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On December 15, 2003, U.S. Environmental Protection Agency Administrator Michael Leavitt,
signed a regulatory package entitled “Proposed National Emission Standards for Hazardous Air
Pollutants; and, in the alternative, Proposed Standards of Performance for New and Existing
Stationary Sources. Electric Utility Steam Generating Units.” The package was published in the
Federal Register at 69 Fed. Reg. 4652 (January 30, 2004).

We, the undersigned members of the scientific community, are pleased that the U.S.
Environmental Protection Agency (EPA) is considering controls on mercury emissions from
electric utilities. Methyl mercury is a highly toxic substance and electric utilities are the largest
source of mercury emissions to the atmosphere in the United States. We urge the EPA to take
into consideration the extensive mercury research that has been recently developed when
finalizing the proposed rule for mercury emissions from electric utilities. We present some of the
relevant findings here.

While this review is not intended to be exhaustive, it provides key examples from the literature
and ongoing studies regarding the cycling, effects, and management of mercury in the
environment. These comments suggest that special attention should be paid to the timing and
levels of mercury emissions reductions, as well as any cap and trade proposal for mercury
pollution.

Summary

A. Atmospheric deposition of mercury isan important cause of elevated mercury concentrations
in fish and piscivorous birds (such as loons and mergansers). Therefore, we expect that mercury
emissions reductions from electric utilities in the U.S. will result in decreased mercury
concentrations in aguatic biota.

B. Newly deposited mercury is more bioavailable than existing mercury in many ecosystems. As
aresult, mercury concentrations in aquatic biota in these ecosystems respond rapidly to decreases
in emissions. Therefore, human and wildlife health will benefit significantly from controlling
mercury emissions sooner rather than later.

C. Not much is known about the risks associated with a mercury cap and trade program.
However, the potential exists to contribute to greater heterogeneity in mercury deposition and to
exacerbate biological “hotspots’. Therefore additional research should be conducted to
determine the ecosystem response to this potential management option.

D. Our current infrastructure to monitor mercury in the environment needs to be strengthened
and expanded in order to track the environmental response to controls on mercury emissions,
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1. Mercury pollution in the environment iswidespread and severe.

Mercury (Hg) levelsin the environment are elevated across the United States, even in remote
areas (Fitzgerald et al. 1998 and others). Figure 1 shows wet deposition (rain, snow, fog, etc.) of
mercury ranging from 4 to 18 pg/m? —yr, with higher deposition in the eastern U.S.
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Figure 1: Map of wet deposition of total mercury at Mercury Deposition Network sites.
Deposition values are expressed as pug/m?yr.

As aresult of elevated mercury in the environment, fish consumption advisories exist in 45 states
encompassing 12 million lake acres and 473,000 river miles -- illustrating that the mercury
problem is widespread (see www.epa.gov/ost/fish). Statewide fish consumption advisories for
mercury (advisories for 100 percent of surface waters) exist in nineteen states for fresh waters,
and in eleven states for coastal waters (EPA 2003). Areas of the northeastern U.S. are
particularly hard-hit. Ninety-six percent of the lakes in the Adirondack region of New Y ork
(Driscoll et al. 1994) and 40 percent of the lakes in New Hampshire and Vermont (Kamman et

al. 2004) exceed the recommended EPA action level for methyl mercury in fish (0.3 pg/g). Of
the 767 yellow perch collected in the Adirondack study 66 percent exceed the 0.3 pg/g action
level.

Patterns of mercury contamination in fish and wildlife often mirror atmospheric mercury
deposition. For example, a study of mercury in loon eggs shows that mean concentrations are
lowest in Alaska and highest in Maine (3.6 times higher than levelsin Alaska), indicating a
general pattern of increasing egg-mercury concentrations from western to eastern North America
(Everset al. 2003). The same pattern exists in blood-mercury concentrations of adult and
juvenile loons (Evers et al. 1998).



2. Mercury emissions and corresponding atmospheric deposition arethe largest source of
mercury in most surface watersin the U.S.

The predominant source of mercury in most watersheds is atmospheric deposition (Lindqvist et
al. 1991, Mason et al. 1994, Hudson et al. 1995, Peterson et al. 1995, Driscoll et al. 1998,
Fitzgerald et al. 1998). Fitzgerald et al. (1998) systematically rule out aternate hypotheses, such
astherole of natural weathering processes as possible mercury sources.

Deposition of mercury has generally increased two to three-fold over the past two centuries
following the increase of mercury emissions associated with industrialization, with some
locations exhibiting greater than a twenty-fold increase (Meili 2003, Nriagu and Becker 2003,
Pirrone et al. 1998). This increased deposition has been recorded in lake sediment cores across
North America (see Figure 2).
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Figure 2: Changes in historical deposition of mercury to sediments in West Pond and Little Echo Pond in
the Adirondack region of New Y ork from 1820 to the present (after Lorey and Driscoll 1999). The
sediment patterns reflect changes in mercury emissions and depasition over time.

Mercury is emitted to the atmosphere in three basic forms. elemental mercury (Hg(0), reactive
gaseous mercury (RGM) and particulate mercury (Hg(p)). Elemental mercury is capable of
transport over long distances in the atmosphere (tens of thousands of kilometers). Reactive
gaseous mercury is generally removed within tens to a few hundreds of kilometers from emission
sources, and particulate mercury is likely to be deposited at intermediate, distances depending on
aerosol diameter/mass (Schroeder and Munthe 1998).

Given its many species, mercury can be alocal, regional and global pollutant with short (1-2
days) or long (1-2 years) residence times in the atmosphere. Consequently, it can deposit locally
or travel long distances depending on its form (Dastoor and Larocque 2004). The potential for



mercury to act as aglobal pollutant does not obviate the need for local, regional and continental
control effortsin addressing the problem of mercury deposition (Engstrom and Swain 1997).

In the atmosphere, elemental mercury is subjected to many physiochemical processes before
deposition to the Earth. Elemental mercury is typically assumed to circulate globally before
depositing. Therefore it is often considered less important when evaluating the impact of
mercury emissions from domestic electric utilities. However, recent research shows that
elemental mercury can be rapidly converted to RGM and deposited locally or regionally. This
process occurs after polar sunrises in the Arctic and Antarctic atmosphere (Ebinghaus et al. 2002,
Lindberg et al. 2002) and in the marine boundary layer in the presence of marine aerosols.

Recent field studies confirm the presence of elevated RGM in the marine boundary layer
(Laurier et al. 2003). Modeling studies corroborate this finding (Hedgecock and Pirrone 2004).
Furthermore, such boundary layer oxidation could also be important in the coastal zone, although
there is contradictory evidence as to the importance of this process (Mason and Sheu 2002;
Laurier and Mason, unpublished data; Malcolm et al. 2003). Observations near Chesapeake Bay,
Maryland show strong evidence for RGM formation in the coastal atmosphere (Figure 3).
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Figure 3: Concentrations of reactive gaseous mercury (RGM) measured at the Chesapeake Bay showing
thediurnal cycle of RGM and its subsequent removal from the atmosphere by precipitation. There are no
coincident increases in elemental mercury that match the diurnal RGM cycle. From Laurier and Mason
(unpublished data).

It is also possible for elemental mercury to be taken up directly by foreststhrough leaf stomata
and enter the ecosystem through leaf litter (Lindberg and Johnson 1995; Rea et a. 2002). This
provides another mechanism for the transfer of elemental mercury from the atmosphere to



watersheds at alocal or regional scale. This process can have important consequences for heavily
forested areas such as the northeastern U.S.

Taken together, recent research on the dynamics of elemental mercury, including elemental
mercury emitted by domestic electric utilities, suggeststhat its atmospheric residence time can be
significantly decreased in certain environments, and it can therefore contribute to local and
regional mercury pollution.

