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DEDICATION

The U.S. EPA scientists who authored this Report dedicate their efforts to the memory of their
colleague, Terry Clark. Terry began his career at the U.S. EPA in 1975, where he became a national, and
then an international expert in the atmospheric transport of acid rain and toxic trace gases. Terry
designed the initial long-range transport analysis for the Mercury Study. The energy and creativity he
brought to his work sustained him even through the final months of his illness when he continued to
work daily on this Report. His honesty, intelligence and generosity of spirit are greatly missed. Terry
Clark died on January 28, 1994.
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OVERVIEW

This Mercuy Study is a Rgort to Comgressprepared ly the U.S. Environmental Protection
Ageng. It fulfills the reguirements of section 112(n)(1)(B) of the Clear Air Act, as amended in 1990.
The Reort provides an assessment of thegmitude of U.S. mercyremissions ¥ source, the health and
environmental irplications of those emissions, and the availabditd cost of control technaies. As
the state-of-the-science for mergus continuoust and rpidly evolving, this Rgort should be viewed
as a “snpshot” of our current understandiof mercuy. This Rg@ort does notuantify the risk from
mercul exposure because of scientific uncertgiimt a number of irportant areas. The Rert identifies
areas where further research is needguideide aquantitative risk assessment.

Mercuty cycles in the environment as a result of natural and human (poglerdc) activities.
The amount of mercymobilized and released into the lpbsre has increased since thgibring of
the industrial ge. Most of the mercyrin the atmoghere is elemental merguvapor, which circulates
in the atmophere for p to ayear, and hence can be wiglelispersed and trapsrted thousands of miles
from likely sources of emission. Most of the meyxcimr water, soil, sediments, plants and animals is
in the form of inoganic mercuy salts and ganic forms of mercyr(eg., metltylmercury). The
inorganic form of mercur, when either bound to airborparticles or in ajaseous form, is reagil
removed from the atmphkere ly precipitation and is also grdeposited. Wet dgosition is theprimary
mechanism for traperting mercuy from the atmagshere to surface waters and land. Even after it
deposits, mercyr commony is emitted back to the atnaere either as gas or associated with
particles, to be re-gmsited elsewhere. As iycles between the atmgsere, land, and water, mergur
undegoes a series of cquex chemical anghysical transformations, mgrof which are not copletely
understood.

Mercury accumulates most efficiegtin the @uatic food web. Predatporganisms at the of
the food welgeneraly have hgher mercuy concentrations. Nearhll of the mercuyy that accumulates
in fish tissue is metiimercury. Inorganic mercuy, which is less efficiengl absorbed and more readil
eliminated from the bgdthan metlimercury, does not tend to bioaccumulate.

Mercury Emissions and Deposition in the U.S.

The bespoint estimate of annual antlpagenic U.S. emissions of merguin 1994-1995 is 158
tons. Roghly 87 percent of these emissions are from combustion sources, irgludste and fossil
fuel combustion. Conteporary anthrgpogenic emissions are gnbnepart of the mercuyr cycle.
Releases from human activities tgagae addig to the mercuwr reservoirs that alregdexist in land,
water, and air, both natunaland as a result grevious human activities. The flux of mergdrom the
atmophere to land or water atyaone location is coprised of contributions from the natugibbal
cycle includirg re-emissions from the oceangjiomal sources, and local sources. Local sources could
also include direct water disclgas in addition to air emissions. Past uses of mgreuch as fugicide
application to crgs are also a coponent of thgpresent mercyrburden in the environment. One
estimate of the total annuglbbal input to the atmgshere from all sources includimatural,
anthrgogenic, and oceanic emissions is 5,500 tons. Based on this, U.S. sources are estimated to have
contributed about Bercent of the 5,500 tons in 1995.

A computer simulation of log-range trangort of mercuy swygests that about one-third (~ 52
tons) of U.S. anthimogenic emissions are gesited, throgh wet and dy deposition, within the lower 48
States. The remairgrtwo-thirds (~ 107 tons) is trapsrted outside of U.S. borders where it diffuses
into theglobal reservoir. In addition, the cguoter simulation sggests that another 35 tons of meycur
from theglobal reservoir is daosited for a total daosition of roghly 87 tons. Althogh this ype of
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modelirg is uncertain, the simulation ggests that about three times as much mgrisubbeirg added to
theglobal reservoir from U.S. sources as is gadaposited from it. What is not uncertain is that
additional emissions to air will contribute to levels in ghebal reservoir, and concomitantpdesition to
water bodies.

