respectively. 
speciation measurements in different grain sizes reveal that smaller 
grain sizes (0.45-20 μm) are dominated by organically-bound hg, while 
larger grain sizes mainly contain cinnabar (>20 μm). samples dominated 
by cinnabar show relatively higher δ202hg values (~50% cinnabar, δ202hg 
> -1.01‰) while organically-bound hg shows lower δ202hg values.

hg-isotopic ratios combined with speciation analyses reveal that most 
hg in sM transported to GT is soil derived organically-bound hg. During 
rain events sM-loads in the river drastically increase, and also the 
portion of cinnabar in sM increases due to erosion of larger particles 
from soils and mining-residues. our results indicate that the polluted 
soils in the wider Idrija area are the most important source of hg 
transported to GT, and that this hg organically-bound hg forms have a 
large potential for methylation and uptake in the marine food web.

RP-155

ASSESSMENT OF MERCURY POLLUTION 
IN SOUTHWEST BALTIC SEA AS A RESULT 
OF HISTORICAL USE OF AIR DEFENCE 
AMMUNITION COMBINING HG SPECIATION AND 
ISOTOPIC COMPOSITION
fenG, Caiyan1; sChlosser, Christian1; aChTerberG, eric1; beCK, aaron1; 
aMourouX, David2; ausT, Marc-oliver3; 
(1) GEOMAR, Helmholtz Zentrum für Ozeanforschung, Kiel, Germany; 
(2) Laboratoire de Chimie Analytique Bio-Inorganique et Environnement, 
Institut des Sciences Analytiques et de Physico-Chimie pour l’Environnement 
et les Matériaux (IPREM),CNRS-UPPA-UMR-5254, Pau, France; (3) THUENEN - 
Institute of Fisheries Ecology, Hamburg, Germany

cfeng@geomar.de

In the region of Kiel bay (Dnisch-niendorf), southwest baltic sea, more 
than 1.2 million hg-containing anti-aircraft grenades were shot from World 
War II artillery training grounds. The majority of these shells exploded in 
the air, spreading their hg content. Meanwhile, an unknown proportion 
of these shells did not explode and ended up on the seafloor, which bear 
the potential of future hg-releases into the marine environment. The 
condition of the unexploded grenades and their potential for hg release 
are still unknown, and the current distribution of hg and its species in 
waters, sediments and organisms in this sector of the southwest baltic 
sea is unclear.
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The quantification of hg and its species is an essential tool to evaluate 
regional environmental pollution. More recently hg isotopic composition 
has been widely applied in tracing hg contamination sources, 
biogeochemical processes and metabolic fates in environment and living 
organisms. sediments act as an important sink for anthropogenic hg 
pollution. The polluted sediments exhibited hg isotopic compositions 
of anthropogenic and background contributions, whose isotopic 
composition can be differentiated. furthermore, despite sediments 
represent the main hg source to the surrounding food web, the last one 
displays a different hg isotopic signature according to the trophic position 
and foraging depth of the organism. such variation of hg isotopic 
composition values between biota and their nearby sediments are 
suggested to be related to biogeochemical processes (e.g. methylation/
demethylation) and other environmental factors in each specific system. 
Therefore, a better comprehension of the biogeochemical fate of the hg 
species is needed in such hg impacted ecosystem.

In this work, hg concentration, speciation (GC-ICP-Ms) and isotopic 
composition (CVG-MC-ICP-Ms) is determined in marine surface 
sediments and aquatic organisms along the food web, including benthic 
organisms, plankton and fish that were collected in the ammunition 
affected area. The main objective of this work is to estimate the hg 
contamination extent from the anti-aircraft munitions site to the target 
living organisms and potential hg biogeochemical pathways before its 
introducing into the food web.

RP-156

INSIGHTS FROM THE SPATIAL AND TEMPORAL 
DISTRIBUTIONS OF MERCURY SPECIES 
AND ISOTOPES IN BIVALVES FROM THE 
FRENCH COASTLINE
brIanT, nicolas1; Knoery, Joël1; ChouVelon, Tiphaine1; nIColas, 
savoye2; sonKe, Jeroen3; braCh-PaPa, Christophe1; ChIffoleau, Jean-
françois1; 
(1) Ifremer, Nantes, France; (2) EPOC/U. Bordeaux, Bordeaux, France; (3) GET/
OMP, Toulouse, France

nicolas.briant@ifremer.fr

Mercury cycles between atmosphere, terrestrial and aquatic reservoirs 
through a complex combination of transport and transformation 
processes, until it is buried in oceanic or terrestrial sediments. 
Monomethylmercury is the main species bioaccumulated and 
bioamplified in the food chain. Knowledge of the origin (continental, 
oceanic or local sediment) of this species for the littoral environnment 
can still be improved.

This study focuses on ~.200 samples of bivalves (mussels: Mytilus 
edulis and Mytilus galloprovincialis and oysters: Crassostrea gigas 
and Isognomon alatus) from ~80 stations along the french coast. The 
goals of this study were i) to describe hg levels, speciation and isotopic 
composition in various bioindicator bivalves from the french coastline, 
and ii) to identify possible geographic, taxonomic or temporal variations 
in these properties.

In the bivalves, we observed that the variations in methylmercury 
concentrations follow linearly those of total mercury (hgT). Preliminary 
results of isotopic fractionation of hgT in some of the samples do show 
regional effects and allow to differentiate english channel,. atlantic, 
and Mediterranean coastlines. These differences may come from the 
various trophic regimes revealed by nC stable isotopes, from different 
fractionnation by the three biological species of bivalves, from different 
mercury source isotopic signatures, or both.

at most of the study sites, hgT concentrations have not decreased 
since 1987, despite regulations to abate or ban mercury used by 
anthropic activities.

This study is part of the Trococo project, funded by Ifremer, rgion Pays 
de la loire (Pollusols), and Insu/eC2Co/Dril.
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MERCURY ISOTOPE FRACTIONATION DURING DARK 
REDUCTION IN SATURATED EAST FORK POPLAR 
CREEK SOIL
PoulIn, brett1; lePaK, ryan2; TaTe, Michael3; KrabbenhofT, David3; 
hurley, James2; naGy, Kathryn4; ryan, Joseph5; aIKen, George1; 
(1) U.S. Geological Survey, Boulder, CO, United States; (2) University of 
Wisconsin Madison, Madison, WI, United States; (3) U.S. Geological Survey, 
Middleton, WI, United States; (4) University of Illinois at Chicago, Chicago, IL, 
United States; (5) University of Colorado Boulder, Boulder, CO, United States

bpoulin@usgs.gov

riparian soils and sediments of the east fork Poplar Creek (efPC) 
floodplain (oak ridge, Tn) contain large quantities of mercury from 
up-gradient contamination at the y-12 national security Complex.  
Important questions remain, however, on the long-term fate of legacy 
mercury in soils and sediments at this location.  a recent study by 
our group observed substantial dissolved gaseous mercury (hg(0)) 
evolution in saturated soil from the efPC floodplain that contains 
mercury predominantly as nanoparticulate mercuric sulfide.  This 
finding challenges the notion that authigenic mercuric sulfide is 
an environmental sink for mercury under all conditions.  Periodic 
soil flooding could lead to the recycling of legacy mercury to the 
atmosphere.  We use stable mercury isotope measurements to (1) 
provide insights on the process(es) responsible for the formation 
of hg(0) in laboratory saturation experiments and (2) quantify the 
isotopic signature of mercury emitted from the efPC floodplain to the 
atmosphere.  a comparison of laboratory and field measurements 
allowed us to evaluate the environmental significance of dark hg(II) 
reduction on the fate of legacy mercury in soils.