With respect to the oxidized forms of mercury, it is generally assumed that they are not reduced
to elemental mercury in the atmosphere. Current information suggests, therefore, that oxidized
mercury is not likely to enter the global pool, but rather is more likely to be deposited regionally
or locally.

On aglobal scale, mercury emissions are estimated at 4,840 metric tons per year with 2,860 tons
due to current anthropogenic emissions (NESCAUM 2003). The remaining 1,980 tons are
released from natural sources or re-released from past anthropogenic emissions (Lamborg et al.
2002). Of the 2,860 tons of anthropogenic mercury emitted to the global pool each year,
approximately 1,450 tons (50 percent) are emitted from stationary combustion sources (Pacyna
et a. 2003).

The U.S. receives approximately 87 tons of mercury deposition each year (EPA 1997).

I dentifying the specific sources of this mercury is difficult. Nevertheless, most research indicates
that mercury sources in the U.S. are the largest contributor to mercury deposition inthe U.S. A
recent project funded by the New Y ork State Energy Research and Development Authority

(NY SERDA 2002) assessed the contributions of local, regional and global mercury sourcesto
mercury deposition in New Y ork State.

For three study areas in New Y ork (the Adirondacks, Catskills and Finger Lakes), the report
shows that mercury emissions within the U.S. are the largest single source of mercury deposition
(NY SERDA 2002). For the baseline scenario representing current conditions, the authors report
that 37 percent of the mercury reaching the Adirondacks is emitted in the U.S. This relative
contribution increases to 52 percent in the Finger Lakes and 60 percent in the Catskills of New
York. In all regions, the next largest anthropogenic source areais Asiaat 13-19 percent. These
results are consistent with the 1997 Mercury Report to Congress which estimated that
approximately 60 percent of the mercury deposited in the U.S. originates in the U.S., with the
remaining 40 percent coming from the global reservoir (EPA 1997).

In marine systems, mercury budgets demonstrate that mercury emissions and atmospheric wet
and dry deposition (primarily as RGM) are the major source of mercury in coastal waters
(Rolfhus and Fitzgerald 1995, Fitzgerald et al. 2003) and the open ocean (Mason and Sheu
2002). This pattern is particularly important in light of the fact that consumption of marine fish
and seafood is one important way in which humans are exposed to toxic methyl mercury
(Fitzgerald et al. 2003).



3. Mercury emissions from domestic coal-fired electric utilities are the largest quantified
sour ce of atmospheric mercury in the U.S.

Mercury emission trends in the U.S. have changed dramatically over the past decade. In 1990,
medical waste incinerators emitted 50 tons per year (25 percent of total U.S. emissions) (EPA
2003). In 1999, they generated only 2.8 tons (2 percent of total U.S. emissions) due to
implementation of federal regulations (EPA 2003). Conversely, electric utility emissions have
remained largely unchanged and their contribution to total U.S. emissions has increased from 25
percent to 40 percent over the past decade (See Table 1). The next largest category is combined
emissions from industrial, commercial, institutional boilers and process heaters at 12 tons per
year (EPA 2003).

Table 1: Mercury emissions in the United States by source category.

Sour ce Category 1990 Emissions | 1996 Emissions | 1999 Emissions
(tpy) (tpy) (tpy)
Baseline NTI 1996 NTI Version 3.0 1999 NEI

for HAPs

Utility coal boilers 51 51 48

Medical waste 50 40 3

incinerators

Municipal waste 42 32 5

combustors

Industrial/commercial/ 12 12 12

ingtitutional boilers and

process heaters

Chlorine production 10 8 7

Hazardous waste 7 4 7

incineration

Portland cement 4 6 2

manufacturing

Pulp & paper production | 2 4 2

Total (all categories) 195 185 120

Source: EPA National Emission Inventory. July 9, 2003.

While the species of mercury emitted from electric utilities varies depending on the type of coal
burned and the pollution control measures in place (NESCAUM 2003, Rossler 2002), Pacyna et
al. (2003) estimated the average emission profile from coal combustion in the U.S. (Table 2).
These figures are similar to estimates reported by the Electric Power Research Ingtitute (EPRI
2000).



Table 2: Relative distribution of mercury species emitted from electric utilities.

Mercury Species Pacyna et al. (2003) EPRI (2000)
Hg(0) (elemental gaseous) 50% 58%

RGM (reactive gaseous mercury) 40% 40%

Hg(p) (particulate mercury) 10% 2%

Using these basic estimates of mercury emissions and speciation, it follows that: of the 87 tons of
mercury received in the U.S. each year (1997), 35 tons are likely to originate from global sources
(i.e., Hg(0)) and 52 tons from U.S. sources (i.e., RGM and Hg (p) (Rossler 2002, EPA 1997). Of
the 52 tons deposited in the U.S. from sources, approximately 24 tons are likely to originate from
domestic utility coal boilers (48 tons of emitted mercury x 0.5 fraction likely to be deposited
within the U.S.). Based on this calculation, 28 percent of the total mercury deposited in the U.S.
is likely to result from coal-fired electric utility emissions in the U.S. Thisis consistent with
earlier EPA estimates of 33 percent (EPA 1997). Stated another way, 46 percent of the mercury
deposited within the U.S. that originates within the U.S. (and is therefore subject to U.S. law) is
likely to come from electric utility emissions. We consider these numbersto be relatively
conservative since some of the elemental mercury emitted from power plants will be converted
to oxidized mercury and re-deposited in the U.S. and is not included in this calculation.
Moreover, while these calculations represent an “average” speciation ratio for power plantsin
the U.S,, utilities may actually emit 10-90 percent of their mercury as reactive gaseous mercury
(Rossler 2002). At the high end of this range, electric utilities emissions would contribute more
mercury deposition than the 24 tons estimated here.

While additional research will help improve the precision of these estimates, these calculations
provide important insights and identify domestic coal-fired electric utility facilitiesas a
significant source of reactive mercury deposited in the U.S.



4. Mercury has adver se environmental effects.

Once deposited on the Earth, mercury can be converted to methyl mercury through biological
processes that occur in all watersheds. Methyl mercury is a potent neurotoxin that
bioaccumulates and bioconcentrates through the food chain. Because of its high bioconcentration
factor, asmall amount of methyl mercury can result in substantial exposure to humans and
wildlife. As environmental scientists, our comments focus on the environmental consegquences of
mercury emissions and deposition. However, the human health effects of mercury are also well-
researched and will likely be discussed by others with specific expertise in that area.

Large databases of mercury concentrations in surface waters show that mercury is ubiquitous in
the environment. There are data on the concentrations of mercury in lakes across North America
under awide range of conditions. Measured values for mercury in lakes in range from 0.2 to 20
ng/L in remote areas, 80 ng/L in urban areas, and over 100 ng/L near abandoned mines (Driscoll
et a. 1994, Chen et al. 2000). Datasets also show that considerable variability existsin Hg
concentrations both at the regional and local scale. A survey of lakesin Vermont and New
Hampshire by Kamman et al. (2004) documents total mercury concentrations in lake-water
ranging from <1 to 34 ng/L across the state of New Hampshire. The statewide variability reflects
differences in watershed features as well as deposition patterns.

In aquatic ecosystems, methyl mercury causes neurological, behavioral and reproductive effects,
and at extremely high levels may cause direct death in fish and wildlife (Chan et a 2003;
Schehammer 1998; Spalding et a. 2000; Bouton et al. 1999; Heinz 1974, 1979; Barr 1986;
Burgess et al. 1998; Meyer et al. 1998; Nocera and Taylor 1998). Existing scientific literature on
the effects of mercury in some species of fish, birds, and mammals is summarized in Table 3.