The hghest deosition rates from anthpegenic andglobal contributions for mercyrare
predicted to occur in the southern Great Lakes and Ohio RiveyvtilleNortheast and scattered areas
in the South, with the most elevategdsition in the Miami and Tapa areas. The location of sources,
the chemical gecies of mercyremitted and the climate and metemy@re kg factors in mercuyr
deposition. Humid locations havedfier dgosition than arid locations.

Public Health Impacts

Epidemics of mercuyr poisonirg following high-dose egosures to metimercury in Jgan and
Irag demonstrated that neurotoxicit the health effect @reatest concern when mgltmercury
exposure occurs to the devplng fetus. Dietay mettylmerculy is almost corpletely absorbed into the
blood and distributed to all tissues incluglthe brain; it also readilpasses thraggh theplacenta to the
fetus and fetal brain. The reference dose (RfD) is an amount ofimetlury, which when igested
daily over a lifetime is antigated to be without adverse health effects to humans, inglsdimsitive
sulpopulations. At the RfD or below, grsures are gected to be safe. The risk followjiexposures
above the RfD is uncertain, but risk increases pe®xes to metimercury increase.

Extrapolating from the hgh-dose egosures that occurred in thedrencident, the U.S. EPA
derived a RfD for metfimercury of 0.1pgkg bw/day. While the U.S. EPA has been advisgd b
scientific reviewers to ephoy this RfD for this angfsis, new data are engamg. Currenty ongoing are
two large gidemiolagy studies in the Sehelle Islands and in the Faroe Islands that werg@mesito
evaluate childhood devgdment and neurotoxigitin relation to fetal eposures to megtimercuyy in
fish-consumig populations. Because of various limitations and uncertainties in all of the available data,
the U.S. EPA and other Federgkacies intend tparticipate in an intergeng review of the human data
on metlylmercury, including the most recent studies from the/8eelle Islands and the Faroe Islands.
Thepurposes of this review are to refine the estimates of the levepofare to mercyrassociated
with subtle neurolgical enghoints and to further consensus between all of the Fedgati@s. After
this process, the U.S. EPA will determine if a chamn the RfD for metyimercury is warranted.

Fish consumtion dominates thpathwgy for human and wildlife gposure to metyimercuy.
This stug supports aplausible link between anthpogenic releases of mergufrom industrial and
combustion sources in the United States andyhra#rcury in fish. However, these fish mgtmercury
concentrations also result from exigtimaclground concentrations of mergufwhich mg consist of
mercul from natural sources, as well as meyowhich has been re-emitted from the oceans or soils)
and deosition from theglobal reservoir (which includes merguemitted ly other countries). Given the
current scientific understangjof the environmental fate and traost of this element, it is nqossible
to quantify how much of the mettimercury in fish consumedybthe U.S population is contributedyp
U.S. emissions relative to other sources of mgr¢such as natural sources and re-emissions from the
global pool). As a result, it cannot be assumed that agghamtotal mercur emissions will be lineayl
related to ay resultirg charge in metlylmercury in fish, nor over what timperiod these chaes would
occur. This is an area of gming study.

Critical elements in estimatymettylmercury exposure and risk from fish consytion include
the gecies of fish consumed, the concentrations of yhagrculy in the fish, thequantity of fish
consumed, and how fyaently fish is consumed. Thggical U.S. consumer eatirfish from restaurants
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andgrocery stores is not in dger of consumig harmful levels of metfimercury from fish and is not
advised to limit fish consuption. The levels of megtimercurly found in the most figuently consumed
commercial fish are low, pecially conpared to levels that mgiht be found in some non-commercial fish
from fresh water bodies that have been affecyeshércuy pollution. While most U.S. consumers need
not be concerned about theipesure to metyimercur, some egosures mabe of concern. Those
who regularly and frejuently consume lage amounts of fish -- either maringegies thatytpically have
much hgher levels of mefyimercury than the rest of seafood, or freshwater fish that have been affected
by mercuy pollution -- are more Ighly exposed. Because the devgltg fetus ma be the most
sensitive to the effects from mgtmerculy, women of child-bearmage are rgarded as thpopulation

of greatest interest. In this pat, an anajlsis of dietay surveys led the U.S. EPA to conclude that
between 1 and Bercent of women of child-beagrege (i.e., between thegas of 15 and 44) eat
sufficient amounts of fish to be at risk from mg@thercury exposure, dpendirg on the metilmercury
concentrations in the fish. These consumers should be aware of the Food@Admimistration and
State fish advisories thatggest limiting the consurption of contaminated fish. Advisories in the
United States have been issug3B states and some Tribes, wagsgainst consumtion of certain
species of fish contaminated with mghimercury.

