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Atmospheric Mercury: Pandora’s Box?

Local, Regional, and Global Modeling

Monitoring and Modeling Atmospheric Mercury Species in Support of
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Scientific Programs at MLO

Ozone, Water
Vapor, &
Halocompounds

Solar Radiation &

Carbon Cycle Gases Aerosols

Miscellaneous

CO,, N,0, £C, and O,
(SCRIPPS Institution of
Oceanography)

B¢cit?cin co,, CO, &
CH, (Commonwealth
Scientific & Industrial
Research
organization, Australia)

Radon
(Australian

Nuclear Science
and Technology
Organization)

Radio nuclides
and precipitation
chemistry (U.S.

Dept. of Energy)

Cosmic Dust
collection
(Caltech)
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http://www.mlo.noaa.gov/Projects/GASES/Co2.htm
http://www.mlo.noaa.gov/Projects/GASES/Total.htm
http://www.mlo.noaa.gov/Projects/GASES/Total.htm
http://www.mlo.noaa.gov/Projects/SOLAR/Solar.htm
http://www.mlo.noaa.gov/Projects/MET/Met.htm
http://www.mlo.noaa.gov/Projects/GASES/Ch4.htm
http://www.mlo.noaa.gov/Projects/GASES/Surface.htm
http://www.mlo.noaa.gov/Projects/NDSC/Niwa.htm
http://www.mlo.noaa.gov/Projects/MET/Precip.htm
http://www.mlo.noaa.gov/Projects/MET/Precip.htm
http://www.mlo.noaa.gov/Projects/GASES/Co.htm
http://www.mlo.noaa.gov/Projects/GASES/O3profil.htm
http://www.mlo.noaa.gov/Projects/GASES/O3profil.htm
http://www.mlo.noaa.gov/Projects/AEROSOL/Lidar.htm
http://www.mlo.noaa.gov/Projects/GASES/13c.htm
http://www.mlo.noaa.gov/Projects/NDSC/Aes.htm
http://www.mlo.noaa.gov/Projects/GASES/scrippsco2.htm
http://www.mlo.noaa.gov/Projects/GASES/scrippsco2.htm
http://www.mlo.noaa.gov/Projects/GASES/scrippsco2.htm
http://www.mlo.noaa.gov/Projects/GASES/scrippsco2.htm
http://www.mlo.noaa.gov/Projects/GASES/scrippsco2.htm
http://www.mlo.noaa.gov/Projects/GASES/scrippsco2.htm
http://www.mlo.noaa.gov/Projects/GASES/scrippsco2.htm
http://www.mlo.noaa.gov/Projects/GASES/scrippsco2.htm
http://www.mlo.noaa.gov/Projects/NDSC/Jpl.htm
http://www.mlo.noaa.gov/Projects/NDSC/Jpl.htm
http://www.mlo.noaa.gov/Projects/NDSC/Jpl.htm
http://www.mlo.noaa.gov/Projects/AEROSOL/Cn.htm
http://www.mlo.noaa.gov/Projects/GASES/sulfur_dioxide.htm
http://www.mlo.noaa.gov/Projects/GASES/Volcanic.htm
http://www.mlo.noaa.gov/Projects/GASES/Volcanic.htm
http://www.mlo.noaa.gov/Projects/GASES/Volcanic.htm
http://www.mlo.noaa.gov/Projects/NDSC/Micro.htm
http://www.mlo.noaa.gov/Projects/NDSC/Micro.htm
http://www.mlo.noaa.gov/Projects/AEROSOL/Neph.htm
http://www.mlo.noaa.gov/Projects/AEROSOL/Neph.htm
http://www.mlo.noaa.gov/Projects/NDSC/Uofd.htm
http://www.mlo.noaa.gov/Projects/NDSC/Uofd.htm
http://www.mlo.noaa.gov/Projects/AEROSOL/Bc.htm
http://www.mlo.noaa.gov/Projects/AEROSOL/Bc.htm

CO isotope (Marine
Science Research
Center)

Stratospheric water

vapor profiles (NRL)