Table 3: Summary of wildlife effects of mercury pollution

Organism &

Exposure Symptoms References

FISH Reproductive and toxicity effects:

0.07-0.10 mg/Kg Embryo mortality in lake trout eggs Wiener and Spry 1996

by maternal

transfer
Adverse effects on growth, development and Friedman et al. 1996,
hormonal status of early life stages Wiener and Spry 1996

0.88 mg/Kg to 8.46 | Spawning success decreased in low. medium and | Hammerschmidt et al. 1999, 2003
mg/Kg in diet high doses by 50% to 64%

10-30 mg/Kg Acute toxicity to fish Wiener and Spry 1996




BIRDS

5 mg/Kg in diet

Neurotoxicity effects:

Brain lesions

Scheuhammer 1988, Spalding et
al. 2000

Spinal cord degeneration

Scheuhammer 1988

Central nervous system dysfunction

Scheuhammer 1988

Tremors

Scheuhammer 1988

Difficulty flying, walking and standing

Spalding et al. 2000

Inability to coordinate muscle movement

Spalding et al. 2000

Reduced feeding, weight loss

Scheuhammer 1988

Progressive weakness in wings and legs

0.5 mg/Kg in diet

Behavioral effects:

Less likely to hunt, seek shade

Bouton et al. 1999

Less time flying, walking or pecking

Bouton et al. 1999

Increased time preening

Bouton et al. 1999

Exaggerated response to fright stimulus

Heinz 1974, 1979

0.1 mg/Kg in diet

Reproductive effects:

Fewer eggs produced

Heinz 1974, 1979

Lower reproductive success

Heinz 1974, 1979

Offspring less responsive to maternal calls

Heinz 1974, 1979

Lower reproductive success in wild loons

Barr 1986, Burgess et al. 1998,
Meyer et al. 1998, Nocera and
Taylor 1998

0.05 to 5.5 mg/Kg
in eggs

Reduced hatchability

Burger and Gochfeld 1997,
Fimreite 1971, Gilbretson 1974,
Heinz 1979

Reduced chick survival

Burger and Gochfeld 1997

Decreased egg volume

Evers et al. 2003, Fimreite 1971

compromised embryonic development

Fimreite 1971, Gilbertson 1974,
Heinz 1979

0.5 to 5.0 mg/Kg

Immunological effects:

Lower packed cell volume

Spalding et al. 2000

Increased lymphocytic cuffing

Spalding et al. 2000

Greater bone marrow cellularity

Spalding et al. 2000

Decreased bursal wall thickness

Spalding et al. 2000

Decreased thymic lobule size

Spalding et al. 2000

Fewer lymphoid aggregates

Spalding et al. 2000

Increased perivascular edema in lung

Spalding et al. 2000

MINK & OTTER

Anorexia, weight loss

Wren et al. 1987

Neural necrosis leading to impairment of sensory

and motor skills

Wren et al. 1987

Acute toxicity leading to death

Aulerich et al. 1987, Wren et al.
1987, Dansereau et al. 1999

Adapted from Chan et al. (2003).
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The pattern of ecological effects associated with mercury pollution is again consistent with the
geographic pattern of mercury deposition in the U.S. For example, using the extensive database
on mercury in loon eggs, Eversat a (2003) report that 20 percent of loon eggs in Maine were at
high to extremely high risk of failure due to mercury contamination; 25-40 percent of eggsin
Michigan, Minnesota and Wisconsin were in the moderate to high category; and 100 percent of
loon eggs in Alaska were in the low risk category (Evers et a. 2003). At amore localized scale,
Figure 4 shows areas of greater biological impact in New Hampshire that are spatially linked
with historically large sources of mercury emissions from southern New Hampshire.

Loon risk (based on mercury Major Hg Mercury bioavailability (hased on model results)

Map Extent

measured in blood and eggs) Emission

Sources @ Low [0 Moderate @ High @ XHigh Figure 4: Map

35 showing areas of
40 high mercury
bioavailability and
the proximity of
major mercury
sourcesin
southeastern New
Hampshire (Evers
2001).
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Moreover, it isimportant to note that some ecosystems are more mercury-sensitive than others
because of substantial differencesin mercury transport (cf Hurley et al. 1995), net methylation
(Benoit et al. 2003), and bioaccumulation rates among ecosystems. Wiener et al. (in press) define
mercury-sensitive environments as those that include wetlands, low-alkalinity or low pH lakes,
surface waters with nearby wetlands, and dark-water lakes and streams. They note that these
ecosystems can experience “significant methyl mercury contamination of fish and wildlife in
upper trophic levels’ with relatively small inputs of total mercury (<1 to 10 g Hg/ha) (Wiener et
al. in press).

The biological impacts of mercury pollution occur throughout entire ecosystems. In addition to
the action level for fish, EPA has established wildlife criteria for fish-eating mammals (see Table
4). Under current emissions and deposition regimes, it is expected that it will not be uncommon
for freshwater systems to exceed the Mammalian Wildlife Criteria for methyl mercury developed
by EPA (Chan et al. 2003). In addition to its aquatic impacts, mercury is also known to
accumulate in forest soils and vegetation, but the long-term effects are not yet well understood
(Erickson et al. 2003).

Table 4: Wildlife criteria for methyl mercury in water (EPA 1997).

Organism Wildlife Criterion (ng/L)
Kingfisher 0.033
Loon 0.082
Osprey 0.082
Bald Eagle 0.100
Mink 0.057
Otter 0.042
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5. Reducing mercury emissions from electric utilitieswill yield important environmental
benefits.

Results from field studies and model predictions demonstrate that reductions in mercury
emissions from sources within the U.S. will lead to decreased mercury deposition and
diminished negative effects on the environment.

Lake sediments and peat bogs provide a historical record of mercury deposition over time
(Fitzgerald et al. 1998, Lorey and Driscoll 1999). Lake sediments in several regions of the U.S.
document a period of mercury enrichment from 1850 through the 1960s and 1970s (Fitzgerald et
al. 1998, Engstrom and Swain 1997, Lorey and Driscoll 1999, Kamman and Engstrom 2002).
These studies all suggest that over the past 20-30 years mercury deposition has decreased in
association with reductions in total U.S. mercury emissions. These patterns demonstrate a strong
relationship between emissions of mercury from sources within the U.S. and mercury levelsin
U.S. lakes. Thisrelationship was confirmed by Engstrom and Swain (1997) by using lake
sediments from a range of sites to track the environmental response to changes in emissions.
With this method, they showed that decreased mercury deposition in the Upper Midwest is
attributable to reductions in emissions from U.S. sources (Engstrom and Swain 1997).

One of the difficulties in establishing strong relationships between changes in mercury
emissions, subsequent changes in atmospheric deposition, and the associated response in surface
water and fish isthe lack of long-term monitoring data for mercury. However, there are two
long-term studies that suggest a direct relationship between atmospheric emissions and
atmospheric of mercury and ecological changes. First, a study from the Florida Everglades
shows that reducing emissions of mercury has led to decreased mercury concentrations in fish
(Atkeson et a. 2002). Second, two studies in northern Wisconsin also link changes in mercury
deposition and ecosystem mercury. Watras et al. (2000) observed that decreasesin the mercury
concentrations in a seepage lake were related to decreases in atmospheric mercury deposition. In
2002, they reported arapid decline in mercury in fish as mercury inputs to the system declined
(Hrabik and Watras 2002). Based on this and other information, Hrabik and Watras (2002)
concluded that even though there is alarge reservoir of mercury in lake sediments and in
decomposing organisms, newly deposited mercury dominates bioaccumulation processes in their
study lakes (Hrabik and Watras 2002).