The stable mercury isotope composition of pore water samples (n = 22) 
from microcosm experiments was quantified over 36 days of flooding; 
previous work showed that the reduction of divalent mercury (hg(II)) 
to hg(0) controls mercury release dynamics.  We also quantified the 
stable mercury isotope composition of the soil prior to the start of the 
experiment (t = 0 day; n = 3) and throughout the progression of the 
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36 day experiment (n = 6).  as flooding proceeded, substantial mass-
dependent fractionation (MDf) of stable mercury isotopes was observed 
resulting in pore water signatures becoming progressively lighter 
(δ202hg = -0.52 to -1.70‰) and soil signatures progressively heavier 
(δ202hg = +0.15 to +0.75‰).  Mass-independent fractionation (MIf) of 
odd-mass isotopes in pore waters was also observed (Δ199hg = +0.03 
to +0.23).  We employed a binary mixing model to explain the processes 
responsible for MDf and MIf of pore water and soil mercury using two 
endmembers: (1) the soil mercury at t = 0 day and (2) hg(0) formed 
through dark hg(II) reduction.  In the field, stable mercury isotope 
compositions were quantified on atmospheric samples collected by gold 
amalgamation above the efPC floodplain (n = 6).  stable mercury isotope 
measurements of atmospheric samples are compared with results 
from the laboratory experiments and previous investigations of the 
contamination site, and are discussed in context of the fate of mercury 
in the efPC floodplain.

RP-158

TRACKING MERCURY AND ITS STABLE ISOTOPES IN 
SEDIMENTS OF THE HACKENSACK RIVER ESTUARY
reInfelDer, John1; Janssen, sarah1; 
(1) Rutgers University, New Brunswick, NJ, USA

reinfeld@envsci.rutgers.edu

estuarine sediments accumulate mercury (hg) from watershed runoff 
and industrial point sources. however, the resuspension and transport 
of sediments by estuarine, tidal, and storm surge associated mixing 
can redistribute hg far from where it was originally deposited. as a 
result, identifying the sources of hg in complex urbanized estuaries, 
is challenging. here we use hg stable isotopes to identify the sources 
of hg in sediments within the hackensack river estuary, a tributary 
to the lower hudson river estuary in new york and new Jersey, usa. 
Concentrations of total hg (>99% inorganic hg) in sediment from the 
hackensack river estuary varied from 0.06 to 154 ug g-1 with the highest 
concentrations measured in sediment from upper berrys Creek estuary 
just below the West riser tide gate (86 ug g-1) and upper Peach Island 
Creek (55 ug g-1). The mean d202hg value of mercury from berrys Creek 
estuary and two small tributaries, Peach Island Creek and ackermans 
Creek, was significantly higher (p < 0.001) than that from the main 
stem hackensack river and its tributary bellmans Creek. The spatial 
distribution of mercury and its stable isotopes indicates that mercury 
from berrys Creek and its tributaries mixes with, and is partially diluted 
by mercury from a lower concentration source that is more depleted in 
202hg (lower d202hg values) as it enters the hackensack river. Mixing 
plots of d202hg vs. inverse total hg concentration in sediment for the 
entire system show that d202hg values decline linearly with decreasing 
hg concentrations. using a binary mixing model, it is estimated that 
most (>75%) of the mercury in bellmans Creek and perhaps Mill Creek 
originated from upper berrys Creek. surface sediments from Peach 
Island Creek had very high mercury concentrations indicating that they 
could be an important source of mercury to the system.

RP-159

USING MERCURY STABLE ISOTOPES IN FISH 
TO IDENTIFY BIOAVAILABLE MERCURY IN A 
CONTAMINATED ESTUARY
Janssen, sarah1; reInfelDer, John1; 
(1) Rutgers University, New Brunswick, NJ, USA

sjanssen30@gmail.com

Tracking the sources and accumulation of mercury in coastal marine 
fish remains a challenge.  While the isotopic composition of mercury 
in fish varies among species and ecosystems reflecting differences in 
diet as well as the extents and mechanisms of mercury transformations 
in the environment, it is not easily connected to feeding habitats or 
bioavailable pools of mercury within a single ecosystem.  In order 
to build on previous work that explored the utility of mercury stable 
isotopes in the identification of bioavailable mercury in aquatic 
ecosystems, we estimated δ202hg values of bioavailable total 
mercury (Thg) and methylmercury (Mehg) prior to their accumulation 
in the food webs that lead to killifish (fundulus heteroclitus) and 
white perch (Morone americana) in the mercury-contaminated 
hackensack river estuary, new Jersey, usa.  among four spatially 
distinct and two developmentally defined populations of these fish, 
Mehg concentrations were not correlated with those in sediment or 
suspended particulate matter.  average mass-dependent mercury 
isotope ratios (δ202hg) in the fish varied from -0.38‰ to +0.55‰, and 
fish from all six populations accumulated mercury with positive Δ199hg 
and Δ201hg values, which are produced by the mass-independent 
fractionation (MIf) of mercury stable isotopes.  δ202hg values of 
bioavailable Thg and Mehg were estimated using the extents of MIf 
in fish to account for photochemical transformations of inorganic 
mercury and Mehg, and were strongly dependent on the percent of 
Thg in fish present as Mehg (%Mehg), which varied from 30% to 100%.  
estimated δ202hg values of bioavailable Mehg for two spatially distinct 
populations of killifish were -0.28‰ and +0.30‰, which are similar 
to directly measured δ202hg values for Mehg in sediments from the 
environments in which each population lived (-0.19‰ and +0.40‰, 
respectively).  however, estimated δ202hg values of bioavailable Mehg 
for adult and juvenile white perch (0.48 to 0.87‰) were higher than that 
for Mehg in sediments throughout the hackensack river estuary (-0.4 
to +0.4‰).  This likely reflects the diverse diet and wide feeding range 
of migratory white perch which may consume prey with isotopically 
heavier Mehg within or outside of the hackensack river.  These results 
demonstrate that mercury stable isotopes can be used to identify local 
scale sources of mercury in fish living in complex environments and 
have the potential to be used to identify distinct populations of estuarine 
forage fish and as a proxy for their feeding locations.
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SOURCE ASSESSMENT OF MERCURY 
CONTAMINATION ALONG THE GRAND PORTAGE 
TRAIL, MN (USA)
rolfhus, Kristofer1; seITZ, brandon2; lePaK, ryan3; haro, roger1; 
(1) University of Wisconsin-La Crosse, La Crosse, WI, USA; (2) National Park 
Service, Grand Portage, MN, USA; (3) University of Wisconsin-Madison, 
Madison, WI, USA

