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Concerns over Mercury 
Pollution in Asia

Guey-Rong Sheu

Department of Atmospheric Sciences
National Central University

Taoyuan, Taiwan

Minamata Disease and Hg Pollution

2

 Minamata disease, a neurological disease caused by 
severe Hg poisoning due to consumption of 
contaminated fish, was first discovered in Minamata, 
Japan in 1956.

 Hg-containing industrial wastewater discharge was the 
major Hg source to the fish in Minamata Bay.

(Time, 2010)
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Why Is Mercury Still A Concern?

Global Hg Pollution

4
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5 Published in Environmental Health Perspectives

Blood Hg Concentrations

6 Basu et al., 2018
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Blood Hg Concentration by Countries 

7 Courtesy of Dr. Eunhee Ha
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Global Hg Pollution

8

 Fish consumption is the major exposure route of Hg to 
many people worldwide.

 Hg concentrations in fish are elevated globally.

(Evers et al., 2012)
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Global Hg Pollution

9

 Atmospheric deposition is the major source of Hg to many aquatic 
ecosystems.

 Once deposits from atmosphere, inorganic Hg can get methylated 
by bacteria to form MeHg then bioaccumulates through food chain, 
resulting in higher concentrations in large long-lived predatory fish.

(GMOS, 2012)

Atmospheric Mercury Cycling
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Global Mercury Assessment 2018

Sources of Atmospheric Hg

12

 Natural emissions: mercury released from natural weathering of 
Hg-containing rocks or by geothermal activity. 500 Mg yr-1

 Anthropogenic emissions: mercury released as a result of current 
human activities. 2500 Mg yr-1

 Re-emissions: mercury released to the atmosphere that are derived 
from past natural and anthropogenic releases. 5000 Mg yr-1

(Outridge et al., 2018)
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Anthropogenic Hg Emissions in 2015

13

 Anthropogenic Hg emission is an important contributor 
to the Hg in the atmosphere. Major sources include:
 ASGM
 Coal combustion
 Cement production
 Non-ferrous metal 

production

(UNEP, 2018)

Concerns in Asia 
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Anthropogenic Hg Emissions in 2015

15 (UNEP, 2018)

Anthropogenic Hg Emissions in 2015

16
(UNEP, 2018)
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Trends in Anthropogenic Hg Emissions

17

 Anthropogenic Hg emissions from Europe and North 
America are declining, whereas emissions from Asia 
are increasing.

(UNEP, 2013) (UNEP, 2018)

Projections of Global Hg Emissions in 2050

18

 It is likely that Hg emission will increase in the future. 
The main driving force is the expansion of coal-
burning electricity generation, especially in Asia.

(Streets et al., 2009)
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Biomass Burning Hg Emissions

19 SEAS + EQAS = 249 Mg Hg/year = 37% of global biomass burning emission

Distribution of Atmospheric Hg Concentrations 
and Deposition Fluxes: Modeling Results

20 AMAP/UNEP, 2015

Corbitt et al., 2011

Costa et al., 2012

Mean annual GEM conc. In 2013

Annual total Hg deposition in 2013
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Trend in SW Hg Conc. in Surface Oceans

21 (Driscoll et al., 2013)

Rising Hg Levels in the Pacific Tuna

22
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International Actions 

Minamata Convention on Mercury

24

 The Minamata Convention on Mercury was opened 
for signature by governments at a Diplomatic 
Conference on October 9-11, 2013 in Japan.

 Minamata Convention on Mercury entered into force 
on August 16, 2017.
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Minamata Convention on Mercury

25

Atmospheric Hg Monitoring Worldwide

26

Currently, long-term or background atmospheric Hg monitoring 
activities in SE and S Asia are still lacking.
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Asia Pacific Mercury Monitoring Network

27

Systematically monitor wet deposition 
and atmospheric concentrations of 
mercury in a network of stations 
throughout the Asia-Pacific region

APMMN Site Map

28
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Contact:
grsheu@atm.ncu.edu.tw
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State of the Network : 
mercury central analytical 
lab and site liaison 
reports

Guey-Rong Sheu and Da-Wei Lin

Department of Atmospheric Sciences
National Central University, Taiwan

Background

2

NCU has been working closely with EPA Taiwan (EPAT), 
USEPA and NADP since 2012 to establish the collaborative 
Asia-Pacific Mercury Monitoring Network (APMMN).

2012 in Taipei (1st)

2013 in DC (2nd)

2014 in Hanoi (3rd)

2015 in Minamata (4th)

2016 in Bangkok (5th)

2017 in Taoyuan (6th)
2018 in Manila (7th)
2019 in Jakarta (8th)
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Background

3

 NCU Hg Lab serves as the center for ultra-trace 
level Hg analysis and training
• To help analyze rainwater samples, and to train 

researchers from other Asian countries for capacity 
building on ultra-trace level Hg sampling and 
analysis

 EPAT funded the establishment of the Center for 
Environmental Monitoring and Technology on NCU 
campus in 2016
• Administrative offices and lab expansion to support 

the operation of Asia-Pacific Mercury Monitoring 
Network

Center for Environmental 
Monitoring and Technology
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Center Opening Ceremony in June 2016

5

Administrative Area

6

Main Office

Meeting room Visitor office Staff office
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Trace-Level Mercury Analytical Lab

7

• 3 class 1000 cleanrooms and 2 clean benches
• 3 Tekran 2600 CVAFS mercury analyzers
• Tekran and Gardis atmospheric mercury monitoring systems
• 1 NIC MA-3 solo
• 2 DI water systems
• pH/conductivity meter
• 2 analytical balances
• 4 chemical hoods
• UHP Ar supply
• Chemical furnace
• Labware furnace

Established in 2007. Expanded in 2016. Remodeled 
in 2019.

New Lab Space and Equipment

Class1000 Cleanroom 
(Acid Wash)

Class 10000 Buffering Area Air Shower

Class1000 Cleanroom 
(Chemical Preparation)
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New Lab Space and Equipment
Cylinder Area Clean Bench

Elga Purelab DI System

Analytical Area

Tekran 2600 CVAFS

Remodel of Old Lab Space
Air exchange system

Elga Purelab DI System

Epoxy floor

Class1000 Cleanroom 
(Cleaning Zone)
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Atmospheric and Rainwater 
Mercury Monitoring Training

Training Activities

12

Site visit and training, Vietnam (October 2017)

Site visit and training, Thailand (February 2017)

53



2019/10/29

7

Training Activities

13

Site survey and training, Philippines (June 2018)

Training Activities

14

Site visit and training, Indonesia (May 2019)

54



2019/10/29

8

Training Activities

15

Training Workshop (May 2017)

Visit of Vietnam CEM (April 2017)

Training Activities

16

Training Workshop (June 2019)
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Training Activities

17

Training Workshop (June 2019)

Training Activities

18

Advanced Training (4 sessions) 

October 2018
(Thailand)

March 2019
(Vietnam)

56



2019/10/29

10

Training Activities

19

Advanced Training (4 sessions) 

March 2019
(Indonesia)

April 2019
(Philippines 
and Sri Lanka)

Wet Sampler Inter-comparison
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Inter-comparison of Wet Deposition Samplers

21

• There is no “standard” wet deposition sampler.
• APMMN uses MIC-B type sampler, whereas NADP/MDN uses 

N-CON sampler
• MIC-B vs N-CON : since January 2017
• MIC-B vs MIC-B : since April 2018

MIC-B_1

MIC-B_2

N-CON

Inter-comparison of Wet Deposition Sampler

22

THg concentration Sample amount

MIC-B vs MIC-B: 
33-pair of samples until April 2019
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Inter-comparison of Wet Deposition Sampler

23

THg concentration Sample amount
Collection funnel diameter:
• MIC-B : 70.0 mm
• N-CON : 62.5 mm

MIC-B vs N-CON: 
70-pair of samples until April 2019

• Lid opening/closing time difference 
(sensor/motor difference) 

• Raindrop bounce/splash

• Evaporation of water and/or Hg
• Wind speed and direction
• Other factors

Inter-comparison of Wet Deposition Sampler

24

Acid preservation : MIC-B vs MIC-B 

Outliers eliminated
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Inter-comparison of Wet Deposition Sampler

25

Acidify Non-acidify

Acid preservation : MIC-B vs N-CON 

Passive Atmospheric Sampler 
Tests in Taiwan
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Passive Atmospheric Hg Sampler

27

Advantages:
• Lower cost

• No need for electricity and gases

• Easy to use and deploy

• Improved spatial resolution

Passive Air Sampler Test in Taiwan

28

NCU Site LABS Site

• From July 2018 to June 2019
• Deployed at site on NCU campus (ground, suburban) and at 

the Lulin Atmospheric Background Station (mountain, remote)
• Side-by-side with a Tekran system
• Various temporal resolution
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PAS Test Results – NCU

29

4-week deployment 13-week deployment

Deployment
time

Active Conc. 
(ng m-3)

Passive Conc. 
(ng m-3)

Original SR Recalibrated SR Adjusted SR

4 weeks 2.46  0.43 2.53  0.28 2.60  0.29 2.44  0.29

13 weeks 2.47  0.23 2.50  0.12 2.57  0.12 2.41  0.09

PAS Test Results – LABS

30

4-week deployment 13-week deployment

Deployment
time

Active Conc. 
(ng m-3)

Passive Conc. 
(ng m-3)

Original SR Recalibrated SR Adjusted SR

4 weeks 1.56  0.18 1.69  0.36 1.93  0.41 1.94  0.40

13 weeks 1.57  0.10 1.44  0.11 1.65  0.12 1.65  0.12
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APMMN Site Information

APMMN Site Information

32
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APMMN Site Information

33

Country Site ID Sampler model
Indonesia APID01 ACM

Korea APKRA2 N-CON

Philippines APPH01 MIC-B

Sri Lanka APLK01 MIC-B

Taiwan APTW01 MIC-B

Thailand APTH01 MIC-B

Vietnam APVN01 N-CON

Vietnam APVN02 MIC-B

34

Current Status
• 8 active sites, including 1 affiliated site.
• 3 sites began operation in 2018 and 2019.

• APPH01 (2018/09)
• APVN02 (2019/04)
• APLK01 (2019/04)

• 3 new sites in progress.
• Fiji
• Mongolia
• Nepal

• APID01 requested to replace the ACM wet sampler 
with a MIC-B sampler. (in progress)

• 5 sets of sampler are available.
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Progress on Wet Deposition 
Sample Analysis: 
QA/QC and Data Summary

35

Rainwater Hg Analysis

36

Total Hg is quantified by dual 
amalgamation Cold Vapor Atomic 
Fluorescence Spectrometry 
(CVAFS) after BrCl oxidation, 
NH2OH‧HCl neutralization, and 
SnCl2 reduction.
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2019/4/9
SN:240

Method Detection Limit

MDL of the NCU lab is 0.12 ng/L

Blanks

38

System blank

Frequency Mean
(ng L-1)

Min.
(ng L-1)

Max.
(ng L-1) 1631 rev. E

2016 – 2017 127 0.18 0.05 0.53
< 0.5 ng L -1

2018 – Apr 2019 67 0.06 0.03 0.15

Freqency Mean
(ng L-1)

Min.
(ng L-1)

Max.
(ng L-1) 1631 rev. E

2016 – 2017 83 0.12 0.00 0.48
< 0.5 ng L -1

2018 – Apr 2019 96 0.24 <MDL 1.95

Bottle blank
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Duplicate Analysis and Matrix Spike

39

Duplicate analysis

Frequency Mean
(%)

Min.
(%)

Max.
(%) 1631 rev. E

2016 – 2017 128 1.0 0.0 4.9 RPD
< ±20 %2018 – Apr 2019 88 2.4 0.1 11.2

Freqency Mean
(%)

Min.
(%)

Max.
(%) 1631 rev. E

2016 – 2017 130 101.5 96.5 119.6 Recovery
71 – 125 %2018 – Apr 2019 66 98.8 78.4 110.0

Matrix spike/duplicate

Recovery of QCS and CRM

40

Quality control sample (QCS) 

Freqency Mean
(%)

Min.
(%)

Max.
(%) 1631 rev. E

2016 – 2017 83 100.5 95.6 106.3 Recovery
80 – 120 %2018 – Apr 2019 86 101.2 91.7 113.7

Freqency Mean
(%)

Min.
(%)

Max.
(%) 1631 rev. E

2018 – Apr 2019 20 95.3 88.5 103.3 --

Certified reference material (CRM)
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Samples Received and Analyzed

41

Site ID
Number of samples

Subtotal
2016 2017 2018 2019

APID01 19 20 22 13 74

APPH01 - - 10 8 18

APLK01 - - - 1 1

APTW01 - 44 43 11 98

APTH01 44 43 43 5 136

APVN01 12 13 9 4 38

APVN02 - - - 2 2

APKRA2 29 30 29 8 94

Summary 104 150 156 52 462

Rain water sample
From 2016 to April 2019

Samples Received and Analyzed

42

QC sample (Reagent blank, bottle blank, …)
From 2016 to April 2019

Site ID
Number of samples

Subtotal
2016 2017 2018 2019

APID01 - - - 2 2

APPH01 - - - 2 2

APLK01 - - - - 0

APTW01 - 45 64 32 141

APTH01 14 8 12 12 46

APVN01 4 1 - 1 6

APVN02 - - - 1 1

APKRA2 - - - - 0

Summary 18 54 76 50 198
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Samples Received and Analyzed

43

Other samples (e.g. surface water)
From 2016 to April 2019

Site ID
Number of samples

Subtotal
2016 2017 2018 2019

APID01 - - - - 0

APPH01 - - - - 0

APLK01 - - - - 0

APTW01 - - - - 0

APTH01 11 9 18 8 46

APVN01 - - - - 0

APVN02 - - - - 0

APKRA2 - - - - 0

Summary 11 9 18 8 46

APMMN Data Summary

44

Site ID Number of 
Sample

Rainwater Hg Conc.
(MeanS.D; ng L-1)

APID01 35 13.111.7

APPH01 17 26.527.8

APLK01 1 7.9

APTW01 55 10.57.3

APTH01 46 9.76.6

APVN01 12 34.06.6

APVN02 2 41.316.2

APKRA2 38 7.77.2
OVERALL 206 12.412.6

From 2018 to April 2019

69



2019/10/29

23

Summary of Rainwater Hg Conc. Worldwide

45

Location THg conc. (ng L-1) References

APMMN 7.7-41.3 January 2018 – April 2019

12 sites in Taiwan 6.6-14.3   Lin et al., 2018
10 sites in Japan (estimate) 5.2-9.5   Sakata and Marumoto, 2005
EMEP (2016) 3.5-24.0 EMEP, 2018
NADP/MDN (2017) 2.1-21.4 NADP 2017 Annual Summary
Chuncheon, Korea 8.8   Ahn et al., 2011
Seoul, Korea 10.1-16.3   Seo et al., 2012
Nam Co, China 4.8   Huang et al., 2012
Mt. Leigong, China 4.0   Fu et al., 2010
Chongqing, China 30.7  Wang et al., 2012
4 sites in Xiamen, China 11.4-14.0 Xu et al., 2014
Nanjing, China (9 months) 52.9 Zhu et al., 2014
Monterey Bay, CA, USA 5.8   Conaway et al., 2010
CBL, MD, USA 11.4-15.0   Mason et al., 2000
Moffett Field, CA, USA 11.6   Steding and Flegal, 2002
Bermuda 4.7 Gichuki and Mason, 2014
10 sites in UK 1.6-5.1 Rowland et al., 2010
2 sites in South Africa 10.6-15.8 Gichuki and Mason, 2013
2 sites in Mexico 7.9-8.2 Hansen and Gay, 2013
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Session III

APMMN Mercury Wet 
Deposition Roundtable 

Discussion

• Standard Operating Procedures
• Acid cleaning
• Case study
• Blank sample preparation

Mercury Deposition Sampler

Contact:
Cheng Jung Huang, General Manager 

asir@machine-shop.com.tw
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Precipitation sensor

Trace Mercury collection device

Control 
box/panel

Drive arms

Lid

External item of the equipment

Power

Internal item of the equipment

Motor Power

Precipitation Sensor

Positioning Sensor
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Control panel

Homepage

Manual/Auto 
switch Setting

Lid delay

Heater delay

Heater On/Off time

Wet sensor delay

Lib alert

Advanced setting 

(pin code)

Proximity sensors

adjustment 

Manufacturer Info

Stop 4 indicators

Flat cover opening positioning sensor

Internal item of the equipment

Flat cover closing positioning sensor

Sensor positioning sheet

Shaft coupling
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Description of Operation

When precipitation sensor detects precipitation.

“Precipitation” light on controller 
monitor will be on. Then “Heater” will 
light on and shine followed by setting.

For example, set Heater ON to 10 seconds and Heater OFF to 5 
seconds. “Heater” light will repeat shining 10 seconds and then 
going out 5 seconds until “Precipitation” light off.

Description of Operation

When “Precipitation” lights on,
flat cover will open and start to 
collect mercury deposition

While the flat cover opening, Sensor positioning sheet will synchronously 
rotate with it until be detected by Flat cover opening positioning sensor 
with lighting on. Then flat cover will stop. “Cover open” on controller 
monitor will light on.
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Description of Operation

When precipitation sensor doesn’t detect precipitation.
“Precipitation” light on controller monitor will
be off. Then “Heater” will light of.

Description of Operation

When “Precipitation” lights off, 
flat cover will close.

While the flat cover closing, Sensor positioning sheet will synchronously 
rotate with it until be detected by Flat cover closing positioning sensor 
with lighting on.  Then flat cover will stop. “Cover close” on controller
monitor will light on
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Description of Operation

When “Precipitation” lights off, 
flat cover will close.