An experimental study (METAALICUYS) is being conducted at the Experimental Lakes Areain
Ontario, Canada in which stable mercury isotopes are being added to a whole ecosystem (lake
and watershed) to examine the response in fish mercury concentrations. The first two years of
results show that mercury added directly to alake surface is readily converted to methyl mercury
and can be observed in fish in the same season the additions start. After 2 years, approximately
one quarter of the mercury in young perch was due to mercury added to the lake surface
(Blanchfield, unpublished data). Furthermore, the mercury added to the lake surface each year
appears to be more available for conversion to methyl mercury (and then move through system
to fish) than mercury that has been in the ecosystem for longer periods (Gilmour et al., 2003).

By contrast, the amount of mercury exported from aterrestrial system in runoff does not appear
to respond as quickly to changes in atmospheric deposition (Hintelmann et al. 2002). Very little
of the mercury applied to the terrestrial ecosystem (upland and wetland) was transported to
adjacent surface waters after the first two years of METAALICUS.

13



These results together suggest that lakes receiving the bulk of their mercury directly from
deposition to the lake surface (e.g. some seepage lakes) would see fish mercury concentrations
respond more rapidly to changes in atmospheric deposition than lakes receiving most of their
mercury from terrestrial runoff. The timing and eventual magnitude of the response remain to be
determined, and the project is ongoing.

The results from this important study show that aquatic ecosystems do respond to changes in
mercury loading. Further, they confirm field observations from the Florida Everglades, that
changes in fish mercury concentrations can be observed in some ecosystems within arelatively
short time frame (a couple to a few years) after a change in the mercury deposition rate. For
ecosystems that receive a substantial fraction of their mercury load from direct deposition to
water and wetland surfaces, rapid reductions in mercury emissions should lead to rapid benefits
to human and wildlife health (Atkeson et a. 2003, Blanchfield unpublished data, Gilmour et al.
2001, Gilmour et al. 2003). However, METAALICUS results also show that recovery from
mercury pollution could be an extended process in ecosystems with large watershed to
waterbody ratios. One examples of such an ecosystem is the Sunday Lake watershed in New

Y ork that has been the subject of recent modeling efforts using the Mercury Cycling Model
(MCM).

The mercury cycling model (MCM) used to simulate the dynamics of mercury in lakes and
watersheds. A version of this model (MCM:HD) has been applied to the Sunday Lake watershed
in the Adirondack region of New Y ork. Results from this model suggest that if total mercury
loading were reduced by 50 percent methyl mercury concentrations in both the water and yellow
perch of Sunday Lake would decrease in response to this reduction (Munson et al., in
preparation). The results from this model show that loading reductions would result in
improvements in water and fish mercury over the time scale of years to decades for ecosystems
that have large watershed to lake ratios such as Sunday Lake (see Figure 5).

An important uncertainty in the MCM:HD model is the response of mercury concentrationsin
runoff from terrestrial ecosystems in response to changes in atmospheric mercury deposition.
Predictions of fish response times for ecosystems receiving most of their mercury from terrestrial
runoff strongly depend on assumptions made regarding the watershed response and the
bioavailability for methylation of this mercury source. If newly added mercury is more available
for methylation, the response times would be expected to shorten compared to current
simulations.

While this model should be applied and tested at other sites, initial results suggest that deep cuts
in emissions of mercury from electric utilities would have a substantial biological benefit to
some aguatic ecosystems, that there is a connection between mercury loading and fish response,
and that recovery in some ecosystems will be a long-term process.

14



Base Case
— Hg Deposition reduced 50%
A=
F
% 5
= .5
0 ] 10 5 20
Simulation Year
2
Base Case

] _ —Hg Depositon reduced 50%

'y =

o

I

k] I

&

2 )

- Bl

-

1 1 1

0 ] 10 15 ]

Simulation Year

Figure 5: Results from a simulation using MCM:HD showing concentrations of methyl mercury in lake
water and yellow perch. Shown is the base case simulation under constant atmospheric mercury
deposition and changes resulting from a step decrease of 50 percent in atmospheric mercury deposition

(Munson et al., in preparation).
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6. There are ecosystem benefits associated with reducing emissions from electric utilities
sooner rather than later.

We suggest that the EPA revisit the 3 to 15-year implementation timeline in the proposed rule.
EPA’ s proposal cuts utility emissions of mercury from 48 tong/year to 34 tons'year by 2010 and,
under one scenario, to 15 tong/year by 2018.

As discussed above, results from mercury-addition studies suggest that recently deposited
mercury contributes more to methyl mercury production and bioaccumulation than does existing
mercury. The experiments conducted in two very different watersheds in Ontario and the Florida
Everglades suggest that mercury that is newly added through pollution is more likely to
accumulate in the food chain than previously deposited mercury (Atkeson et al. 2003,
Blanchfield unpublished data, Gilmour et al. 2001, Gilmour et al. 2003). Therefore, reducing
mercury emissions sooner rather than later would reduce the amount of “new,” more bioavailable
mercury added to ecosystems.

This finding was confirmed by a study in Wisconsin, which indicated that inputs of “new”
mercury strongly control the level of mercury in surface waters and biota. In other words,
bioaccumulation of mercury in ecosystems such as the Wisconsin lakes is more dependent on
new inputs of mercury from the atmosphere than the recycling of previously deposited mercury.
Therefore, it is the newly added mercury from emissions that is of primary importance in aguatic
ecosystems and the sooner these inputs are reduced, the greater impact these reductions will have
on ecosystem recovery (Hrabik and Watras 2002).

The mercury cycling model results from Sunday L ake in the Adirondacks of New Y ork show
that ecosystems with large watersheds may take longer to respond to mercury reductions than
“seepage lakes’. Therefore, it would be beneficial to initiate emissions reductions as soon as
possible in order to facilitate recovery of these ecosystems.

One of the important controls on the amount of mercury that is transported to surface waters and
converted to toxic methyl mercury is watershed retention. Data from Lorey and Driscoll (1999)
and Kamman and Engstrom (2002) indicate that retention of mercury in lake-watersheds in
Vermont, New Hampshire and the Adirondacks of New Y ork (see Figure 6) is decreasing. While
the specific mechanisms responsible for this trend have not yet been determined, the data suggest
that these watersheds have become more sensitive to mercury deposition. In other words, each
year a greater percentage of the mercury is transported to surface waters where it may contribute
to adverse environmental effects. This relationship has important consequences for public policy
and suggests that greater reductions would be needed in five years (for example) to achieve the
same impact these cuts would have today. Therefore, the sooner mercury emissions are reduced,
the more effective these reductions will be.
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Figure 6: Observations from lake sediment cores in the Adirondack region of New Y ork showing lake-
watershed retention of mercury has decreased over the last 200 years (after Lorey and Driscoll 1999).

7. Decreasesin acid rain should enhance theimpact of mercury reductions.

Several research studies suggest a linkage between acidic deposition and mercury levelsin fish.
This relationship isrelated to the fact that atmospheric deposition of sulfate associated with
sulfur dioxide emissions provides the necessary substrate for methylating bacteria (Gilmour et al.
1992). Many studies across eastern North America have reported increases in fish mercury
concentrations with decreases in surface water pH (Grieb et al. 1990, Suns and Hitchin 1990,
Driscoll et a. 1994, Kamman et al. 2004).

Therole of sulfate in the production of methyl mercury is under investigation by ateam of
researchers in Minnesota. Swain et a. experimentally added sulfate to a wetland and observed an
increase in methylation and export of methyl mercury. They inferred that reducing sulfur dioxide
emissions and sulfate deposition would result in decreased methyl mercury in the fish of
receiving waters (Swain et a. 2003). Similar experiments have been conducted with similar
results in Sweden and Canada (Branfireun et al. 1999, 2001).