krolfhus@uwlax.edu

The 14-km Grand Portage Trail (GrPo), located in extreme northeastern 
Minnesota, was a primary route of transport between lake superior 
and inland waters for the french-Canadian Voyageur fur trade during 
the 17th-19th centuries.  recent work has indicated elevated levels of 
total mercury, methylmercury, and % methylmercury in components 
of the lower food web (water, sediment, soil, benthic invertebrates), 
compared to other national parks in the western laurentian Great 
lakes region.  surficial soil and sediment samples at GrPo yielded 3 to 
4-fold enrichment in total hg relative to organic matter content when 
compared to other regional forested sites.  We sampled soil cores at five 
locations along the GrPo trail in June 2015 to define the spatial extent of 
total hg contamination, and to determine whether the hg stable isotopic 
signature differed between contaminated and non-contaminated sites.  
Two locations (fort Charlotte and the stockade) were located at each 
terminus of the trail, and were known historic locations of vermilion (a 
bright red hgs-containing pigment) storage and use.  These terminal 
sites exhibited total hg concentrations (ft. Charlotte: 6.5±5.0 µg/g dw; 
stockade: 0.58±0.36 µg/g) far exceeding locations between them along 
the trail (0.052±0.021 µg/g).  analysis of the hg stable isotopes 199hg 
and 202hg by multi-collector ICP-Ms indicated that the contaminated 
sites were indeed isotopically similar to each other (ft. Charlotte and 
stockade data combined: δ202hg(II): -0.49±0.14‰, ∆199hg(II): 0.00±0.03 
‰), but different from both the low-total hg locations mid-trail 
(δ202hg(II): -1.24±0.17 ‰, ∆199hg(II): -0.15±0.07 ‰) and reference soils 
collected at the experimental lakes area (ela) in northwestern ontario, 
Canada (δ202hg(II): -1.67±0.17 ‰, ∆199hg(II): -0.24±0.07 ‰).  samples 
formed a mixing line between the contaminated and non-contaminated 
sites, with the mid-trail sites falling between the GrPo contaminated 
sites and that of ela.  Two archived vermilion samples from the fur trade 
era were analyzed isotopically for comparison, one each from GrPo 
and fort Michilimackinac (Mackinaw City, MI).  The GrPo vermilion 
exhibited an isotopic signature that was markedly similar to the GrPo 
contaminated sites, while the Michilimackinac sample did not.   our 
results suggest that anthropogenic contamination associated with 
historic fur trade commerce is likely responsible for elevated total and 
methylmercury concentrations observed in the contemporary GrPo 
food web.  We plan to analyze additional regional archived vermilion 
samples to aid in source attribution.

RP-162

TRACING ATMOSPHERIC MERCURY FROM MARINE 
BOUNDARY LAYER IN THE YELLOW SEA AND BOHAI 
SEA USING STABLE MERCURY ISOTOPES
yu, ben1; lIu, hongwei1; lIu, Chengbin1; shI, Jianbo1; JIanG, Guibin1; 
(1) Research Center for Eco-Environmental Sciences, Chinese Academy of 
Sciences, Beijing, China

yuben09@mails.ucas.ac.cn

source apportionments of mercury (hg) using stable hg isotopes have 
been applied in many previous studies, providing unique clues of typical 
emission sources and processes in the environmental circulation of hg. 
however the fingerprint of atmospheric hg isotopes, especially in the 
background area, has been rarely investigated limited by the extremely 
low concentrations and complicated transformation among three 
species of atmospheric hg (gaseous elemental hg, gaseous oxidized hg 
and particle-bound hg). In this study, total gaseous hg (TGM, composed 
by gaseous elemental hg and gaseous oxidized hg) samples were 
collected using chlorized active carbon trap in marine boundary layer 
of the yellow sea and bohai sea in summer, 2016. negative δ202hg 
(-1.26±0.69‰, 1σ, n = 7) and Δ199hg (-0.09±0.05‰, 1σ, n = 7) signatures 
were observed in TGM samples collected in the yellow sea, and samples 
collected in the bohai sea shows more negative δ202hg (-2.02±0.69‰, 
1σ, n = 9) and near-zero Δ199hg (-0.02±0.04‰, 1σ, n = 9) signatures. The 
isotopic compositions and ratio of Δ199hg to Δ201hg (~1.0) suggesting 
different mixing ratio of gaseous hg from both natural background 
pool and anthropogenic emissions transported from continent, with 
influences from environmental processes, i.e. the photochemical 
reactions and evaporation of hg in the marine surface. In addition, 
negative Δ200hg signatures (-0.04±0.03‰, 1σ, n = 7) observed in TGM 
samples collected in the yellow sea implying the active oxidation of 
elemental hg and adsorption/desorption on the particle surface.

2k: Mercury in the oil and gas industry, 
from initial exploration through 
production to end-of-life decommissioning

RP-163

MERCURY IN BLACK SHALES OF THE 
LATE DEVONIAN-EARLY MISSISSIPPIAN 
BAKKEN FORMATION
sCoTT, Clint1; sCoTT, anne1; KolKer, allan1; 
(1) US Geological Survey, Reston, VA, USA

clintonscott@usgs.gov

The concentration of hg in black shales is typically in the range of 10s to 
100s of ppb and, in some instances, can exceed 1,000 ppb. This range 
is similar to that of coal but there is comparatively little information 
available on the occurrence of hg in black shales. In this study we 



POSTeR ABSTRACTS ICMGP2017 The 13Th InTernaTIonal ConferenCe on MerCury as a Global PolluTanT InTeGRATInG MeRCuRy ReSeARCh And POLICy In A ChAnGInG WORLd July 16 – 21, 2017 · ProVIDenCe, rhoDe IslanD, usa 371

consider the concentration of hg in black shales of the late Devonian-
early Mississippian bakken formation, north Dakota (usa). The bakken 
formation is a major oil producer, but it is also representative of other 
north american black shales and thus can provide information on the 
biogeochemical cycling of hg in black shales in general.

Mercury concentrations were determined by direct mercury analyzer for 
33 samples of the bakken formation. Concentrations range from 31 to 
395 ppb with the exception of one outlier of 792 ppb that is associated 
with a pyritic lag deposit. by comparing the concentration of hg to that 
of other trace metals (V, Mo, Zn) we infer that most of the hg in bakken 
black shales was derived from normal seawater. There is a positive 
correlation between the concentration of hg and both total organic 
carbon and total sulfur, thus complicating efforts to determine the 
association of hg in the black shale. Mercury enrichment in the sulfide 
lag interval indicates that a significant fraction of hg is associated with 
pyrite, consistent with work from the modern ocean demonstrating the 
pyritization of hg along with a suite of transition metals (Mo, Zn, Co, and 
Cu). however, in our sample set, wherever hg exceeds 200 ppb, it is 
largely decoupled from total sulfur, indicating a potential role for organic 
carbon as a host for hg where its concentrations are highest. In some 
cases the fraction of hg associated with organic carbon may exceed that 
associated with sulfides. Determining the concentration and occurrence 
of hg in bakken shale helps determine its origin and potential mobility 
during disturbance of this interval for oil and gas production.

RP-164

MERCURY AND METHYLMERCURY IN THE 
ATHABASCA OIL SANDS REGION OF NORTHERN 
ALBERTA, CANADA
KIrK, Jane1; MuIr, Derek1; WIllIs, Chelsea2; lehnherr, Igor3; sT. louIs, 
Vince2; WasIuTa, Vivian2; CooKe, Colin4; Gleason, amber1; 
(1) Environment and Climate Change Canada, Burlington, Ontario, Canada; 
(2) University of Alberta, Edmonton, Alberta, Canada; (3) University of Toronto 
Mississauga, Mississauga, Ontario, Canada; (4) Alberta Environment and 
Parks, Edmonton, Alberta, Canada

jane.kirk@canada.ca

bituminous oil sands in northern alberta and saskatchewan (Canada) 
represent the worlds third largest reserve after Venezuela and 
saudi arabia. rapid development of these oil sands deposits over 
the last three decades has raised concern about human health and 
environmental impacts. alteration of the mercury cycle is of concern 
because local peoples have traditionally relied on hunting and fishing 
for food in this region and hg consumption advisories exist for walleye 
in the athabasca river near major developments and for gull and 
tern eggs in the Peace-athabasca Delta, located ~150 km north of the 
major development area. as part of the Canada-alberta Joint oil sands 
Monitoring program, we have been examining sources of mercury to the 
oil sands region, including atmospheric deposition potentially originating 
from bitumen upgrading facilities and fugitive dust from sources such 
as open pit mines, and leakage of tailings ponds, which are waste water 