While the flat cover closing, Sensor positioning sheet will synchronously 
rotate with it until be detected by Flat cover closing positioning sensor 
with lighting on.  Then flat cover will stop. “Cover close” on controller
monitor will light on

Trace mercury collection device

Glass funnel

Teflon shim

Water-sealed check valve

Teflon connector

Teflon  collection  bottle
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Center for Environmental 
Monitoring and Technology
National Central University

Standard Operating Procedures 
for APMMN

Current SOP
• Based on MDN/NADP SOP. 
• Revised Ver. 1.3 by EPAT, 

USEPA, NADP, NCU, 
Vietnam and Thailand in 
2015

http://apmmn.org
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Wet-only precipitation collector – MIC-B type
Wet sensorLid

Wet sample 
collector

Control 
box

Enclosure door

Front view

Top view

Wet-only precipitation collector-MIC type
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Mercury collection device

PFA collection 
Bottle (1-L)

borosilicate 
glass funnel

Teflon adaptor

Teflon adaptor
O-ring

glass
vapor lock

Teflon washer

Sample changeout
Items needed:
• Network Observation Form (NOF), for previous week
• NOF, for current week
• Mercury collection device (precharged hydrochloric acid), covered 

with double plastic bags
• Fresh deionized water in a squeeze bottle (~300 ml)
• Paper towels or lab wipes
• 3 Pairs of glove
• 2 zipped bags
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Network Observer Form (NOF)

Retrieve your sample
• Changes on Tuesday morning 9 am (local time)
• Approach collector facing into the wind
• Open the enclouse door
• Put ot the gloves
• Take off PFA sample bottle

Clean hand
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Retrieve your sample
• Cap the bottle
• Take 2 zipped bags to cover bottle

Clean hand

Retrieve your sample
• Fill in the Network Observer Form 
• Open the lid
• Take out the used sample collection device (funnel)

Dirty hand
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Retrieve your sample
• Fill in the Network Observer Form (previous week) 

Lulin
T W 0 1

0    8    0     6    1   9         0    9    0   0  
0    8    1     3    1   9         0    9    0   0  

DW DW















Retrieve your sample
• Fill in the Network Observer Form (previous week) 

1. xxxx
2. @@@@



3 6.  5
2   8.   1
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Retrieve your sample
• Open the lid (switch to Manual OFF)
• Take out the used sample collection device (funnel)

Cleaning the collector

• Clean the sampler surfaces by Deionized water and 
paper towels

• Clean any debris off precipitation sensor

Dirty hand
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Deployment of new sample collector

• Change your gloves !
• Deploy new sample collection device
• Avoid to touch the inner surface of glass funnel
• Close the lid and enclosure door
• Note the date/time on the new NOF 

Clean hand

Weigh, transfer and storage
• Weigh the sample bottle and subtract the weight of empty 

bottle (recode it on the NOF)

2      6      5
1 7 9

8      6
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Weigh, transfer and storage
• Carefully pour the sample from 1L PFA bottle to 125mL 

PETG shipping bottle
• Label the sample with sampling site ID, start/end date
• Place the sample into double sealable plastic bag
• Store the sample in a Hg-free and secure place (or 

refrigerator) if not shipping immediately.

Weigh, transfer and storage
• Capture rain gauge data

• Complete the NOF

2.0 3.50.5
6. 0
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Sample label

• The one of important part of taking sample

Site ID

Start Date (MM/dd/yyyy)

End Date

APTW01
08/06/2019
08/13/2019

Shipping Info.

Dr. Guey-Rong Sheu

APMMN

Department of Atmospheric Sciences National Central University

300 Jhong-Da Road Jhong-Li 320, Taiwan

Ship samples at least monthly by int’l logistics service 
Ex:

• Pack samples and NOFs singly or in bulk
• Cold shipping is unnecessary 
• Description of goods : Rainwater
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Acid Clean of Collection Devices

Material/Equipment

• Cleanroom w/ fume hood (1.5-15.4 ng m-3, indoor air 

concentration in NCU ATEL)

• Personal protective equipment

• Deionized water – ρ≧18.2 MΩ·cm, σ≦0.055 μS/cm

• Hydrochloric acid – J.T Baker Hydrochloric Acid, 36.5-
38.0%, BAKER INSTRA-ANALYZED® Reagent or 
equivalent

• Container (polyethylene)

Certificate of Analysis
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Mercury collection devices

Wash 3 times by DIW

First use*/Obviously dirty Used

Soak in 0.4 %(v/v) of HClSoak in 10 %(v/v) of HCl

Rinse at least 3 times by DIW

Air dry

Cover and Storage

Under the clean room/clean bench* : independent tank, fresh solution

72 hours

Acid Clean of Collection Devices

• Separate the collection device and wash by DIW
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• Soak within hydrochloric acid for 72 hours (except O-ring) 

Acid Clean of Collection Devices

• Rinse thoroughly each component with deionized water 
(ρ≧18.2 MΩ) at least 3 times

Acid Clean of Collection Devices
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• Air dry each component in the clean bench

Acid Clean of Collection Devices

• Cover each component with 
clean plastic bag and store

• Assemble each component 
before use

Acid Clean of Collection Devices
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Cases in the past years
Case 1:
No sealable plastic bag (double bags)
No lable on sample bottle

Case 2:
Single sealable plastic bag only 
Number of Sample bottle and NOF were unequal
Not use the suggest PETG bottle

Cases in the past years
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Case 3:
No label on the bottle
No NOF

Cases in the past years

Field blank
Items needed:
• NOF, note the field blank on block 4
• Mercury collection device, covered with double plastic 

bags
• 100ml fresh deionized water in a squeeze bottle
• 1 PETG shipping bottle
• 2 zipped bags

92



2019/10/29

23

Reagent blank
Items needed:
• NOF, note the other on block 4 and describe it on block 

10
• PETG shipping bottles
• Test reagent – hydrochloric, deionized water
• 2 zipped bags pre shipping bottle
1. 100 ml, 0.5% (v/v) of diluted acid solution. 

99.5 ml of deionized water and 0.5 ml trace-metal grade 12-
Normal hydrochloric acid prepared into PETG shipping bottle.

2. 100 ml deionized water prepared

Bottle blank
Items needed:
• NOF, note the other on block 4 and describe it on block 

10
• Cleaned, dried 1L PFA bottle
• 100ml fresh deionized water
• PETG shipping bottles
• 2 zipped bags pre shipping bottle
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Blank results
In the past three months at NCU ATEL

Type Range (ng L-1) Criterion

Field blank 0.38 – 1.29 -

Reagent blank – DIW N.D – 0.04 -

Reagent blank – HCl N.D – 1.12 -

Bottle blank 0.01 – 0.58 <0.5

THANK YOU

Center for Environmental
Monitoring and Technology
National Central University
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Emissions-Air-Biota-People

Why is Mercury Monitoring Important?

David A. Gay
Associate Scientist 

National Atmospheric Deposition Program
State Laboratory of Hygiene, University of Wisconsin - Madison

1.217.898.1444, dgay2@wisc.edu

Summary: 
Why is it important to Monitor For Mercury?

• Human Health

• Health of Animals and Insects

• General Environmental Health, Hg Cycling in the 
Environment

• Policy Ramifications
– Local regulations
– Minamata Convention on Mercury

• Scientific/Research, cycling of metals
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Measuring Mercury For The 
Human Health Impact

A Human Health Concern

• Neurological Disorders
• Persistent bioaccumulative 

neurotoxin

• Large problem in children up to 
about 7-12 years

» Birth defects
» learning disabilities

• Problem in adults under 
certain conditions
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Methyl Mercury in fish is 100 million times greater than water

Human Health: Accumulation of Methyl Mercury
in Fish and Shellfish

 Inorganic Hg 
Inorganic Hg 

to 
Org Hg

Measuring Mercury For Human 
Health

Asians in particular, along with 
Indigenous peoples
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Mercury exposure to humans is 
primarily through the 
consumption of fish

Fish Consumption High In Asia
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From E. Sutherland, USEPA

0.3 ppm, EPA FDA

www.cfsan.fda.gov/~frf/sea-mehg.html

BioDiversity Research Institute, 2012

Mercury in fish and marine mammals
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Mercury is damaging to wildlife 
exposed to mercury

(eating within the same food chain)

But it isn’t just humans….
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Impacts on wildlife include 

• reduced reproduction, 
• changes to egg incubation times, 
• behavioral changes, and 
• neurological problems 
From Wright et al, 2018; Aerosol and Air Quality Research, 18: 1953–1992

• Immunotoxicity
• nephrotoxicity 
• diminishes neurological capacity and neurobehavioral function 
• alters functioning of three major endocrine axes and impairs 

reproduction and 
• alters offspring quality 
From Eagles-Smith et al., 2018 Ambio 47, Issue 2, pp 170–197

Why

It Is Important To Monitor For 
Atmospheric Mercury
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• Hg source to water bodies is 
overwhelmingly atmospheric 
deposition and anthropogenic

Atmospheric Deposition is the key input of 
Mercury in water bodies

“We conclude that nearly all of the mercury in fish in this seemingly pristine 
landscape was derived from atmospheric deposition, that most of this 

bioaccumulated mercury was from anthropogenic sources, and that both watershed 
and lacustrine factors exert important controls on the bioaccumulation of 

methylmercury.”

Asia is the world’s largest 
atmospheric mercury source 

region
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Largest Emissions Area and Growing 

Small Scale Artisanal Gold Mining? 
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Estimated Global Wet Deposition of Mercury

Modelled Net Mercury Deposition, Corbitt et al, EST 2011

Emissions Are Increasing
Asian Growth

Evers, et al., 2012

EMEP, 2012
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What are the Mercury Sources?

25%

18%

37%

0%

1% 1%

9%

4%

5%

Fossil Fuels

Mining, Smelting, & Production of Metals

ASGM

Dental Amalgam

Oil refining

Chlor-Alkali

Cement Production

Contaminated Sites

Consumer Product Waste

Source: United Nations Environment Programme (UNEP)
The Global Atmospheric Mercury Assessment: Sources, Emissions and Environmental Transport, 2013

Mercury stays in the atmosphere for at least 6 
months (as elemental Hg)

so regardless of whether your country emits 
mercury, you are receiving mercury as wet and 

dry deposition.

A true global pollutant……..
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Responding to the 
Minamata Protocol

 128 signatories, 112 ratifications

 Controls emissions and releases

 Calls for data and cooperative monitoring
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Many Asian Countries have 
signed onto this agreement

Country Signature Date Ratification et al.
Afghanistan 02/05/2017 (a)

Australia 10/10/2013
Bangladesh 10/10/2013
Cambodia 10/10/2013

China 10/10/2013 31/08/2016 
India 30/09/2014 18/06/2018 

Indonesia 10/10/2013 22/09/2017 
Japan 10/10/2013 02/02/2016 (A)

Korea (Republic 
of)

24/09/2014

Lao People's 
Democratic 

Republic
21/09/2017 (a)

Malaysia 24/09/2014

Marshall Islands 29/01/2019 (a)

Mongolia 10/10/2013 28/09/2015 
Nepal 10/10/2013

New Zealand 10/10/2013
Palau 9/10/2014 21/06/2017 

Philippines 10/10/2013
Samoa 10/10/2013 24/09/2015 

Seychelles 27/05/2014 13/01/2015 
Singapore 10/10/2013 22/09/2017 

South Africa 10/10/2013 29/04/2019 
Sri Lanka 8/10/2014 19/06/2017 
Thailand 22/06/2017 (a)
Viet Nam 11/10/2013 23/06/2017 (AA)

Digital copies
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Much of Asia Deposition 

is not currently being measured or 
measured consistently

Few Long-Term Mercury Measurements Made 
in Asia 

Currently, there is no long-term or background atmospheric Hg monitoring activity in 
SE Asia; few measurements in East Asia;  limited accessible data; no regional network

NADP/MDN 
& AMNet

EMEP

108



10/30/2019

15

Several East Asia Countries Have Monitoring 
Programs

• Korea – National Institute of Environmental Research (NIER)

• Japan – Dr. Maramoto, Dr. M. Sakata, et al., wet deposition

• Taiwan – Mt. Lulin and other stations – see work by Guey-Rong 
Sheu

• China - see work by Xinbin Feng, others

Scientific Needs for 
Understanding the Mercury 

Problem
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Determining Rates of Deposition over Space

Trends in Concentrations
• Measurements are needed..

– to determine if deposition is being reduced
– How fast deposition is being reduced
– If deposition is going down in all areas
– If fish concentrations are also being reduced
– If human exposure is decreasing

• Mercury reduction is proceeding in some 
countries, and the Minamata Convention 
should continue this trend.

110



10/30/2019

17

Great Lakes Mercury Wet Concentration and Deposition

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

16.00

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

H
g 

C
on

ce
nt

ra
tio

n 
(n

g/
L)

)

average median

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

0.00

2.00

4.00

6.00

8.00

10.00

12.00

14.00

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010

H
g 

D
ep

os
iti

on
 (u

g/
m

2 
ye

ar
)

average median

Given Measurements, you can determine 
where the Hg comes from...

Local
regional
or global
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• All Scientists need sound measurements 
from everywhere, particularly in Asia

– To understand the global problem…
– To run global models…
– To track results of the Minamata Convention

Strength in Network Design
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The Value of Monitoring
• Using same methods!!!

– “apples to apples”
– on a global basis
– Harmonization of measurements

• Long term monitoring is required to see small changes.

• Sharing Data
– We need global data to understand a global pollutant
– Working together is the best way forward

• Understand the problem through science

• Is Policy Working?
– Put legislation in place
– But is it working
– Is the problem improving

Summary: 
Why is it important to Monitor For Mercury?

• Human Health

• Health of Animals and Insects

• General Environmental Health, Hg Cycling in the 
Environment

• Policy Ramifications
– Local regulations
– Minamata Convention on Mercury

• Scientific/Research, cycling of metals
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The Asia-Pacific Mercury Monitoring 
Network could provide these 

measurements!

Emissions-Air-Biota-People

Why is Mercury Monitoring Important?

David A. Gay
Associate Scientist 

National Atmospheric Deposition Program
State Laboratory of Hygiene, University of Wisconsin - Madison

1.217.898.1444, dgay2@wisc.edu
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Introduction to the Asia Pacific Mercury 
Monitoring Network (APMMN)  

The Asia Pacific Mercury Monitoring Network 
(APMMN) is…..

• a cooperative effort to systematically monitor mercury in air and 
rainwater throughout the Asia-Pacific Region, and

• involves many different and voluntary groups, including 
environmental ministries and federal government agencies, academic 
institutions, and scientific research and monitoring organizations.
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APMMN Goal and Objectives

 Goal
‒ Systematically monitor wet deposition and atmospheric

concentrations of mercury in a network of stations throughout 
the Asia-Pacific region

 Objectives
‒ Determine the status and trends in concentrations of ambient 

mercury species, and wet, dry, and total atmospheric deposition 
of mercury

‒ Develop a robust dataset for regional and global modeling

‒ Assist partner countries in developing monitoring and 
assessment capacity

‒ Share data and monitoring information  

APMMN Network Principles

Participatory Transparency

Scientifically 
Credible

Field and
Lab Quality 
Assurance

Network
Consistency 
(field and lab)

Accessible 
Quality Assured 
Data

Leverage Existing 
Infrastructure  

Minimize
Costs

APMMN
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 Our first step was mercury in precipitation
‒ Loadings to ecosystems
‒ The atmosphere is the first place to identify changes in emissions

 Lots of monitoring experience; many experts regionally/globally

 We have an opportunity to help
‒ Improve monitoring coordination
‒ Assist countries with limited experience and build capabilities

 Our second step was mercury in the atmosphere
‒ Loadings to ecosystems

 Lots of monitoring experience; many experts regionally/globally

 Multiple types of measurement systems available
 Automated Tekran Instruments
 Manual methods, provided by Japan MOE

Tekran 
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What Progress Have We Made?

APMMN Milestones 2012-2018
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Specifics of the APMMN for Wet Deposition

NCON Model 
MDN 00-125-2 

NADP-style 
Aerochem 301

Taiwan-style 
MIC

Sampler:        Automated wet only precipitation collection systems

Sampling Schedule:    Sample bottles and glassware are changed every Tuesday

Chemical Analysis: Cold vapor atomic fluorescence spectroscopy (CVAFS) 

Lab Location:  National Central University, Taiwan (Dr. G. R. Sheu)

Mercury Forms: Total mercury wet deposition and precipitation concentrations

Site Locations: Regionally representative; rural, urban, and suburban areas with 
estimated high levels of mercury emissions and deposition; and 
sensitive ecosystems 

Taiwan-Style MIC Collector
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Current Locations of Sites

Country Site ID Site Name City Latitude Longitude Elev. (m) Status Type Sampler

Indonesia APID01 MOEF Jakarta 6.233 S 106.877 E 24 Active Wet AEROChem
Korea APKRA2 GIST Gwangju 35.228 N 126.841 E 33 Active Wet NCON

Philippines APPH01 Clark Pampanga 15.177 N 120.536 E 184 Active Wet MIC-B style

Sri Lanka APLK01 U of Peradeniya
Central Province, 

near Kandy
7.2518 N 80.595 E 481 Active Wet MIC-B style

Taiwan APTW01 Lulin Nantou 23.4689 N 120.873 E 2862 Active
Wet/ 

Gaseous
MIC-B style

Thailand APTH01 ERTC Pathum Thani 14.046 N 100.714 E 6 Active Wet MIC-B style
Vietnam APVN01 CEM Hanoi 21.0487 N 105.883 E 16 Active Wet NCON
Vietnam APVN02 Thai Nguyen Thai Nguyen 21.584 N 105.840 E 31 Active Wet MIC-B style
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Asia Pacific Mercury 
Monitoring Network 

Phase 1 
Wet Deposition Sites

Central Laboratory (NCU)

Operating
Operating (sampling splits)

K Affiliated Network

J

T

Pending Sites (waiting equipment)

Initial Interest/Acceptance

K

Progress Made

 A 3-year pilot wet deposition network established
 sites in Indonesia, Thailand, and Vietnam
 Established Standard Operating Procedures
 One Laboratory; National Central University of Taiwan
 New Site in Philippines (last week)
 7 new monitors available for distribution

 Data reported back to operating country

 U.S. led capacity building and site operator training workshops

 Transition to fully-operational wet network anticipated by 2017 
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Laboratory pics here

Da Wei

APMMN Laboratory at NCU Taiwan

APMMN Samplers are Available
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Participation in the APMMN workshops  

2013 Mercury Monitoring Workshop 
Washington, D.C.

More Information Here

http://apmmn.org/
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What is Next?