To the extent that concern is focused aghfend fish and seafood consumers, research is needed
on the actual consyption patterns and estimated mglimercury exposure of this suypulation. In
addition, the findigs from such research should be validatg@maysis of hair saiples from a
representative sapte of members of this spbpulation.

Environmental Impacts

Thepattern of mercwyr deposition nationwide influences which ecajiens and ecoystems will
be more hihly exposed. Piscivorous (fish-eaginbirds and mammals are morgfily exposed to
mercug than ay other known comonent of guatic ecogstems. Adverse effects of mergum fish,
birds and mammals include death, reduc@doductive success, pairedgrowth and develoment, and
behavioral abnormalities.

Mercury contamination has been documented in the egetad Floridgpanther and the wood
stork, as well apopulations of loons, eges, and furbearers such as mink and otter. Tipesges are at
high risk of mercuy exposure and effects becauseytleither argiscivores or egpiscivores.
Concentrations of mercyin the tissues of wildlifepecies have beenperted at levels associated with
adverse health effects in laboratstudies with the sam@ecies. However, field data are insufficient to
conclude whethepiscivorous wadig birds or mammals have suffered adverse effects due to airborne
mercul emissions. Modelimanal/ses conducted for this Part suggest that it igorobable that
individuals of some Ighly exposed wildlife supopulations are eperiencirg adverse effects due to
airborne mercwyr emissions.

Mercury Control Technologies

Mercuty is widely used in indusyr because of its divergeoperties and serves agp@cess or
product irgredient in several industrial sectors, however, industrial demand for méasideclinedyo
about 750ercent between 1988 and 1996, dugyddy to the elimination of mercyradditives inpaints and
pesticides and the reduction of menrcur batteries. Most of the emissions of meycarreproduced
when waste or fuel contairgmnmercuy is burned. The U.S. EPA has alrgdithalized emission limits for
municipal waste combustors and medical waste incinerators. As a rgsihieyear 2000, emissions
from these catories will decline at least 9@ercent from 1995 levels. In addition, mercemission
limits have beeproposed for hazardous waste incinerators.
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The lagest remainig identified source of mercyremissions are coal-fired utiliboilers.
Although a number of mercyrcontrol technolgies are beig evaluated for utilit boilers, most are still
in the research ggas, makig it difficult to predict final cost-effectiveness as well as the tingeired to
scale-p and commercialize the techngies. Because the chemicaksies of mercyremitted from
boilers varies fronplant toplant, there is no sagte control technolgy that removes all forms of mergur
There remains a wide variation in the end costs of control measures for utilities pogsibée inpact
of such costs on utilities. Prelimilyagstimates of national control costs for uilitoilers (based opilot
scale data) are in the billions of dollgex year. Omgoing research, as well as research needs related to
mercul controls for utilities, are described in the document.

Cost-effective pportunities to deal with mercyduring the product life-g/cle, rather thajust at
the point of digosal, need to bpursued. A balanced strgiewhich integrates end-opipe control
technolgies with material substitution andpseation, degjn-for-environment, and fundamentabcess
charge gproaches is needed. In addition, international efforts to reduce yernissions as well as
greenhousegases willplay an inportant role in reduciinputs to theglobal reservoir of mercyr
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1. THE MERCURY STUDY REPORT TO CONGRESS

The Clean Air Act Amendments of 1990 (CAA) established section 112(n)(1)(B) which requires
the United States Environmental Protection Agency (U.S. EPA) to study the impacts of mercury air
pollution. In particular, section 112(n)(1)(B) specifies the following:

The Administrator shall conduct, and transmit to the Congress not later than 4 years after
the date of enactment of the Clean Air Act Amendments of 1990, a study of mercury
emissions from electric utility steam generating units, municipal waste combustion units,
and other sources, including area sources. Such study shall consider the rate and mass of
such emissions, the health and environmental effects of such emissions, technologies
which are available to control such emissions, and the costs of such technologies.

The U.S. EPA designed the Mercury Study to address many different (but linked) types of
information:

. data on type, sources, and trends in emissions;

. evaluation of the atmospheric transport of mercury to locations distant from emission
sources;

. assessment of potential impacts of mercury emissions close to the source;

. identification of major pathways of exposure to humans and non-human biota;

. identification of the types of human health consequences of mercury exposure and the

amount of exposure likely to result in adverse effects;

. evaluation of mercury exposure consequences for ecosystems and for non-human
species;
. identification of populations especially at risk from mercury exposure due to innate

sensitivity or high exposure; and
. estimates of control technology efficiencies and costs.

