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Mercury concentrations are all very small,
but still vary over a million-fold range

~ 1000 in a billion =1 ppm « Methylmercury in fish (Dellinger et al.)
A (part per million)

« Elemental mercury, from fillings, in saliva (Liang & Brooks)
e Mercury in coal (Chu & Porcella)

- 1%%”}3 —|* Mercury in soil (Gustin et al.)
6 orders of e Methylmercury in hair, dose experiment (Gearhart et al.)
magnitude

— 10 in a billion — Methylmercury in blood (Wheatley & Paradis)

1 in a billion

— 100 in a trillion

—— 10 in a trillion — Mercury in air over mine tailings (Gustin et al.)

v 1 in a trillion » Mercury in seal/lake water (Fitzgerald et al.) (Driscoll et al.)

=1 ng/liter « Mercury in coastal atmosphere (verfeldt et al.)
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MERCURY AS A GLOBAL
POLLUTANT
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Mercury Is a Chemical Element with Many
Sources Natural & Manmade; U.S. & Global

EMISSIONS TO THE ANTHROPOGENIC
BACKGROUND ATMOSPHERE (“Industrial”)
I :
BACKGROUND ANTHROPOGENIC}
EMISSIONS EMISSIONS
|
| I
Natural Legacy
Emissions Emissions
| |
| | | 1
Crustal Other Sources Dormant Re-emitted | :::
Mercury - vents, etc Anthropogenic Deposition* Global scale Locallregional
Deposits - submarine Sites *new : scale
sources findings
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Mercury Sources, eastern U.S. (1999)

Total Hg emissions
(kg/year)
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U.S.: 1999; Courtesy Mark Cohen, NOAA




Basic Understanding: Forms of Mercury

e Inorganic mercury — 2 types or “species”
— Elemental: Hg(0), silvery liquid metal; form that re-emits

— Divalent: Hg(ll)=ionic=oxidized=RGM; combined form in
environment; 1,000,000x as water-soluble as Hg(0)
— Particle-bound mercury
+ Extremely small fraction of emitted: 1-3% at most

4+ NOT “particles of mercury” (aerosols of mercury) = rather,
Hg(0)+Hg(ll) bound to solid particulates

+0rganic mercury

— Monomethylmercury: (CH;)Hg* = MeHg; formed in
aquatic systems; may wind up in fish

— Dimethylmercury: (CH,),Hg, highly toxic; reactive; rare
occurrences: landfills; marine mammals?
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Atmospheric Processes for Mercury

- Elemental Mercury: Hg(0)
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The Chemistry of Mercury in the Atmosphere
is Complex, Still Being Understood

Gas Phase Heterogeneous Phase Particulate Phase
[Ha(l)],q
[Ha()],
+ [HO,].q /[HQSO3]aq
eie N — " [302L>aq [Hg(SO,) 1 <=1 MOy,
+ [OH], - *
u v q> N [Hg(8p3) ]p
[HCI].q [Hg(OH),)].q [Hg(OH,)],
Wet
Deposition [HgCll,q [AgCL)l,
Y H Wet Deposition Wet Deposition
+ [03]gas
[Hg(0)]gas > [Hg(ll)]
=
Sources Sources Dry Deposition

Dry Deposition
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Deposition of inorganic forms of
mercury vs. distance from source

Cumulative fraction deposited out to different distance ranges from a hypothetical source

100%

B Hg(ll) emit, 250 m
80% @ Hg(p) emit, 250 m
A Hg(0) emit, 250 m

60%

40%

20%

Cumulative fraction deposited

0%

\

500 1000 1500 2000 2500 3000
N distance from source (km)

0

|
|
L

f Source at Lat = 42.5, Long = -97.5; simulation for entire year 1996 using archived NGM meteorological data
“local” scale

Courtesy Mark Cohen, NOAA



Anthropogenic mercury emissions (U.S.
tons/yr)
United States

Global total
2535 tons per year

Other
sources

World

United restof
Oceania States North

Africa 53 143 America  South &
71 Central
America
194

Europe
560

* China: 5-8% Hg
Increase per year

*China mercury emissions increasing 8%-12% per year



Another Estimate: Country/Region
Anthropogenic Emissions, Northern

Hemisphere

enna Hg Workgroup /10-05 12

South-eastern Fastern Western

Asia Europe Europe
Russia 20Uy 125 thy 79 thy
%% 4%

Japan Other
164 ty mE;Ec;EF
9%
Americas
206 thy
11% China
Central Asia BS2 thy

14%

Source: Meteorological

Synthesizing Center-East, Moscow
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Some Recent Global Mercury