Hrabik and Watras (2002) used reference data and data from a lake experimentally acidified with
sulfuric acid to examine the relative contribution of atmospheric mercury deposition and acidic
deposition in regulating changes in fish mercury concentrations. They observed that decreasesin
fish mercury in an experimentally de-acidified basin exceeded those in the reference basin.
Specifically, they found that one-half of the change in fish mercury over a six-year period could
be attributed to de-acidification (Hrabik and Watras 2002). This study suggests that acidification
of lakes by acid deposition has enhanced fish mercury concentrations and that concentrations of
mercury in fish are likely to decrease with decreasing acid deposition associated with controls on
emissions from electric utilities. Nevertheless, acid rain controls are not likely to be sufficient to
facilitate full recovery from mercury pollution.
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8. Thetrading of mercury hasthe potential to create or exacerbate mercury “hotspots’.

Among the options proposed by EPA is aregulatory scheme under which mercury emission
allowances could be traded between electric utilities, without geographic limitations, similar to
the trading of sulfur dioxide allowances in the acid rain program. If, as many analysts suggest,
this regulatory scheme does not include a cap that is low enough to require all electric utilities to
reduce their emissions below current levels, and does not address the geographic distribution of
allowance trading, then the potential existsto create or exacerbate areas of high mercury
deposition. While overall atmospheric mercury deposition will likely decrease with mercury
controls, trading could result in variability in the deposition pattern, with some areas showing
decreases in deposition and other areas experiencing little or no decrease. As aresult, “deposition
hotspots’ may emerge. Deposition hotspots are areas that receive very high levels of airborne
mercury compared to other areas in the U.S.

It is also possible that unconstrained trading with an inadequate cap could result in limited or
unchanged deposition in areas with high mercury sensitivity. This could lead to “biological
hotspots’ that show elevated concentrations of mercury in biota compared to other areasin the
U.S. These biological hotpots can be created by elevated deposition, high watershed sensitivity
to mercury deposition, or both. Watershed sensitivity is a function of natural and human-induced
conditions such as mercury retention capacity, ecosystem methylation rates, wetland
occurrences, in-lake trophic structure and lake acidity.

An example of a biological hotspot exists in southern New Hampshire. Data from this region
suggest that areas near large sources of mercury emissions are subject to high deposition and
elevated methyl mercury concentrations in water, fish and piscivorous birds (fore example see
Figure 4). While some of this variability can be attributed to differences in watershed
characteristics, local sources likely play an important role.

Given the toxicity of mercury, and the paucity of information on the potential effects of mercury
trading, it should be approached with great caution. Considerably more research is needed to
understand the effects of a mercury trading policy.

9. The U.S. mercury monitoring system is not adequate to detect the emergence of hotpots
and impact of the proposed rule.

Despite advances in mercury monitoring and research, the current national monitoring network
for airborne mercury in the U.S. is insufficient to measure the full impact of the proposed new
regulations. In particular, the network is not designed to detect environmental response to
changes in mercury emissions or the emergence of hotspots that might accompany a pollution
trading program. As aresult, the system is inadequate to ensure government accountability and
policy effectiveness.

Currently there are only 63 federal monitoring sites in the U.S. run by the National Atmospheric
Deposition Program and only a fraction of these are in or near urban areas (see Figure 7). A
proposed monitoring strategy developed by thirty-two mercury scientists from academia,
industry, government and non-profit organizations details the need for a comprehensive
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investigations at a number of locations (intensive sites), to improve our understanding of the
links between atmospheric mercury deposition and methyl mercury in fish and wildlife. In
addition, samples should be collected for a subset of indicators a alarge number of sitesthat are
widely distributed at a continental scale, and across ecosystems (cluster sites) (Mason et a. in
review). The proposed mercury monitoring strategy would create a framework to answer the
guestion of whether change is occurring in atmospheric mercury inputs and how this change is
reflected within a variety of aquatic ecosystems and in their organisms. In addition, this strategy
would provide the information necessary to demonstrate the impact of mercury emission
reductions from anthropogenic sources in the U.S.

We urge the EPA to provide funding to implement key aspects of this strategy before finalizing
thisrule so that there is a system in place to provide the necessary accountability for this new
rule. It is critical that at least the cluster sites discussed in this strategy be identified and
established as soon as possible in order gather the necessary background information from which
to measure future improvement or degradation.

National Atmospheric Deposition Program
Mercury Deposition Network

Figure 7: Location
3, of sitesthat are part
of the National
Atmospheric
Deposition Program
Mercury Deposition
Network (from
http://nadp.sws.uiuc
.edu/mdn/sites.asp).

19



Signature Page for comments to the U.S. Environmental Protection Agency regarding the
“Proposed National Emission Standards for Hazardous Air Pollutants’ and the “ Alternative,
Proposed Standards of Performance for New and Existing Stationary Sources. Electric Utility
Steam Generating Units.”

Charles T Driscoll Jr., PhD

University Professor of Environmental Systems Engineering
Syracuse University

Department of Civil and Environmental Engineering

220 Hinds Hall

Syracuse, NY 13244

Phone 315-443-3434

ctdrisco@syr.edu

John D. Aber, PhD

Vice-President for Research and Public Service
107 Thompson Hall

University of New Hampshire

Durham, NH 03824

Christopher Babiarz, PhD

Assistant Scientist

Water Science and Engineering Laboratory
University of Wisconsin

660 North Park Street

Madison, WI 53706

Tamar Barkay, PhD

Dept. of Biochemistry and Microbiology
Rutgers University

76 Lipman Dr.

New Brunswick, NJ 08901

Elizabeth W. Boyer, PhD

Assistant Professor of Watershed Processes
State University of New Y ork

College of Environmental Science and Forestry
1 Forediry Drive

Syracuse, NY 13210

Joanna Burger, PhD
Rutgers University

Dept. Biological Sciences
604 Allison Road
Piscataway, NJ 08854-8082

20



Celia Chen, PhD

Deparment of Biological Sciences
Hinman Box 6044

Dartmouth College

Hanover, NH 03755

LisaB. Cleckner, Ph.D.

Project Manager

New Y ork Indoor Environmental Quality Center
505 Irving Avenue

Suite 3014

Syracuse, NY 13210

Christopher Cronan, PhD

Professor of Biology and Ecology
University of Maine

Biological Sciences - 5722 Deering Hall
Orono, ME 04469-5722

D.R. Engstrom, PhD

Director

St. Croix Watershed Research Station
Science Museum of Minnesota
Marine on St. Croix, MN 55047

David Evers, PhD

Adjunct Professor of Biology and

Adjunct Senior Scientist

Center for Integrated and Applied Environmental Toxicology
University of Southern Maine

Executive Director

BioDiversity Research Institute

19 Flaggy Meadow Road

Gorham, ME 04038

Carol Folt, PhD

Professor of Biological Sciences
Dean of Graduate Studies
Associate Dean of the Faculty
Dartmouth College

Hanover, NH 03755

Andy Friedland, PhD

Chairman

Environmental Studies Department
Dartmouth College

Hanover, NH 03755

21



Cynthia C. Gilmour, PhD

Curator and Associate Director
The Academy of Natural Sciences
Estuarine Research Center

10545 Mackall Road

St. Leonard, MD 20685

Wing Goodale, MS
BioDiversity Research Institute
19 Flaggy Meadow Road
Gorham, Maine 04038

Stefan J. Grimberg, PhD PE

Associate Professor

Department Civil and Environmental Engineering
Clarkson University - 208 Rowley Laboratories
Potsdam, NY 13699-5710

Joshua W. Hamilton, PhD

Director - Center for Environmental Health Sciences at Dartmouth
Director- Dartmouth Toxic Metals Research Program

Professor of Pharmacology & Toxicology Adjunct

Professor of Chemistry

7650 Remsen, Room 514

Dartmouth Medical School

Hanover, NH 03755-3835

Mark E. Hines, PhD

Department Head

Department of Biological Sciences
University of Massachusetts Lowell
One University Ave