The Report used the above types of information to assess the impact of emissions to air of
mercury from a variety of sources. This assessment included judgments as to the potential hazard to
humans and wildlife of methylmercury exposure which (as is described in succeeding sections) is largely
through the consumption of contaminated fish.

There was no attempt in this Report to do a comparative risk/benefit analysis of fish as an
important source of protein and calories in the diet of U.S. populations. Such an analysis would be
beyond the scope of the CAA mandate. As emphasized in succeeding sections, the typical U.S.
consumer of fish is not in danger of consuming harmful levels of methylmercury and is not being
advised to reduce fish consumption.
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This Mercury Study Report to Congress fulfills the mandate of section 112(n)(1)(B). The Report
is in eight volumes:

. Volume |: Executive Summary

. Volume II: An Inventory of Anthropogenic Mercury Emissions in the United States

. Volume llI: Fate and Transport of Mercury in the Environment

. Volume IV: An Assessment of Exposure to Mercury in the United States

. Volume V: Health Effects of Mercury and Mercury Compounds

. Volume VI: An Ecological Assessment for Anthropogenic Mercury Emissions in the
United States

. Volume VII: Characterization of Human Health and Wildlife Risks from Mercury
Exposure in the United States

. Volume VIII: An Evaluation of Mercury Control Technologies and Costs.

The various analyses documented in this Report were designed and conducted in accordance
with accepted guidelines and procedures. For example, the human health risk assessment performed for
this Report follows published Guidelines for Risk Assessment (including guidelirtegosure
Assessment, Developmental Toxicity, CarcinogeracitifGerm Cell Mutagenicifyand uses established
methodologies for quantitative assessment of general systemic toxicity (e.g., in the calculation of
reference doses (RfDs) and reference concentrations (RfCs)). Moreover, the assessment of ecological
effects, presented in Volume VI, follows U.S. EPRtamework for Ecological Risk Assessment
Criteria values for protection of piscivorous wildlife were developed using the methodology developed
for theGreat Lakes Water Quality Initiative

In 1994, the National Research Council of the National Academy of Scien&esemte and
Judgment in Risk Assessmeatommended several areas in which U.S. EPA could improve its risk
assessment and risk characterization practices. These recommendations are listed below along with a
description of how they were implemented in this Report.

. Provide an understanding of the type and magnitude of an adverse effect that a specific
chemical or emission could cause under particular circumstanths Report
characterizes both the type and magnitude of health and ecological effects associated
with airborne emissions of mercury from anthropogenic sources.

. Validate methods and modelall models used for the Report were critiqued by
scientific experts and model predictions were compared to measured mercury levels
using the most appropriate data available.

. Describe the basis for default option&ll assumptions are described and justified based
on available data. Where appropriate, exposure models were modified to improve
assumptions and to focus on areas of prediction where use of model assumptions is most
justified.

. Articulate and prioritize data needs'he Report includes a section on Research Needs
in each volume.

. Distinguish between variability and uncertaintyhe Report provides discussions that
attempt to make these distinctions for the risk results.
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Perform formal uncertainty analyse&Jncertainty analyses were formally conducted for
the dose-response and exposure assessment steps of the study, and were implicit in
weight-of-evidence processes used in the hazard identification step of the human health
risk assessment and the problem formulation phase of the ecological risk assessment.
Uncertainty also was analyzed quantitatively in other components of the study, such as
in the calculation of bioaccumulation factors and the RfD for methylmercury.
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2. MERCURY IN THE ENVIRONMENT

As a chemical element, mercury cannot be created or destroyed. The same amount has existed
on the planet since the earth was formed. Mercury, however, can cycle in the environment as part of
both natural and human (anthropogenic) activities. Measured data and modeling results indicate that the
amount of mercury mobilized and released into the biosphere has increased since the beginning of the
industrial age.

Several types of emission sources contribute to the total atmospheric loading of mercury. Once
in the air, mercury can be widely dispersed and transported thousands of miles from likely emission
sources. The distance of this transport and eventual deposition depends on the chemical and physical
form of the mercury emitted. Studies indicate that the residence time of elemental mercury in the
atmosphere may be on the order of a year, allowing its distribution over long distances, both regionally
and globally, before being deposited to the earth. The residence time of oxidized mercury compounds in
the atmosphere is uncertain, but is generally believed to be on the order of a few days or less. Even after
it deposits, mercury commonly is emitted back to the atmosphere either as a gas or in association with
particulates to be re-deposited elsewhere. Mercury undergoes a series of complex chemical and physical
transformations as it cycles among the atmosphere, land, and water. Humans, plants and animals are
routinely exposed to mercury and accumulate it during this cycle, potentially resulting in a variety of
ecological and human health impacts.