Balances
Mason | Lamborg| Seigneur et
Bergan et | and Sheu| etal. al. (2003)
EMISSIONS (Mglyr) al. (1999) (2002) (2002) (range)
New Anthropogenic 2160 2400 - 2143
Re-emitted 2134
. 2000 2090 4800
Anthropogenic 00 (1067-2670)
1180
Natural from Land 500 810 1000
N (1805-878)
Natural from Oceans 1400 1300 600 954
(720-1396)
Total 6411 [50(33-
[re-emitted %] 6060 [50] | 6600 [47] 6400 56)]
Ratio of Current/Pre- 3 31 4 3

industrial

enna Hg Workgroup /10-05 13

Seigneur et al., 2004, Environ. Sci. Technol. 38, 555-569
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Mercury Deposition, ug/m2yr

Penna Hg Workgroup /10-05 14

Trends in Mercury Deposition, 2
Northern Wisconsin Bogs

80
2
From: Benoit et al. 1994
60" '
407
207
O mean, core 1
.‘.--' ¢ mean, core 2
0 - ' ' ' |
1800 1850 1900 1950
Date
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Mercury Input from Other Countries
EPRI Pacific Basin Mercury Experiments, 2001-2
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Data Verification of Model Results
Mercury Emissions From Asia Toward The U.S.

Ol il | < EPRI aircraft
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Global Mercury Balance, All Sources

Former understanding
— ~6000-7000 Mg/y emissions
— ~6000+ Mg atmospheric pool
— =» average lifetime 1 year
Emerging data

— too many sources, not enough sinks, shorter lifetime (Lindberg et
al.; Radke et al.; Slemr et al.; others)

— ~12,000 Mgly sources [Increase in assessed background]
— ~9,000 Mgl/y sinks [need more measurement]
— Net lifetime: weeks to months

Evidence=>ocean transects, sediment coring
— emissions declined from 1960s; recent (1990s) leveling off
— China mercury emissions growing 3-6% per year; India ??
Re-emissions

— the “grasshopper effect”
— may be small (METALLICUS: 20% re-evasion; Nevada: 6%)

Penna Hg Workgroup /10-05 17
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What the Data Tell Us

Wet Deposition, U.S. Mercury Deposition Network, 2003
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Where Does U.S. Mercury Originate? Global
Contributions to U.S. Hg Deposition

Everglades, Florida Devil's Lake, Wisconsin Huntington Wildlife Refuge,

19% 17% o New York
15% 13%

6% 36%

10%
41%

9%

4%
0
23% 7% 21%

28%
7% 4%

Industrial Emissions Background Emissions

O N America Bl Ocean
O S&C America
O Europe

B Asia

O Oceania

O Africa

B Terrestrial
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Eastern U.S. Mercury Deposition, 2004

— 20 km Fine Resolution

(ug/m2-yr)

.DtuE
.5mm
B 10 to 15

14 to 20
20 to 25

I 25 to &0
I 50 to 75

75 to 100
B 100 to 150
B 50 to 250
B 250 to 383
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Mercury depositing in the U.S. that
originates in other countries

Percent of
mercury
deposition that
originates
outside of the
U.S.

0 to 20%
20 to 40%
40 to 60%
60 to 80%
B 80 to 100%

EPRI TEAM regional model, global chemical model
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EPA Results: U.S. Deposition from Non-U.S.
Sources

Percent deposition from
non-US/Canada sources

10 20 30 40 50 60 70 80 90

EPA REMSAD Mercury Modeling (36-km grid)
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Is there a mercury management “floor”?

P 2 NS
PORTION OF THE U.S. WHERE LESS Percent of

THAN 20% OF THE MERCURY mercury
ORIGINATES IN OTHER COUNTRIES%Q .

— v deposition that
o ¥ originates
outside of the

U.S.

0 to 20%
20 to 40%
40 to 60%
60 to 80%
B 80 to 100%

PORTIONS OF THE U.S. WHERE
MORE THAN 60% OF THE .
MERCURY ORIGINATES IN OTHER
COUNTRIES

EPRI TEAM regional model, global chemical model
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WHAT WAS MERCURY
DEPOSITION BEFORE THE RISE
OF INDUSTRY?
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What is “natural” mercury deposition?