 Full coverage of Asia; 20 operating sites or so, all countries;

 All APMMN data measured would be publicly available. 

 total atmospheric deposition (wet deposition and dry deposition);

 work to develop a modeling methodology to estimate dry deposition fluxes 
using APMMN gaseous measurements; 

 formally work more closely with other mercury networks;

 continue to have the highest of quality assurance in all of our network 
operation and measurement;

 We plan to continue our network training in all network activities, and to 
develop additional training programs

What’s Next?
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Journal Article in Productions

Submitted to “Atmosphere” journal, we should know this week if 
they will publish it

Summary

 A group of countries, agencies, academics and monitoring groups

 Making measurements of mercury
₋ Wet deposition
₋ Atmospheric mercury in the future (for dry deposition)

 Using the same instruments and standard operating procedures 
across Asian countries and consistent with NADP

 Sharing data to solve the mercury problem

The Asia-Pacific Mercury Monitoring Network (APMMN) is…                     
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Thanks!

Minamata Bay 
Today

Monitoring of Mercury Deposition Across Asia
Asia Pacific Mercury Monitoring Network (APMMN)

David A. Gay1, David Schmeltz2, Guey-Rong Sheu3, Mark Olson1

1 National Atmospheric Deposition Program, University of Wisconsin, Madison, USA, (217) 898 - 1444, dgay2@wisc.edu

2 Office of Atmospheric Programs, Clean Air Markets Division, U.S. Environmental Protection Agency, schmeltz.david@epa.gov

3 Department of Atmospheric Sciences, National Central University, Taiwan, grsheu@atm.ncu.edu.tw

4 Department of Environmental Monitoring and Information Management, Taiwan Environmental Protection Administration, hphsu@epa.gov.tw
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Mercury Scientific information: 
What the public needs

Ahmad Safrudin - KPBB

The 8th Asia Pacific Mercury Monitoring Network – Workshop
Ritz Carlton Jakarta, 14 – 16 August 2019

Sarinah Building 12th Floor, Jalan MH Thamrin # 11 Jakarta Indonesia  10350
Phone:  +62-21-3190 6807 Fax:  +62-21-315 3401
e-mail:  kpbb@kpbb.org, www.kpbb.org

Outline

1. What’s public needs in relation with mercury 
scientific data?

2. Atmospheric mercury exposure
3. Understanding complicated mercury scientific data
4. Capacity building to transform behavior changing 

and policy reform
5. Resume and recommendation
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What’s Public Needs?
• How to interpret, understanding , and using data in relation 

with:
– Mercury exposure, and pathway
– Mercury is a naturally occurring element that is found in air, 

water and soil.
– Mercury is one of the top six toxic threats, and is considered 

one of the top ten chemicals of major public health concern 
by WHO.

– Mercury is especially devastating to children.
– The role of artisanal gold mining.
– Toward Mercury exposure , pathway, and its effect to human 

health and environment
• How to handling?

Atmospheric Mercury?
• Mercury is utilized I human life, even though its volatilization (Hg) easy to be 

emitted to the atmosphere.
• Today, estimates for anthropogenic interferences range from about 50 to 75% of 

the total annual Hg emissions to the atmosphere. 
• Recent modeling suggests that the present atmospheric Hg burden has increased 

by a factor of 3 during the last 100 years. 
• This impact, which is significant, can be examined and assessed empirically. To 

date, however, atmospheric Hg programs have not employed an experimental 
design sufficient to account for short time scale atmospheric Hg variations of 
natural and anthropogenic origin, and to resolve the long term temporal pattern. 

• Is Hg increasing in the atmosphere?
• How we would examine temporal and spatial variations in atmospheric Hg and 

assess the influence of natural and anthropogenic sources on the global 
atmospheric Hg cycle? 

• How to measure it? And how to interpret its result of measurement to the simple 
information that can be understanding by common people?
– Identify between anthropogenic processes versus natural biogeochemical cycling of Hg
– Enhanced knowledge of the behavior of Hg in the atmosphere, and 
– Interpret data base atmospheric Hg to the health effect.

It is not easy for common people include decision makers to 
understanding with affective awareness toward scientific data on 

mercury poisoning in environment.  
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Understanding 
Complicated Scientific Data

• How to serve 
data and its 
analysis to 
interpret the 
meaning of its 
effect to 
human health?

• And invite 
people to have 
affective 
awareness?

To Utilize Scientific Data 
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Complicated and details data toward Mercury

Complicated and details data toward Mercury
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What’s public needs?  
• How to understanding toward complicated and details data to the simple meaning 

to implement and handle in their daily activities.
• Source of Mercury Exposure, the tools/equipment with content Mercury include 

household tools/equipment.
• Mercury as a pollutant exposure and pathway, and its characteristic (soil, water, 

air, atmosphere).
• Mercury effects to the human health and environment. 
• How to handle toward the potential Mercury poisoning in the environment?
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Capacity building to transform 
behavior changing and policy reform
The needs on scientific information: 
• Simple monitoring
• Simple index of mercury exposure in the environment
• Simple to be interpreted without misperception
• Simple information on health effect
• How to handling.
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Core 
Team

Data 
Collection

Analysis

Consultative 
Group 

Meeting

Training for 
Trainer

Campaign 
Material

On the 
Ground

Campaign

Interactive 
Talk Show

Press 
Conference

Hapening Art

Public Forum

PSA

• Survey
• Rapid 

Assessment
• Desk Study
• Consultative 

Group Meeting

• Policy 
Dialog
• Policy 

Analysis

• Survey Report
• Training Modul
• Policy Paper
• Communication Strategy

Public Education &
Communication 

Strategy
Tools/ 

Equipment
Technology 
invovation

Infrastructure 
Development

Avoid Hg 
in the 

Environment

Documentation

Capacity Building and Policy Reform 
to Avoid Hg Poisoning in the Environment

• Policy 
Formulation
• Changing 

Behavior

Resume and Recommendation
• The facts show us that Mercury exposure, and its pathway in the 

environment include in the atmospheric layer has effected to human 
health and environment.

• Mercury is one of the top six toxic threats, and is considered one of the 
top ten chemicals of major public health concern by WHO.

• It is not easy for common people to understanding with affective 
awareness, include decision makers toward mercury exposure-scientific 
data to avoid its poisoning in the environment.

• Needs to simplification way to understanding the details and complicated 
scientific data for capacity building purpose ;to transform behavior 
changing and policy reform => simple information index.

• Needs to harmonize effort among scientist, government, private sector, 
int’l agencies, as well as civil society organization; to utilize mercury 
scientific data to emphasize change people behavior through policy reform 
to end mercury poisoning in the environment. 
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Thank you
Ahmad Safrudin - KPBB

Sarinah Building 12th Floor, Jalan MH Thamrin # 11 Jakarta Indonesia  10350
Phone:  +62-21-3190 6807 Fax:  +62-21-315 3401

e-mail:  kpbb@kpbb.org, www.kpbb.org
puput@kpbb.org

Fb: Ahmad Safrudin; Twitter: @Mas_Puput; IG: ahmad-puput-safrudin
Phone/WA: +62 816 897959
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Asosiasi Penambang Rakyat Indonesia 
Indonesian Informal Miner Association

Address: 
Jl. Prof. Dr. Latumeten 50, Komp. Sentra Latumeten, Blok E1, 
Jakarta Barat – Telp: (021) 56980444

HP: 081318135059  Email: dpp.apri@gmail.com; Website: tambangrakyat.com

Founded: August 24, 2014, in Yogyakarta
 34 DPW (Provincial Level)
 330 DPC(Regency Level)
• Member: >3.6 million miners 

(Gold miners: + 1.2 million miners)
• Commodities: Gold, Silver, Copper, Lead, 

Plumbum, Manganese, Sulfur, Salt, Bentonit, 
Dolomit, Limestone, Kaolin, Zircon, Andesit, 
Sand, Iron Sand, Gemstone, Marble, 
Diamond, Crude Oil, etc. 

Map of Indonesian Miners Distribution (Still categorized as illegal miners)
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Estimated Number of Indonesian Informal Miners, 2018

INDONESIAN SMALL SCALE GOLD MINING

FROM 3.6 MILION MINERS
1.2 Milion are Gold Miners.
50% are full timer gold miners & 50% are  part timer gold miners.

ANNUAL GOLD PRODUCTION OF INDONESIAN GOLD MINERS 
1.2 Milion x 0.5 gram x 200 days = .120.000.000 grams = 120.000 Kgs = 120 Tons
1.2 Milion x 50% x 1 gam x 200 days = 120.000.000 grams = 120.000 Kgs = 120 Tons

ANNUAL USED OF MERCURI  IN INDONESIAN GOLD MINERS
Around 50% of 120 Tons gold are produced by amalgamation process  60 tons
In the amalgamation process, 1 gram of gold requires average of 5 grams of mercury.
So for 60 tons of gold requires about 300 tons of mercury.
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Cinabar Processing

Spill when transportation

Spill when using on drum

Wasted with tailings

Furnishing

 Incorrect storage system

WHERE DOES MERCURY EXPOSURE OCCUR?

WHY DO INFORMAL MINERS STILL USING MERCURY?

1. It's easy to use mercury to get gold.
2. Non-mercury processing is more complicated and requires more 

time to get gold.
3. The absence of a permit (IPR) has caused miners to be reluctant to 

invest in non-mercury equipment that is more expensive than 
mercury processing.

4. The community mining formalization program still has many 
obstacles to reach more than a thousand locations in Indonesia.

5. It's easy to get mercury in Indonesia, both from the market and by 
self processing from cinnabar.

6. There are still many miners who realize the danger of mercury.
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BASICALLY, INDONESIAN INFORMAL MINER IS NOT OBJECTIVE TO 
THE MERCURY REDUKCTION & ELEMINATION PROGRAM

WITH CONDITIONS:
1) The formalization program for informal gold mining must be 

implemented.
2) The introduction and training of non-mercury gold processing systems 

must be carried out on a massive scale, so that it can reach the entire 
mining community in a short time.

3) The repressive approach and the criminalization of miners must be 
stopped, replaced with a training and supervision program by the mine 
inspector for the application of good mining practice.

Note: 
Alternative non-mercury technology must be accepted by miners, because it has been proven to be cheaper and 
more effective than mercury technology and the cyanide process

THANK YOU!
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Taiwan’s Air Quality Monitoring

Department of Environmental Monitoring and Information 
Management, Taiwan EPA 

Technical Specialist
Hung-Po Hsu  

Outline
Air Quality Monitoring Network

Monitoring Data Sharing

Air Quality Sensor 

For the  Future
2

TAiWAN projects
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National
Station Network

Regional
Station Network

Smart Cities and Towns
Internet of Things

Civilian Mobile Sensors / 
Smart Community Air Quality Sites 

Low

High

Many

Few

Low

Cost

Data 
Quantity

Data
Quality

High

▪EPB : 26 stations
▪ Industrial area : 26 stations
▪ State-owned business : 72  
stations

77 Stations

10,200  Sensors in 2020 years

Multi-Class Air Quality Monitoring Network

1

Types of Air Quality Monitoring Station
Since 1994, our monitoring data update online at TAQMN on a 
hourly basis

Ambient air quality stations: 60
Industrial monitoring stations : 5
Traffic monitoring stations : 12
National park monitoring stations : 2
Air quality background stations : 4

Particulate matter composition 
stations

The photo chemical 
stations

The mobile stations

2
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Criteria Pollutants

• PM10  ,   PM2.5
• CO
• SO2
• NO2
• O3 ,  O3-8hr

Meteorological 
Parameters

• Wind Speed
• Wind Direction
• Temperature
• Humidity
• Rainfall 

Others 

• Acid rain 
• THC Total hydrocarbons  

• CH4 methane
• NMHC 
• UVB  UVA 
• BTEX 
• CO2

▪ Automatic

▪ Manual
PM2.5

PM2.5 Chemical composition analysis

Monitoring Items

3

Photochemical Assessment Monitoring Stations

• Photochemical Assessment Monitoring 
Stations(PAMS)：11

• Monitoring items：54 types of O3 
precursors

6

Ethane 2,3-Dimethylpentane
Ethylene 3-Methylhexane
Propane 2,2,4-Trimethylpentane
Propylene n-Heptane
Isobutane Methylcyclohexane
n-Butane 2,3,4-Trimethylpentane
Acetylene Toluene
t-2-butene 2-Methylheptane
1-Butene 3-Methylheptane
cis-2-Butene n-Octane
Cyclopentane Ethylbenzene
Isopentane m,p-Xylene
n-pentane Styrene
t-2-pentene o-Xylene
1-pentene n-Nonane
c-2-pentene Isopropylbenzene
2,2-dimethylbutane n-Propylbenzene
2,3-dimethylbutane m-Ethyltoluene
2-methylpentane p-Ethyltoluene
3-methylpentane 1,3,5-Trimethylbenzene
Isoprene o-Ethyltoluene
n-Hexane 1,2,4-Trimethylbenzene
Methylcyclopentane n-Decane
2,4-Dimethylpentane 1,2,3-Trimethylbenzene
Benzene m-Diethylbenzene
Cyclohexane p-Diethylbenzene
2-Methylhexane n-Undecane

4
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Scheduled quality control procedures
• Daily zero and span checks
• Biweekly precision checks
• Quarterly multiple-point calibrations

Calibration standards
• CO, SO2, and NO are traceable to the US NIST standards within ±2%
• Ozone transfer standard is traceable to US NIST Standard Reference Photometer 

# 30 and #57

Quality assurance
• Performance audit
• Functional checks
• Data validations

QA/QC of  Taiwan Air Quality Monitoring Network

5

zero checksspan checks

Long-term Trends of Air Quality

The country map 
displays the 
current AQI’s 
colorful icon which 
is updated hourly 

Users can select a 
region to view 
detailed data 

http://taqm.epa.gov.tw

6
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• 3-days-forecast

• Forecast video

Air Quality Forecast

7

Since 2009, the primary 
pollutants decrease except 
for O3 ,the challenge is to 
conduct lower concentration 
monitoring and to find ways 
to decrease the concentration

Carbon monoxide (CO) Sulfur dioxide (SO2)

Nitrogen dioxide (NO2) Ozone (O3)

PM 2.5PM 10

8
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23.51°N, 120.92°E ; 2862 m 

Briefing the Lulin station

11

9

On top of Mt.Lulin to track the trans-boundary 
transport of atmospheric pollutants

10
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Transmit
Database Server

Primary 
analysis

Monitoring Data

11

• TAQMN(Taiwan Air Quality Monitoring Network)
• Minute data(Gas items)
• Hourly data
• Historical data

• Environmental Instant Messages APP
• Data Open Platform 

GPS

Information

Post
Users upload the air quality photos 
and moods of their locations

Instant and local environmental information 

Immediately show user  neighborhood real-time 
environment information

• Past, now and future information on air 
quality

• Instant warnings such as air quality, heavy 
rain, flooding and earthquakes according to 
the user's location

APP - Environment Info Push

12
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Hourly Data

Activity Guidance
Update AQI forecast data 
twice per hour

15

Past
(12 hrs)

Future
(12 hrs)

Now

Slide Finger, Get Information So Easy

Air Quality Index(AQI)

AQI Forecast (12hrs)

13

Downloads
500,000

2013
Officially online

2015.6
Version 2.0

2016.10
Connect Bluetooth 
of Sensors

2016.12
Air Quality Index (AQI)

2017.2
English version

2017.3
New interface
Air quality mood upload

2018.2
AQI Forecast

2016 Geospatial Application
Geospatial World Excellence Award

2016 Internet of Things 
Innovation Award

2017 Digital Government
Innovative Products Award

Award

14
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Instant Information

AQI, Air quality forecast, Weather, 
UV index, River Pollution Index..

Map Guide

AQI, PM2.5, PM10, O3, SO2...
in different spatial scales by map

Personalized warning

The warning value can be 
set according to personal 
preference

Users upload the 
air quality photos 
and moods

Mood Post

Trend

3 days historical data trend of 
every monitoring stations

Overview
UpgradeSorting AQI, PM2.5, PM10, O3, 

SO2…by values in national 
stations 

Short description of every air 
quality and 3-days-forecast 15

18

Provides a platform for automatically tracking data lineage while monitoring workflow execution, 
supports tasks to systematically collect diverse monitoring data.

Air Quality Monitoring  Data

Taiwan’s OpenData - Air Quality Monitoring Data
(http://opendata.epa.gov.tw/) 

16

153



2019/10/29

10

19

Total sensing solution of air quality sensor 

•Capable of measuring temperature, humidity, O3, CO, PM2.5, noise, and TVOC

•Components:

1.Main chassis: Equipped with a power supply module, backup battery, control board, radio transmitter module, 
memory card, and terminal panel. 

2.Radiation shield: Equipped with a sensor board and various types of sensor components. 

3.Mount: A U-shaped ring or stainless steel tube bundle is used to secure the sensor to the utility pole. 

4. Power requirements: 110/220V AC, 1A. 

19
17

Deployment of pilot fields (3,300 fields in total)
• Provision of one sensing data, including temperature, 

humidity, and PM2.5, every three minutes

• Coverage of 120 regional administrative areas, 44 
industrial zones, and science parks

• Monitoring 3,8000 designated factories

• Inclusion of PRTR, CEMS, complaints of public nuisances, wind 
fields, and other related data, supplementing real-time analysis of 
potential pollutions and real-time alarming information

• Pinpointing polluting hot spots and times with big data

• Discovery of 47 enterprises in violation of environmental-
protection laws/regulations

Data integration and AI analysis

Data analytical service and alarming pushdown 
dialing

20
18
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Long-term 
auditing

• IoT sensor data can narrow suspicious area 
• Continuing data monitoring grasp of abnormal behaviors of 

factories 
• In combination with on-site auditing with scientific tools

Pinpointing suspicious factories 
intensively with sensor data

VOC imager

Thermal imagerIntensive on-
site 
inspection

On-site 
sampling

On-site inspection with the assistance of 
scientific tools

21

Application scenarios for smart law enforcement

19

Incinerated wastes of 
factories

Short-term 
unexpected 
incidents

Fully automated computing of AI system assists environmental 
auditing units in grasping short-term unexpected incidents, as 
well as dissemination time and scope.

wastes of open-air 
incineration

22
20
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TAiWAN projects

77 national-level standard sensing stations

10,000 smart urban & rural sensing points

10,000+
citizens' scientific sensing points

Taiwan, as an IoT site, provides guidance on innovation and R&D

Deploying a wide air quality network to control pollution and protect the environment

Duplicating and exporting our services and experiences in software and hardware

Improving our products and services for a sustainable

23

國家測站

智慧城鄉感測器

校園感測器

21

Smart City-Internet of Everything

24
22
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For the Future

• Review TAQMN to meet the requirements of new air quality 
problems

• Provide more information about long-range and transboundary 
transport

• Look forward to further international cooperation in the future

Many thanks for your attention!
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Component Measurement items Sampling and analytical methods site

Atmosphere Mercury
Mercury speciation
(GEM, GOM, PBM)

Continuous measurement with
Tekran® mercury speciation 
system

Cape Hedo,
Oga

Particulat
e

matter

Pb, Cd, Cu, Zn, As, 
Cr, V, Ni, Se, Sb, Ba, 

Co, Mn, Sn, Te, Tl, Be,
Al, Fe, Ca, Na, K,Mg

7 days continuous sampling by 
the low-volume sampler and 
analyzed by ICP/MS

Cape Hedo

Precipitatio
n

Hg

Sampling by the automatic
wet-only sampler and analyzed by 
CVAAS 
(EPA method 1631, Revision E )

Cape Hedo,
Oga
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26.87 N, 128.26 E, 60 m 
a.s.l.

