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Executive Summary

Methylmercury contamination of fish has become a problem of national significance.
Methylmercury can cause a variety of health effects, including cardiovascular disease and
neurological impairment in fetuses and neonates. The Virginia General Assembly recognized
the seriousness of mercury contamination and directed the Department of Environmental
Quality (VA DEQ) to collect additional information on the problem. VA DEQ investigated
methylmercury contamination of fish in certain waters of eastern Virginia because monitoring
data indicate that catfish, large mouth bass and several other predatory fish have the highest
methylmercury levels. VA DEQ contracted with Virginia Commonwealth University (VCU),
Center for Environmental Studies (CES) to conduct fish consumption surveys in the affected
waters and estimate the associated health risks from resulting methylmercury exposures. CES
developed a fish consumption survey, and worked with VA DEQ staff to identify the launching
and fishing locations where anglers could be surveyed. The survey was designed to obtain
information on fishing behaviors, fish consumption, and demographic data on the anglers and
families. During the summer of 2007, a team from CES administered the survey to 158 anglers
at boat launching and fishing sites. Surveys were completed for anglers who were fishing at 17
locations on 5 rivers: the James River below Richmond, the Chickahominy, Pamunkey,
Mattaponi, and upper Piankatank Rivers. These rivers are affected by methylmercury
contamination, have been surveyed in previous similar investigations and are used by anglers
for recreational fishing.

The surveys were administered to anglers from all 17 locations on all 5 rivers,
predominantly on Friday, Saturday or Sunday. Approximately 44% of all respondents and their
families consume the fish that they catch from these waters. Half (50%) of the anglers only, not
family members consume some fish that they catch, and more men (54%) than women (43%)
were reported to consume the fish with elevated MeHg levels. The most commonly consumed

fish were catfish, spot or croaker, sunfish and largemouth bass; catfish and largemouth bass are



two of the species on the fish consumption advisory. Catfish also represented the largest
number of meals and total amount of self-caught fish consumed per year. The data on fish
consumption were analyzed with VA DEQ data on methylmercury concentrations in fish that had
been collected in previous years to estimate the amount of methylmercury consumed in fish
yearly. In order to estimate total methylmercury from all fish consumption, canned tuna and
purchased fish consumption were added to mercury exposures from self-caught fish. Mercury
levels in tuna and purchased fish were taken from national data.

The methylmercury exposures determined from survey data and VA DEQ fish tissue
levels were compared to the dose of mercury exposure that the Environmental Protection
Agency has set (and Virginia Department of Health uses) as the dose without appreciable
health risks, based on the reference dose or RfD.

The analysis of the fish consumption and fish tissue concentrations was performed using
a probabilistic computer program that is used for risk assessments. This program randomly
selects certain values, as defined, to use in the equations for determining total mercury from all
fish consumed. The analysis indicates that a significant number of anglers who regularly catch
and consume significant amounts of catfish and large mouth bass from the affected waters are
exposed to methylmercury at levels above the U.S. EPA reference dose of 0.1 ug/kg-day.

The present investigation highlighted several areas that are unknown or have very little data
and additional data gathering would close significant gaps in our current understanding of the
situation in Virginia. These areas include:

e This survey only obtained data from a few women and no family members and further
surveys would be needed to obtain direct fish consumption information on women and
children in angler’s families.

o Fish consumption patterns of Spanish speaking anglers especially in the Richmond area

o the Native American tribes in the area could be contacted to request their participation



Other waterbodies could not be surveyed in this investigation and additional survey
efforts are needed to provide site specific data outside the rivers surveyed

The risks of combined exposures to multiple contaminants in fish are unknown

The population of anglers who consume fish from the affected waters experience

cumulative risks that could be examined.
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INTRODUCTION AND BACKGROUND

Mercury (Hg) can be found in the environment in elemental, inorganic, and organic
forms. Methylmercury (MeHg), one of the organic forms of mercury, is of concern because it
bioaccumulates in the aquatic food chain and humans can be exposed via consumption of
contaminated fish (NRC 2000). While Hg comes from both natural and anthropogenic sources,
the largest identified source of Hg emissions are coal fired power plants (U.S. EPA 1997a).
Particles of inorganic Hg are emitted into the air and can deposit onto the land or into
waterbodies where microorganisms can convert the inorganic Hg into MeHg. The methylated
form of mercury is easily absorbed by living organisms and accumulates in the food chain
(ATSDR 1999).