Lowell, MA 01854

Tom Holsen, PhD

Professor

Department of Civil and Environmental Engineering
W.J. Rowley Laboratory, Box 5710

Clarkson University

Potsdam, NY 13699-5710

Philip K. Hopke, PhD

The Bayard D. Clarkson Distinguished Professor
Department of Chemical Engineering

Clarkson University

Box 5708

Potsdam, NY 13699-5708

22



Thomas R. Hrabik, PhD
Assistant Professor

University of Minnesota-Duluth
211 Life Science

10 University Dr.

Duluth, MN 55812

Neil Kamman, MS
Environmental Scientist |V

VT Department of Environmental Conservation

103 S. Main S, 10N
Waterbury, VT 05671-0408

Carol Kelly, PhD

R & K Research Inc.
675 Mt. Belcher Heights.
Salt Spring Island, BC
V8K 233, Canada

Steve Lindberg, PhD

Consultant on Atmospheric Mercury
122 Hillcrest Dr

Kingston, TN 37763

CynthiaLou Liuzzi, MS
152 Maplewood Ave.
Syracuse, NY 13205

Gary M. Lovett, PhD

Institute of Ecosystem Studies
Box AB, 65 Sharon Turnpike
Millbrook, NY 12545 USA

Robert Mason, PhD

Chesapeake Biological Laboratory
University of Maryland

PO Box 38

Solomons, MD 20688

Eric K. Miller, PhD

President and Senior Scientist
Ecosystems Research Group, Ltd.
PO Box 1227

Norwich, VT 05055 USA

23



Scott V. Ollinger, PhD

Assistant Professor of Natural Resources
Complex Systems Research Center

Institute for the Study of Earth, Oceans and Space
Morse Hall, 39 College Rd.

University of New Hampshire

Durham, NH 03824

Jeffrey A. Proehl, PhD
Research Associate

Thayer School of Engineering
Dartmouth College

Hanover, NH 037555

John R. Reinfelder, PhD

Associate Professor

Department of Environmental Sciences
Rutgers University

ENRS Building, Room 260

14 College Farm Road

New Brunswick, NJ 08901

John W.M. Rudd, PhD
President

R & K Research Inc.
675 Mt. Belcher Heights.
Salt Spring Island, BC
V8K 2J3, Canada

Paul Schuster, PhD
Mercury cycling scientist
10842 Ingalls Circle
Westminster, CO 80020

James Shanley, PhD
Watershed mercury scientist
950 Sparrow Farm Road
Montpelier, VT 05602

Joseph B. Yavitt, PhD

Associate Professor of Natural Resource Sciences
Dept. Natural Resources - Fernow Hall

Cornell University

Ithaca, NY 14853 USA

24



References

Atkeson, T., D. Axelrod, C. Pollman, G. Keeler. 2003. Integrating Atmospheric Mercury
Deposition and Aquatic Cycling in the Florida Everglades: An approach for conducting a Total
Maximum Daily Load analysis for an atmospherically derived pollutant. Final Report. Prepared
for the United State Environmental Protection Agency.

Aulerich, R.J,, R.K. Ringer, S. lwanton. 1974. Effects of dietary mercury on mink. Arch.
Environ. Contam. Toxicol. 2:43-51.

Barr, J.F. 1986. Populations Dynamics of the Common Loon (Gavia immer) Associated with
Mercury Contaminated Waters in Northwestern Ontario. Occasional Paper 56:1-23. Canadian
Wildlife Service. Ottawa, ON, Canada

Benoit, J., C. Gilmour, A. Heyes, R.P. Mason, C. Miller. 2003. Geochemical and Biological
Controls Over Methylmercury Production and Degradation in Aquatic Ecosystems. In:
"Biogeochemistry of Environmentally Important Trace Elements’, ACS Symposium Series
#835, Y. Chal and O.C. Braids, Eds. American Chemical Society, Washington, DC. pp. 262-297.

Bloom, N.S. and S.W. Effler. 1990. Seasonal variability in mercury speciation of Onondaga
Lake (New York). Water, Air, Soil Poll. 53:251-265.

Bouton, S.N., P.C. Frederick, M.G. Spaulding et a. 1999. Effects of chronic, low concentrations
of dietary methyl mercury on the behavior of juvenile great egrets. Environ. Toxicol. Chem.
18:193-9.

Branfireun, B.A., K. Bishop, N.T. Roulet, G. Granberg, and M. Nilsson. 2001. Mercury cycling
in boreal ecosystems: The long-term effect of acid rain constituents on peatland pore water
methyl mercury concentrations. Geophys. Res. Lett. 28:1227-1230.

Branfireun, B.A., N.T. Roulet, C.A. Kelly, and JW.M. Rudd. 1999. In situ sulphate stimulation
of mercury methylation in a boreal peatland: Toward alink between acid rain and methy!|
mercury contamination in remote environments. Global Biogeochem. Cy. 13:743-750.

Burger J. and M. Gochfeld. 1997. Risk, mercury levels and birds: related adverse laboratory
effects to field monitoring. Environ. Res. 75:160-72.

Burgess, N, D.C. Evers, J.D. Kaplan. 1998. Mercury and reproductive success of common loons
breeding in the Maritimes. In: Mercury in Atlantic Canada: A Progress Report, pp. 104-9.
Environment Canada-Atlantic Region, Sackville, NB, Canada.

Chan, H.M., A.M. Scheuhammer, A. Ferran. C. Loupelle, J. Holloway, and S. Weech. 2003.
I mpacts of Mercury on Freshwater Fish-Eating Wildlife and Humans. Human and Ecological
Risk Assessment. 9(4):867-883.

Chen, C.Y ., Folt, C.L., Stemberger, R.S, Blum, J.D., Klaue,B., and Pickhardt, P.C. 2000.

Accumulation of heavy metals in food web components across a gradient of lakes. Limnol.
Oceanogr. 45: 1525-1536.

25



Dansereau, M., N. Lariviere, D.D. Tremblay et a. 1999. Reproductive performance of two
generations of female semi domesticated mink fed diets containing organic mercury
contaminated freshwater fish. Arch. Environ. Contam. Toxicol. 36:221-6.

Dastoor, A. and Y. Larocque. 2004. Global circulation of atmospheric mercury: a modeling
study. Atmospheric Environment. 38(1):147-162.

Driscoll, C.T., C. Yan, C.L. Schofield, R. Munson, J. Holsapple. 1994. The mercury cycle and
fish in the Adirondack lakes. Environ. Sci. Technol. (2803:136A-143A.

Driscoll, C.T., Holsapple, J., C.L. Schofield, and R. Munson. 1998. The chemistry and transport
of mercury in a small wetland in the Adirondack region of New Y ork, USA. Biogeochemistry.
40:137-146.

Ebinghaus, R., Kock, H.H, Temme, C., Einax, JW., Lowe, A.G., Richter, A., Burrows, J.P.,
Schroeder, W.H. 2002. Antarctic springtime depletion of atmospheric mercury. Environ. Sci.
Technol. 36(6):1238-1244.

Engstrom, D.R and E.B. Swain. 1997. Recent Declines in Atmospheric Mercury Deposition in
the Upper Midwest. Environ. Sci. Tech. 31:960-967.

EPA (U.S. Environmental Protection Agency). 1997. Mercury Study Report to Congress. EPA-
452/R-97-003. Washington D.C.

EPA (U.S. Environmental Protection Agency). 2003. National Emissions Inventory Data.

EPA. 2003. Update: National Listing of Fish and Wildlife Advisories. EPA-823-F-03-003, May
2003.

EPRI. 2000. An Assessment of Mercury Emissions from U.S. Coal-fired Power Plants — Final
Report. Electric Power Research I nstitute. Washington, D.C.