Cape Hedo

Okinawa Island Tekran mercury 
speciation systems

Low-volume 
air sampler

Automatic wet-
only sampler

Automatic 
wet-only 
sampler

Tekran mercury 
speciation systems

39.89 N, 139.85 E, 23 m 
a.s.l.

Oga

Oga
Peninsula

Funakawa Ambient Air 
Pollution Monitoring Station
Operated by Akita Prefecture

Oga Monitoring 
Station
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2017/11/3 4:00 
PBM 0.427ng/m3

2017/12/23 9:00 
GEM 14.2ng/m3

2017/4/5 4:00 
PBM 0.528ng/m3

2017/9/7 4:00 
PBM 0.375ng/m3

2017/6/15 7:00 
GOM 0.158ng/m3

2017/11/3 4:00 
PBM 0.427ng/m3

2017/12/23 9:00 
GEM 14.2ng/m3

2017/4/5 4:00 
PBM 0.528ng/m3

2017/9/7 4:00 
PBM 0.375ng/m3

2017/6/15 7:00 
GOM 0.158ng/m3
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Unit: ng

Unit: ng
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Unit: ng

Unit: ng
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Unit: ng

Unit: ng

Previous Analytical Procedure

Improved Analytical Procedure

Previous Analytical Procedure

Improved Analytical Procedure
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Fiscal year Minamata Hirado Fukuoka Omaezaki Kashiwazaki Minami-Awaji

Hg Conc.
(ng/L)

Rainfall
(mm)

Hg Conc.
(ng/L)

Rainfall
(mm)

Hg Conc.
(ng/L)

Rainfall
(mm)

Hg Conc.
(ng/L)

Rainfall
(mm)

Hg Conc.
(ng/L)

Rainfall
(mm)

Hg Conc.
(ng/L)

Rainfall
(mm)

FY 2009 5.6 1677

FY 2010 Jun. 2011 Restart Jun. 2011 Start

FY 2011 6.3 2528 5.8 2187

FY 2012 6.8 2212 6.7 2109 Jun. 2013 Start

FY 2013 7.8 1653 7.4 2062 7.6 1786 Dec. 2013 Start Jul. 2013 Start

FY 2014 9.0 1876 7.4 1968 8.1 1410 6.5 1865 6.7 2863

FY 2015 8.9 2436 6.8 2269 8.2 1845 7.2 2165 5.1 2517

FY 2016 6.6 2611 5.5 2652 7.5 2034 6.2 1834 6.2 2356 Jun 2017 Start

FY 2017 6.9 1963 6.5 1685 8.0 1337 5.3 1668 Mar. 2017 End 7.8 939

FY 2018 5.8 2191 8.3 1734 10.4 1291 7.2 1764 9.8 1338

FY 2019 Jul. 2019 End

* The VWM values from June to next March (For 10 months) **  The VWM values from July to next March (For 9 months)

*

**

*

* *
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STATUS OF MERCURY MONITORING IN NEPAL
Mrs. ASHMITA OLI

E-mail: ashmitaoli11@gmail.com
Chemist, Department of 

Environment , Kathmandu, Nepal
Indonesia

ATMOSPHERIC MERCURY 
MONITORING WORKSHOP 2019
(12th – 16th August 2019) Jakarta, 
Indonesia

Contents of presentation
 Country's information
 Status of Mercury in Nepal
 What we are doing
 Our problem
 What we are planning
 What we expect
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Country information

 Area : 147181 Sq. Km
 Elevation : 60m MSL to 8848 m 
 East to west length = 885 Km & South to North = 193KM
 Mid Himalayan range  tropical 
 Climate : Tropical , sub tropical, temperate, sub temperate 
 Land locked country  lies in South Asia: China in North & India in South, East & West
 Population: 26.49M, (Rural 81%, Urban=19%)
 Per Capita Income = $ 1,047 
 GDP Annual Growth Rate= 7.10

Mt. Everest

status 0f Mercury
(what Research show)

 Mercury has been using in Nepal from very beginning, 
 It has been using for various purpose eg. Health care 

devices & services, amalgam formation, scientific purpose, 
educational purpose, electronics goods, cosmetic products 
etc.

 The  main Sources of mercury in atmosphere are gold 
plating, use & disposal of mercury content, dental 
amalgam, waste water treatment, crematoria & cementries

 Research have proven the presence of mercury in the fish of 
Phewa Lake , human body & environment in Nepal
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 Total release of Mercury in Nepal for the baseline 2016/17 is 19615 Kg. Hg/Yr

present Situation(sources)

12825

2476

998

931

904
512 389

368 114
28.5

Eastimated release (Kg/yr)
Gold plating

Use & disposal of products with mercury
content
waste incineration & open dumping

dumping of general waste

energy consumption

crematoria & cemeteries

other material production

waste water treatment

dental amalgam

dental amalgam used in dental colleges

what we are doing
 Nepal had signed the Minamata Convention on Mercury 

in Oct 10, 2013 in Japan
 Ministry of Forest & Environment & United Nation 

Industrial Development Organization have jointly started 
a project named "Enabling Activity to conduct Minamata
Convention initial assessment in Nepal" since Dec 5, 2016

 Objective of project is to strengthen Napal's national 
capacity to fulfill the obligation under the Minamata
convention & promote effective implementation of its 
provision in cooperation with development partner

 Nepal is in federal system, The local level government are 
making laws for the control of the pollutant. Technical 
personnel are appointing.
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what we are doing(contd)
 Federal government is drafting Environment policy
 Ministry of health making prohibition  of mercury used 

equipment in health service sector.
 Different government bodies are making awareness.
 Department of Environment and Department of Custom 

are  going to strengthen the chemical laboratory.
 Department of food technology and quality control is 

measuring food and feed contaminants
 Participate in global mercury database & monitoring 

programs involving global & regional sampling efforts 
organized by UN agencies

 Establishing wet deposition sampling instrument

Our problem 
Environment issues are not prioritized
Country political situation is still in 

transition. leaders are not paying enough 
attention on environment

Some technical barrier are a head of us
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what we are planning
 planning to Ratify the Minamata Convention on 

Mercury
 Promote mercury free alternative consumer products 

and medical equipment 
 Reduce or ban the use of dental amalgam
 Developing proper separation method for the disposal 

of mercury added product both at the household 
consumer level and in the landfill management 
procedure 

 Implement safety for capture & release of mercury 
emission during the process of gold plating activities

 More awareness

What we expect
Technical support in measurement 

and control
 Exchange of mercury related 

information 
Pointing our deviation
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You are 

places :

You are 
invited to 
visit in 
beautiful 
places :
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Update year 2019:

MERCURY MONITORING
IN INDONESIA

8th APMMN Partners Meeting in Ritz Carlton Hotel Indonesia

INTRO
DUCTION

 Research and Development Center for 
Environmental Quality and Laboratory, Ministry 
of Environment and Forestry of Indonesia
 Rina Aprishanty

 Fitri Yola Amandita

 Directorate for Toxic and Hazardous Waste 
Management, Ministry of Environment and 
Forestry
 Aisyah Syafei

 Aditya Febrian Masri
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OUTLINE

 Existing Activities

 Progress Activities

 Review APMMN Project in Indonesia

 Next Step Mercury related Activities 

EXISTING 
ACTIVITIES
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Monitoring heavy metal in sea water and sediment also green muscle

Monitoring mercury in ASGM (Artisanal and Small-scale Gold Mining) in Rejang Lebong, Bengkulu; 
Sungai Rungan dan Sungai Kahayan, Kalimantan Tengah; Lampung dan Pongkor, Jawa Barat 

EMC continuing Monitoring mercury in ASGM in Sulawesi Utara, Kalteng, Kalbar, Jambi, Sumbar

PB3 MOEF start monitoring in ASGM Hotspot for soil and surface water sample 

Monitoring mercury in Energy Sector for coal, fly ash and bottom ash and emission source

Monitoring of mercury pollution from ASGM and socio-economic study of the ASGM workers in Sukabumi, 
West Java 

1994-1996

1997-2000

2012-2014

2017

2018-
present

INDONESIAN 
GOVERNMEN

T 
COMMITMEN

T

 Indonesia ratified Minamata Convention 
through Law No 11 year 2017; 

 Indonesia established Ministry Decree 
No 340 year 2018 about Committee for 
Research and Monitoring on Mercury 
(KPPM);

 Indonesia established National Action 
Plan under President Regulation No 21 
year 2019 for Eliminating and Phasing-
out Mercury .
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PROGRESS 
ACTIVITIES

TIM MoEF and P3KLL
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Wet Deposition Sampler for Mercury in Rain 
Water in East Jakarta Station

Regular sampling done by Hazardous and Toxic Substance Management Department MoEF (APMMN Rain Sampler)
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DATA (edited) 2015 - 2019

Note: Slightly increasing from the start in year 2015 to year 2019 (1 ng/L) 
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EMC STATION
InSerpong

182



2019/10/29

7

Hiranuma. 2003

Akagi Hg-500, 1993

RESOURCES
Environmental Management Center

NIC MA-3000, 2015

APPLICATION OF 
GOLD CATRIDGE IN 

P3KLL

Column No.
Concentration 

24 hour
(ng/m3)

IDN2 5.3

IDN3 4.8

IDN4 4.6

IDN5 6.1

NOTE: Gold Cartridge sampling equipment provided by MoE Japan
And analysis of Gold Cartridge was done by IDEA

METEOROLOGICAL DATA: T=29oC RH=78% WS=0.2m/s (CALM)
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CAPACITY 
BUILDING

 Training in National Central University (NCU) 
Taiwan:
 Aditya Masri in 2017 for mercury monitoring from 

rain water and analysis using CV-AFS

 Rina Aprishanty in June 2019 for mercury 
monitoring using various instrument and analysis 
using CV-AFS

REVIEW 
MERCURY MONITORING 

PROJECT 
IN INDONESIA
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DATA 
EVALUATION

 QA/QC in sampling need to be strengthen;

 GIS for mapping surrounding source;

 Meteorological data need to be provided for 
mercury monitoring;

 Any other abnormalities must be recorded.

GIS

@EMC MOEF

Lack of Multi-media
Information for

Integrated studies

Insufficient
Data in ambient

Air media

Some data in water
Media

Some data in soil
Media

Absence of health 
Data monitoring

Unavailable personel 
In Mercury Sampling in Air Monitoring

Available personel in 
Inorganic Mercury Analysis

Unavailable capacity 
For Organic Mercury in all media

Unavailable personel in 
Organic Mercury Analysis
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NEXT STEP 
MERCURY ACTIVITIES 

in Indonesia

Technical 
Capacity

Applying QA/QC in place for next mercury 
monitoring in rain water 

Reestablish the sampling point for both mercury 
wet deposition and dry deposition

Developing the system for mercury sampling from 
ambient air by means of gold-amalgamation 

Mercury baseline upgrade for 3 location (World 
Bank project)

Developing Method standardization so that the 
monitoring could be applied widely in local 
laboratory in Indonesia (i.e. mercury in ambient air)

Strengthening Local Capacity in monitoring mercury 
in multimedia (UNDP project)

NEXT STEP EMC
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World Bank 

 Upgrading Baseline of multimedia monitoring 
in:
 Landak District in Central Kalimantan

 North Minahasa District in North Sulaweso

 Kulon Progo District in Yogyakarta

NEXT STEP EMC

 Strengthening Local Action Plan for Eliminating 
and Phasing-out Mercury through KPPM

 Strengthening KPPM through coordination 
among sector involved:
 Energy and mining
 Manufacture
 Health
 Science and Technology
 Academic

Institutional 
Capacity
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TIMELINE
KPPM

TIMELINE
KPPM

10 October 2017
Indonesia ratified 

Minamata Convention

28 March 2018
FGD on the Urgency of 

Mercury Research Center In 
Indonesia

20 April 2018
Expert Meeting to establish 
Mercury Research Center In 

Indonesia

3 May 2018
Workshop “Mercury 

Monitoring and Research 
as Policy Basis” 

23 May 2018
FGD on the 

establishment of KPPM

3 August 2018
KPPM was established 
through the Ministry 
Decree No. 340/2018

7 August 2018
The launching of KPPM

30 August 2018
KPPM’ first meeting to 
socialize KPPM action 

plan

3 September 2018
Formulation of Decree on 

the KPPM Secretariat

5 December 2018
FGD on the formulation of KPPM 

Grand Design

7 May 2019
Meeting to discuss 

collaboration between 
KPPM with ISMIA project

14 May 2019
FGD on the formulation of 

KPPM  Roadmap

MAPPING LOCAL INSTITUTION
for environmental laboratory capacity

Kuantan Singingi (Riau)

Kulon  Progo (DIY)

Minahasa  Utara (Sulut)

Halmahera Selatan (Malut)

Bone Bolango (Gorontalo)

Environmental Lab 
not available:
1. Kab.Minahasa Utara
2. Kab. Bone Bolango
3. Kab.Kuantan Singingi

Environmental Lab Available:
1. Kab. Sekotong
2. Kab. HalmaheraSelatan
3. Kab. Kulonprogo

Sekotong
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TERIMA KASIH
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Republic of  Palau

Monitoring of Mercury
August 15, 2019

Jakarta, Indonesia

Country Profile: PALAU

• Population: 22,061 (2015 est.)

• Area: 508 sq km (196 sq miles)

• Major languages: Palauan and English

• Birth rate: 11.05 births/1,000 population 
(2015 est.)

• Death rate: 7.99 deaths/1,000 population 
(2015 est.)

• Avg. Life Expectancy:
• Male: 69.69 years (2015 est.)
• Female: 76.23 years (2015 est.) 

• Currency: US Dollar
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National Outlook on Mercury

• Major uses and emissions: Major uses are mercury-
added imported products for essential use (energy 
sector, automobile, healthcare, research/lab reference 
equipment, household products) which are potentially 
released  to the environment after use.

• National Priority: To protect the subsistence  
livelihood by preventing contamination of water, air, 
land and marine ecosystems.
• Increase monitoring of mercury presence in water, 

air and land as well as marine ecosystem (fish)
• Tracking and Management of Mercury Imported, 

Produced and Used
• Worker Health and Safety; 
• Storage, Transport and Disposal of mercury waste
• Contamination of Marine, Fresh and Ground Water

National Plans

• Legislation :  Develop/Enhance existing regulation 
to comprehensively address Mercury management 
(importation, exportation, storage, transporting, 
spill reporting and cleanup, waste disposal) and 
worker’s health and safety. 

• Build capacity to include Mercury Management 
tracking system for all mercury and mercury added 
compounds/products imported, used and disposed 
in Palau and a provision of proper disposal facility

• Acquire equipment to monitor presence of mercury 
in the land, air and water

191



2019/10/30

3

Monitoring Capabilities

• Limited monitoring capabilities (usually project based)
• We are currently doing our Minimata Initial Assessment with assistance from SPREP

• We currently have a Water Quality Laboratory that is US EPA certified, would 
like to increase the lab capacity in terms of staff training and equipment to  
be able to test and monitor mercury and other chemicals of concern in land, 
air, and water

Kom Kmal Mesulang !

P.O. Box 8086, Public Works Building
Koror, Palau 96940

Tel: 488-1639/3600  Fax: 488-2963
Email: eqpb@palaunet.com
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Mercury Monitoring in 
South Africa

Lynwill G Martin Ph.D

Senior Scientist

Cape Point 
Global Atmosphere Watch 

SA Weather Service (SAWS)

2

summer winter

Cape Point station started in 1978

Reached GAW status in 1995 with WMO
Only 31 GAW stations globally, 3 on African continent
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GAW Stations monitor BACKGROUND concentrations of greenhouse and 
reactive gases therefore location is very important.
Not interested in local city pollution sources just BACKGROUND.
40% of the air masses that reach CPT is classified as Clean AIR 222Radon 
< 250mBq/m3

Back Trajectories is a tool to identify  the Origin of Air Masses moving over 
the Station.

ocean/land ect.

Cape Point GAW Station

194



Mercury and its compounds are very toxic and hazardous 

for human health and the environment 

Along the food chain it is enriched in organisms mainly 

as methyl mercury (CH3Hg+) 

Coal and oil combustion for the production of energy the 

main anthropogenic input pathways, followed by artisanal 

gold mining (ASGM), non-ferrous metal production 

Anthropogenic sources make up around 40% of total 

emissions into the atmosphere 
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CPT GAW started with manual mercury monitoring in Sep 1995 till Dec 
2004

First station in Southern Hemisphere to do Continuous Mercury 
Monitoring 

High Resolution Monitoring started in March 2007 (every 15 min a 
reading Tekran 2537 A)

Only station in SA doing Continuous Mercury Monitoring 
which data is available to the public (SAAQIS) 

Cape Point data used in latest UNEP Mercury Report 2018 

Published March 2019

Hg in rainwater SA is comparable to 

NH-Sites.

Hg concentrations higher in urban PTA 

than CPT.

VWM for Hg CPT 10.6 ng/L PTA 15.8 

ng/L

CPT impacted by both marine air and 

local course
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Observed a positive correlation between 

GEM vs TotHg. 

Positive correlation between GEM vs TotHg

indicates that both are a function of Hg 

emissions.