AERONET
sunphotometers, (NASA
GSFC)

National Satellite
Test bed (FAA)

HALOCOMPOUNDS

& other trace species

(CMDL)

Sulfates, nitrate aerosols,
nitric acid vapor
(University Of Hawaii)

Earthquake
Seismometer
(HVO)

Aerosol chemistry
(University of California,
Davis)

Elemental,
gaseous, and
particulate
Mercury (EPA)

UVB (Colorado State
University)

Ground Winds

(University of

New Hampshire)
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http://www.mlo.noaa.gov/Projects/NDSC/Nrl.htm
http://www.mlo.noaa.gov/Projects/NDSC/Nrl.htm
http://www.mlo.noaa.gov/Projects/GASES/Halocarb.htm
http://www.mlo.noaa.gov/Projects/GASES/Halocarb.htm
http://www.mlo.noaa.gov/Projects/Coop/groundwind/GW_Des.htm
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Atmospheric Mercury: Pandora’s Box?












WARNING

The Florida Department of Health and Rehabilitative
Services has issued a health advisory urging limited
consumption of largemouth bass and warmouth
caught in certain portions of the Everglades due to
excessive accumulation of the element mercury.

* Fish caught in Arthur R. Marshall Loxahatchee
National Wildlife Refuge (Water Conservation Area
1) should not be eaten more than once per week by
adults and not more than once per month by
children under 15 and pregnant women.

* Fish caught in Water Conservation Areas 2a and 3
should not be eaten at all.

For additional information, contact the Florid
" a
Department of Health and Rehabilitative Services at
(405) 35.5-3013.

LARGEMOUTH BASS MERCURY
TISSUE CONCENTRATIONS
FLORIDA, 1989 - 1994

eeding 1.5 PPM
eading 0.5 PPM
[ Mercury less than 0.5 PPM




Health Advisory
Status

Explanation

Statewide Advisory

Other States with Mercury
Advisories

States with Coastal
Advisaries

The EPA Web site for this information i
hittpef e epa.goviostTish




S. Fla. Mercury Science Program
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' Transpiration X
Hg® and MeHg 1Y ( AL
Volatilization Atmospheric

Deposition

Inflow
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dreuaball

Figure 1. Conceptual model of Hg cycle in Everglades Hg Model
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Mercury Emissin and Transport
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Monitoring and Modeling Atmospheric Mercury Species in

Support of Local, Regional, and Global Modeling






EPA Mercury Research Strategy

Transport, Transformation & Fate Research Question

“How much methyl mercury in fish consumed by the U.S.
population is contributed by U.S. emissions relative to other
sources of mercury (such as natural sources, emissions from
sources in other countries, and re-emissions from the global
pool); how much and over what time period, will levels of
methyl mercury in fish in the U.S. decrease due to reductions
In environmental releases from U.S. sources?”’

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




ORD Mercury Research Strategy:

» Develop/Evaluate Ambient Speciation Methods
— Vapor and Particulate Phase Mercury

» Atmospheric Transport & Transformation
— Atlantic
» Coral Springs (Florida) & Aircraft Measurements
— Pacific
» Cheeka Peak (Washington) & Mauna Loa (Hawalii)
— Polar
» Barrow (Alaska), Ny-Alesund (Norway) & Terra Nova Bay (Antarctica)
— Laboratory Halide Kinetics

» Quantify Impacts from Specific Source Types
— Coal Combustion
— Mercury Cell Chlor-Alkali
— Hospital Waste Incineration
— Mobile Sources

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



Why Speciate Mercury?