storage dykes. To quantify atmospheric deposition to the region, we 
have been utilizing dated lake sediment cores and annual sampling 
of the springtime snowpack at sites located varying distances from 
the major development since 2012. our measurements demonstrate 
that aerial loadings of numerous organic and inorganic contaminants, 
including total and methylmercury, increase with proximity to the 
major developments exhibiting a bulls-eye pattern on the landscape. To 
determine if methyl mercury is produced within snowpacks or deposited 
directly in that form, potential rates of methylmercury production in 
snowpacks and melted snow were quantified in 2015 using mercury 
stable isotope tracer experiments. at the four sites examined, 
methylation rate constants were low in snowpacks (km=0.0010.004 
/d) and non-detectable in melted snow, except at one site (km=0.0007 
/d), suggesting that in situ production is unlikely an important source 
of methyl mercury to oil sands region snowpacks. To determine the 
impacts of snowmelt on aquatic ecosystems, we also measured total 
and methyl mercury in five tributaries that have varying degrees of 
development on their catchments at a high frequency over the ice-free 
season in 2012-2014. results to date suggest that while total mercury 
loads are tightly linked with hydrologic discharge and proximity to 
developments and bitumen deposits, methyl mercury loads increase in 
late summer when methylation activity is likely highest. Currently, we are 
coupling snowpack and river measurements and using a GIs approach 
to tease apart natural from anthropogenic sources to these rivers. 
Preliminary data from tailings ponds sampling will also be presented.

RP-165

MERCURY AND METHYLMERCURY IN TAILINGS 
PONDS OF THE ATHABASCA OIL SANDS REGION, 
ALBERTA, CANADA
WIllIs, Chelsea1; KIrK, Jane2; sT. louIs, Vince1; sT. PIerre, Kyra1; 
DoDGe, Crystal1; 
(1) University of Alberta, Edmonton, Alberta, Canada; (2) Environment and 
Climate Change Canada, Burlington, Ontario, Canada

cewillis@ualberta.ca

There are currently about 170 billion barrels of economically recoverable 
oil in the athabasca oil sands region (aosr), ranking Canada as the 
world’s largest bitumen reserve and third largest oil reserve following 
saudi arabia and Venezuela. During extraction and processing, 0.5 to 
4.0 barrels of sodium-rich water for each barrel of oil are produced. 
This sodium-rich water and slurry, referred to as tailings, are released 
in great volumes (1 million m^3/day) as waste into dykes referred to 
as tailings ponds. To date, several studies have demonstrated the 
presence of toxic compounds in tailings water, including volatile organic 
compounds, polycyclic aromatic hydrocarbons, and naphthenic acids. 
With no previous studies (to the best of our knowledge) examining 
mercury concentration in tailings ponds, four ponds were sampled for 
concentrations of total mercury and methylmercury. samples were 
collected from surface waters, water columns, and bottom sediment 
samples at horizon, the only pond at Canadian natural resources ltd., 
and three ponds at syncrude Canada ltd. (southwest In-pit, Mildred 
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lake settling basin, and southwest sand storage). Total mercury 
concentrations in water samples were low overall, ranging from 0.16 - 
0.57 ng/l. southwest In-pit was noticeably lower than all other ponds 
with an average mercury concentration of 0.21 ± 0.04 ng/l, while 
the other ponds had concentrations >0.30 ng/l. sediment mercury 
concentrations at horizon and southwest in pit were low at 31.4 ± 
0.83 and 39.2 ± 1.88 ng/g, respectively. at Mlsb, sediment samples 
marginally exceeded the Threshold effect level for freshwater set by 
Canadian Council of Ministers of the environment (130 ng/g), with 
average concentration of 134 ± 69.1 ng/g. Methylmercury concentrations 
in water samples were also quite low (0.01 – 0.08 ng/l) at all ponds 
with the exception of Mildred lake (0.41 ± 0.11 ng/l). Methylmercury in 
sediments at both horizon and sWIP were quite low (0.15 ± 0.06 ng/l). 
Mildred lake, however, had sediment methylmercury concentrations 
3x higher (0.46 ± 0.04 ng/l), which is still within background levels. Due 
to high particle content and complex matrices, depth profile samples 
could only be analyzed in southwest In-pit, which showed no evidence 
of changing mercury or methylmercury concentrations with depth. as 
a result of these analytical issues, further studies are recommended for 
water column analysis, primarily at Mildred lake settling basin.

RP-166

MERCURY DETERMINATION IN  
SUBSEA PIPELINE FOR 
DECOMMISSIONING MANAGEMENT
PunPruK, suchada1; GeTWeCh, Chiratthakan1; ThaMMaWonG, 
Chanya1; ChanVanIChsKul, Chatawut1; sIlaKorn, Passaworn1; 
InPrasIT, Thitirat2; soMbaTManKhonG, Korakot2; MuanGKaseM, 
Panida2; Vaneesorn, narueporn2; ThanaboonsoMbaT, aree2; 
lIMThonGKul, Pimpa2; 
(1) PTTEP, Bangkok, Thailand; (2) MTEC, Bangkok, Thailand

suchadap@pttep.com

It is generally known that mercury is a naturally occurring element 
associated with oil and gas fields in the Pacific rim region, particularly 
in the Gulf of Thailand. Petroleum products sourced from this region 
contain plenty of mercury resulting in decomposition on the metal 
surfaces, and finally complicated management both at offshore platform 
and at onshore treatment facilities. at the time of decommissioning, 
subsea pipeline management could be either leave in place or transport 
to onshore disposal facilities. leaving in place is a preferred option due 
to engineering and cost attractiveness. however, one of key concerns of 
this option is to ensure the idle pipelines to be left in situ must be clean 
enough so that residuals will not cause any significant impacts to marine 
biota. Qualitative and quantitative analysis of the hg contaminant 
were performed on both scale and bulk of the pipeline using several 
diagnostic techniques including energy-dispersive X-ray spectroscopy 
(eDs), X-ray diffraction (XrD), X-ray fluorescence spectrometry (Xrf) and 
inductively coupled plasma spectrometry (ICP). The XrD spectra of the 
scale surface indicated the existing forms of mercury in the pipeline as 
hg0, hgCl2, hg2Cl2, hgs, and hgse. relative elemental concentration 
for each element of interest was visualized using eDs but limited by 

the low detection limits of approximately 1000 ppm. It was also found 
that Xrf was not appropriate for hg quantitation especially in the 
carbon steel matrix with high roughness and irregularity. analytical 
procedure and validation was developed and established based on the 
ICP technique so that the hg level within the pipeline sample could be 
accurately obtained. The ICP results confirmed that mercury existed 
only on surface and scale, and did not penetrate into bulk. Moreover, 
the mercury contaminant was inhomogeneously distributed over 
the representative scale samples. highly corroded surface caused by 
pipeline leak was liable to have high level of mercury contaminated.
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SPATIAL AND TEMPORAL PATTERNS OF MERCURY 
IN FISH IN THE ATHABASCA OIL SANDS REGION 
AND IN RELATION TO DEPOSITION TRENDS 
(ALBERTA, CANADA)
eVans, Marlene1; KeITh, heather2; MCMasTer, Mark3; baCKus, sean3; 
MuIr, Derek3; KIrK, Jane3; CooKe, Colin4; WIKlunD, Johan3; WanG, 
Xiaowa3; Gleason, amber3; KeaTInG, Jonathan1; 
(1) Environment and Climate Change Canada, Saskatoon, SK, Canada; 
(2) Hatfield Consultants, Vancouver, BC, Canada; (3) Environment and 
Climate Change Canada, Burlington, ON, Canada; (4) Alberta Environment 
and Parks, Edmonton, AB, Canada