Brunke, E., Walters, C., Mkololo, T., Martin, L., Labuschagne, C.,Silwana, B., Slemr, F.,Weigelt, A., Ebinghaus, R., and Somerset,
V.: Somerset Mercury in the atmosphere and in rainwater at CapePoint. Atmos. Environ., 125, 24 32, 2016.
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SAWS involvement in UNEP and GEF Projects (2016-2018) that reported 
to Minamata Convention on Mercury at COP2, 18 - 23 Nov 2018

12

PAS values result within STD Deviation of Cape Point instrumental data
PAS could give info when electrical troubles happened on the equipment
PAS cheap and relaible to monitor Hg in Air 
Can easily be deployed in remote locations
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MerPas Exposure in De Aar (SA) started July 2019, in collaboration with 
Environment Canada

14

Current global long-term atmospheric mercury monitoring sites. Africa 
still lacking yet Africa has the most countries that 
ratified the Minamata Convention 29 countries.
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2019/09/02 Templ ref: PPT-ISO-colour.001   Doc Ref no: 16

Monthly median Hg concentrations March 2007 until December 2017.
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18

Prevalence of high (90th percentile)  GEM 
concentrations using all hourly trajectories over 

ten years
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Future Plans with funding from DST through GOS4M Flagship Program 
of GEO

20

202



Objectives of the convention
To protect the human health and environment from anthropogenic 
emissions and release of mercury and mercury compounds

October 2013, the Minamata Convention on Mercury opened for signature and 
was signed by 128 governments

SA signed the convention in 2013 Oct, SA ratified on 29 April 2019.
Convention come into force August 16, 2017
First Conference of the Parties (COP1) September 2017
Convention comprises of 35 articles
112 Countries Ratified Aug 2019
COP3 23 -29 November 2019, Geneva 

2019/09/02 Slide provided by Nicola Pironne GEO Symposium 27- 29 April 2019_Geneva 22

Monitoring/Measurements is 
the key that makes this 
pictures works
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Bridging knowledge on global mercury with environmental responsibility, 
human welfare and policy response. 

ICMGP 2019

2019/09/02 Templ ref: PPT-ISO-colour.001   Doc Ref no: 24

From Minamata to Africa and Beyond
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The End
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National mercury monitoring 
activities in Korea 

Sangwoo Eom and Seunghee Han 
School of Environmental Sciences and Engineering
Gwangju Institute of Science and Technology (GIST)

Gwangju, Korea

2019 APMMN meeting

1. Introduction

2

Divalent mercury, Hg(II) 

• 7–15% bioavailability after ingestion
• Kidney damage 
• Renal tubule damage
• Nephritis 

Zero-valent mercury, Hg(0)

• <0.01% bioavailability after ingestion
• After inhalation it easily crosses blood-brain barrier 
• Disorder of central nervous system
• Nervousness, erethism 
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Wet deposition

Dry deposition

Seoul 
Incheon Yangsuri

Chuncheon

Taean

Lake Juam

Jeju

Ansan

Lake Andong

Seokpo

Gwangju

 Jeju, Taean, Incheon, Seoul: national monitoring sites, weekly sampling, 2015-present 
 Andong, Seokpo: event sampling, 2010-2015
 Ansan: event sampling, 2006-2007
 Chuncheon: event sampling,  2015-2017
 Gwangju: APMMN supported, 2016-present  

3

2. National monitoring network for wet deposition

Yellow Sea

4

Wet deposition
Dry deposition

Seoul 
Incheon Yangsuri

Chuncheon

Taean

Lake Juam

Jeju

Ansan

Lake Andong

Seokpo

Gwangju

Site Gas Coal Coal 
gasification Solar Fuel cell Petroleum Wind Bio Hydro Waste

Seoul 433 36 42 7 0.4 19 
Incheon 8577 5080 68 75 36 49 71 13 3 
Taean 6100 346 137 1 2 
Jeju 232 644 266 7 1 

Gwangju 115 148 2 2 1 

 Power plant scale (unit: MW)

Site Population
Seoul 9,757,144

Incheon 2,957,024
Taean 63,064
Jeju 669,771

Gwangju 1,459,024

Site 2014 2015 2016 2017 2018 Average
Seoul 809 792 992 1233 1284 1022

Incheon 788 652 864 1029 1134 894
Taean 720 536 748 715 991 742
Jeju 1272 1546 1293 861 1346 1264

Gwangju 1290 1050 1482 937 1428 1237
Korea 1174 949 1272 967.8 1387 1150

 Annual precipitation depth (unit: mm) 

 Demographic information

2. National monitoring network for wet deposition
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 Gwangju site has been operated from April 2016.
 THg is measured at the Dr Sheu’s lab in Taiwan and MeHg at the GIST lab. 

2. National monitoring network for wet deposition

6

 The precipitation depth of Gwangju site was 28% lower than the KMA (Korea 

Meteorological Administration) data.

Duration: Apr 2016 – Mar 2019

Total: 108 samples

y = 0.717x + 7.458
r2 = 0.877

Enrichment Factor (EF) =  
/

/

(RW: rainwater) (SW: seawater)

Sea salt (SS) fraction =  × 100

Non-sea salt (NSS) fraction = 100 -  × 100

Source characterization 

2. National monitoring network for wet deposition
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 Seoul (Hg) 

7

3. Regional wet deposition

 Seoul: April 2015 – March 2016, THg: 22.6 ng/L, THg flux: 16.1 mg/m2/yr

 Trend of wet deposition flux follows that of precipitation depth

Winter Summer Summer

 Seoul (major ions)  

8

SO4
2- (nss >> ss) NO3

-

Na+NH4
+

3. Regional wet deposition
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 Seoul (major ions) 

9

Ca2+ Mg2+

K+ (nss >> ss) Cl-

3. Regional wet deposition

 Hg source analysis - Seoul

10

Factor
1 2 3

Hg -.339 -.136 .852
nss-SO4

2- .924 .303 .020
NO3

-
.919 .253 .107

NH4
+ .938 .070 .038

Na+ -.074 .867 .000
Ca2+ .552 .014 .696
Mg2+ .400 .459 .784

nss-K+ .494 .753 .094
Cl

-
.523 .805 .024

Eigen 3.68 2.35 1.84
Var % 40.9 26.2 20.5

Cum % 87.6

 Hg concentration in Seoul was strongly related to Mg2+ and Ca2+ (soil dust).    

3. Regional wet deposition
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 Incheon (Hg) 

11

 Incheon: April 2015 – March 2016, THg: 16.8 ng/L, THg flux: 11.0 mg/m2/yr

 Trend of wet deposition flux follows that of precipitation depth

3. Regional wet deposition

 Incheon (major ions)

12

NO3
-

Na+

SO4
2- (nss >> ss)

NH4
+

3. Regional wet deposition
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Ca2+

 Incheon (major ions)


13

Mg2+

K+ (nss >> ss) Cl-

3. Regional wet deposition

 Hg source analysis - Incheon

14

Factor
1 2 3

Hg -.044 .727 .047
nss-SO4

2- .549 .805 .034
NO3

-
.328 .876 -.115

NH4
+ .450 .796 .170

Na+ .804 .174 .094
Ca2+ .839 .347 -.011
Mg2+ .957 .145 .050

nss-K+ -.151 .051 .974
Cl

-
.311 .010 .936

Eigen 3.00 2.75 1.88
Var % 33.3 30.6 20.9

Cum % 84.9

 Hg concentration in Incheon was highly related to SO4
2-, NO3

-, NH4
+ (power 

plants and vehicles), attributable to vicinity of coal power plants. 

3. Regional wet deposition
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 Taean (Hg) 

15

 Taean: November 2015, March 2016 – December 2016

 Trend of wet deposition flux follows that of precipitation depth

3. Regional wet deposition

 Taean (major ions)

16

SO4
2- (nss >> ss) NO3

-

Na+NH4
+

3. Regional wet deposition
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 Taean (major ions)

17

Ca2+ Mg2+

K+ Cl-

3. Regional wet deposition

 Hg source analysis - Taean

18

Factor
1 2

Hg -.183 .897
nss-SO4

2- .740 .654
NO3

-
.690 .686

NH4
+ .423 .859

Na+ .979 .052
Ca2+ .780 .568
Mg2+ .949 .216

K+ .663 .183
Cl

-
.984 .045

Eigen 5.11 2.85
Var % 56.8 31.6

Cum % 88.4

 Hg concentration in Taean was strongly related to NH4
+ (power plants, vehicles), 

attributable to locality of coal power plants. 

3. Regional wet deposition
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 Jeju (Hg) 

19

 Jeju: Oct 2015 – Sep 2016, THg: 4.5 ng/L, THg flux: 8.0 mg/m2/yr

 Different seasonality of wet deposition flux from the other sites

Different seasonality
( winter )

3. Regional wet deposition

 Jeju (major ions)

20

SO4
2- NO3

-

Na+NH4
+

3. Regional wet deposition
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 Jeju (major ions)

21

Ca2+ Mg2+

K+ Cl-

3. Regional wet deposition

 Hg source analysis - Jeju

22

Factor
1 2

Hg .326 .265
SO4

2- .918 .350
NO3

-
.266 .941

NH4
+ -.052 .964

Na+ .989 -.049
Ca2+ .863 .425
Mg2+ .975 .163

K+ .920 .217
Cl

-
.985 -.049

Eigen 5.51 2.23
Var % 61.2 25.2

Cum % 86.4

 Hg concentration in Jeju was weakly related to Na+ and Cl- ions (marine and dust sources)

3. Regional wet deposition
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 Gwangju (Hg, MeHg) 

23

 April 2016-March 2017
THg: 4.7 ng/L, THg flux: 6.0 mg/m2

 April 2017-March 2018
THg: 4.9 ng/L, THg flux: 4.3 mg/m2

 April 2016-March 2017 
MeHg: 35.2pg/L, MeHg flux: 44.1ng/m2

 April 2017-March 2018 
MeHg: 33.8pg/L, MeHg flux: 30.3ng/m2

 April 2018-March 2019 
MeHg: 50.7pg/L, MeHg flux: 65.5ng/m2

3. Regional wet deposition

 Gwangju (major ions)

24

SO4
2- NO3

-

Na+NH4
+

3. Regional wet deposition
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 Gwangju (major ions)

25

Ca2+ Mg2+

K+ (nss >> ss) Cl-

3. Regional wet deposition

 Hg, MeHg source analysis - Gwangju

26

Factor
1 2

Hg .522 .164
MeHg .711 .092
SO4

2- .914 .328
NO3

-
.897 .408

NH4
+ .925 .227

Na+ .573 .784
Ca2+ .779 .569
Mg2+ .657 .568

K+ .045 .862
Cl

-
.387 .883

Eigen 4.79 3.15
Var % 47.9 31.5

Cum % 79.4

 Hg and MeHg concentration in Gwangju was related to SO4
2-, NO3

-, NH4
+ ions 

(power plants and vehicles).  

3. Regional wet deposition

218



2019/10/29

14

27

Site Seoul Incheon Taean Jeju Gwangju
p value < 0.001 < 0.001 < 0.001 0.03 < 0.001
r square 0.216 0.298 0.723 0.0921 0.539

Site Gwangju
p value < 0.001
r square 0.463

 Significant correlation between precipitation and Hg wet deposition flux 
indicates dominance of the in-cloud scavenging process. 

 In-cloud vs below-cloud scavenging

Gwangju
(MeHg)

3. Regional wet deposition

28

4. Summary

Site
Annual

concentration
(ng L-1)

Annual 
Wet deposition 

flux
(𝝁g m-2)

Factors
controlling 
total ions 

distribution 
(Factor 1)

Factors
controlling Hg 

distribution 

In-cloud 
vs

Below-
cloud

Seoul 23 16 Anthropogenic Soil dust In-cloud

Incheon 17 11 Soil dust Anthropogenic In-cloud

Taean 11 9.2 Marine + Soil 
dust Anthropogenic In-cloud

Jeju 4.5 8.0 Marine + Soil 
dust

Marine + Soil 
dust In-cloud

Gwangju
(Hg) 4.8 5.1 Anthropogenic Anthropogenic In-cloud

Gwangju
(MeHg) 0.040 0.045 Anthropogenic Anthropogenic In-cloud
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29

Thank you for your attention
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Hathairatana Garivait
Environmental Research and Training Center, Department of 

Environmental Quality Promotion, Ministry of Natural 
Resources and Environment 

The 8th APMMN Partners Meeting, Jakarta, Indonesia.
15 August 2019 



Ministry of Natural  
Resources and 
Environment

Environmental 
Cluster

DEQP

Environmental Research and 

Training Center (ERTC)

PCD

Natural Resources 
Cluster

Policy Cluster

Air Quality and 
Noise Management 

Bureau

Waste and Hazardous 
Substances Management 

Bureau
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Thailand has officially collaborated with 
APMMN since November 2015 by Ministry of 
Natural Resources and Environment (MONRE)

 



Participation in the APMMN Meetings  

2013 Mercury Monitoring Workshop 
Washington, D.C.
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The 5th APMMN Meeting in Bangkok 
2016 

The 6th APMMN Meeting in Taiwan 
2017 

The 7th APMMN Meeting in Manila, 
Philippines 2018 


Minamata Convention on Mercury 

 Thailand ratified MC since 23 June 2017. 
We are the 66th country.

With kind technical support of APMMN, 
ERTC continue building capacity on trace 
level mercury measurements to attain the 
MC on Mercury demand, especially on 
Article 19 (Research and Development) and 
Article 22 (Effectiveness Evaluation).
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ERTC progress on ultra-trace mercury 
level measurement 

 ERTC has established Ultra-trace Mercury Level
Laboratory since 2016
 GEM measurement using Gold Amalgam Tube 

method analyzed by CVAFS technique
 Mercury wet deposition measurement using 

automatic rain sampler for mercury given by Taiwan 
EPA since November 2016 and US.EPA. Method 1631 
revision E

 PBM measurement using thermal desorption 
method



ERTC, Sampling station 

Mercury wet deposition sampler Mercury gaseous sampling 

Standard rain gauge 
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Ultra-trace Mercury level laboratory at ERTC 
Clean room Hood and clean benches 

GEM Hg in rain water PBM 


“Study on mercury pollution from municipal 

wastes dumping sites”

Atmospheric Mercury 

Objective:
1. To compare ambient Hg level between good and bad management 

of municipal wastes dumping sites
2. To study emanation and emission rates of Hg from municipal 

wastes   
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Buriram Province 
1. Mueang Buriram
2. Khu Mueang
3. Krasang
4. Nang Rong
5. Nong Ki
6. Lahan Sai
7. Prakhon Chai
8. Ban Kruat
9. Phutthaisong
10. Lam Plai Mat
11. Satuek
12. Pakham
13. Na Pho
14. Nong Hong
15. Phlapphla Chai
16. Huai Rat
17. Non Suwan
18. Chamni
19. Ban Mai Chaiyaphot
20. Non Din Daeng
21. Ban Dan
22. Khaen Dong
23. Chaloem Phra Kiat 

area

10,322.9 km2 

population

1,591,905 people 


Sanitary 
Landfill 

(red dot = locations) 

50 open 
dumping sites 

BURIRAM 
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LANDFILL 

OPEN DUMPING SITE 

Muang Buriram 

Krasang 



Municipal Waste 
COMPOSITION 

20% 

14% 

13% 9% 

6% 
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0

50

100

150

200

250

300

350

µg
/m

³
Average concentration of PM2.5 

24-hrs NAQS for Thailand

Krasang Buriram 

Good management inappropriate management 

1.66

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

26/2/2019 27/2/2019 28/2/2019 1/3/2019 2/3/2019 3/3/2019 4/3/2019 background

Muang Buriram

Krasang

Background

GEM concentration(ng/m3)at dumping sites
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38.22

8.09

12.14

9.20

7.19

8.85

15.74

1.77 2.03 1.75 1.71 1.57 1.50 2.03
1.91 2.39 2.36 1.92 1.72 2.37 2.97

1.66

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

40.00

45.00

26/2/2019 27/2/2019 28/2/2019 1/3/2019 2/3/2019 3/3/2019 4/3/2019 background

บ่อขยะเทศบาล
ตําบลกระสงั 
บา้นคุณัฐฐา 

บา้นอาจารยสุ์
เพยีบ 

GEM concentration (ng/m3) at Krasang
dumping sites compared with community at 

1 km distance



Waste 20 kg 

thermometer 

Teflon coated air tight box  

Temperature 
control with 
heating tape

at 40 C 

Sampling 
port 

Ventilation 
fan 

EMANATION
EXPERIMENT 

Size 0.60  0.60  0.60  m3  

Additional 
Parameters
• Temp
• Humid 

Return 
Sampling 
port 

Mercury trap 
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Mercury emanation sampling 



MUNICIPAL WASTES 
Papers Leafs/wood Plastics 

Foam Pampers Food Waste 
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Condensation 
in a box 
(too high 
moisture in a 
waste) 

Condensation 
in a box 
(too high 
moisture in a 
waste) 

𝐸𝑚𝑎𝑛𝑎𝑡𝑖𝑜𝑛 𝐹𝑎𝑐𝑡𝑜𝑟 (
𝑛𝑔

𝑘𝑔 ∙ ℎ
) =

𝑇𝑜𝑡𝑎𝑙 𝐻𝑔 (𝑛 𝑔 ℎ⁄ )

𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑤𝑎𝑠𝑡𝑒 (𝑘𝑔)
 

Electronic waste 

Teflon coated box 

Sampling port for mercury 

Wind 
shield  

Wind 
shield  

Gas analyzer 

EMISSION
EXPERIMENT 

Size 1.00  1.00  1.00  

Parameters
• Ambient Temp
• Ambient Humid
• Gas Temp
• Gas Flow rate 
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Emission sampling 
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𝑺𝒕𝒂𝒄𝒌 𝒄𝒐𝒏𝒄. (𝒏𝒈/𝒎𝟑) =
𝑻𝒐𝒕𝒂𝒍 𝑯𝒈 𝒏𝒈

𝒔𝒂𝒎𝒑𝒍𝒊𝒏𝒈 𝒓𝒂𝒕𝒆 
𝒎𝟑

𝒎𝒊𝒏
× 𝒔𝒂𝒎𝒑𝒍𝒊𝒏𝒈 𝒕𝒊𝒎𝒆 (𝒎𝒊𝒏)

 

𝑬𝒎𝒊𝒔𝒔𝒊𝒐𝒏 𝑭𝒂𝒄𝒕𝒐𝒓 (
𝒏𝒈

𝒌𝒈 ∙ 𝒔
) =

𝑺𝒕𝒂𝒄𝒌 𝒄𝒐𝒏𝒄. (𝒏𝒈/𝒎𝟑) × 𝒇𝒍𝒐𝒘 𝒓𝒂𝒕𝒆 (𝒎𝟑/𝒔𝒆𝒄)

𝑾𝒆𝒊𝒈𝒉𝒕 𝒐𝒇 𝒘𝒂𝒔𝒕𝒆 (𝒌𝒈)

Calculation of Mercury emission factors 



Mercury emission factor from municipal wastes 
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Assumption 10% of waste 
was openly burned 
Everyday at 5 p.m. 