MeHg is known to be highly toxic, as noted from the mercury poisonings in Minnamata,
Japan and in Iraq. Health effects of these poisoning episodes included sensory and motor
impairment in adults and mental retardation, cerebral palsy, deafness, blindness, and slurred
speech (dysarthria) in children exposed in-utero (NRC 2000).

The potential for a toxic substance like methylmercury to cause adverse health effects is
assessed by comparing the level of exposure an individual experiences to a risk assessment
benchmark value known as a reference dose (RfD). The RfD is a numerical estimate of an
allowable daily oral exposure to the human population that is not likely to cause harmful effects
during a lifetime. If the exposure remains below the RfD, there is little likelihood of adverse
effects. The possibility of toxic effects increases as the exposure level increases above the RfD
(see NRC 2000). In 1995, the U.S. EPA set the reference dose (RfD) of 0.1 ug/kg-day based
upon a poisoning episode in Iraq from grain contaminated with a MeHg fungicide (see U.S. EPA
2005). However, most of the U.S. population is more likely to be exposed to chronic-low dose
MeHg exposure through the consumption of MeHg contaminated fish, U.S. EPA wanted the RfD
based on a braoder array of investigations. U.S. EPA contracted with the National Research

Council to re-evaluate the RfD based on larger epidemiological studies from the Seychelles,



Faroe Islands, and New Zealand. The NRC recommended consideration of the 95% lower
confidence limit for the benchmark doses for a number of neurological endpoints based upon
the performance on neuropsychological tests. As a result of the NRC analysis, U.S. EPA
reviewed the RfD in 2001, basing the RfD on the results of the Faroe Islands study. On these

grounds, U.S. EPA kept the current RfD the same at 0.1 pyg/kg-day (U.S. EPA 2005).

1.1 SITUATION IN VIRGINIA

In 1999, the fish tissue monitoring program of the VA Department of Environmental Quality
found fish with high levels of mercury in the Dragon Run Swamp. The fish tissue monitoring
program had been monitoring mercury and organic chemicals in fish tissues from a number of
waterways owing to past contamination from specific sites. The results in Dragon Run Swamp,
however, were unexpected, because this region has very little human activity, is free of industry
and intensive farming, and is considered “pristine.” There were no obvious point-sources of
mercury in the swamp, so it was hypothesized that the mercury was coming from air deposition,
as described in national investigations conducted by U.S. EPA. As a result of the results in
Dragon Run Swamp, VA DEQ extended the mercury sampling effort to a larger group of rivers.

When fish were sampled from other waterbodies in the Coastal Plain with similar
characteristics to the Dragon Run (slow-moving, acidic water), similarly elevated concentrations
of Hg were found in the fish. The program has now reported elevated mercury levels in fish from
a number of rivers and lakes (Table 1). The rivers with elevated MeHg in fish tissues are shown

in Figures 2.1 and 2.2.

Table 1.1 Waterbodies with mercury fish consumption advisories:
From: http://www.vdh.state.va.us/epidemiology/DEE/PublicHealthToxicology/Advisories/index.htm



http://www.vdh.state.va.us/epidemiology/DEE/PublicHealthToxicology/Advisories/index.htm

Watershed

Waterbody

Location

Species Associated
with Hg Advisory

Chesapeake Bay and
Small Coastal Basin

Lake Trashmore

Virginia Beach City

Large Mouth Bass

Lake Whitehurst

Norfolk City

Carp

Blackwater River

Surry County, Southampton
County, Isle of Wight
County, Franklin City, and
Suffolk City, Sussex County,
Prince George County, and
Petersburg City

Largemouth Bass
Chain Pickerel
Bowfin

Redear Sunfish
White Catfish
Redhorse Sucker
Longnose Gar

Watershed (cont.)

Waterbody (cont.)

Location (cont.)

Species Associated
with Hg Advisory
(cont.)

Chowan and Dismal
Swamp Basin

Great Dismal
Swamp Canal

Chesapeake City and
Suffolk City

Bowfin
Chain Pickerel

Nottoway River

Greensville County, Sussex
County and Southampton
County

Largemouth Bass
Smallmouth Bass
Bowfin

Chain Pickerel
Redhorse Sucker Spp.
Longnose Gar
Channel Catfish
Sunfish Spp.