10
Museum Station
Bracebridge Inlet
v
I'\l | - ‘\
1 \ "\
| 1
4000 BC 2000 RCI/AD 2000 AD»
Age (Cal Yr ADVBC)

Givelet et al., 2004, Environ. Sci. Technol., 38, 4964-4972
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Some Pre-industrial Mercury

Deeosition Values

sample ‘ deposition

site medium episode dates (ng/m2-yr)
UFG* Ice Gold Rush  1850-1878 4.84
UFG ice Tambora 1815 8.60
UFG ice preindustrial 1719-1847 0.78
Minnesota lake sed - <1850 3.7
Minnesota lake sed - <1750 2
Arctic lake sed — <1850 5
New York lake sed - <1850 7.6

*Upper Fremont Glacier, Wind River mountains, Wyoming, U.S.

Shuster et al., 2002, Environ. Sci. Technol.
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U.S. wet deposition network data, 2003

Total Mercury Wet Deposition, 2003
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...yet “background”-like mercury deposition
can lead to fish mercury exceedances

480
Skl
340
320
200
280
260
2410
220
200
180
160
140
120
100
=l
&l
40
20
0

Overlay map: 2004 Hg,; deposition <10 pg/m2-y
Background map: (most) Montana waters with 2001 fish levels > 0.3 ppm Hgo7
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UTILITY MERCURY REGULATION
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The March 15 Clean Air Mercury Rule
(CAMR): Cap & Trade

48 Tly EPRI findings: Trading of credits

delays achieving target level 2 years

....0'

38le .E....................

15 T/y §....................E;........F;e.ri.c;é.c)ff.t;a..(;i.n.g.......;
2005 06 08 10 12 14 16 18 20
Phase |I: Phase II: >

. > < :
CAIR co-benefits CAMR marginal controls

Cap-&-trade: 70% emissions cut by 2018

CAIR: Clean Air Interstate Rule (midwestern/eastern utility SOx, NOx, PM)
CAMR: Clean Air Mercury Rule (all coal plants, national-state Hg caps)
=2l




Deposition of mercury, current + 2 scenarios

> gl ‘ \
Mercury deposition, 2020, Mercury deposition, IF

Mercury deposition, 2004 CAIR+CAMR utility mercury is forced to 0
Hg/ma-y
Most U.S. mercury originates in other countries, &::%
. . . . . B 10tos
but with regional variations (kept constant w/time) = ==
— I 25 to 50
Most deposition changes are due to CAIR, not W oo
CAMR (easier, earlier capture of ionic mercury) R
B 250 to 363

Exposure to U.S. women will decline only slightly,
even If utilities are “zeroed out”
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Focus on Pennsylvania

Hg/mz-y

Pows

2004 Total Deposition, Hg'+Hg, = 050 15

15 to 20
20 to 24

I 25 to 50
I 50 to 75

75 to 100
B 100 to 150
B 50 to 250

250 to 3BTF
*Max. U.S. deposition drops
to 380 for utilities=0

2020 Deposition,
CAIR+CAMR

Deposition if all utility mercury
goes to zero, CAIR+CAMR




U.S. Mercury Emissions by
Species Under CAIR, CAIR+CAMR

30.0
Tons
25.0
per
K
Year .5, _\ —
lonic —
10.0 h
5.0
— BAU =
- CAIR 200
CAMR '
25.0 = ——
]
20.0
Elemental o
10.0
Tons
per 5.0
Year
0.0 T T T
2004 2009 2014 2019
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Integrated Modeling Approach

2004 Base

Scenario
(CAIR)

2020
Mercury
Cap &
Trade

UTILITY CONTROLS, =

ATMOSPHERIC CYCLING

OPERATIONS, EMISSIONS

Atmospheric
Electricity System Transport,
Operation Emlssmns Chemistry,
and Fate
Economic Atmospheric l
Costs Model Chemistry & Deposition
(national & Physics (20km US
regional) Model :
grld)

U.S. MERCURY EXPOSURE CHANGES

Changes in +— i EPRI
Changes in
U.S. Human Fish Mercury
Mercury Mercur Cycling
Exposure / g— y Model

Dose-
Response
Model

Aquatic Processes
Model
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EPRI+EPA Findings: Mercury Exposures
Drop Slightly, CAIR+CAMR