AERMOD 
mercury dispersion 

from opened burning 

pg/m3 

1.39 µg/m3 



Mercury in Hair at Krasang municipality 
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Hg in human hair analyzed by 
thermal desorption method 



Hg Concentration in hair (ppm), 
n=31 

Female average level 

Can be linked to brain damage, IQ loss, kidney and heart damage 
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Mercury wet deposition monitoring
(ERTC)



Hg wet deposition sampling with automatic rain sampler donated by 
Taiwan EPA has started since 27 September 2016 

ERTC station: 
Latitude 140 02’’

Longitude 1000 42’’
Elevation: 6 m msl
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Guidelines for sampling and measurement

 APMMN Field Sample SOP

 EPA method: Method 1631 
revision E


Acknowledgement 

ERTC would like to acknowledge the National 
Central University, Taiwan, especially Prof. Sheu
and Mr. Da-Wei, for their never ending supports  
to analyze mercury wet deposition samples 
from Thailand.   
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Field blank: rinse the funnel with 
100 ml DI water 
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Mercury concentration in rain water at ERTC 
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Mercury wet deposition (ng/m2) 
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Volume weighted average concentration 

Year Total Hg Total PPT VWA Number of

dep.(ng/m2) (mm) (ng/L) samples

2016-2017 7356.5 1286.6 5.72 38 

2018 9736.9 1316.1 7.40 40 

2019* 3396.4 292.1 11.6 10 



Thank you for your kind 
attention 
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Mercury monitoring activities in the Pacific Island 
Region  

An update from Fiji 

15 August, 2019 

Jakarta, Indonesia

APMMN 2019- Dr. Vincent Lal, Manager Analytical Services

Background
• The Institute of Applied Sciences (IAS) is based at the University of the 

South Pacific (USP) in Fiji

APMMN 2019 Jakarta, Indonesia
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IAS Analytical laboratories

• Service as a regional laboratory for the 12 member countries of USP

• Biofuel, Food, Water, Microbiology and Natural Products Research

• Facilitating regional research and commercial testing of mercury in 
different matrices since 2004

• Accredited to ISO/IEC 17025 since 2004, mercury is an accredited test 
(food and water samples) since 2006

APMMN 2019 Jakarta, Indonesia

Past experience and projects

• Thesis 
Kumar, Maureen C. and Aalbersberg, William G.L. and Mosley, 
Luke M. (2004) Mercury levels in Fijian seafoods and potential 
health implications

• FAO Pacific Islands Food Composition Tables (2004)
The laboratory was accredited for 22 nutritional parameters, 
mercury testing was developed but was accredited in 2006

• Laboratory analysis of mercury in tuna since 2004 – 2019 at 
approximately 1000 samples per year 

APMMN 2019 Jakarta, Indonesia
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APMMN 2019 Jakarta, Indonesia

APMMN 2019 Jakarta, Indonesia
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APMMN 2019 Jakarta, Indonesia

Recent projects and capacity building in Fiji

• IDEA Inc Consultants and MOEJ (Government of Japan) - 2018
training and mercury monitoring studies in ambient air, human 
hair and ocean water in Fiji, PNG and Samoa

• APMMN workshop in Philippines (2018), a wet deposition sampler for 
mercury to be set-up in Fiji in 2019

• Taoyuan, Taiwan (ROC) – 2019 Training workshop on mercury wet 
deposition sampler and laboratory analysis 

APMMN 2019 Jakarta, Indonesia
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APMMN 2019 Jakarta, Indonesia

Recent reports on mercury

• Water (Ocean) and near shore in Laucala bay and Suva harbour, Fiji

• Air (ambient) from Laucala bay, Fiji – (1.2 ng/m3) 
• Hair (human) for USP-IAS Laboratory staff – (1.46 ng/mg)

APMMN 2019 Jakarta, Indonesia

Site Depth (m) Concentration (ng/L)

1 10 0.41

2 10 0.83

3 1 1.76
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Current instrument capacity for heavy metals

• Flow Injection Mercury System (using FIA cold vapor AA) 
• ICP-OES 
• MP-AES 
• GF-AAS
• IDEA Inc Consultants – ambient air sampler (with pump)
• APMMN – set-up of sampler system for wet deposition (2019) 

APMMN 2019 Jakarta, Indonesia

Future directions

• Training on mercury samplers, sampling and laboratory analysis

• Method development and further capacity building in laboratory analysis 
(e.g. matrices – air, biological samples, reference methods or instruments)

• Postgraduate student (MSc. And PhD) and Postdoctoral research 

• Strengthen collaboration (MoU, LoA)

• Accreditation of test methods (technical assistance from experts)

APMMN 2019 Jakarta, Indonesia
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Partner and Stakeholder Updates from Sri Lanka
“Present Status of Mercury Monitoring & Future Planning”

Anurudda Karunarathna, PhD

Senior Lecturer in Environmental Engineering, University of Peradeniya, SRI LANKA

8th Annual Asia-Pacific Mercury Monitoring Network Partners Meeting
August 14-16, 2019 Ritz Carlton Hotel, Jakarta, INDONISIA

Progress of atmospheric mercury monitoring activities in Sri Lanka

 MoU between Ministry of Environment & University 
of Peradeniya (28th February, 2019)

This MOU is made and entered into at Battaramulla  in the Democratic Socialist Republic of Sri Lanka on 

this 28th day of February Two Thousand Nineteen  (28.02.2019 ) by and between the Secretary of the 

Ministry of Mahaweli Development & Environment, “Sobadam Piyasa”, 416/C/1, Robert 

Gunawardhana Mawatha, Battaramulla, Sri Lanka  (hereinafter referred to as the M0MD&E), which 

term shall include his assign and or successors in his Office). 

A N D  

The Vice-Chancellor of the University of Peradeniya, Peradeniya Sri Lanka (hereinafter called 
and referred to as the University, which term shall include her assign and or successors in his Office) 

a. MoMD&E share the opportunities received from APMMN to develop human and other 
resources of University on mercury monitoring activities. 

b. MoMD&E exchange the academic materials and information received from APMMN with 
University to improve the implementation of mercury related activities. 

c. MOMD&E and University agree to conduct joint workshops, conferences and other 
academic meetings sharing the existing resources of the both parties.  

 
AND WHEREAS the MoMD&E and University seek to enhance relations between Institutes by 
developing Research Collaboration on Investigation of mercury related issues and
monitoring in Sri Lanka. 

2
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Progress of atmospheric mercury monitoring activities in Sri Lanka

 Installation of wet deposition sampler at University 
of Peradeniya

3

7° 15‘ 06.37“ N 80° 35‘ 39.37“ N Elevation 476m MSL

Wet deposition sampler at University of Peradeniya

 Adjacent to University weather station 

 Surrounded by fallow lands (grass, bush)

 Senior technicians (Ms Darshini) at Department of Agricultural Engineering

4
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Wet deposition sampler at University of Peradeniya

5

Wet deposition sampler at University of Peradeniya

 Sample collection started from early April, 
2019

 Senior staff technician Ms. Dharshini
participated in recent training program (April 
10-15, 2019) at National Central University, 
Taiwan

 No major rainfall events in May, 2019

 Rainy season will be starting from mid-June

 Renovation of a separate laboratory facility for 
equipment cleaning and sample processing is 
in progress

 Plan to continue sampling and send samples 
to National Central University, Taiwan   

6

Site Sample Date Date Date Sample Conc.

Name On Off Analyzed Type (ppt)
APLK01 SL-190412 4/9/2019 4/12/2019 4/16/2019 Sample 7.87
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PART 2

PRESENT STATUS OF POLLUTION CONTROL & MONITORING 

Elemental Mercury & Mercury Containing Substances Flow

 No primary mercury mining in Sri Lanka

 No Artisanal and small-scale gold mining (ASGM)

 According to the Customs Bureau, around 500 kg of mercury is imported annually, mainly from India

 Industrial, power generation & manufacturing sector

 No production of chlor-alkali, acetaldehyde and VCM in Sri Lanka

 Major point sources - Coal-fired power plants (01), Cement clinker production facilities (01)

 Small and medium industries

 Gem & Jewelry industry - Estimation by MMDE, there are 200,000 traditional goldsmiths in Sri Lanka, and ~ 2,000 kg 
of mercury is used per year

 Health sector

 Thermometers, sphygmomanometers, dental amalgam, CFL /mercury bulbs, mercury containing laboratory 
chemicals. Initiating phasing out of Mercury containing Sphygmomanometers (BP Apparatus) in 2014

 It is estimated that as much as 5% of mercury waste in the environment, is generated by the Healthcare institutions

8

251



10/29/2019

5

Present status of hazardous & general waste management

Open dumping of 
Household waste

[Land/ Rivers/ Ocean]

Incineration (healthcare waste)
Landfilling (20 TPD of MSW)
Recycling (E-waste, informal)

9

Export 
(scrap metal, recycled-E-waste) 

Industrial hazardous waste 
Incineration (Cement kiln) 

Agrochemical & industrial effluents 
contribute to non-point sources

10

Solid waste open dumps
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1st Sanitary Landfill started in 2014
20 Metric Tons/ Day

Sanitary disposal sites for residual waste

11

2nd Sanitary Landfill (Aruwakkalu)
500 Metric Tons/ Day (by 2020)

Research, assessment and monitoring

 The National Steering Committee on Minamata convention is already established

 Both Marine Environmental Pollution Prevention Authority (MEPA) and Central Environmental Authority (CEA) have to play vita role

 Collaboration between ministry of Environment and Academic/ Research institutes continues

 Biological Monitoring (Human especially Jewelers and marine fish)

 Environmental Monitoring (Mercury in rainwater, air and soil)

12

Category Tolerance Limit

Discharge of industrial waste in to Inland surface waters 0.0005 mg/L

Industrial waste discharged on land for irrigation purpose 0.01 mg/L

Industrial and domestic waste discharged into marine coastal areas 0.01 mg/L

Discharge of effluents into public sewers with central treatment 
plants

0.005 mg/L

 Mercury is not yet included in the National Air Quality Monitoring 
Programme

 National Standards for wastewater (National Environment Act, No. 47 
of 1980, Order published under the Gazette Notification No. 1534/18 
dated 01.0.2008)
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Capacity development 

 Our Strength:  Human resources, basic facilities, multidisciplinary & 
collaborative research

 Training Needs: Mercury Monitoring (for academics, researchers, technicians)

 Collaborative Research & Development: Policy & legislation formulation, 
environmental assessment, monitoring

 Knowledge & Technology Transfer: Recovery and recycling, alternative 
technologies

 Networking: APMMN

13
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Issues & Challenges

1) Insufficient infrastructure for MSW, Hazardous, Industrial waste management

 Collection & Transport 

 Treatment, processing and 

 Disposal

2) Policy & Regulations

 Gaps in monitoring and regulating (prioritization)

 Implementation

3) Lack of Research and Development initiatives 

 Research and development infrastructure

 Research funds

4) Knowledge / Awareness 

 Academics, researchers, administrators

 Public

15

Research initiatives:  Material Flow Analysis

 Hazardous waste flow with general municipal solid waste

 Contamination issues 

 No proper data on quantities, fate & transport

 Considerable number of small scale metal recovering (smelting) and processing 
businesses processing industrial & post-consumer metals and E-waste

16

Vision 2030: Circular Economy

Material Flow Analysis / Life Cycle Analysis
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8th Annual Asia-Pacific Mercury Monitoring Network 
Partners Meeting

12-16 August 2019 Jakarta, Indonesia

Environmental monitoring network 
in Mongolia

S.Enkhmaa

National Agency for Meteorology 

and Environment Monitoring

Contents

1. Overview of NAMEM 
2. Environmental Monitoring Network in Mongolia
3. The plan of NAMEM
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The mission of the NAMEM

to monitor state of water, weather and
environmental, to provide actual and preventive data and
information for social immediate needs, to warn from
probable natural disasters.

Organizational structure of NAMEM

National 
Observation 

Network & Climate 
Services Division 

Weather 
Forecasting 

Division

Finance, 
Planning & 

International 
Cooperation 

Division

Environmental 
Monitoring Division 

Archive & 
Database Division

Information & 
Research Institute 

of Meteorology, 
Hydrology and 
Environment

Central Laboratory 
for Environment & 

Metrology

Aviation 
Meteorological 

Center

Meteorology, Hydrology 
& Environmental 

Monitoring center  in 21 
provinces and 

Ulaanbaatar city

ORGANIZATIONS UNDER NAMEM

ORGANIZATIONAL STRUCTURE

DIRECTOR-GENERAL

DEPUTY DIRECTOR-GENERAL
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Activities of  the NAMEM

• To provide national network of meteorology and environmental
monitoring with integrated professional and methodological
guidance

• to plan and implement the meteorology and environmental
monitoring network

• to ensure uniformity of domestic and international data
exchange and compliance with integrated standards and
measurement technology

Environmental monitoring network in Mongolia

№ Monitoring network Stations, point

1 Environmental monitoring laboratories 22

2 Surface water quality monitoring 194

3 Soil quality monitoring 390

4 Radioactive monitoring 37

5 Acid deposition monitoring 2

6 Waste water monitoring 31

7 Air quality monitoring 37

8 Soil quality monitoring for evaluation desertifacation 1550
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Air quality  monitoring network in Mongolia

Location of the air quality monitoring 
station of Ulaanbaatar
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Air quality monitoring network

Pollutant Automatic method Wet chemical method & laser 
dust equipment

In Ulaanbaatar In Provinces In Ulaanbaatar In Provinces

1 SO2 7 - 3 27 
(3 times per day)

2 NO2 7 - 3 27 
(3 times per day)

3 CO 7 3 - -

4 PM10 7 2 - 5  (2 per week, 
24 hours)

5 PM2.5 3 - - -

6 O3 4 - - -

Wet & dry deposition monitoring site

Longitude  107° 29’ E,   
Latitude    47 ° 59’ N,    

Altitude    1550 m a.s.l

Remote site - TereljUrban site- Ulaanbaatar

Longitude 106° 54’ E, 
Latitude    47° 55’ N,   

Altitude    1275m a.s.l

275



10/29/2019

6

Dry & wet deposition monitoring program

Items Monitoring 
site

Monitoring 
interval

Monitoring parameters

Wet deposition Ulaanbaatar 
Terelj

May to October pH, EC, SO2-
4, NO-

3, Cl-, NH-
4, Na+, 

K+, Ca2+, Mg2+

Dry deposition Ulaanbaatar 
Terelj

Weekly
Biweekly

Gases: SO2, HNO3, HCl, NH3

Aerosol: SO2-
4, NO-

3, Cl-, NH-
4, Na+, 

K+, Ca2+, Mg2+

Inland aquatic 
environment

Terelj river 6 times per a 
year

pH, EC, alkalinity, SO2-
4, NO-

2, NO-
3, 

Cl-, NH-
4, Na+, K+, Ca2+, Mg2+ , PO3-

4

Soil Ulaanbaatar Every 3-5 years pH (H2O), pH (KCL), 
Exchangeable acidity

Air Quality standard, MNS4585:2016

Pollutant Method of 
measurement

20 minutes 8 hours 24 hours Annual

SO2 1. Pulse U.V. 
Fluorescence method

2. Photometric method 

450 ug/m3 - 50 ug/m3 20 ug/m3

NO2 1. Chemiluminescence 
Method

2. Griss-Zaltsmany 
method

200 ug/m3 - 50 ug/m3 40 ug/m3

CO Non-dispersive Infrared 
Method

60000ug/m3 10000ug/m3 - -

PM10 Beta Ray Absorption 
Method

- - 100 ug/m3 50 ug/m3

- - 50 ug/m3 25 ug/m3
PM2.5

O3 U.V. Photometric 
Method

100 ug/m3

Hg 5ug/m3 
/30min/

2ug/m3 1ug/m3
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Annual concentration of air pollutants in 
Ulaanbaatar, 2015-2018 year 
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The plan of NAMEM

To create the mercury monitoring site

Capacity building 

Thank you
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1 

8th Annual Asia-Pacific Mercury Monitoring Network Partners Meeting 

Environmental Monitoring Activities 
in Myanmar 

August 14-16, 2019                                                Ritz Carlton Hotel, Jakarta, Indonesia  

Kyu Kyu Sein (PhD in Environmental Technology)
Assistant Director

Department of Meteorology and Hydrology (DMH)
Ministry of Transport and Communications 

Outlines 

ӂ Introduction

ӂ Environmental Activities

ӂ Current Efforts for National Level

ӂ Limitations and Challenges
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Introduction
 Myanmar (676,575 km²)
 Population 53.37 million 

(2017 census)
 Three season (summer, rainy, 

winter)
 Capital : Nay Pyi Taw
 Rich in Natural resources

 Third most affected countries
in terms of extreme weather
events.

Source: Global Climate Risk Index (CSI), 2018

Introduction
 Department of Meteorology & Hydrology
 Issue:

 Forecast
 Warning
 Bulletin
 News

 Main responsibility is Early Warning

Meteorological 
Section

Hydrological 
Section

Engineering 
Section

Seismological 
Section

Water Quality 
Lab

Acid 
Deposition

Air Quality 
Monitoring
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Environmental Activities

Department of Meteorology and Hydrology (DMH)
is National Focal in EANET to monitor acid
deposition since 2003 with 9 stations.

Monitoring stations increased up to 25 stations until
March, 2019.

Due to the transboundary haze pollution, 16 rain
sample collection stations increased on April 2019,
near border areas to monitor acid deposition.

Total of 41 rain sample collection stations are
operation to monitor acid deposition across
Myanmar.