marlene.evans@canada.ca

The fort McMurray area in alberta, Canada, is rich in bitumen with oil 
sands mining beginning in the late 1960s and expanding exponentially in 
recent decades. These operations have been controversial given the size 
and extent of the open pit mines and tailings ponds located along a ca. 
75 km stretch of the athabasca river. The athabasca Delta and western 
lake athabasca (Wla), ca. 130 km downstream, support significant 
fisheries and wildlife populations. among the many concerns expressed 
with oil sands activities is the enhanced release of mercury (hg) into the 
environment from emissions, the disturbed landscape, seepages, etc. 
potentially affecting hg concentrations in fish; an early study reported 
increased hg in Walleye from the athabasca river based on three years 
of sampling over 1976-2005. subsequent expanded studies conducted 
under the Joint oil sands Monitoring Program are providing enhanced 
understandings of the influence of oil sands activities on hg in the 
environment. here we present highlights of these studies with a special 
interest in fish.

hg emissions from the oil sands industry increased from ca 20 kg/yr 
in the late 1990s to reach 135 kg in 2010 with a subsequent decline; 
these releases were relatively small when compared to the ca. 600 kg/
yr hg release by coal-fired power plants (Wabamun lake area) to the 
south. hg deposition to the snowpack was primarily in particulate form 
and highest (1,000 ng/m2) close to the developments. In contrast, hg 
concentrations were highest (ca. 100-200 ng/g) in lake sediments more 
than 50 km distant from the development and lowest (ca. 50-70 ng/g) at 
sites closest to the developments; concentrations were similar to lakes in 
the northwest Territories ((nWT). While hg concentrations in sediment 
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cores have been increasing since the 1800s, peak concentrations were 
reached in the early 2000s and have been declining in recent years.

hg concentrations in Walleye and lake Whitefish from the athabasca 
river and in lake Trout, Walleye, northern Pike and burbot from Wla 
remained relatively stable and at historic levels. hg concentrations 
in predatory fish tend to exceed 0.5 g/g as fish reach 10 years of age 
as also has been observed in small to medium size lakes in the nWT. 
spatial variations in fish hg concentration are primarily relatable to fish 
size, age, diet; lake size; and differences between lake and river systems. 
Concentrations are similar to those observed in fish from similar 
habitats in the nWT.

RP-168

LOSSES OF MERCURY FROM HYDROCARBON 
SAMPLES WHEN SAMPLING INTO INERT COATED 
STAINLESS STEEL CYLINDERS (INCLUDES 
HYDROCARBON GASES AND PRESSURISED 
HYDROCARBON LIQUIDS)
boWer, Matt1; KIrby, Matt1; baKer, stuart1; Walls, David1; 
(1) Qa3, Winchester, United Kingdom

matt.bower@qa3.co.uk

Mercury is a naturally occuring contaminant found in almost all oil and 
gas reservoirs, existing in a range of concentrations and in a number of 
different forms.

Processing of gas and oil that is rich in mercury can be problematic and 
needs to be monitored and managed on an ongoing basis. The three 
main issues resulting from the presence of mercury are:

 ◆ liquid Metal embrittlement (lMe) [a type of corrosion]

 ◆ Catalytic poisoning (an issue for downstream refining processes)

 ◆ environmental issues (includes worker exposure and release to 
the environment)

for these reasons accurate quantification of mercury in produced 
gas and oil is essential. Ideally, determination of mercury in gases, 
condensates and oils should be carried out at source (at the well site or 
processing facility). Due to the volatile nature of mercury and its affinity 
to adsorb onto various sample vessels, transportation and subsequent 
delays between sampling and analysis is not advised.

It is possible to purchase inert coated stainless steel sampling 
equipment and cylinders (most commonly these are based on a thin 
surface silica chemistry based layer). The inert coating helps to minimise 
losses of mercury but it does not eliminate losses. This presentation 
highlights the extent of the losses that can be encountered when 
utilising inert coated sampling equipment and demonstrates the 
importance of analysing samples as soon as possible after sampling.

a theory for the mechanism of loss of mercury within an inert coated 
sampling cylinder is also put forward.

RP-170

EFFECTIVE REMOVAL OF MERCURY FROM CRUDES 
AND CONDENSATES USING MERCAWAY(SM) 
PROCESS TECHNOLOGY
haTaKeyaMa, evan1; CooPer, russell1; blaCKWell, Veronica1; 
PeInaDo, Kenneth1; 
(1) Chevron, Richmond, CA, USA

ehatakeyama@chevron.com

MerCaWay(sM) process technology is a straightforward and 
commercially proven process for reducing mercury (hg) content in 
crude oil and condensate using easily understood chemistry and well-
proven unit operations. There are four key steps in the MerCaWay(sM) 
processing scheme as follows: 1) Desanding to remove sand and other 
particles, 2) reaction to convert mercury to filterable particulate hgs, 
3) filtration to separate hgs particles from treated crude/condensate 
stream, and 4) Polishing to adsorb most of the remaining mercury after 
the filtration step.

In this presentation, we will describe an application of MerCaWay(sM) 
in the oil and Gas industry. In this application, greater than 98% of 
the mercury was removed to produce a condensate with less than 50 
ppb hg. The process disposes the high mercury filter cake generated 
in this process by slurrying it with produced water and injecting back 
undergrounded in a closed system. This approach minimizes potential 
exposure to operation and maintenance personnel.

RP-172

MERCURY DECONTAMINATION IN THE OIL AND 
GAS INDUSTRY
WhITaKer-MIlls, samuel1; DerMan, Glen1; 
(1) Contract Resources, Sydney, Australia

swhitakermills@contractresources.com

onshore, offshore, mercury has been part of the oil and gas process 
for many years. With mercury levels found across the world dealing 
with contaminated products can be unique to every situation. In the 
upstream markets mercury can be higher in end of life reservoirs, 
dealing with contamination has changed to accommodate this. With 
tighter country oil and gas markets downstream and storage have also 
been affected to some degree and methods specifically adapted to each 
process, area and service stream executed. upstream and downstream 
within the oil and gas market, increased contamination comes increased 
risk. There are safe and efficient ways in dealing with possible exposure 
and dealing with mercury. hygiene and personnel safety is put at risk 
during maintenance and shutdown/turnaround areas, which lead 
to major health concerns and legalities throughout operational life. 
Methods, equipment and chemistry have all been specially adapted to 
dealing with mercury and successful processes in removing mercury 
from the work environment. This dialogue investigates mercury 
decontamination technologies and how specialised processes have 
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worked across the industry under specific country and client standards. 
The specific, specialised and unique chemistry processes and equipment 
used for each individual case.

RP-173

MERCURY WASTES FROM THE OIL AND 
GAS INDUSTRY: TECHNOLOGIES INVOLVED 
IN THE TREATMENT AND FATE OF THE 
RECOVERED MERCURY
ZaneTTIn, Philippe1; 
(1) Batrec Industrie AG, Bern, Switzerland

philippe.zanettin@batrec.ch

The operators of oil and gas fields containing mercury have to deal with 
a wide scope of mercury contaminated wastes, including but not limited 
to PPe, sludge, various liquids and mercury adsorbents. The mercury 
appears in various forms and the concentrations range from a few tens 
of ppm to several percent.