Properties and Uses of Mercury

Elemental mercury metal is a heavy, silvery-white liquid at typical ambient temperatures and
atmospheric pressures. The vapor pressure of mercury metal is strongly dependent on temperature, and
it vaporizes readily under ambient conditions. Most of the mercury encountered in the atmosphere is
elemental mercury vapor.

Mercury can exist in three oxidation states:°Hg (metallic}’Hg  (mercurous) &hd Hg
(mercuric). The properties and behavior of mercury depend on the oxidation state. Most of the mercury
in water, soil, sediments, or biota (i.e., all environmental media except the atmosphere) is in the form of
inorganic mercury salts and organic forms of mercury.

Mercury is widely used because of its diverse properties. In very small quantities, mercury
conducts electricity, responds to temperature and pressure changes and forms alloys with almost all other
metals. Mercury serves an important role as a process or product ingredient in several industrial sectors.

In the electrical industry, mercury is used in components such as fluorescent lamps, wiring
devices and switches (e.g., thermostats) and mercuric oxide batteries. Mercury also is used in
navigational devices, instruments that measure temperature and pressure and other related uses. It also is
a component of dental amalgams used in repairing dental caries (cavities).

In addition to specific products, mercury is used in numerous industrial processes. The largest
guantity of mercury used in manufacturing in the U.S. is the production of chlorine and caustic soda by
mercury cell chlor-alkali plants. Other processes include amalgamation, use in nuclear reactors, wood
processing (as an anti-fungal agent), use as a solvent for reactive and precious metals, and use as a
catalyst. Mercury compounds are also frequently added as a preservative to many pharmaceutical
products.
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The Role of Atmospheric Releases and Processes

A schematic of the most recent conceptualization of the current global mercury cycleis presented in
Figure 2-1. Asindicated in thisfigure, mercury is emitted to the atmosphere by a variety of sources,
dispersed and transported in the air, deposited to the earth, and stored in or transferred between the land,
water, and air.

Figure2-1
The Global Mercury Cycle
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Source: Adapted from Mason, R.P., Fitzgerald, W.F., and Morel, M.M. 1994. The Biogeochemical Cycling of Elemental
Mercury: Anthropogenic Influences. Geochim. Cosmochim. Acta, 58(15):3191-3198.

Mercury deposits on the earth in different ways and at different rates, depending on its physical and
chemical form. Mercuric species are subject to much faster atmospheric removal than elemental mercury.
Mercuric mercury bound to airborne particles and in a gaseous form is readily scavenged by precipitation and
isalso dry deposited (that is, deposited in the absence of precipitation). In contrast, elemental mercury vapor
has a strong tendency to remain airborne and is not susceptible to any major process resulting in direct
deposition to the earth's surface. Although much uncertainty still exists, several studies indicate that the
relative contribution of mercury loadings to land and water from atmaospheric deposition can be substantial .
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Numerous studies of elevated mercury levels in remote locations, where atmospheric transport
and deposition appears to be the primary mechanism for contamination, provide further evidence of the
importance of the atmospheric pathway.

Fate and Transport of Mercury in the Environment

The movement and distribution of mercury in the environment can be confidently described only
in general terms. There has been increasing consensus on many, but not all, of the detailed behaviors of
mercury in the environment. The depiction of the mercury cycle in Figure 2-2 illustrates the major
transfer and transformation processes expected to occur. These processes include a number of infinite
and/or indefinite loops.

Figure 2-2
Cycling of Mercury in Freshwater Lakes
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Source: Adapted from Winfrey, M.R. and J.W.M. Rudd. 1990. Review -- Environmental Factors Affecting the
Formation of Methylmercury in Low pH Lake&nviron. Toxicol. Chenf:853-869.

Mercury cycling and partitioning in the environment are complex phenomena that depend on
numerous environmental parameters. The following points generally describe the key factors that affect
the fate and transport of mercury in the environment.

. The form of mercury in air affects both the rate and mechanism by which it deposits to
earth.
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. Wet deposition apparently is the primary mechanism for transporting mercury from the
atmosphere to surface waters and land.

. Once in aquatic systems, mercury can exist in dissolved or particulate forms and can
undergo a number of chemical transformations (see Figure 2-2).