Source: Department of Meteorology and Hydrology, Myanmar

Environmental Activities
Wet & Dry Deposition, and PM2.5 Monitoring Site (Yangon, Myanmar)

Source: Department of Meteorology and Hydrology, Myanmar

Wet Deposition Monitoring 

Set up - started in 2007
Sampling Interval     - Daily Collection

Weekly Composite 
Measurement 

Parameters - pH, EC
- NH4

+, Na+ , K+, Ca+, Mg 2+

- SO4 
2 -, NO3

-, CL-
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Environmental Activities

Filter Pack Sampler System 

Set up  : started in Nov 2011
Sampling Interval :  Biweekly 
Parameters     
Cations :  NH4

+, Na+ , K+,Ca2+ ,Mg2+

Anions : SO4
2 -, NO3

-, CL-

Dry Deposition Monitoring

Environmental Activities

Analysis of Wet Deposition Analysis of Dry Deposition
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Environmental Activities
PM2.5 Monitoring  (Air Quality)

Automatic  PM2.5 Monitor 

 Set up - 26 March 2018

 Sampling Interval- Hourly

 Parameter        -PM2.5

pH and EC Range Across Myanmar

Source: Department of Meteorology and Hydrology, Myanmar
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PM2.5 Monitoring Site (Yangon, Myanmar)

Source: Department of Meteorology and Hydrology, Myanmar
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Current Efforts for National Level
Implementing Departments and Organizations for Action Plan
for Transboundary Haze Pollution Control

 General Administrative Department
 Fire Services Department
Department of Agriculture
Department of Agriculture Land Management and Statistics
Department of Meteorology and Hydrology
Department of Disaster Management
Department of Public Health
Department of ASEAN Affairs
 Forest Department
Dry Zone Greening Department
City Development Committees
Environmental Conservation DepartmentSource: Environmental Conservation 

Department, Myanmar
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Action Planned To Implement  Transboundary Haze 
Pollution

 “Integrated National Strategic Action Plan on Fire Management in Myanmar” (April
2019 to December 2019) - Cooperation with Food and Agriculture Organization
(FAO) aiming to develop Integrated Strategy and Action Plan on Fire Management in
Myanmar.

 “Sustainable Management of Peat Land Ecosystems in Mekong Countries” (2019-
2022) – Cooperation with International Union for Conservation of Nature (IUCN)
aiming to develop policy, framework, strategies and action plans for sustainable peat
land management.

 Proposed Project for Ambient Air Quality Assessment along Mekong River Area in
Shan State (2020-2022) – Aiming to monitor the Transboundary Haze Pollution.

 Proposed Project for Improvement of Capability of Air Quality Monitoring in
Myanmar – Proposed to Japan Government for Financial and Technical Assistance.

Source: Environmental Conservation Department, Myanmar

Limitations and Challenges

Source: UNEP Chemicals and Waste Branch, 2016

Myanmar 
mining risk 
map. 

Source: Tractus Research and Analyaia, Myanmar Directorate 
of Geologival Survey and Exploration, US Campaign for Burma
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Limitations and Challenges

 Limitation on the temporal and spatial information including data availability and

quality, instrumental devices and monitoring network. (Not yet mercury monitoring

station)

 Inadequate financial commitment and allocation of resources to tackle both acid

deposition and air pollution monitoring, particularly in most polluted areas and

sensitive areas.

 Necessary to develop technical staff to undertake activities such as capacity building,

analysis and station maintenance and research activities.

 Lack of the implementation of pollution control laws, strategies, guidelines and

compliance as well as emission inventories, public education and public participation.
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SAMOA MERCURY ASSESSMENT AND 
MONITORING - CURRENT STATUS

8TH ASIA PACIFIC MERCURY MONITORING 
NETWORK (APMMN) PARTNERS MEETING 

Aug 14TH – 16TH , 2019

Positive thinking achieves positive results

14th - 16th August 2019

22 June 2012

HOW MUCH DO YOU KNOW ABOUT 
SAMOA??

• LOCATION : 
sSAMOA lies south 

of the equator, 
about half way 

between Hawaii 
and New Zealand, 
in the Polynesian 

region of the 
Pacific Ocean

• PEOPLE :  

sSAMOAN people are a Polynesian ethic 

group of the Pacific Islands 

Total Population : Almost 200,000

NZ
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HOW MUCH DO YOU KNOW ABOUT 
SAMOA??

CLIMATE : 
sSAMOA’s weather is warm and tropical all 

year round, with two distinct seasons:
Dry Season – May to October

Wet Season – November to April
Average Temperature : 29 oC

FOOD : 

sSAMOAN FOODs are agricultural and fishery 
based diet

SCIENTIFIC RESEARCH ORGANISATION OF 
SAMOA (SROS)

• What is SROS?

It is a Samoa Government Public Beneficiary 
Body…Samoa Government Research & Development 

Organisation

• Some of SROS Functions?
• To carry out research and develop technologies..

• Act as a means of liaison between Samoa and other 
countries in matters related to R & D

• Carry out Environment Impact Assessment
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• Biological Laboratory

SROS ANALYTICAL SERVICES
Accredited Testing Laboratories - Biological

S
SCOPE of Accreditation
1.11 Foods
Meat, Poultry and derived 
products, Fish and Fish 
Products, other specified 
fresh foods

1.12 Waters
Potable, Effluent and trade 
waste, Marine waters

• Chemistry Laboratory
S
SCOPE of Accreditation
2.31 Foods
Cereals and cereal products, 
edible oils, fats and products, 
nuts, fruits and vegetables, 
sugars and sugar 
confectionery, dairy products, 
meat, poultry and derived 
products, fish and fish 
products

SROS ANALYTICAL SERVICES
Accredited Testing Laboratories - Chemical
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SAMOA & MINAMATA CONVENTION ON 
MERCURY

WHAT SAMOA HAS DONE SO FAR TO ACHIEVE ITS 
MINAMATA CONVENTION ON MERCURY OBLIGATIONS

• OPEN THE FIRST SUB REGIONAL MINAMATA 
WORKSHOP FOR PACIFIC ISLANDS (PI)

• MINAMATA INITIAL ASSESSMENT 

• CONTROL IMPORTATION OF MERCURY CONTAINING 
PRODUCTS

• MANAGEMENT OF MERCURY WASTES
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• Chemistry Laboratory

MERCURY ANALYSIS AND MONITORING
OPPORTUNITIES

Histamine In house
Mercury USEPA 245.6

S
SAMOA VIA SROS HAS THE 
CAPACITY TO ANALYSIS 
MERCURY IN FOOD AND FOOD 
PROUCTS, CURRENTLY USING 
FOR  FISH AND FISH PRODUCTS 
MERCURY ANALYSIS

MERCURY ASSESSMENT AND MONITORING : 
CHALLENGES

• SAMOA YET TO HAVE ITS FULL CAPACITY TO 
ANALYSIS MERCURY IN OTHER MEDIA

• SAMOA YET TO HAVE A FORMAL MONITORING 
PLAN IN PLACE FOR MERCURY IN ALL MEDIA
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SOME MERCURY ANALYSIS RESULTS

IDEA CONSULTANTS, 
INC. AND MOEJ VISIT 
TO SAMOA, 2017

SOME MERCURY ANALYSIS RESULTS

IDEA CONSULTANTS, 
INC. AND MOEJ VISIT 
TO SAMOA, 2017
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SOME MERCURY ANALYSIS RESULTS

SOME MERCURY ANALYSIS RESULTS

Year Mercury Level (mg/kg) Stand. 
Dev

2015 0.18 0.06

2016 0.11 0.05

2017 0.27 0.19

• Fish Mercury Analysis
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WAY FORWARD!!

• STRENGTHEN NATIONAL CAPACITY ON 
MERCURY MONITORING IN ALL MEDIA

• COLLECT AS MANY COMPARABLE MONITORING DATA 
AS POSSIBLE FOR NATIONAL USE AS WELL AS FOR 
EVALUATION TO ASSESS THE EFFECTIVENESS OF 

MINAMATA CONVENTION ON MERCURY  

• TO ASSIST AND PARTICIPATE IN APMMN ACTIVITIES AS 
MUCH AS POSSIBLE

THANK YOU FOR YOUR ATTENTION

THANK YOU FOR THE INVITATION TO ATTEND THIS MEETING

LOOKING FORWARD TO OUR NEXT MEETING
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24 hours Continuous Sampling
of Mercury in the Ambient Air
by Gold Amalgamation Method

Referred Manual:

Air Environment Division, Environment Management Bureau of Water and Air Environment 
Fields, MOEJ) 

Part 5th. Chapter 2nd. 
Measurement method for mercury in the ambient air
Gold amalgamation trap, thermal desorption and cold vapor-atomic absorption spectrometry
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Gold column 
(Collection tube, cartridge)

Soda Lime

Pump

Flow rate : 0.5 L/min.
24 h sampling = 0.5×60×24= 720 L (total sampling volume)

Overview of Gold Amalgamation 
Sampling

Preparation of a Gold Column
Baking

at 600-700oC for 5 minutes with mercury free gas 
passing through the tube at a flow rate of 0.2-0.5 L/min. After heating, cool the 
collection tube with flowing gas and place it in a sealed container to prevent 
contamination. This procedure should preferably be performed immediately before 
use. When baking multiple numbers of collection tubes all at once, blank value 
check should be performed at a rate of at least 10% of the samples from the same 
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Preparation of a Soda Lime Tube

Preparation of Other Instrument
Mini Pump

Able to aspirate at 0.5L/min
0.5 L/min×60 min×24 h 720L

Silicon Tube
i.d. 4 mm o.d. 8 mm Length 2 -2.2 m

Plastic Pipe
i.d. 18 mm Length 30 -33 cm

Stand, clips, clamps 

Others
>Tent, Plastic sheet, Aluminum Foil,
Disposable Gloves

Portable Temp. and Pressure 
Recorder
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Setting for Sampling 1

Stand, clips, clamps 

Tent
Guarding mini pump

Plastic sheet and weight
Avoid rolling of dust 

Silicon Tube
Connecting column and pump 

Mini Pump
Able to aspirate at 0.5L/min
0.5 L/min×60 min/h×24 h 720L

Height from ground 
to inlet is 

approximately 1.5 m. Stand, clips, clamps 

Setting for Sampling 2

Plastic pipe
>Protecting column
>Set downward

Connect a silicon tube to a 
column, and insert the column into 

a plastic pipe. 

Connect a soda lime tube to a gold column.

Start button 

Arrow mark

Flow direction

Column and plastic pipe should be
covered by aluminum foil.
>Protecting from sudden rain or night dew. 

309



Travel Blank (TBL) Test
~Quality Control~

To check contamination on gold columns 
during Transportation

.All the procedure except sampling should be carried out on 
least 3 gold columns.
Frequency : approximately 10% of the total number of samples at each 
study area.

Aspiration Pump
(Mini Pump)

Example: Sampling Pump MP-
Constant Flow Rate Setting Range 0.50-3.00 L/min.
Point Flow Rate Range 0.20-4.50 L/min.
Integrated Flow Volume Displaying range 0.0-99999 L
Digital display: Point Flow Rate and Integrated Flow 
Volume.
Electric source: Lithium Ion battery Battery unit or 
AC Adapter
Continuous running: 50h at 0.5 L/min
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Field Note 

M/D/Y Weather
Air temp.

( oC)
Atmosphere

(hpa)

M/D/Y Weather
Air temp.

( oC)
Atmosphere

(hpa)

Target : Mercury

No. Date & Time
Instantaneous

flow rate
Total Vol.

(L)
Instantaneous

flow rate
Total Vol.

(L)
Instantaneous

flow rate
Total Vol.

(L)
Instantaneous

flow rate
Total Vol.

(L)
Instantaneous

flow rate
Total Vol.

(L)
Instantaneous

flow rate
Total Vol.

(L)

0 preinitiation default

1
(start)

2

3

5

4

6

7

8

9

10
(end)

Column No. of Travel Blank Special instruction :

Total sampling Vol. (L)

Column position Info.
( If necessary)

Sodalime No.

Column No.

Pump No.

Sampling No. or  Name

Condition of sampling end           /         /

Field Note

Researcher

Location

Condition of Sampling start up           /         /

Checkup of progress
(not always necessary to 
checkup nine times.)

It is recommended to 
check the pump condition 
at least 3 times.
Example:
>Immediately after start
>Before leaving the 
sampling site
>Before finishing sampling

Example

Ambient Temperature and Pressure

Ambient Temperature and Pressure are necessary to calculate the correction value.

3 ways to get the weather data
Measure at the beginning and the end.
Obtain from nearest meteorological stations or other 
appropriate observation stations of  hazardous substance
Use portable measuring instrument 

Use the average during the 
sampling period for correction.

Generally, atmospheric concentration is reported as the correction value at 1 atm , 20 oC.

Example of obtained data from a meteorological station

Example of portable measuring 
instrument TR-73U 
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24 hours continuous sampling
of mercury in ambient air

by gold amalgamation method

Referred Manual:

Air Environment Division, Environment Management Bureau of Water and Air Environment 
Fields, MOEJ) 

Part 5th. Chapter 2nd. 
Measurement method for mercury in the ambient air
Gold amalgamation trap, thermal desorption and cold vapor-atomic absorption spectrometry
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Table 1 Unit volume weight of mercury contained in mercury vapor saturated gas  

Unit: ng/mL
t  0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 

0.0 2.179 2.202 2.225 2.248 2.271 2.295 2.319 2.343 2.368 2.392 
1.0 2.417 2.441 2.465 2.489 2.514 2.539 2.564 2.589 2.614 2.640 

2.0 2.666 2.691 2.716 2.741 2.766 2.792 2.818 2.844 2.871 2.897 

3.0 2.924 2.951 2.978 3.005 3.033 3.061 3.089 3.117 3.146 3.175 

4.0 3.204 3.234 3.264 3.295 3.325 3.356 3.388 3.419 3.451 3.483 
5.0 3.516 3.549 3.583 3.616 3.650 3.685 3.719 3.754 3.789 3.825 

6.0 3.861 3.897 3.933 3.970 4.007 4.045 4.083 4.121 4.159 4.198 

7.0 4.237 4.276 4.316 4.356 4.396 4.437 4.478 4.519 4.561 4.603 

8.0 4.645 4.688 4.731 4.774 4.817 4.861 4.905 4.949 4.994 5.039 
9.0 5.085 5.131 5.178 5.225 5.273 5.321 5.639 5.418 5.467 5.517 

10.0 5.567 5.616 5.666 5.716 5.767 5.818 5.870 5.921 5.974 6.026 

11.0 6.079 6.133 6.187 6.241 6.296 6.351 6.407 6.463 6.519 6.576 

12.0 6.633 6.692 6.751 6.810 6.870 6.931 6.992 7.053 7.115 7.177 
13.0 7.240 7.304 7.369 7.435 7.501 7.568 7.635 7.703 7.771 7.840 

14.0 7.909 7.979 8.049 8.119 8.191 8.262 8.335 8.408 8.481 8.555 

15.0 8.630 8.705 8.781 8.858 8.935 9.013 9.092 9.171 9.251 9.331 

16.0 9.412 9.493 9.575 9.658 9.742 9.826 9.910 9.995 10.081 10.168 

17.0 10.255 10.342 10.429 10.516 10.604 10.693 10.783 10.873 10.964 11.056 
18.0 11.148 11.242 11.337 11.433 11.529 11.626 11.724 11.823 11.922 12.022 

19.0 12.123 12.225 12.328 12.432 12.536 12.641 12.747 12.854 12.961 13.070 

20.0 13.179 13.289 13.400 13.511 13.623 13.737 13.851 13.965 14.081 14.198 
21.0 14.315 14.434 14.553 14.674 14.795 14.917 15.040 15.164 15.289 15.415 

22.0 15.542 15.670 15.800 15.930 16.061 16.193 16.326 16.461 16.596 16.732 

23.0 16.869 17.008 17.148 17.289 17.431 17.574 17.718 17.864 18.010 18.158 

24.0 18.306 18.456 18.606 18.758 18.911 19.065 19.220 19.376 19.534 19.693 

25.0 19.852 20.012 20.174 20.336 20.500 20.664 20.830 20.998 21.166 21.336 
26.0 21.506 21.679 21.853 22.028 22.204 22.382 22.560 22.741 22.922 23.105 

27.0 23.289 23.474 23.660 23.847 24.036 24.227 24.418 24.611 24.805 25.001 

28.0 25.198 25.397 25.598 25.800 26.003 26.208 26.415 26.622 26.832 27.042 

29.0 27.255 27.469 27.685 27.902 28.121 28.342 28.564 28.787 29.012 29.239 
30.0 29.467 29.697 29.928 30.160 30.395 30.631 30.868 31.107 31.348 31.591 

31.0 31.835 32.081 32.329 32.579 32.830 33.084 33.339 33.595 33.854 34.114 

32.0 34.376 34.641 34.908 35.177 35.448 35.720 35.995 36.271 36.549 36.829 

33.0 37.111 37.395 37.681 37.969 38.258 38.550 38.843 39.139 39.437 39.736 
34.0 40.038 40.341 40.647 40.954 41.264 41.575 41.889 42.205 42.523 42.843 

35.0 43.165 43.491 43.819 44.148 44.481 44.815 45.152 45.491 45.832 46.176 

36.0 46.522 46.870 47.221 47.575 47.930 48.289 48.649 49.012 49.378 49.745 

37.0 50.116 50.488 50.863 51.241 51.621 52.004 52.389 52.777 53.167 53.560 

38.0 53.955 54.354 54.755 55.158 55.565 55.974 56.385 56.800 57.217 57.637 

 

 

319



320



321



322



323



324



325



326



327



328



329



330



331



332



333



334



24 hours continuous sampling
for mercury in ambient air

by gold amalgamation method

Referred Manual:

Air Environment Division, Environment Management Bureau of Water and Air Environment 
Fields, MOEJ) 

Part 5th. Chapter 2nd. 
Measurement method for mercury in the ambient air
Gold amalgamation trap, thermal desorption and cold vapor-atomic absorption spectrometry
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Calculation sheet
Calculation Sheet

Analysis date

Analyst W. Yoshinobu

Hg

Media:

Sample number: 2

Method: Measurement method for mercury in the ambient air
Gold amalgamation trap, thermal desorption 
and cold vapor-atomic absorption spectrometry

Mesuerment Equipment WA-5
condition Wave lenth 253.7 nm

Detection Non-dispersive Dual beam 
cold vapor-atomic absorption spectrometry

Cell lenth 100 mm
Carrier Gas air
Gas flow rate 0.5 L/min

Peak ST D0.0 K

BOX temp. Inj. Vol. (X) Height (Y)
corrected

(Y')
 