The treatment, respectively the recycling, of materials with such a wide 
variety of physical and chemical characteristics implies adapted technologies 
to decontaminate the waste itself but also to treat the off gas generated.

a special focus will be given to the technology for the recycling of hg 
adsorbents (hg guard beds, activated carbon) and the challenges linked 
to the recycling of this waste stream.

The mercury recovered from the wastes also represents a great 
challenge. Whilst some uses for high purity mercury still exist, these 
are restricted and therefore a safe and sustainable disposal route for 
the mercury is a growing demand, especially for companies with a high 
corporate responsibility.

4d: Technologies and approaches for 
mitigating mercury emissions

RP-175

SULFURIZED BLACK CARBON SORBENTS 
FOR MERCURY VAPOR CAPTURE IN 
LOW-RESOURCE SETTINGS
DIrInGer, sarah1; rIVera, nelson2; Deshusses, Marc2; hsu-KIM, 
heileen2; 
(1) Duke University & Pacific Institute, Durham, NC, USA; (2) Duke University, 
Durham, NC, USA

sarah.diringer@duke.edu

Mercury (hg) is a hazardous atmospheric pollutant released during 
fossil fuel combustion and small-scale gold mining. While impregnated 
activated carbon sorbents are well studied for hg vapor capture in 
developed countries and large industrialized settings, there exist no 

suitable low cost alternatives for hg capture from artisanal and small-
scale gold mining (asGM) in developing countries. This research seeks to 
develop an easy-to-manufacture carbon sorbent using elemental sulfur 
and activated carbon or hardwood-based biochar for potential use during 
asGM hg-amalgam heating. Consumer-grade sulfur powder was melted 
on granular activated carbon or hardwood biochar in a process feasible 
for a cook stove setting. activated carbon and biochar were successfully 
sulfurized to more than 5% sulfur by weight. The products were tested 
for sorption of gaseous hg(0) (500 μg hg per cubic meter) in an air gas 
stream at 23°C. The sulfurized activated carbon achieved higher hg(0) 
adsorption capacity (7800 mg/kg) relative to unsulfurized activated 
carbon (680 mg/kg) and sulfurized biochar (2400 mg/kg). sorption 
isotherms were determined to discern hg(0) sorption mechanisms, and 
indicated the process could be modeled as a pseudo-first order process. 
analysis of surface speciation of sulfur and hg by X-ray spectroscopy 
techniques revealed that these elements were bound in a mercury-
sulfide-like structure in a single plane but were not in the form of highly 
crystalline structures. This research demonstrates a novel and effective 
hg(0) sorbent using consumer-grade materials and synthesis equipment 
and provides an option for improved hg vapor reduction for individuals 
located in resource-limited settings such as asGM sites.

RP-176

DEVELOPMENT OF SCR CATALYST REGENERATION 
PROCESS FOR ENHANCED MERCURY OXIDATION
lIu, Xin1; sChWÄMMle, Tobias2; KulIfay, Dorothee1; ellIoTT, Philip1; 
DuX, Thorsten2; PollaCK, nick1; hoffMan, Thies1; 
(1) Steag SCR -Tech, Inc. ; (2) STEAG Energy Services GmbH

liu@steagscrtech.com

The removal of mercury from flue gas in wet scrubbers is greatly 
increased if the flue gas mercury (hg) is present as a water-soluble 
oxidized species (e.g. hg2+). Increased mercury oxidation upstream 
of wet scrubbers improve overall mercury removal with minimum 
additional costs. The selective catalytic reduction (sCr) catalyst in a fossil 
fuel power plant plays a key role as a co-benefit for oxidizing elemental 
mercury (hg0). however, there are influencing factors like the ammonia 
ratio applied for nox-removal, which reduces the performance of 
regular sCr catalysts related to mercury oxidation.

Currently the sCr catalyst original equipment Manufacturers (oeMs) 
have provided commercial enhanced mercury oxidation catalysts to 
the coal-fired power plants for reducing stack hg emission. To the sCr 
catalyst regeneration industry, developing enhanced hg oxidation 
regenerated catalyst is important to help power plants further cost 
savings on nox and hg removal. The different proprietary methods 
have been studied, optimized and applied into the catalyst regeneration 
process for further improving hg oxidation. a systematic study in a 
laboratory micro reactor has been performed to evaluate sCr catalyst 
mercury oxidation. The test results demonstrated that sTeaG sCr-Tech’s 
hg oxidation regeneration methods performed as well as commercial 
new enhanced hg oxidation catalyst. furthermore, regular deactivated 
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sCr catalyst was converted to enhanced hg oxidation catalyst by means 
of the sCr catalyst regeneration process.

RP-179

SIMULTANEOUS REMOVAL OF NO AND HG0 FROM 
COAL-COMBUSTION FLUE GASES USING RICE 
HUSK SIO2 MODIFIED BY COPPER RECYCLED FROM 
INDUSTRIAL WASTE.
Chen, Ming-yin1; hsI, hsing-Cheng1; TsaI, yun-Chih2; lIn, hong-Ping2; 
(1) Graduate Institute of Environmental Engineering National Taiwan 
University, Taipei, Taiwan; (2) Department of Chemistry National Cheng Kung 
University, Tainan, Taiwan

mingying1225@gmail.com

Mercury (hg) and nox discharged from coal-fired power plants (CfPPs) 
have both received special concern owing to the high toxicity and long 
retention time in the environment of hg and the formation of acid rain, 
photocatalytic smog and secondary PM2.5 from nox. In this research, 
rice husk derived sio2 impregnated by copper recycled from industrial 
waste was tested under a simulated flus gas condition for simultaneous 
removal of no and hg. Cuox of 10, 25, and 50 wt% was impregnated 
onto the rice husk derived sio2. The beT result showed that the 
presence of Cuox increased the surface area as compared to the raw 
sio2. 50 wt% Cuox/sio2 having the highest beT surface area may lead 
to its best hg and no removal efficiency. surface-treated catalysts were 
analyzed with XrD; however, there is no significant peak at high angle 
of 35.8° and 38.2° among all the samples, indicating that Cuox was 
highly dispersed on the surface, which can enhance the contact with the 
pollutants and lead to a greater conversion in catalytic oxidation of hg0 
and reduction of no.

Cuox/sio2 showed great no removal efficiency between 200 and 
400°C under the tested condition. 50% Cuox/sio2 can achieve more 
than 60% no removal efficiency under a broad operation temperature 
(250-400°C). The Cuox-modified sio2 showed excellent hg removal 
ability under 150°C. These results indicate that using rice husk derived 
sio2 impregnated with copper recycled from industrial waste can be a 
feasible way for multipollutant control of hg and nox.