. Contaminated sediments at the bottom of surface waters can serve as an important
mercury reservoir, with sediment-bound mercury recycling back into the aquatic
ecosystem for decades or longer.

. Mercury has a long retention time in soils. As a result, mercury that has accumulated in
soils may continue to be released to surface waters and other media for long periods of
time, possibly hundreds of years.

Potential Exposure Pathways

Plants, animals and humans can be exposed to mercury by direct contact with contaminated
environmental media or ingestion of mercury-contaminated water and food.

Generally, mercury accumulates up aquatic food chains so that organisms in higher trophic
levels have higher mercury concentrations. An example aquatic food web is shown in Figure 2-3. At the
top trophic levels are piscivores, such as humans, bald eagles, cormorants, herring gulls and other fish-
eating species. The larger wildlife species (e.g., bald eagle, otter) can prey on fish that occupy high
trophic levels, such as trout and salmon, which in turn feed on smaller "forage" fish. Smaller piscivorous
wildlife (e.g., kingfishers, ospreys) tend to feed on the smaller forage fish, which in turn feed on
zooplankton or benthic invertebrates. Zooplankton feed on phytoplankton and the smaller benthic
invertebrates feed on algae and detritus. Thus, mercury is transferred and accumulated through several
trophic levels.

Figure 2-3
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Mercury Methylation and Bioaccumulation

Methylation of mercury is a key step in the entrance of mercury into food chains. The
biotransformation of inorganic mercury species to methylated organic species in water bodies can occur
in the sediment and the water column. All mercury compounds entering an aquatic ecosystem, however,
are not methylated; demethylation reactions as well as volatilization of dimethylmercury decrease the
amount of methylmercury available in the aquatic environment. There is a large degree of scientific
uncertainty regarding the rate at which these reactions take place. There is general scientific agreement
however that there is significant variability between waterbodies concerning the environmental factors
that influence the methylation of mercury.

Nearly 100% of the mercury that bioaccumulates in fish tissue is methylated. Numerous factors
in can influence the bioaccumulation of mercury in aquatic biota. These include the acidity of the water
(pH), length of the aquatic food chain, temperature and dissolved organic material. Physical and
chemical characteristics of a watershed, such as soil type and erosion, affect the amount of mercury that
is transported from soils to water bodies. Interrelationships between these factors are poorly understood,
however, and there is no single factor (including pH) that has been correlated with mercury
bioaccumulation in all cases examined.

Mercury accumulates in an organism when the rate of uptake exceeds the rate of elimination.
Although all forms of mercury can accumulate to some degree, methylmercury accumulates to a greater
extent than other forms of mercury. Inorganic mercury can also be absorbed but is generally taken up at
a slower rate and with lower efficiency than is methylmercury. Elimination of methylmercury takes
place very slowly resulting in tissue half-lives (i.e., the time in which half of the mercury in the tissue is
eliminated) ranging from months to years. Elimination of methylmercury from fish is so slow that long-
term reductions of mercury concentrations in fish are often due mainly to growth of the fish. By
comparison, other mercury compounds are eliminated relatively quickly resulting in reduced levels of
accumulation.

Methylmercury production and accumulation in the freshwater ecosystem is an efficient process
for accumulating mercury which can then be ingested by fish-eating (piscivores) birds, animals and
people. In addition, methylmercury generally comprises a relatively greater percentage of the total
mercury content at higher trophic levels. Accordingly, mercury exposure and accumulation is of
particular concern for animals at the highest trophic levels in aquatic food webs and for animals and
humans that feed on these organisms.

Human Exposure Pathways and Health Effects

Humans are most likely to be exposed to methylmercury through fish consumption. Exposure
may occur through other routes as well (e.qg., the ingestion of methylmercury-contaminated drinking
water and food sources other than fish, and dermal uptake through soil and water); however, the fish
consumption pathway dominates these other pathways for people who eat fish.

There is a great deal of variability among individuals who eat fish with respect to food sources
and fish consumption rates. As a result, there is a great deal of variability in exposure to methylmercury
in these populations. The presence of methylmercury in fish is, in part, the result of anthropogenic
mercury releases from industrial and combustion sources. As a consequence of human consumption of
the affected fish, there is an incremental increase in exposure to methylmercury.
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Mercury is a known human toxicant. Clinically observable neurotoxicity has been observed
following exposure to high amounts of mercury (for exanfiptad Hatters’ Diseas® Consumption of
highly contaminated food also has produced overt mercury neurotoxicity. Studies in humans and in
experimental animals are described in Volume V of the Mercury Study Report to Congress. Generally,
the most subtle indicators of methylmercury toxicity are neurological changes. The neurotoxic effects
include subtle decrements in motor skills and sensory ability at comparatively low doses to tremors,
inability to walk, convulsions and death at extremely high exposures.