Operational Operation time 60 sec 24.5 0 0.000 1.500 0.000

condition Frequency 1 24.5 20 0.903 59.667 58.167 0.016

Calculation Calibration curve 24.5 50 1.821 116.167 114.667 0.016

Operation signal Atomic Absorption 24.5 100 2.753 182.500 181.000 0.015

Signal type Peak hight 24.5 200

R2= 0.9991 Y=aX+b
a=
b=

Formula: C=(Y-TBL)/V20 Detect ion Limit 0.023 ng/m3

Minimum determination limit 0.076 ng/m3 2

Collected Value Peak STD 0.0 Hg Report (rounding)
Sample name (Column No.) in the atomosphere Height corrected amount Concentration

at 20oC (L) (ng) Without TBL (ng)
Column No. Sample name (V20) (Y) (Y') (X)

1 T-1-1 Location A 720.0 95.0 93.500 1.446 1.439 1.998 2.0

2 T-1-2 Location A dup. 720.0 89.0 87.500 1.355 1.347 1.871 1.9

3 T-1-3 Location B 719.8 79.0 77.500 1.202 1.194 1.659 1.7

4 0.000

5 0.000

6 0.000

7 0.000

8 0.000

9 Travel Blank01 720.0 1.0 0.000 0.008 0.000 0.000 <0.076

10 Travel Blank02 720.0 1.0 0.000 0.008 0.000 0.000 <0.076

11 Travel Blank03 720.0 1.0 0.000 0.008 0.000 0.000 <0.076

Travel Blank average 0.008

12 Operation Blank01 720.0 1.0 -0.500 0.008 0.000 0.011 <0.076

13 Operation Blank02 720.0 1.0 -0.500 0.008 0.000 0.011 <0.076

14 Operation Blank03 720.0 1.0 -0.500 0.008 0.000 0.011 <0.076

15 Operation Blank04 720.0 1.000 -0.500 0.008 0.000 0.011 <0.076

16 Operation Blank05 720.0 1.000 -0.500 0.008 0.000 0.011 <0.076

BOX temp. Inj. Vol.
Inj. Amount

(ng)

17 MDL01 24.1 50 0.9228 720.0 59.0 57.500 0.895 0.888 1.244 1.2

18 MDL02 24.1 50 0.9228 720.0 57.5 56.000 0.872 0.865 1.212 1.2

19 MDL03 24.2 50 0.9303 720.0 58.5 57.000 0.888 0.880 1.233 1.2

20 MDL04 24.2 50 0.9303 720.0 62.0 60.500 0.941 0.934 1.307 1.3

21 MDL05 24.2 50 0.9303 720.0 58.5 57.000 0.888 0.880 1.233 1.2
-1.500

22 check01 24.2 100 1.8606 720.0 120.0 118.500 1.829 1.822 2.540 2.5

23 check02 24.1 100 1.8456 720.0 119.000 117.500 1.814 1.806 2.519 2.5

(ng/m3) (ng/m3)
(X-TBL) (C)

Significant Digits

Hg Result
amount Concentration

Ambient Air

Calibration curve

STD (ng)

6.533E+01
5.030E-01

15-Aug-18

Project name:

Parameter:

amount  (ng)

Calibration curve

Hg QC Report

Blank and Standard
Peak Concemtration Detection Limit Minimum determination limit

Hight (ng/m3) DL MDL

(ng/m3) (ng/m3)

01 0.012 0.047 CV(%) : 6.36

02 0.013 0.048 Average:
Operation Blank 03 0.012 0.048 0.048 0.010 0.040

04 0.009 0.043

05 0.016 0.052 0.003

01 0.391 0.521 CV(%) : 1.49

Standard 02 0.381 0.508 Average:

0.3813 ng 03 0.383 0.510 0.509 0.023 0.076
04 0.379 0.505

05 0.375 0.501 0.0076

Formula:

4.0 ng/m3)

0.076 ng/m3) Detection Limit 0.023
Determination: OK

Sensitivity test of atomic absorption spectrometer
Standard ng Peak Hight Relative Response Target : Within 20%

Drawing The

calibrat ion curve 1.8207 116.2

Middle of
Measurement 1.8606 120.0 3.3% Determination : OK

End of

Measurement 1.8456 119.0 2.4% Determination : OK

Duplication (unit : ng/m3

sample name Concent rat ion Difference Average Relative Difference
Location A 1.998
Location A dup. 1.871

Target : Within 30%
Determination : OK

Target Minimum Determination
LimitCaluclated Minimum Detemination
Limit

0.128 1.935 6.6%

Example of Calculation Sheet

Example of QC Reporting Sheet

Required data for QC (1) 
Calculation Sheet

Analysis date

Analy st W. Yoshinobu

Hg

Media:

Sample number: 2

Method: Measurement method for mercury in the ambient air
Gold amalgamation trap, thermal desorption 
and cold vapor-atomic absorption spectrometry

Mesuerment Equipment WA-5
condition Wave lenth 253.7 nm

Detection Non-dispers ive Dual beam 
cold vapor-atomic absorption spectrometry

Cell lenth 100 mm
Carrier Gas air
Gas flow rate 0.5 L/min

Peak STD0.0 K

BOX temp. Inj. Vol. (X) Height (Y)
correct ed

(Y')
 

Operational Operation time 60 sec 24.5 0 0.000 1.500 0.000

condition Frequency 1 24.5 20 0.903 59.667 58.167 0.016

Calculation Calibration curve 24.5 50 1.821 116.167 114.667 0.016

Operation signal Atomic Absorption 24.5 100 2.753 182.500 181.000 0.015

Signal type Peak hight 24.5 200

R2= 0.9991 Y=aX+b
a=
b=

Formula: C=(Y-TBL)/V20 Detection Limit 0.023 ng/m3

Minimum determination limit 0.076 ng/m3 2

Collec ted Value Peak STD 0.0 Hg Report (rounding)
Samp le name (Column No.) in the atomosphere Height correct ed amount Concentration

at 20oC (L) (ng) Without TBL (ng)
Column No. Samp le name (V20) (Y) (Y') (X)

1 T-1-1 Location A 720.0 95.0 93.500 1.446 1.439 1.998 2.0

2 T-1-2 Location A dup. 720.0 89.0 87.500 1.355 1.347 1.871 1.9

3 T-1-3 Location B 719.8 79.0 77.500 1.202 1.194 1.659 1.7

4 0.000

5 0.000

6 0.000

7 0.000

8 0.000

9 Travel Blank01 720.0 1.0 0.000 0.008 0.000 0.000 <0.076

10 Travel Blank02 720.0 1.0 0.000 0.008 0.000 0.000 <0.076

11 Travel Blank03 720.0 1.0 0.000 0.008 0.000 0.000 <0.076

Travel Blank average 0.008

12 Op eration Blank01 720.0 1.0 -0.500 0.008 0.000 0.011 <0.076

13 Op eration Blank02 720.0 1.0 -0.500 0.008 0.000 0.011 <0.076

14 Op eration Blank03 720.0 1.0 -0.500 0.008 0.000 0.011 <0.076

15 Op eration Blank04 720.0 1.000 -0.500 0.008 0.000 0.011 <0.076

16 Op eration Blank05 720.0 1.000 -0.500 0.008 0.000 0.011 <0.076

BOX t emp. Inj. Vol.
Inj. Amount

(ng)

17 MDL01 24.1 50 0.9228 720.0 59.0 57.500 0.895 0.888 1.244 1.2

18 MDL02 24.1 50 0.9228 720.0 57.5 56.000 0.872 0.865 1.212 1.2

19 MDL03 24.2 50 0.9303 720.0 58.5 57.000 0.888 0.880 1.233 1.2

20 MDL04 24.2 50 0.9303 720.0 62.0 60.500 0.941 0.934 1.307 1.3

21 MDL05 24.2 50 0.9303 720.0 58.5 57.000 0.888 0.880 1.233 1.2
-1.500

22 check01 24.2 100 1.8606 720.0 120.0 118.500 1.829 1.822 2.540 2.5

23 check02 24.1 100 1.8456 720.0 119.000 117.500 1.814 1.806 2.519 2.5

(ng/m3) (ng/m3)
(X-TBL) (C)

Significant Digits

Hg Result
amount Concentration

Ambient Air

Calibration curve
STD (ng)

6.533E+01
5.030E-01

15-Aug-18

Project name:

Parameter:

amount (ng)

Calibration curve

Data for calculating a 
calibration curve

Detection limit &
Minimum determination limit

Duplicate sampling

Check of Sensitivity Drift
(Sensitivity test of atomic absorption spectrometer)

Travel Blanks 3 times
Field Blank

EPA method.

Operation Blank 5 times

Std. measurement 5 times
(For calculating detection limit)

Calculation Sheet

Calibration curve
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Std. measurement 5 times
& Calculation of DL & MDL

Hg QC Report

Blank and Standard
Peak Concemtration Detection Limit Minimum determination limit

Hight (ng/m3) DL MDL

(ng/m3) (ng/m3)

01 0.012 0.047 CV(%) : 6.36

02 0.013 0.048 Average:
Operation Blank 03 0.012 0.048 0.048 0.010 0.040

04 0.009 0.043

05 0.016 0.052 0.003

01 0.391 0.521 CV(%) : 1.49

Standard 02 0.381 0.508 Average:

0.3813 ng 03 0.383 0.510 0.509 0.023 0.076
04 0.379 0.505

05 0.375 0.501 0.0076

Formula:

4.0 ng/m3)

0.076 ng/m3) Detection Limit 0.023
Determination: OK

Sensitivity test of atomic absorption spectrometer
Standard ng Peak Hight Relative Response Target : Within 20%

Drawing The

calibrat ion curve 1.8207 116.2

Middle of
Measurement 1.8606 120.0 3.3% Determination : OK

End of

Measurement 1.8456 119.0 2.4% Determination : OK

Duplication (unit : ng/m3

sample name Concent rat ion Difference Average Relative Difference
Location A 1.998
Location A dup. 1.871

Target : Within 30%
Determination : OK

Target Minimum Determination
LimitCaluclated Minimum Detemination
Limit

0.128 1.935 6.6%

Detection limit & Minimum determination limit
(Together with comparison between Required MDL 
and calculated MDL)

Comparison of duplicate samples 

Check of Sensitivity Drift  
(Comparison of the response at the 
beginning and at the end.)

Operation Blank 5 times 
& Calculation of DL & MDL

Required data for QC (2) 
QC Reporting Sheet

Measurement Sequence (for QC)

Cleaning of the line

Standards for calculation of a 
Calibration Curve 

Operation Blanks

Travel Blanks (Field Blanks)

Standards for calculation of MDL

Samples

Checking Sensitivity Drift

Checking Sensitivity Drift

Cleaning of the line

Measurement Sequence

No Range Sample name
1 Low Conditioning
2 Low Conditioning
3 Low Conditioning
4 Low
5 Low
6 Low
7 Low
8 Low
9 Low
10 Low
11 Low
12 Low
13 Low
14 Low
15 Low
16 Low
17 Low
18 Low
19 Low
20 Low
21 Low Blank 01
22 Low Blank 02
23 Low Blank 03
24 Low Blank 04
25 Low Blank 05
26 Low Travel Blank01
27 Low Travel Blank02
28 Low Travel Blank03
29 Low
30 Low Location A
31 Low Location A dup.
32 Low Location B
33 Low
34 Low Conditioning
35 Low Conditioning
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QC 0. Baking Gold Column

at 600-700oC for 5 minutes with 
mercury free gas passing through the tube at a flow rate of 0.2-0.5 
L/min. After heating, cool the collection tube with flowing gas and 
place it in a sealed container to prevent contamination. This 
procedure should preferably be performed immediately before use. 
When baking multiple numbers of collection tubes all at once, 
blank value check should be performed at a rate of at least 10% 

QC 1. Calibration Curve

At least 4 points or more (Including point 0 ng)

For example R2>0.995

(cf. figure on page 3. )

Designated* air collection volume is 0.72 m3.
2.7459 ng/0.72 m3=3.814 ng/m3

Gas box temp. 24 oC

Hg concentration of YOUR sample should be lower than this value.

*

[0.5 L/min x 24hr/1000=0.72 m3 ]

If the Hg concentration of your sample exceeds the range of calibration curve, you need to calculate calibration curve again with 
increased std gas volume.
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QC 2. Detection Limit (DL, LOD) &
Minimum Determination Limit (MDL, LOQ)

MDL (LOQ) = 10 

QC 3. Travel Blank (Field Blank)
& Operation Blank

Travel Blank (Field Blank) 
At least three samples in a travel blank test

Frequency: Approximately 10% of the total number 
of a set of samples from the same study area, 
period, transportation, or distance.

(cf. Material 1 page 9) 

Operation Blank 
More than five samples on each measurement.
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QC 4. Check of Sensitivity Drift
(Sensitivity test of atomic absorption spectrometer)

Measure the same amount of standard gas as the medium point of 
standard curve(check Std.). Calculate the Relative Response Drift as 
shown below and confirm the sensitivity drift is smaller than 20%. This 
confirmation should be done at least once every 10 samples.

Relative Response Drift< 20%

QC 5. Duplicate Analysis

More than two gold columns are used for a duplicate
analysis under the same conditions (from sampling to
measurement). The frequency of duplicate analysis is
approximately 10% of the total number of a series of samples.

Relative Variation among Replicates: Within 30 % 
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Flow chart for QC (1)
Calculate a calibration curve.

Calculate DL & MDL (a)

Compare
DL & MDL (a) and Target MDL* (b)

a b Reject and
Recondition the equipment.

a b

Measure OPBL**(c) TBL(d), and Samples.

Obtain Measured value of samples (e)

Check Sensitivity Drift
Recondition the equipment 
and measure again.

20 %

<= 20 %
*Target MDL Manual of 
Measurement Method of Hazardous Air 
Pollutants 4 ng/m3

**OPBL: Operation Blank
TBL: Travel Blank

Flow chart for QC (2)

Compare
OPBL (c) TBL (d)

d c
Calculate DL & MDL with TBL (f)

Compare 
the DL & MDL with TBL (f)

and Required MDL(b) 

Compare
the DL & MDL with TBL (f) 

and Measured value of 
samples after subtracting TBL 

(e-d)

e a

f b

e-d f

f b

e-d f

Subtract TBL from Measured 
value of samples (e-d) 

Subtract OPBL from the 
Measured value of samples 
(e-c) 

Compare the Duplication
30 %

Report.

30 %

Reject and re-sampling.
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24 hours continuous sampling
of mercury in ambient air

by gold amalgamation method

Referred Manual:

(March 2011, Air Environment Division, Environment Management Bureau of Water 
and Air Environment Fields, MOEJ) 

Part 5th. Chapter 2nd. 
Measurement method for mercury in the ambient air
Gold amalgamation trap, thermal desorption and cold vapor-atomic absorption 
spectrometry

Contents

Page 3 : Equipment in IDEA Lab.

Page 4-5 : Uncertainty of Mini Pump

Page 6: Coefficient of Variation (Slope and R2)

Page 8 : Uncertainty Approach 1

Page 9-11 : Uncertainty another Approach

Page 12 : Recovery Test

Page 13 : Comparison of Tekran and 
Gold Amalgamation Method 

Page 7: Coefficient of Variation (in a day, and five days)
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Equipment in IDEA Lab.

Uncertainty of Mini Pump
(Sigma 300 NII)

Gold Cartridge Buffer tankMass Flow Meter
Model 3100

Display

Mini Pump
Sigma 300 NII

4
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Uncertainty of Mini Pump
(Sigma 300 NII)

Coefficient of Variation
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Coefficient of Variation

The Coefficient of Variation for 5 days was at most 3.98 %.

Calculation of Uncertainty
Approach 1 : 5 days Measurement of Actual Samples
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Another Approach : Fishbone Diagram

Step 1. Uncertainty of a Pump

Calculation of Uncertainty

Step 2&3. Uncertainty of Hg adsorption and desorption
Uncertainty of measurement

Calculation of Uncertainty
Another Approach : Fishbone Diagram
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Step 4. Combined Standard Uncertainty 

Step 5. Expanded Measurement Uncertainty 

5 days Measurement of Actual Samples 
Fishbone Diagram

Calculation of Uncertainty
Another Approach : Fishbone Diagram

Recovery Test
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0.0

1.0

2.0

3.0

4.0

(1) Spring: 14 -30 Apr. 2008

(2) Summer: 25 Aug. - 8 Sep. 2008

(3) Winter: 26 Jan. - 8 Feb. 2009

(4) Fall: 2 Nov. 16 Nov. 2009

G
E

M
 n

g 
m

-3
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*GEM : gaseous elemental mercury
**GOM : gaseous oxidized mercury
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Atmospheric Mercury Monitoring Workshop 2019  
for Establishing a Multi-media Mercury Monitoring Network 

 in Asia-Pacific 
 

Program 
 

Day 1 (Monday, 12th August) 
Time Program 

9:00-9:30 Registration 

9:30-10:30 Presentation 
⚫ Mercury monitoring method of ambient air by gold 

amalgamation trap 
➢ Method outline 
➢ Survey and sampling 
➢ Measurement 

10:30-10:45 Coffee Break 

10:45-12:15 Demonstration / Experiment 
⚫ Ambient air sampling 
➢ Setting sampling equipment (Gold Trap) 

12:15-13:30 Lunch 

13:30-15:30 Demonstration / Presentation 
⚫ Measurement of ambient air sample 

➢ Attachment devices for conventional AAS 

devices 
⚫ AAS with hand-made application device 
⚫ Measurement by AAS (calibration curve creation) 

 
15:30-15:45 Coffee Break 

15:45-17:30 Presentation 
⚫ Atmospheric Standards and Monitoring in Japan 
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Day 2 (Tuesday, 13th August) 
Time Program 

9:00-10:30 Demonstration / Experiment 
⚫ Ambient air Sampling 

➢ End of Sampling 
➢ Recording (field note) 
➢ Preparation Procedure (apparatus and 

instruments) 
 

10:30-10:45 Coffee Break 

10:45-12:15 Demonstration / Experiment 
⚫ Measurement by AAS 

➢ Measurement of Collected Air Samples 

12:15-13:30 Lunch 

13:30-14:30 Presentation / Demonstration 
⚫ Data Calculation 
⚫ QA/QC Parameter in Atmospheric Monitoring 

14:30-15:30 Presentation 
⚫ Survey and Monitoring Plan 

15:30-15.45 Coffee Break 

15:45-17:30 Discussion / Closing 

 

Day 3 (Wednesday, 14th August)： APMMN meeting 

Day 4 (Thursday, 15th August):  APMMN meeting 

Day 5 (Friday, 16th August):  APMMN meeting 
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