» Species have Different Behaviors

— Elemental Mercury: Hg°
— Reactive Mercury: Hg?*

— Particulate Mercury: Hg(p)

» Atmospheric Transport & Deposition Modeling

» Bioaccumulation, Exposure & Risk Assessment

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



Ambient RGM Methodologies

»Impregnated Filters
» Refluxing Mist Chamber

»Denuders
— Tubular

— Annular

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



Quartz Annular Denuder

Etched Inner Surface

1 mm Annular Space

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




Quartz Thermal
Filter Pack

Standard Filter Pack

Sampling Box
Heaters

KCL - coated
Annular Denuders

Elutriators

Impactors

RESEARCH & DEVELOPMENT
Building a scientific foundation for sound environmental decisions



Analysis of Manual Denuder

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



Collocated Denuded &
Undenuded Hg(p)

800 — 250
mmmm Denuded Hg'
700 A —— Undenuded Hg"
—e— Hg" - 200
% 100
&
c) N
S - 150 ¢
2 75 1 =
Q .
z 00 N@
) - 1
2 50 - T
m P
o
o5 | - 50
0 i i 0

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental décisions



Annular Denuder Performance

Manual Annular Denuder RGM (pg m™)

150

100 -+

75 A

50 A

25 A

°
. °
g °
°
°
°
°
L4 L )
T T T T T

25 50 75 100 125

Collocated Manual Annular Denuder RGM (pg m™®)

150

Both Denuders RGM (pg)

500

400 -

300 -

200 H

100 +

(n=47)

<12 Hours (93%)
> 12 Hours (83%)

100

200 300 400
Front Denuder RGM (pg)

RESEARCH & DEVELOPMENT

500

Building a scientific foundation for sound environmental decisions




Importance of Properly
Heating Sampling System

Barrow, Alaska (2001)

RGM (pg m®)

Both Denuders Heated
Y Heated; X Not Heated

RGM (pg m*)

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




Tekran System Description

» Model 2537A Vapor Phase Mercury Analyzer
— Semi-continuous Hg® Measurements
— Gold Traps for Hg® Pre-concentration
— Cold Vapor Atomic Fluorescence Spectrometer

» Model 1130 Speciation Unit
— KCI Thermal Annular Denuder (Hg?*)
— Zero Air Source & Pumping Module

» Model 1135 Particulate Unit
— Thermal Quartz Filter & Pyrolyzer Column

* Landis et al. Environ. Sci. Technol., 2002, 36, 3000-3009

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



Model 1135

_Partlculate PARTICULATE
MODULE
Model 1130 Model 1130
DENUDER PUMP MODULE
MODULE Heated Line !
-~ —— R [l

Model 2537A

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



Cold Vapor Isotope Dilution
Thermal Analysis HR-ICPMS

Thermocouple Sample holder

200 g0 / 201 Hgo 2 K
Spike /

_J [ Quartz Oven

= Nichrome wire

N

HgP°

/_—’ ICP-MS Interface

Pl ATNE AL D 4 TN AT E AT AL AL D 4 TN

Gas Liquid Separator
Mary Lynam, Ph. D. thesis, Univ. of Michigan, 2003

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



Analysis of NIST SRM 1633 (Fly Ash)

0.6

o | > 320°C

Mercuric Sulfide

- 0.4 HgS
&
o
T 0.3
(@]
I
(@)
o 0.2

0.1 -

00 I T T T T T T

0 100 200 300 400 500 600 700 800
Temperature (°C)

NIST 0.141 + 0.019 mg kg (CVAAS)
This work 0.139 + 0.009 mg kg-1 (CV-ID-TA-HR-ICPMS)

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



Thermal Profile from PM, . ,, Sample
(Detroit, Ml)

16

14

Hg(vapor)

Hg(ll)
12 4 “mercuric”

10 -

pg Hg released
o

0 100 200 300 400 500 600 700 800

Temperature (°C)
RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



Thermal Decomposition Profiles

800
—— HgCly
— HgBI’Z
600 4 |—— HgSO4
=
E 400
(@)
I
200 -
0 7] T T T T T T
0 100 200 300 400 500 600 700

Temperature (°C)

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



Major Uncertainties Associated With
Determinalistic Models

» Emission Inventory

— ldentify all Major Sources

— Quantify Hg Emissions

— Characterize Speciation of Emissions (in plume)
» Atmospheric Transport & Transformation

— Oxidation/Reduction Reactions
» Homogeneous & Heterogeneous Reactions
» Boundary Layer & Free Troposphere
» Polar Depletion Events
» Halides

— Gas/Particle Interactions

» Deposition
— Dry Deposition
» Gaseous & Particulate
— Wet Deposition

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



Chlor-Alkali Emission Study

»Mercury Emissions Lower
Than Previously Estimated
— Hg? (518 g day™)
— Hg(II) (10 g day!)