RP-180

PILOT-SCALE CAPTURE OF MERCURY, ARSENIC, 
AND SELENIUM FROM WARM SYNGAS AT 
ELEVATED PRESSURES BY PALLADIUM SORBENTS
haMIlTon, hugh1; GranITe, evan2; 
(1) Johnson Matthey Technology Centre, Reading RG4; (9) NH, United 
Kingdom; (2) USDOE - NETL, Pittsburgh, PA, USA

hhamil@mathey.com

Warm gas cleanup of fuel gas from integrated gasification combined cycle 
power plants is important in order to preserve both their higher thermal 
efficiencies and to eliminate dirty water circulation and treatment 

systems. Ten pilot-scale tests of palladium on alumina sorbents for the 
removal of trace contaminants from several types of coal-derived syngas 
at elevated temperatures and pressures were conducted at the southern 
Company national Carbon Capture Center. between 96 – 100% removal 
of mercury, arsenic, and selenium from all syngas types, sour and sweet, 
was observed at 500 °f and elevated pressures of 150 – 200 psig. The 
results indicate that the Pd sorbents exhibit large capacities for the 
capture of hg, se, and as under varying conditions and over extended 
test periods. Current preliminary work also shows that the sorbent is not 
only regenerable, but that the sorbent is just as effective at capturing 
these contaminants after regeneration. future work and tests will focus 
on use of lower loadings of Pd, higher syngas flow rates, and further 
regeneration cycles in the removal of the trace contaminants, as well as 
the possible removal of other contaminants.

RP-183

CONTROL OF MERCURY EMISSIONS – 
ALTERNATIVE METHODS
MeIer, John1; Chen, Tommy1; esPInosa, raul1; 
(1) NALCO Water | An Ecolab Company, Naperville, IL, USA

jmeier@nalco.com

With implementation of the ePa Mercury air Toxics standard (MaTs) 
in the united states, electric generating units (eGus) are required to 
achieve high levels of mercury reduction (excess 90% in most cases). 
While activated carbon is widely utilized to reduce mercury emissions 
to meet the MaTs regulation, it often results in high operational costs 
and significant maintenance expense. With mercury emission limits 
approaching in the european union, it is important to recognize 
alternative methods that utilize existing capital equipment to minimize 
mercury control impacts. nalcos MerControl Technologies reduce 
mercury emissions via liquid based reagents, reducing operational 
costs and greatly increasing ease of application. nalcos presentation will 
provide full-scale results achieved with novel MerControl technologies; 
including MerControl 8034 Plus (designed for wfGDs) and MerControl 
sD-hg (designed for semi-dry scrubbers).

RP-184

MERCURY REMOVAL FROM WASTE INCINERATION 
FLUE GAS: HETEROGENEOUS OXIDATION AND 
CAPTURE BY WASTE-DERIVED FLY ASHES
ruMayor, Marta1 2; PohoŘelÝ, Michal2; ŠyC, Michal2; sVoboDa, Karel2; 
ŠVehla, Jaroslav2; 
(1) Department of Chemical & Biomolecular Engineering, University of 
Cantabria, Avda. Los Castros s/n, Santander, Spain; (2) Institute of Chemical 
Process Fundamentals of Czech Academy of Sciences, Prague, Czech Republic

marta.rumayor@unican.es

among all heavy metals, mercury (hg) is a pollutant of special concern 
due to its major impact on human health and the environment. 
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Incineration is one of the main waste management strategies used for 
the treatment of municipal solid waste (MsW), some which, consist of 
hg-containing wastes, such as batteries, paint residues, thermometers, 
thermostats, light switches and others products which are discarded 
as household waste in MsW. removal of hg from MsW incineration 
flue gas is essential from the stand point of environmental pollution 
control. after incineration, all mercury content in waste is released as 
hg0 which passes into the flue gas and is gradually oxidized (mainly 
into hgCl2 form), by both homogeneous and heterogeneous reactions. 
some degree of hg removal can be achieved by existing conventional 
air pollution control devices (aPCDs), normally used to control nox, 
so2, and particulate matter. hg bound to particles (hgp) is usually the 
easiest species to be removed from flue gas as a co-benefit in existing 
emission control devices, such as fabric filters (ffs) or electrostatic 
precipitators (esPs). some hg interaction/retention mechanisms have 
already been proposed in fly ashes from coal-fired power plants, 
however, fewer studies are still available concerned about fly ashes 
from MsW incineration. It must be taken into account that conditions 
of both processes are different, and therefore, the composition and 
characteristics of the resulting fly ashes cannot be always comparable. 
In this study, several samples of fly ashes (characterized by composition, 
surface area and carbon content) derived from MsW incineration were 
assessed for mercury removal under MsW incineration conditions at 
laboratory scale, using a fixed-bed quartz reactor packed with fly ash. 
The results obtained showed that unburned content, composition of 
flue gas (e.g. hCl and so2 content) and operating temperature are 
important variables controlling capture of mercury. fly ash enriched 
in unburned carbon can both, oxidize hg0 and capture it effectively in 
presence of chloride. surface area together with carbon content of fly 
ash and content of hCl in flue gas were correlated with the oxidation 
and adsorption of elemental mercury. The results obtained in this study 
may help to propose the interaction mechanism and to understand 
the fate/behavior of mercury in a baghouse, and provide a deeper 
knowledge of the impacts on fly ash properties in waste incineration.

RP-185

COST EFFECTIVE REDUCTION OF MERCURY USING 
POWDER ACTIVATED CARBON INJECTION
saTTerfIelD, John1; 
(1) CABOT NORIT Activated Carbon, Marshall/TX, USA

john.satterfield@cabotcorp.com

With more than a decade of user experience at a variety of utility scale 
coal-fired power plants, powder activated carbon has been thoroughly 
demonstrated as a powerful tool for the reduction of mercury 
emissions. nevertheless, in the past sorbent usage costs required to 
sufficiently reduce mercury emissions could be prohibitively high due 
to a variety of factors negatively impacting the efficiency of the activated 
carbon sorbent. such factors include air Quality Control system (aQCs) 
configuration, fuel type, and the presence of flue Gas Conditioning 
(fGC) with so3. an additional factor which can significantly increase the 
required sorbent usage rate is the application of Dry sorbent Injection 

(DsI) for acid gas (i.e. hCl, so2) control. With previous generations of 
sorbent products a combination of these factors could often drive up 
sorbent usage costs required to meet emissions compliance to the 
point of being economically unfeasible. In response, new generations 
of powder activated carbon sorbentsdemonstrating significantly 
increased mercury removal efficiency and tolerance to DsI have been 
recently developed. This increased mercury removal efficiency and 
DsI tolerance has not only allowed a substantial reduction in sorbent 
usage costs required to meet mercury emissions compliance under 
both the Mercury and air Toxics standards (MaTs) and Canadian 
provincial regulations, but can also reduce compliance costs globally. 
as demonstrated in both full-scale field trials and long-term usage at 
standard operating conditions, this represents a significant cost savings 
to the electric utility.

RP-187

A ZIRCONIUM-BASED METAL ORGANIC 
FRAMEWORK-CARBON HYBRID SORBENT 
FOR MERCURY AND OXYANIONIC HEAVY 
METAL REMOVAL
solIs, Kurt1; KIM, Moonhyeon1; honG, yongseok1; 
(1) Daegu University, Gyeongsan-si, Gyeongsanbuk-do, South Korea

kurtlouisbarbasa.solis@gmail.com

adsorption using highly porous and highly functionalized sorbents is 
a straightforward removal technology currently being employed in 
wastewater treatment. Metal-organic frameworks are materials that 
have been gaining popularity in remediation technology due to their 
high surface areas, high specificity towards certain pollutants, as well 
as high structural integrity. Zirconium-based Mof, uio66, has been 
shown to remove oxyanionic metal pollutants in water such as selenite, 
however, this study found out that it has low affinity for mercury. a 
novel sorbent was synthesized from activated carbon and uio66 Mof 
via solvothermal method to remove both mercury and oxyanionic 
metals from aqueous solutions. The composite was characterized using 
fseM-eDs, fT-Ir, XrD, and TGa, and showed successful integration 
of the uio66 and activated carbon components. The sorbent has a 
sbeT of 1051 m2 g-1. batch adsorption tests using CV-afs and ion-
chromatography reveal that the hg 2+ and seo3 2- uptake of the hybrid 
follows the pseudo-second order kinetics with observed Qmax values 
and rate constants of 249.9 mg g-1, k = 5.6e-05 and 177.2 mg g-1, k 
= 3.16e-05, respectively. The presence of equal concentrations of as, 
Cr, and se does not significantly affect the adsorption performance 
of the hybrid for mercury. There was no definite effect of ph on hg 
2+ adsorption but a decrease in seo3 2- uptake was observed at ph 
values higher than 7. The hybrid is a viable sorbent for both anionic and 
cationic heavy metal contaminants.
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RP-189