Dragon Run
Swamp/ Piankatank
River

Essex County, Middlesex
County, King and Queen
County, and Gloucester
County

Large Mouth Bass

James River Basin

Harrison Lake

Charles City County

Redear Sunfish
Largemouth Bass
Chain Pickerel
Bowfin

Chickahominy River

Charles City County New
Kent County

Largemouth Bass
Chain Pickerel
Bowfin

York River Basin

Lake Gordonsville

Louisa County

Large Mouth Bass

Pamunkey River

Hanover County, King
William County, and New
Kent County

Blue Catfish

Mattaponi River

King William County and
King and Queen County

Large Mouth Bass

Herring Creek

King William County

Bluegill Sunfish
Yellow Bullhead Catfish




The fish tissue monitoring results raised concern for several reasons. First, there are no
known point sources of mercury in most of the waterbodies that are affected. The only
explanation seemed to be the atmospheric deposition of mercury, with subsequent
transformation into methylmercury, uptake and accumulation in fish. The sources of mercury
emission into the atmosphere were not known precisely and may well include long-range
transport. Second, mercury, specifically methylmercury, is highly toxic, especially to the
developing nervous system, causing |.Q deficits in children. Third, the developing fetus seems
to be the most sensitive to the effects of methylmercury. Fourth, the affected waters are used for
both recreational fishers and fishers who rely on their catch for food, although the exact extent
of the use was not well known. Fifth, methylmercury was found in several types of fish, both
catfish and top predators such as bass. Finally, methylmercury contamination of the coastal
plain rivers could be a long term condition that would require a more complex solution than if the
source were a direct discharge into the waters.

The impacts on Virginia from mercury contaminated fish could include health
consequences for the people who consumed fish from these waters, in spite of warnings to limit
or eliminate such consumption. The health effects of MeHg poisoning are primarily neurological
damage that is likely to be permanent for children, the most sensitive members of the
population. Adults may also suffer from neurological damage at high MeHg doses and an
increased risk of cardiovascular disease. Fish advisories on the rivers and lakes may also cause
a reduction in recreational uses, with the possibility of some, as yet undescribed economic

consequences. The total economic impact of methylmercury contamination is unknown.

1.2 SOURCES OF MERCURY
Mercury is generally found in three forms: elemental (metallic) mercury, inorganic

mercury, and organic mercury. Mercury can enter a waterbody either through atmospheric



deposition or through point source discharges. Although metallic mercury (used in thermometer,
switches, etc.) can volatize into the air, most of the air born mercury comes from burning
hazardous waste and burning coal. According to the U.S. EPA, “coal-burning power plants are
the largest human-caused source of mercury emissions to the air in the United States,
accounting for over 40 percent of all domestic human-caused mercury emissions” (U.S. EPA

1997a).

1.3 FATE AND TRANSPORT OF MERCURY

The atmospheric particles of elemental or inorganic mercury eventually settle into a
water body or onto land where the particles wash into the water. Mercury particles can then be
transformed by microorganisms into methymercury, which is easily absorbed by plants and
animals, and is a more toxic form of mercury. The methylation process is enhanced under
anaerobic conditions (such as a swamp) where the types of bacteria capable of producing

methylmercury are likely to flourish (ATSDR 1999).

1.4 BIOACCUMULATION OF MERCURY

Because methylmercury can bioconcentrate, bioaccumulate, and biomagnify, even small
environmental concentrations of mercury in water can readily accumulate to potentially harmful
concentrations in fish (U.S. EPA 1997b). The ratio of concentration of methylmercury in fish
tissue to that in water is usually between 10,000 and 100,000 (U.S. EPA 1978). MeHg in fish
tissue is dependent on the chemistry of water body and the trophic level of the fish, with the
higher trophic level fishes generally having higher mercury concentrations in their tissues.
Mercury binds to protein, and in fish mercury bioaccumulates in the muscle tissue, meaning that
the larger and older fish generally have higher mercury concentrations than younger, smaller

fish.



1.5 HUMAN EXPOSURE TO MERCURY
Toxicokinetics of MeHg
Absorption

Unlike dimethylmercury, methylmercury is not easily absorbed through the skin.
Methylmercury vapors in the air at room temperature are easily absorbed through the lungs
(ATSDR 1999); however, route of human exposure to methylmercury is primarily oral.
Methylmercury is the form of mercury that is most easily absorbed through the digestive tract,
and it is estimated that 90% to 95% of the methylmercury ingested will be absorbed into the
bloodstream (NRC 2000, ATSDR 1999). Additionally, animal studies indicate that
gastrointestinal absorption is in excess of 90% of the oral dose, and that age (including neonatal

stage) has no effect on the absorption rate (Walsh, 1982).