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




Mercury Emissions From Mobile
Vehicles (1998)

Total Hg in Gasoline: 284 + 109 ng L-!
Total Hg in Diesel Fuel: 63 + 36 ng L'
1998 Hg from Fuel ~ 150 Kg

RESEARCH & DEVELOPMENT
Building a scientific foundation for sound environmental décisions



Gasoline & Diesel Consumption in
U.S. (1949 - 2002)

10000

- gasoline
O diesel

8000

6000

4000

Barrels (1000) Day'1

2000

@)

0 I I I I I I I I I I I

1950 1955 1960 1965 1970 1975 1980 1985 1990 1995 2000

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




Hospital Waste Incinerator Study

2-Hour Integrated Average Concentrations
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RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




Contemporary Atmospheric Mercury
Conceptual Model

g(p)
Hg(ID)

g

Global - Regional - Local

RESEARCH & DEVELOFPMENT

Building a scientific foundation for sound environmental decisions



Ny-Alesund, Norway

. - - -

RESEARCH & DEVELOPMENT
Building a scientific foundation for sound environmental decisions




Terra Nova Bay, Antarctica

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




Barrow, Alaska

RESEARCH & DEVELOPMENT
Building a scientific foundation for sound environmental decisions




3/19 — 6/26, 2001
4 600 - 45
mm RGM L 40
- 500

400 f30

E |, E
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‘ r 200 o r 15 t
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RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




Alrcraft Sampling Objectives

» Obtain Atmospheric Profiles (60 - 3500
meters) of Speciated Ambient Mercury off the
South Florida Coast

» Investigate the Role of Long Range Transport
of RGM to Florida in the Marine Troposphere

» ldentify any Vertical Mercury Gradients that
Might Indicate the Presence of Rapid Mercury
Chemistry in Air or in Cloud Water

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental décisions



Ailrcraft Sampling Schedule

» Winter Flight Window (Jan/Feb 2000)
- 3 Weeks

» Summer Flight Window (June 2000)
- 4 Weeks

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



NOAA DeHavilland Twin Otter
(DHC-6) Alrcraft

RESEARCH & DEVELOPMENT
Building a scientific foundation for sound environmental decisions




Alrcraft Sampling Metrics

> Aerosols

- Mercury, Trace Elements, Major lons, CCN

> Gases
- Hg®, Hg?*, O, CO, SO,, NO, NO,, NO,, NO,

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



EPA NERL Aircraft Inlet Design

Airplane Window
Airplane Wall

Ball Valve

Centerline of train --—-- ?

Shelf

* Irshad et al., 2004, Aerosol Sci. Technol. 38, 311-321

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




RESEARCH & DEVELOPMENT
Building a scientific foundation for sound environmental decisions




Mercury
Instrumentation
Configuration

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental décisions




Tekran 2537A Altitude Correction

2537A #81 2537A #102

700x10° 700x10°
650x10° - 650x10°
_ ~—~
2 @
c =
5 600x10° - S 600x10° -
© ©
o 3
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(O] [
2 2
8 500x10° % 500x10°
a )
[n'd ox 3 |
— 450x10° - = 450x10
3 £
S 5
] S 400x10° -
3 400x10° 2 a00x
%)) [
@ £
~ 350x108 - 350x103 -
300x103 T T T T T 300x10° ' ' ' ! '
60 80 100 120 140 160 180 60 80 100 120 140 160 180

. -1
Argon Flow (ml min™) Argon Flow (ml min™)

f=1441352 — 12514 * x + 35 * x? f=1417858 — 12064 * x + 33 * x?
r- =0.9984 r- =0.9982