Greatest drop
6.53%

Percent Reduction in MeHq Intake
CO001% - 1%
CI101% - 2%
C201% - 3%
O3 01% - 4%
C401% - 5%
501% - 6%
EHg01% - 7%
1 5tates with no MeHg Fish Data

% Exposure Drop by State, 2020 CAMR

EPRI emissions and regional air models; U.S. EPA fish data by state; EPRI Mercury Cycling Model

(3 g |



Cuts in Utility Emissions, Deposition, and
Costs

* %4 of all mercury emissions leave the U.S. = large cuts in
emissions = much smaller cuts in deposition

H o g ] Total U.S. *
¢ Emissions g _ 70 DROP in Mercury % DROPin | TOTAL
Total Utility Utility DEPOSITION, | Mercury COST
Mercury Mercury from ALL | DEPOSITION | (NetPresent
* - EMISSIONS, | EMISSIONS | MERCURY | fromBase | ‘mescn
Deposition | (U.S.) tons/yr | from 2004 SOURCES Case Target
CURRENT _ -
CONDITIONS tfrgﬁ 164 tonsiyr
(2004 Base Case) y
2020 MACT 30.2 -35% 156 tonsl/yr - 5% $10
SCENARIO ¢ billi
L onsl/yr Hiion
(initial proposal)
%%?D%AP & 14.9 - 68% 183 tons/yr - 7% $2
tons/yr billion
SCENARIO

Levin/FirstEnergy:10-05 36
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Mercury “hot spots”? (locations where utility
mercury dominates the deposition)

% Utility
Contribution

210-10 %
B 10-20 %
[120-30 %
[130-50 %
B> 50 %

Continental U.S. Land Area
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Do Power Plant Plumes Enhance the
Reduction of lonic to Elemental Mercury?

Longitude, degrees

Latitude, degrees

Static/Dynamic Plume Dilution
Chambers \

Twin Otter w/Tekrans
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WHERE DOES THE RESEARCH GO
NEXT?
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RESEARCH NEEDS FOR PUBLIC POLICY
SUPPORT

O Monitoring progress following regulation
Basis: increased protection of public health
Metrics?
- Lower deposition (“smoothing the peaks”)
- Drops in fish levels of mercury

- Measurable declines in blood mercury, most-sensitive
women of childbearing age But...

0 How well we see the signal of progress?

Will local improvement be masked by global growth?

Where do we look? Most-sensitive indicators... Locations of
highest deposition... Locations with elevated fish Hg

How do we look? Improvements in sampling strategy, analysis

When do we look? Rapid response of deposition? Slow
response of fish and water bodies?

The puzzle of the NHANES data
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The METALLICUS Project

Mercury
Experiment

VL, Sweden TO

U.S. Geological Survey Assess
U.S. Department of Energy
Canada Lakes and Oceans La ke

University of Montreal

McGill University Loadlng ;zng
Trent University n 203Hg
Smithsonian Institution Hg
University of Connecticut Canada and the

University of Wisconsin .

Oak Ridge National Laboratory United States

Electric Power Research Institute
U.S. Environmental Protection Agency
Ontario Ministry of the Environment
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METALLICUS in the Terrestrial System
Fan A bgt

Wet Deposition Dry Deposition v
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Spiking the background®

35
30 l Isotope
o 25 [ Background
>
~ 20
£ 15
o
=10
5
0 T T T T T
. E £ . 0 TR =
<E - o 3T §383 ¢
3 Z 9 o =S 2O~ <
Luo o o 09 q"‘l--OO _Iqhg
S £ ©3 gg2 wg
= a w S~ i

*with permission of the provincial and national governments and the
generous supply of mercury stable non-radioactive isotopes by the
government of Russia
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Basic Issues

MERCURY HEALTH EFFECTS: Reducing
uncertainties: tests, confounders, group
differences; adult-onset effects

MERCURY SOURCES: Natural sources;
international inputs

MERCURY DYNAMICS: Similar depositions
across the U.S.; mercury re-emissions to
atmosphere

RISK ASSESSMENT: Small changes in random
risk; monitoring changes over time

DUE DILIGENCE: “Early sentinels” of mercury
changes; long trends from small changes
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QUESTIONS?

Leonard Levin
Electric Power Research Institute
Palo Alto, California 94303

(650) 855-7929
llevin@epri.com
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