Environmental Impacts

Adverse effects of mercury on fish include death, reduced reproductive success, impaired growth
and development and behavioral abnormalities. Exposure to mercury can also cause adverse effects in
plants, birds and mammals. Reproductive effects are the primary concern for mercury poisoning and can
occur at dietary concentrations well below those which cause overt todigcts of mercur on birds
and mammals include death, reducqaaductive success, imiredgrowth and develoment and
behavioral abnormalitiesSublethal effects of mercury on birds and mammals include liver damage,
kidney damage, and neurobehavioral effects. Effects of mercury on plants include death and sublethal
effects. Sublethal effects on aquatic plants can include plant senescence, growth inhibition and
decreased chlorophyll content. Sublethal effects on terrestrial plants can include decreased growth, leaf
injury, root damage, and inhibited root growth and function.

Concentrations of mercury in the tissues of wildlife species have been reported at levels
associated with adverse effects. Toxic effects on piscivorous avian and mammalian wildlife due to the
consumption of contaminated fish have been observed in association with point source releases of
mercury to the environment. However, field data are insufficient to conclude whether wildlife has
suffered adverse effects due to airborne mercury.

Mercury Levels in the United States

Based on 1996 data compiled by U.S. EPA’s Office of Water, advisories have been issued in 39
states that warn against the consumption of certain amounts and species of fish that are contaminated
with mercury. Ten states have statewide advisories (i.e., advisories posted on every freshwater body in
that state). These advisories are based on the results of sampling surveys that measure mercury levels in
representative fish species collected from water bodies. The advisories are intended for people who catch
and eat fish from those waterbodies.

Table 2-1 presents the range of average mercury concentrations in parts per million (ppm) in
major fish species throughout the U.S. (i.e., these are ranges of averages values measured by State
agencies across the U.S., not ranges of individual sample values used to calculate the means). This
information is based on data which represent the results of fish samples from the District of Columbia
and 36 states.

The fish samples were analyzed during the period from 1990 through 1995. The three species of

bottom feeders categorized in the table are carp, white sucker and channel catfish. Largemouth bass,
smallmouth bass, walleye, brown trout and northern pike represent the major predatory fish species.
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Table 2-1
Range of Average Mercury Concentrations (ppm) for Major Fish Species in the U.S. in 36 States
and DC, 1990-1995

Carp 0.061 -0.250 White sucker 0.042 - 0.456
Channel catfish 0.010 - 0.890 Largemouth bass 0.101 - 1.369
Smallmouth bass 0.094 - 0.766 Walleye 0.040 - 1.383
Brown trout 0.037 - 0.418 Northern pike 0.084 - 0.531

Fish sold in commerce are under the jurisdiction of the FDA which issues action levels for
concentration of mercury in fish and shellfish. The current FDA action level is 1 ppm mercury based on a
consideration of health impacts. As illustrated in the table above, freshwater fish can have mercury
levels which exceed the U.S. FDA action limit of 1 ppm. The concentration of methylmercury in
commercially important marine species is, on the average, close to ten times lower than the FDA action
level.

Mercury levels in marine fish have been monitored for at least 20 years by the National Marine
Fisheries Service. The data in marine fish have shown mercury levels over this time to be relatively
constant in various species. Comparable trends data for freshwater fish do not exist, although there are
data for coastal and estuarine sites.

The following information on mercury levels in coastal and estuarine bivalve mollusks (mussels
and oysters) is taken from the Mussel Watch Project, which is part of the National Oceanic and
Atmospheric Administration’s (NOAA’s) National Status and Trends (NS&T) Program. The Mussel
Watch Project is a large-scale monitoring project that measures concentrations of organic and trace metal
contaminants in fresh whole soft-parts of mussels and oysters at over 240 coastal and estuarine sites.
These data, which are available for 1986-1993, provide important information about spatial and temporal
trends in mercury contamination.

These data are summarized on a regional basis in Table 2-2. Although statistical evaluation has
not been conducted, median concentrations along the North Atlantic, Eastern Gulf, and Pacific coasts
(0.15, 0.14, and 0.11 ppm dry weight, respectively) appear to be higher relative to those along the Middle
Atlantic, South Atlantic, and Western Gulf coasts (0.06, 0.09, and 0.08 ppm dry weight, respéctively) .
The highest mercury concentrations measured exceed 1.0 ppm dry weight at sites along the Western Gulf
and Pacific coasts (1.80 and 1.01 ppm dry weight, respectively) .