Ericksen, J.S., M.S. Gugtin, D.E. Schorran, D.W. Johnson, S.E. Lindberg, and J.S. Coleman.
2003. Accumulation of atmospheric mercury in forest foliage. Atmospheric Environment.
37(12): 1613-1622.

Evers, D.C., K.M. Taylor, A. mgjor, R.J. Taylor, R.H. Poppenga and A.M. Scheuhammer. 2003.
Common Loon Eggs as Indicators of Methymercury Availability in North America.
Ecotoxicology. 12:69-81.

Evers, D.C. 2001. Assessing the potential impacts of methylmercury on the Common Loon in
Southern New Hampshire. Report BRI-2001-06. Biodiversity Research Institute. Falmouth,
Maine.

Evers, D.C, J.D. Kaplan, M.W. Meyer et al 1998. Geographic trend in mercury measured in
Common Loon feathers and blood. Environ. Toxicol. Chem. 17:173-83.

26



Fabien, J., G. Laurier, R.P. Mason, L. Whalin, and S. Kato. 2003. reactive gaseous mercury
formation in the North Pacific Ocean’ s marine boundary layer: A potential role of halogen
chemistry. J. Geophys. Res. 108.

Fimreite, N. 1971. Effects of dietary methylmercury on ring-necked pheasants with special
reference to reproduction. Ca. Wildl. Serv. Occas. Pap. No. 9. Ottawa, Ontario. Canada.

Fimreite, N. 1974. Mercury contamination of aquatic birds in northwestern Ontario. J. Wildl.
Manage. 38:120-131.

Fitzgerald, W.F., D.R. Engstrom, R.P. Mason, and E.A. Nater. 1998. The Case of Atmospheric
Mercury Contamination in Remote Areas. Environ. Sci. Tech. 32(1):1-7.

Gilbretson, M. 1974. Seasonal changes in organochlorine compounds and mercury in common
terns of Hamilton Harbour, Ontario. Bull. Environ. Toxicol. 12:726-32.

Gill, G.A. and K.W. Bruland. 1990. Mercury speciation in surface freshwater systemsin
California and other areas. Environ. Sci. Technol. 24:1392-1400.

Gilmour, C.C, JP. Hurley, H. Hintelmann, C.L. Babiarz, A. Heyes, R. Harris, M. Turner, D. Bodaly, and
JW.M. Rudd. Methylation of Hg deposited to aquatic landscapes: A preiminary budget for MeHg
formed from Hg stable isotope additions to METAALICUS Lake 658. Am. Soc. Limnol. Oceanogr.
Aquatic Sciences Medting, Salt Lake City, UT, Feb 2003.

Gilmour, C.C., A. Heyes, R.P. Mason, C. Miller, and M. Rearick. 2003. Response of
Methylmercury Production to Changes in Hg Loading: A Comparison of Hg Isotope Addition
Studies. Workshop Abstracts. STAR Mercury Fate and Transport Final Progress Review
Workshop. November 21, 2003. Washington, D.C.

Gilmour, C.C., Heyes, A., Mason, R., Miller, C. and Krabbenhoft, D.P Use of stable Hg isotopes
to assess the bioavailability of "old" vs"new" mercury for methylation in the METAALICUS
project . 6th International Conference on Mercury as a Global Pollutant, Minimata, Japan,
October, 2001.

Gilmour, C.C., E.A. Henry, and R. Mitchell. 1992. Sulfate stimulation of mercury methylation in
freshwater sediments. Environ. Sci. Technol. 26:2281-2287.

Grigal, D.F. 2002. Inputs and outputs of mercer from terrestrial watersheds. areview. Environ.
Rev. 10:1-39.

Grieb, T.M., C.T. Driscoll, S.P. Gloss, C.L. Schofield, G.L. Bowie, D.B. Porcella. 1990. Factors
affecting mercury accumulation in fish in the Upper Michigan Peninsula. Env. Tox. Chem.
9:919-930.

Hammerschmidt, C. R., M.B. Sandheinrich, J.G. Wiener, and R.G. Rada. 2002. Effects of

Dietary Methylmercury on Reproduction of Fathead Minnows. Environ. Sci. Technol. 36:877-
883.

27



Hammerschmidt, C. R., J.G. Wiener, B.E. Frazier, and R.G. Rada. 1999. Methylmercury Content
of Eggsin Yellow Perch Related to Maternal Exposure in Four Wisconsin Lakes. Environ. Sci.
Technol.; 33: 999-1003.

Hedgecock, I. M. and N. Pirrone. 2004. Chasing Quicksilver: Modeling the Atmospheric
Lifetime of HgO(g) in the Marine Boundary Layet at Various Latitures. Environ. Sci. Tech.
38:69-76.

Heinz, G.H. 1974. Effects of low dietary levels of methyl mercury on mallard reproduction. Bull.
Environ. Contam. Toxicol. 11:386-92.

Heinz, G.H. 1979. Methylmercury: Reproductive and behavioral effects on three generations of
mallard ducks. J. Wildlife Manage. 43:394-401.

Hintelmann, H., R. Harris, A. Heyes, J.P. Hurley, C.A. Kelly, D.P. Krabbenhoft, S. Lindberg,
JW.M. Rudd, K.J. Scott, and V. St. Louis (2002) Reactivity and Mobility of New

and Old Mercury Deposition in a Boreal Forest Ecosystem during the First Y ear of the
METAALICUS Study. Environmental Science and Technology 36:5034-5040.

Hintelmann, H., V. St. Louis, K. Scott, J. Rudd, S.E. Lindberg, D. Krabbenhoft, C. Kelly, A.
Heyes, R. Harris, and J. Hurley. 2002. Reactivity and mobility of newly deposited mercury in a
Boreal catchment. Environ. Sci. Tech. 36:5034-5040.

Hrabik, T.R. and C.J. Watras. 2002. Recent declines in mercury concentration in a freshwater
fishery: isolating the effects of de-acidification and decreased atmospheric mercury deposition in
Little Rock Lake. The Science of the Total Environment.

Hudson, R.J., S.A. Gherini, W.M. Fitzgerald and D.B. Porcella. 1995. Anthropogenic influences
on the global mercury cycle: A model-based analysis. Water, Air, Soil Pollut. 80:227-233.

Hurley, J.P., JM. Benoit, C.L. Babiarz, M.M. Schafer, A.W. Andren, J.R. Sullivan, R.
Hammond and D.A. Webb. 1995. Influences of watershed characteristics on mercury levelsin
Wisconsin rivers. Environ. Sci. Technol. 29:1867-1875.

Kamman, N.C., C.T. Driscoll, R. Estabrook, D.C. Evers, and E. Miller. 2003. Biogeochemistry
of Mercury in Vermont and New Hampshire Lakes — An Assessment of Mercury in Waters,
Sediments, and Biota of Vermont and New Hampshire Lakes. Comprehensive Final report to
USEPA. Vermont Department of Environmental Conservation. Waterbury, VT.

Kamman, N.C. and D.R. Engstrom. 2002. Historical and present fluxes of mercury to Vermont
and Hew Hampshire lakes inferred from (210)Pb-dated sediment cores. Atmos. Environ.
36:1599-1610.

Kamman, N.C., P.M. Lorey, C.T. Driscoll, R. Estabrook, A. Mgjor, B. Pientka and E. Glassford.
2004. Assessment of mercury in water, sediments and biota of New Hampshire and Vermont
lakes sampled using a geographically randomized design. Environmental Toxicology and
Chemistry. In Press.

28



Lamborg, C.H., W.H. Fitzgerald, J. O’ Donnell, and T. Torgensen. 2002. A non-steady-state
compartmental model of global-scale mercury biogeochemistry with interhemispheric
atmospheric gradients. Geochimica et Cosmochimica Acta. 66(7):1105-1118.