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




RESEARCH & DEVELOPMENT
Building a scientific foundation for sound environmental decisions




Flight Operations

» Two 90-Minute Sampling Periods Per
Flight

» Typically Evaluated Vertical Gradients

» Flight Tracks

- Atlantic Ocean
- Gulf of Mexico
- Everglades

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



Air Mass Back Trajectories

NOAA ATR RESOURCES LABORATORY

BACKWARD ENDING — 187 26 JAN O (UTC)
ETA METEOROLOGICAL DATA
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RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental décisions




January Gaseous Hg Summary

Elemental Gaseous Mercury Reactive Gaseous Mercury
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RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions




June Gaseous Hg Summary

Elemental Gaseous Mercury Reactive Gaseous Mercury
> HQ(J = -O.lg iAItitude +1.68 . RGM = 37.%7_* Altitude - 2.65
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Mauna Loa, Hawall Monitoring Site
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Mauna Loa Hg Time Series
2001 “Downslope”
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Florida Atmospheric Mercury
Modeling (University of Michigan)

» Meteorological Model.

{\\;ﬁﬁ~. %@w NCAR/PSU MM5 Model
L ;%T;’/—L%y & - Initialized with NCEP Global
P oy E £ - Analyses Data (1° x 1°)
B ==t » Chemical Model:
g R i e * USEPA CMAQ Model / Univ. of
B
?f Yt “‘Hkﬂ Michigan Hg Chemistry
( 4 T:f - Modified Hg chemistry mechanism
e e e S - 300 gas phase reactions
il f e S - 100 aqueous phase reactions
L - 21 vertical levels

- BCs: 1.3 ng m3 HgP (constant with z),
1 pg m=3 RGM (increasing with z)
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What Do We Know So Far ...

» Elevated RGM and Hg(p) Observed in the Marine
Free Troposphere Suggest Production and Long
Range Transport

» Detailed Chemical and Meteorological Modeling can
Reproduce the General Characteristics of the
Observed Vertical Profile in Gaseous Hg Species

» Additional High Altitude Measurements are
Necessary to Elucidate Exact Chemical Mechanisms
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Global Atmospheric Mercury Cycle ?
Hg,

Rapid Oxidation, Deposition, Evasion ?
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Statistical Source Apportionment

Model Development

» CMB 8.2

— Effective variance weighted least squares regression
— Any number of samples
— Requires selection of source profiles

» UNMIX2
— Multi-linear model (Ron Henry — USC)
— Usually requires at least 100 samples
— Does not use data below MDL
— Generates source profiles and uncertainties

» Positive Matrix Factorization (PMF)
— Multi-linear model (Phil Hopke — Clarkson University)
— Usually requires at least 100 samples
— Uses data below MDL
— Incorporates uncertainties and weights individual data points
— Generates source profiles and uncertainties
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PM, . Source Apportionment Results
Philadelphia, PA (1992-1995)

UNMIX2 PMF

Local SO2 and

Residual Oil Incinerator Sulfate
4% 1% 9%
Local SO2 and Smelter
Sulfate 2% Motor Vehicle

Motor Vehicle
30% Soil
7%

9% 25%

Residual Oil
8%

Soil

6%
Regional Sulfate \ Unknown
49% 2%

Regional Sulfate
48%

* Courtesy of Gary Norris

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



Hybrid Source Apportionment
Model Development

» Meteorological Transport Analysis
— Single-site analysis models
» Wind sector analysis
» Back trajectory analysis
» Meteorological cluster analysis
» Quantitative Transport Bias Analysis (QTBA)

— Multi-site back trajectory model (Gerald Keeler — U of M)
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Example Meteorological

(@) ) Cluster 1 (b)
- SW
%o
A ”
n=32
(©) ) " Cluster3 (d)
N
:‘i; "
A‘

n=11

* Landis et al. Environ. Sci. Techno/.; 2002, 36, 4508-4517
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Example QTBA Results

Vapor Phase Hg (ng m=) Particulate Phase Hg (pg m=)