For the purpose of temporal analysis, annual Mussel Watch data on mercury concentrations in
bivalve mollusks at specific sites have been aggregated to national geometrit means . The national
means, which are shown in Table 2-3, do not show any temporal trend in mercury concentrations in
mussels and oysters for the period 1986-1993.

tO’Connor, T. P., and B. Beliaeff (1995). Recent Trends in Coastal Environmental Quality: Results from the Mussel Watch
Project. 1986 to 1993. U.S. Department of Commerce, National Oceanic and Atmospheric Administration, National Ocean
Service, Office of Ocean Resources, Conservation and Assessment, Silver Spring, MD.
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Table 2-2

Mercury Concentration in Bivalve Mollusks from Mussel Watch Sites (1986-1993)

Region

States

Concentration
Range
(ppm-dry weight)

Median
Concentration
(ppm-dry weight)

North Atlantic ME, MA |, RI, CT, NY, NJ 0.005-0.72 0.15
Middle Atlantic DE, MD, VA 0.003-0.33 0.06
South Atlantic NC, SC, GA, FL (east coast) 0.012-0.98 0.09
Eastern Gulf of Mexico FL (west coast), AL, MS 0.005-0.72 0.14
Western Gulf of Mexico LA, TX 0.002-1.80 0.08
Pacific CA, OR, WA, HI, AK 0.002-1.01 0.11

Table 2-3

Nationwide Geometric Mean Concentrations of Mercury in Bivalve Mollusks (1986-1993)

1986

1987 | 1988

1989| 1990

1991 199p

194

3

Mean Mercury Concentration
(ppm-dry weight)

0.11

0.11

0.11

0.1p

0.99

0.11 0.1

0

12

Temporal trend analysis was also conducted on a site-by-site basis for 154 Mussel Watch sites
that had data for at least six years during the period 1986-1993 (O’Conner and Beliaeff 1995). Seven
sites exhibited an increasing trend in mercury concentrations, and eight sites exhibited a decreasing trend
in mercury concentrations, with 95% statistical confidence. The sites with increasing and decreasing
trends are shown in Table 2-4. Many of these sites occur in areas which are heavily industrialized. It is
probable that there are point source discharges to these estuaries. The contribution of mercury via air
deposition to these sites is unclear.
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Table 2-4
Trends in Mercury Concentrations in Bivalve Mollusks (1986-1993)

Site Name State

Increasing Trend

Mobile Bay - Hollingers Island Channel AL
Lake Borgne - Malheureux Point LA
Galveston Bay - Confederate Reef TX
Point Loma - Lighthouse CA
San Francisco Bay - Emeryville CA
Point Arena - Lighthouse CA
Crescent - Point St. George CA

Decreasing Trend

Charlotte Harbor - Bord Island FL
Mississippi Sound - Pascagoula Bay MS
Sabine Lake - Blue Buck Point X
Mission Bay - Ventura Bridge CA
Marina Del Rey - South Jetty CA
Elliott Bay - Four-Mile Rock WA
Sinclair Inlet - Waterman Point WA
Whidbey Island - Possession Point WA
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3. FINDINGS OF THE MERCURY STUDY REPORT TO CONGRESS

Sources Contributing to Mercury in the Environment

In the CAA, Congress directed U.S. EPA to examine sources of mercury emissions, including
electric utility steam generating units, municipal waste combustion units and other sources, including
area sources. The U.S. EPA interpreted the phrase "... and other sources..." to mean that a
comprehensive examination of mercury sources should be made and to the extent data were available, air
emissions should be quantified. Volume Il of this Report describes in some detail various source
categories that emit mercury. In many cases, a particular source category is identified as having the
potential to emit mercury, but data are not available to assign a quantitative estimate of emissions. The
U.S. EPA's intent was to identify as many sources of mercury emissions to the air as possible and to
guantify those emissions where possible.

The mercury emissions data that are available vary considerably in quantity and quality among
different source types. Not surprisingly, the best available data are for source categories that U.S. EPA
has examined in the past or is currently studying.

Sources of mercury emissions in the United States are ubiquitous. To characterize these
emissions, the types are defined in the following way:

. Natural mercury emissions the mobilization or release of geologically bound mercury
by natural processes, with mass transfer of mercury to the atmosphere;

. Anthropogenic mercury emissiorghe mobilization or release of geologically bound
mercury by human activities, with mass transfer of merc