Lindgvist, O. K. Johansson, M. Astruo, A. Anderson, L. Bringmark, G. Hovsenius, L. Hakanson,
A. lverfeldt, M. Mieli, and B. Timm. 1991. Mercury in the Swedish Environment. Water, Air
and Soil Pollut. 55:30.

Lindberg, S.E., Brooks, S.B., Lin, C-J., Scott, K.J., Landis, M.S., Stevens, R.K., Goodsite, M.
and Richter, A. 2002. The dynamic oxidation of gaseous mercury in the Arctic atmosphere at
polar sunrise. Environ. Sci. Technol. 36:1245-1256.

Lorey, P. and C.T. Driscoll. 1999. Historical Trends of Mercury Deposition in Adirondack
Lakes. Environ. Sci. Technol. 33:718-722.

Malcom, E.G., G.J. Keeler, M.S. Landis. 2003. The effects of the coastal environment on the
atmospheric mercury cycle. J. of Geophys. Res.-Atmos. 108(D12):4357.

Mason, R.P., M. Abbot, D. Bodaly, O.R. Bullock, C. Driscoll, D. Evers, S. Lindberg, M. Murray
and E. Swain. In Review. Monitoring the Environmental Response to Changes in Mercury
Contamination from the Atmosphere: A Multi-Media Challenge. Environ. Sci. Technol.

Mason, R.P and G-R. Sheu. 2002. Role of the ocean in the global mercury cycle. Global
Biogeochem,. Cycles 16.

Mason, R.P., J. O'Donnell, and W.F. Fitzgerald. 1994. Elemental Mercury Cycling within the
Mixed Layer of the Equatorial Pacific Ocean. In: Mercury Pollution — Integration and Synthesis.
C.J. Watras and J.W. Huckabee (Eds.). Pages 83-97.

Meili, M., K. Bishop, L. Bringmark, K. Johansson, J. Munthe, H. Sverdrup, and W. de Vries.
2003. Critical levels of atmospheric pollution: criteria and concepts for operational modeling of
mercury in forest and lake ecosystems. The Science of the Total Environment. 304(1-3):83-106.

Meyer, M.W., D.C. Evers, J.J. Haitian, et a. 1998. Patterns of common loon (Gavia immer)
mercury exposure, reproduction, and survival in Wisconsin, USA. Environ. Toxicol. Chem.
17:184-90.

Munson, R.K., R.C. Harris, C.T. Driscoll, J. Yavitt, and R.M. Newton. In preparation. The
Mercury cycling Model for Headwater Drainage Lakes (MCM-HD): Model Formulations and
Application. Environmental Pollution.

NADP (National Atmospheric Deposition Program). 2003. National Atmospheric Deposition
Program 2002 Annual Summary. NADP Data Report 2003-01. Illinois State Water Survey,
Champaign, IL.

NESCAUM. 2003. Mercury Emission from Coal-fired Power Plants. The Case for Regulatory
Action. Northeast States for Coordinated Air Use Management. Boston, MA.

29



Nocera, J. and P. Taylor. 1998. In situ behavioral response of common loons associated with
elevated mercury exposure. Conserv. Ecol. 2:10.

Nriagu, J. and C. Becker. 2003. Volcanic emissions of mercury to the aamosphere: global and
regional inventories. The Science of the Total Environ. 304:3-12.

NY SERDA. 2002. Contributions of Global and Regional Sourcesto Mercury Deposition in New
York State Prepared by Electric Power Research Institute for the New Y ork State Energy
Research and Development Authority. Final Report 02-09.

Pacyna, J.M, E.G. Pacyna, F. Steenhusien, S. Wilson. 2003. Mapping 1995 global anthropogenic
emissions of mercury. Atmospheric Environment. 37, Supplement 1:S109-S117.

Parks, JW., A. Lutz, JA. Sutton, B.E. Townsend. 1989. Water column methylmercury in the
Wabigoon/English River-Lake system: Factors controlling concentrations, speciation and net
production. Can. J. Fish. Aquat. Sci. 46:2184-202.

Pirrone, N., G.J. Keeler, J.O. Nriagu. 1996. Regional Differences in Worldwide Emissions of
Mercury to the Atmosphere. Atmospheric Environment. 30(17):2981-2987.

Rea, A.W., SE. Lindberg, T. Scherbatskoy, and G.J. Keeler. 2002. Mercury accumulation in
foliage over time in two northern mixed hardwood forests. Water, Air and Soil Pollution.
133:49-67.

Rolfhus, K.R. and W.F. Fitzgerald. 1995. Linkages between atmospheric mercury deposition and
the methylmercury content of marine fish. Water, Air, Soil Pollut. 80:291-297.

Rossler, M.T. 2002. The Electric Power Industry and Mercury Regulation: Protective, Cost-
Effective, and Market-based Solutions. EM. April:15-21.

Scheuhammer, A.M. 1988. Chronic toxicity of methylmercury in Zebra Finch, Poephila guttata.
Bull. Environ. Toxicol. Chem. 17:197-201.

Schehammer, A.M., A.H.K. Wong, and D. Bond. 1998.Mercury and selenium accumulation in
common loons (Gavia immer) and common mergansers (Mergus merganser) from eastern
Canada. Environ. Toxicol. Chem. 17:197-201.

Schroeder, W.H. and J. Munthe. 1998. Atmospheric Mercury — An Overview. Atmospheric
Environment. 32(5):809-22.

Spalding, M.G., P.C. Frederick, H.C. McGill, et al. 2000. Histologic, neurologic, and
immunologic effects of methylmercury on captive great egrets. J. Wildl. Dis. 36:423-35.

Suns, K. and G. Hitchin. 1990. Interrelationships between mercury levelsin yearling perch, fish
condition and water quality. Water, Air, Soil Pollut. 50:255-265.

Swain, E.B., B.A. Monson, J. Jeremiason, P.L. Brezonik, E. Nater, J. Cotner, B.M. Johnson,
N.A. Hines, D. Engstrom, J. AlImendinger, and R. Kolka. 2003. Methylmercury sources to lakes
in forested watersheds. Has enhanced methylation increased mercury in fish relative to

30



atmospheric deposition? Abstract. U.S. EPA STAR Mercury Fate and Transport Final Progress
Review Workshop.

Watras, C.J,, K. A. Morrison, R. Hudson, T.M. Frogt, T.K. Kratz. 2000. Decreasing mercury in
northern Wisconsin: temporal patterns in bulk precipitation and a precipitation-dominated lake.
Environ. Sci. Technol.34:4051-4057.

Watras, C.J., K.A. Morrison, J. Hogt and N.S. Bloom. 1995. Concentration of Mercury Species
in Relationship to other Site-specific Factors in the Surface Waters of Northern Wisconsin
Lakes. Limnol. Oceangr. 40:556-565.

Wiener, J.G., D.P. Krabbenhoft, G.H. Heinz, and A.M. Scheuhammer. Ecotoxicology of
Mercury. In Press. In: Handbook of Ecotoxicology. Pages 409-463.

Wren, C.D. 1985. Probable case of mercury poisoning in awild otter, Lutra Canadensis, in
northwestern Ontario. Can. Field Nat. 99:112-4.

Wren, C.D., D.B. Hunter, J.F. Leatherland et al. 1987a. The effects of polychlorinated biphenyls
and methylmercury singly and in combination on mink. I: uptake and toxic responses. Arch.
Environ. Contam. Toxicol. 16:441-7.

Wren, C.D., D.B. Hunter, J.F. Leatherland et al. 1987a. The effects of polychlorinated biphenyls

and methylmercury singly and in combination on mink. I1: reproduction and kit development.
Arch. Environ. Contam. Toxicol. 16:449-54.

31