REMOVAL OF HG0 FROM SIMULATED COAL-FIRED 
FLUE GAS BY MN SUPPORTED MONTMORILLONTE
Xu, Wenqing1; Wu, yinghong1; yanG, yang1; Zhu, Tingyu1; 
(1) Institute of Process Engineering, Chinese Academy of Sciences, 
Beijing, China

wqxu@ipe.ac.cn

as one of the most important anthropogenic sources of mercury 
emission, coal combustion brings a large amount of hg0 into the 
atmosphere. however, hg0 removal is particularly difficult due to its low 
water solubility and high vapor pressure. and the widely application of 
activated carbon injection technology is limited for its high operation 
cost and poor capacity. Thus, it is of great significance to develop novel 
materials that are highly-efficient, low-cost and environmental-friendly.

In this study, natural montmorillonite (MK10) and Mn were used as 
support and active component, respectively. one the one hand, its hg0 
removal performance was compared with catalysts such as Mn/Tio2, 
Mn/al2o3 and Mn/sio2. Various characterizations (beT, XrD, TeM, 
XPs, h2-TPr and hg-TPD) were conducted to analyze the interaction 
mechanism between active component and different supports. on 
the other hand, the effects of preparation methods, loading values, 
temperatures and gas components for hg0 removal on Mn/MK10 were 
investigated. The hg0 removal mechanism was discussed, on the basis 
of characterization results.

hg0 removal efficiencies of four kinds of catalyst were evaluated 
and compared (Mn/MK10 > Mn/sio2 > Mn/Tio2 > Mn/al2o3), and 
different characterization were conducted to explain the proposed 
mechanism. Physical adsorption dominated hg0 removal for Mn/
al2o3 and Mn/sio2 at low temperature (150C), while chemical 
adsorption was more important at high temperature (350C). Chemical 
adsorption and oxidation played the main role for Mn/Tio2 and Mn/
MK10, respectively. besides, the effect of Mnox morphologies for hg0 
removal was investigated. amorphous Mno2 benefited hg0 oxidation 
most, amorphous Mn2o3 partly oxidized hg0 at high temperature, and 
crystalline Mno2 basically promoted the chemical adsorption.

The hg0 oxidation mechanisms of Mn/MK10 in different atmosphere 
were studied. no had a promoting effect due to the formation of no2 
and hg(no3)2. The addition of only 5 ppm hCl led to excellent hg0 
removal performance as hCl enhanced hg0 conversion to hgClx. The 
inhibition effects of so2 and h2o(g) were ascribed to the formation of 
Mnso4 and the competitive adsorption, respectively. Moreover, hg0 
removal performance was maintained at 80%99% (no/so2=0.261.71) 
in simulated flue gas without hCl, which appeared to be promising in 
industrial application.

RP-191

EXPERIMENTAL STUDY ON HG2+ REDUCTION 
AND RE-EMISSION IN THE WET FLUE GAS 
DESULFURIZATION SYSTEM
ChanG, lin1; Zhao, yongchun2; TIan, Chong2; luo, Zixue2; ZhanG, 
Junying2; 
(1) State Key Laboratory of Coal Combustion, School of Energy and Power 
Engineering, Huazhong University of Science and Technology, Wuhan Hubei, 
China; (2) State Key Laboratory of Coal Combustion, School of Energy and 
Power Engineering, Huazhong University of Science and Technology, Wuhan/
Hubei, China

jyzhang@hust.edu.cn

Wet flue gas desulfurization (WfGD) system has benefit hg2+ pollution 
control performance in coal fired power plant. however, hg2+ 
reduction and emission take place in the WfGD system, resulting in 
hg0 emission to the atmosphere. In this work, the effects of operating 
temperatures, ph values and o2 concentration on the reduction of 
hg2+ were investigated in the presence of so32- and so42-. The effect 
of so42-/so32- ratios were also investigated, since so42- is considered 
as an important factor that affect the hg2+ reduction reaction. The 
results indicated that hg0 release was enhanced with the operating 
temperature increases. When the ph value of the liquid decreased, a 
remarkable emission process was obtained through the experiments. 
It is also found that the hg2+ reduction will be inhibited with high 
availability of excess so32- in the occurrence form of hg(so3)22-, but 
lower concentration of so32- (<2mM) would lead to enhanced mercury 
re-emission by forming more redox unstable hgso3. The content of 
sulfate ion, as well as so42-/so32- ratio nearly have no impact on hg0 
emission. In addition, o2 generally inhibited hg0 emission with complex 
way. situations where o2 exists induce a second emission by damage 
the stable redox complexes between hg2+ and so32-. however, as a 
result of oxidation of oxygen, the emission inhibited subsequently by 
forming complex hgso3so42- , which in turn had a negative effect on 
hg0emissioin.

RP-192

THE STUDY ON REMOVING HG0 FROM THE 
SIMULATED FLUE GAS BY ABANDONED 
SEMI-COKE DESULFURIZER
ZhenG, Xianrong1; lIu, Ze1; fan, baoguo1; lIao, Junjie2; ZhanG, 
Xiaoyang2; 
(1) College of Electrical and Power Engineering, Taiyuan University of 
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In this paper, the hg0 removal from the simulated flue gas was 
investigated by the abandoned semi-coke desulfurizer (DuIsC). as 
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contrast samples, the semi-coke sorbents usC and uIsC were also 
prepared by high-pressure impregnation under ultrasound-assistance. 
The mercury removal performances of the sorbents DuIsCuIsC and 
usC were tested in a fixed-bed reactor. The results show that the order 
of hg0 removal capacity is DuIsC> uIsC> usC, and DuIsC has the 
highest mercury capacity of 1.81 µg/g and the longest breakthrough 
time of 12.5 h. adsorbing hg0 is a kind of typical gas-solid reaction, thus 
the surface of sorbent is the location of the demercuration reaction. 
from beT results, the specific surface of DuIsC is smaller than that of 
usC. apparently, the mercury removal performance is also related to 
the components of sorbent. Compared with usC, the diffraction peak of 
Zno can be seen from uIsC, and the mercury activity of uIsC increases 
to 1.24 µg/g and it is 2.2 times as high as usC. It is obvious that the 
existence of Zno is beneficial to removing hg0. however for DuIsC, the 
diffraction peak of Zns is also appeared besides Zno. In accordance with 
DuIsC’s higher mercury capacity, Zns plays a main role in removing hg0. 
The reason is that Zns can be oxidized to s0, then s0 and hg0 may react 
to hgs. so elemental sulfur (s0) formation leads to the best mercury 
removal performance of DuIsC. In a word, the removing mercury of 
DuIsC includes physisorption and chemisorption of hg0, and the latter 
is the most important. Zno and Zns are active components of DuIsC. 
Meanwhile, -ohC=o and Cooh are the main functional groups by fTIr 
which adsorb and oxidize hg0.