* Janet Burke, Doctoral Dissertation, University of Michigan 1998.
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NADP Mercury Deposition
Network Site Map
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SoFAMMS Site Map
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Site N Min Max VWM

ADK 12 124 40.1 19.1
AND 20 7.5 69.1 17.8

BCN 18 7.1 583 19.6
BCS 19 10.1 57.7 22.6
CGT 15 45_ 675 160
EVC 15 7.8 15.7
EVN 14 88 345 3.1
EVS 17 7.7 7077  19.
FLG 23 6.9 756 19.2

IND 20 7.5 80.2 248 Sites can be used

JHL 16 7.6 414 157 . _
MNS 21 134 801 266 to determine a baseline.

NVR 19 75 725 30.
PTI 19 105 &0 24.3

SOT 18 87 422 23.0
THP 17 45 5277 1638
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Receptor-Modeled Source
Contributions (SOFAMMS)

Receptor Model Hg Source

Source Type Apportionment
(% of Total)
Municipal Waste Incineration 57 +7
Medical Waste Incineration 30 £16
Oil-Fired Boilers 14 £5

Stable Pb Isotope analysis of event precipitation
and daily aerosol samples indicate Pb to be
North American in origin.
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— Reflectivity {dBE) Image -
ti=2W skft-Ht-DEL ZW wdl-RE-CHTR shit-mdl=3X shit-rqht=FULL UHZW rqht=UNZH

I TN (e | T ST (TN R

COUNTY

] 1 MARYT COONTY

<00 B EW 13 EDE R2EE 7290 EECW EUN ESE 500 55 61 Ed
06/11,100 vol: 111 cCtraz: 5.3dg val: 0999.0 Selaz: 4.7dyg
21:39:22 UTC Swp: 3 CtrBn: 26.3mm Hgt: 7.3ft  SelBn: 26,5
EAME YCP: 21  Mag: b El: 2.d4degq Mygst: GOkts

RESEARCH & DEVELOPMENT
Building a scientific foundation for sound environmental decisions




= Reflectivity (dBZ) Image r Template Image
It=ZM shit-IN=DBL ZM wmdI=RE-CNTR shft-mdi=8X shft-rght=FULL UNZM rght=UNZM Ift=2M shft-Ift=DBL ZM mdI=RE-CHTR shit-mdi=8X shft-rght=FULL UNZM rght=UNZM

N)1

| Ft_Landerdale

& THE niy

I
F
P PFaaPtI,
£y 0
¥ ¥
5 A I e & NS .
<00 FE EW 13 EEE 24 0297 EEI U SN 500 55 (61 EEg
08/16/,95 Vol: 85 Ctraz: 19.7dg Wval: 0999.0 Selaz: 19.5dq|| 08/16/95 Vol: 97 GCtraAz: 19.4dg Wval: Seliz:

05:14:55 UTC Swp: 3  CtrBn: 30.8nm Hgt: 8.6kft  SelRn: 30.8nm || 06:24:50 UTC Swp: 3 CtrRn: 30.7mm Hgt: 0.0kft SelBn:
EAME YCP: 21 Mag: 14 El: 2.4deg MNygst: Glkts KAMZ YCP: 21  Mag: jird El: 0.0deq Nygst:

* Dvonch et al. Sci. Total Environ., 1998, 213, 95-108
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Oil Fired Utility Boller Stack Test

e

-JHJJ"
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Residual Oil Fired Utility Boller
XRF Emission Profile

0.14

0.12 - II
0.10

0.00 -
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Species

RESEARCH & DEVELOPMENT

Building a scientific foundation for sound environmental decisions



High Volume Slurry Sampler

* 30 minute PM, . samples
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High Resolution ICP-MS Capability

(Slurry Sample Aerosol Samples)

» Low Resolution
— Li, Be, Rb, Sr, Mo, Ag, Cd, In, Sn, Sb
Cs, Ba, La, Ce, Nd, Sm, W, TI, Pb, U
» Medium Resolution
— Na, Mg, Al, P, S, Ca, Sc, Ti, V, Cr
Mn, Fe, Co, Ni, Cu, Zn
» High Resolution
- K, As, Se
» Stable Isotope Ratios
- Pb
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Example Slurry Sampler Data