Distribution

Once in the blood, methylmercury is easily transported to other organs including the
brain, and in the case of pregnant women, methylmercury enters the fetus’s blood, organs, and
developing brain (ATSDR 1999). Both inorganic mercury and methylmercury can be passed into
a nursing woman'’s breast milk. Distribution of methylmercury to all tissues is complete within
about 4 days in humans, and at this time the brain contains approximately 6% of the dose

(Kershaw et al., 1980).

Biotransformation/ Excretion (MeHg half-life)
Over time, most of the methylmercury is transformed in the body to inorganic mercury
and is then excreted in the urine and feces. Small amounts of the inorganic mercury can further

be transformed in the body to metallic mercury and exhaled through the lungs as mercury vapor



(ATSDR 1999). The excretion rate is approximately 1% of the total body burden per day, with
the half-life in blood of 48-53 days and the whole body half-life of 70-80 days (Kershaw et al.
1980, U.S. EPA 1997b, NRC 2000). However, the methlymercury converted to inorganic

mercury in the brain has a much longer half-life, in the range of years.

Biomarkers and Pharmacokinetic models

In the determination of the dose-response relationship, biomarkers of methylmercury
exposure can be used as surrogates when the ingested dose is unknown. The commonly used
biomarkers are total mercury blood concentration, fetal-cord-blood concentration, and hair
concentration. Using the mercury concentrations in these biomarkers, the ingested dose can be
estimated using either a physiologically based pharmacokinetic (PBPK) model or by a simplified

one-compartment model (Fig. 1.1 from NRC, 2000).

Figure 1.1 One-Compartment Model

MeHg

in Other ——— MeHg —— ﬁsng
Maternal Ingestion Absorbed
Tissues

MeHg in MeHg in MeHg in
CordBlood . _ _ _ | maternal —— ——+  Matemal
and Other Blood Hair
Fetal Tissues

Excretion of
MeHg and Hg

source: NRC 2000



The one-compartment model used by International Programme on Chemical Safety
(1990) and the US Environmental Protection Agency (1997)) collapse the distribution and
redistribution of methylmercury among several body compartments into one compartment that
assumes the blood concentration to be at a steady state. Under this assumption, the steady
state dose can be calculated by the following equation:

D= CxbxV
WxAXF

Where D = steady state dose
C = concentration of MeHg in the blood (ug/L)
b = elimination rate constant (fraction of the concentration eliminated per day (day '1)
V = blood volume (L)
W = body weight (kg)
A = fraction of ingested MeHg that is absorbed
F = fraction of absorbed MeHg that is distributed in the blood

When the biomarker of exposure is hair concentration or fetal-cord-blood concentration, these
factors can be substituted for C in the above equation as C = (1/R) x Z, where R is either the
hair-to-blood concentration ratio (ug/g)/( ug/L) or the cord-blood to maternal-blood ratio and Z is
the hair concentration or fetal-cord-blood concentration. These equations can be used either to
calculate the ingested dose from a given blood concentration, hair concentration, or fetal-cord-

concentration, or conversely to calculate these biomarker levels from a given ingested dose.

Inter-individual Toxicokinetic Variability

The relationship between ingested dose and the concentration of MeHg in hair or cord
blood depends on physiological factors that vary among individuals in the population. Therefore,
there is no single conversion factor to translate an ingested dose into a biomarker concentration
(or vice-versa, from a biomarker concentration to an ingested dose.) Based upon
recommendations from the NRC report (2000), the U.S. EPA used the central tendency for each
physiological parameter when reconstructing the ingested dose from the biomarker when

deriving the revised RfD. An alternative to using the central tendency estimate is to use the



distribution of each parameter in a Monte Carlo simulation as Stern did in 1997 and 2005. In

1997, Stern used distributions for each parameter from the literature that were relevant to

women of childbearing age (18 — 45). In 2005 Stern revised his analysis to use empirical or

parametric distributions appropriate for third-trimester pregnancy specific values. A comparison

of the values used in these three analyses can be seen in Table 1.2 below:

Table 1.2 Comparison of Physiological Parameters. Ingestion, absorption, transfer
factors and relevant ratios for calculating methylmercury in humans