1.
Al N1
120 - Oil Combustion
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Continuous Gas & Particulate
Phase Ambient lon Monitor

~
|
|
|

4

Ambient lon Monitor
| Model 5000 |
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Example lon Monitor Data

Testing Data

BRACE Study--Tampa, FL EPA Lab Comparison-Particle Nitrate
Fine Particle NO . URG vs. EPA Filter

y= 1.0439x + 0.4438
R = 0.9926

8 8 & 8

o

URG Concentrations-g/m

10 20 30

EPA Filter-Nitrate tglm

5302 5402
0:00 0:00 0:00 0:00

EPA Lab Comparison-Particle Sulfate
URG vs. EPA Filter

y= 1.0034x + 0.4748
R = 0.9981

BRACE Study--Tampa, FL
Fine Particle SO

1
Y 14 1
Wy

Y|
] v L' % 1
5M/02 6/202 5302 5402 5502 5802 5702 M 5!9.02 510/02 p
0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 0:00 EPA Filter-Sulfate ﬂgl'm

Instrument Response Versus Laboratory
Measured in Tampa, FL as part of the BRACE Study in May, 2002 Generated Nitrate and Sulfate Aerosol

URG Concentrations-z/g/m

© 2 % 4w % 6
Hourly Measurements of Fine Particle Nitrate and Sulfate
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Semi-Continuous PM Monitors

TSI
Nephelometer

R&P TEOM
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ee Scientific
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Sunset Laboratories Semi-Continuous
NDIR OC/EC Monitor
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Example EPA Monitoring Site

| Stéuben\/llle
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Steubenville Metrics

Aerosols (Daily) — R&P Sequential Dichotomous Samplers
— Trace Elements, Carbon, Pb Isotopes

Aerosols (Continuous)

— Mercury, Nephelometer, TEOM (PM, ), Aethalometer
Precipitation (Event)

— Total Mercury, Trace Elements, Major lons, Pb Isotopes
Gases (Continuous)

~ Hg°, Hg#, SO, CO, O,, NO, NO,, NO,

Meteorology (Continuous)

— T, RH, BP, WS, WD, SI, PD
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Steubenville Monitoring Platform
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Steubenville Monitoring Shelter

CE
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Additional Intensive Metrics

(New Mobile Lab)

> Aerosols

High Volume Slurry Sampler (30 min.)

Continuous Sunset Analyzer for OC/EC (1 hour)

URG 9000 Ambient lon Monitor (1 hour)

VAPS (12 hour; denuders; aerosols; SEM; IC; HR-ICPMS)
MOUDI Impactor for Size Segregated Aerosols (24 hour)
API Particle Counter

TISCH Sampler for Speciated Organics (12 hour; 24 hour)

> (Gases

HgC, Hg?*, SO, CO, O; NO, NO,, NO,

> Meteorology

— T, RH, BP, WS, WD, SI, PD
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EPA Mobile Mercury Laboratory
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EPA Mobile Laboratory Features:
« Continuous Mercury Speciation

» Aerosol Characterization

e Criteria Gas Instruments

 Full Meteorological Capability

e High Flow Sampling Manifold

* Integrated Sampling Platform

e Class 100 Laminar Flow Bench

l « Refrigerator/Freezer Storage

5/5/2002
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Thoughts ...

» Current Deterministic Models are Inadequate
— Need Comprehensive Global Emission Inventories
— Need Improved Understanding of Hg Kinetics

— Need Improved Dry Deposition Parameterizations

» Current Monitoring Activities Generally Inadequate for
Comprehensive Source Apportionment Modeling
— Need Event Precipitation
— Need Comprehensive Tracer Species
— Need Coordinated Monitoring Strategy
— Need Global Background/Trend Sites
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Disclaimer

Although this work was reviewed by EPA and
approved for publication, it may not necessarily
reflect official Agency policy
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