U.S. EPA
Parameter (1995) Stern (1999) Stern (2005)
Ry, (hair to blood ratio) 0.25 Cumulative probability distribution: | (not used in analysis)
min: 0.073
10%: 0.224
25%: 0.265
50%: 0.292
75%: 0.307
90%: 0.41
max: 0.535
R, (cord blood to maternal 1 (not used in analysis) lognormal
blood ratio) (u: 1.7, 0: 0.9)"°
b (elimination rate) 0.014/day lognormal (u: 0.011, o: 0.0037)? empirical probability
distribution*":
lognormal I(u: 0.014, o: 0.0026)° | min: 0.009/day
max: 0.046/day
V (blood volume) 5L lognormal (u: 3.57, a: 0.443), rank | cumulative probability
order correlation with W, r=0.63 * | distribution*:
min: 3.707 L
=0.037 L/kg x W + 1.43 ° max: 7.902 L
correlated with W, r=0.49
A (fraction of ingested MeHg |0.95 normal (u: 0.94, 0: 0.016)° cumulative probability
that is absorbed) distribution™:
min: 0.940
max: 0.999
F (fraction of absorbed MeHg |0.05 lognormal (p: 0.077, o: 0.008)’ normal
that is distributed in the blood) (u: 0.052, o: 0.0095)"
lognormal I(u: 0.067, o: 0.019)°
W (body weight) 60 kg Cumulative probability distribution®: lognormal

min: 34.75 kg
max: 153.3 kg

(u: 80.9 kg, o: 16.3 kg)"™®

! combined data set from Kershaw et al. (1980) and Birke et al. (1972)

2 from Al-Sharistani (1974)

% average of Kershaw et al. (1980), Smith et al. (1994), Sherlock et al. (1984), Al-Sharistani et al. (1974), and Miettinen et al. (1971)
* combined data set from Brown et al. (1962), Retzlaff et al. (1969), Huff and Feller (1956)
® combined data set from Brown et al. (1962), Retzlaff et al. (1969), Huff and Feller (1956)

® from Miettinen et al. (1971)
7 from Smith et al. (1994)




® average of Smith et al. (1994) and Kershaw et al. (1980)
® from NHANES 111 (1996)

"% from Stern and Smith (2003)

" from Cox et al. (1989)

"2 from Thomson et al. (1938) and Caton et al. (1951)

" from Miettinen et al. (1971)

" from Sherlock et al. (1984) and Kershaw et al. (1980)
' from CDC (2004)

The principal target organ of oral exposure to methylmercury is the central nervous
system. Methylmercury is rapidly transported across the blood-brain barrier and accumulates in
the brain where it slowly demethylates to inorganic (mercuric) mercury. Both the adult and fetal
brains are damaged by methylmercury (and the oxidized inorganic mercury), but the fetal brain

is more sensitive.

1.6 HEALTH EFFECTS OF MERCURY
Health Effects:

The danger posed by methylmercury was first elucidated by several tragic poisoning
episodes. In the 1950s, outbreaks of a severe neurological disease were first noted in Minamata
City, Japan. The cause of the epidemic was eventually traced to the consumption of fish and
shellfish from Minamata Bay that were contaminated with methylmercury that came from the
wastewater discharge from the local chemical plant. Both adults and children exhibited adverse
health effects; however, children exposed in-utero were more sensitive, suffering from mental
retardation, cerebral palsy, and other central nervous system defects (NRC 2000). Similar
epidemics of neurological disorders occurred in Iraq in 1960, 1965, and 1971-72; however, in
Iraq the poisoning was a result of the handling and consumption of grain treated with ethyl or
methylmercury fungicides (ATSDR 1999). The results from these high-dose poisoning episodes
were similar: adults suffered from loss of sensation in the hands, feet, and around the mouth
(paresthesia), uncoordinated walking (ataxia), slurred speech (dysarthria), diminution or loss of
sight, loss of hearing, and death. Infants exposed to the highest doses either in utero or through

their mother’s milk suffered severe brain damage (Bakir et al. 1973). The high dose exposures

10



have served to inform the health and medical communities on the health effects from MeHg
poisoning, the mechanism of action and the most sensitive populations.

Because both the poisoning episodes in Japan and Iraq were studied retrospectively,
exposure doses had to be estimated in adults through blood concentrations and in infants
exposed in utero through maternal hair concentrations. Using hair as a biomarker of exposure
has the advantage of being able to reconstruct a timeline of exposure in both duration and
magnitude. Using pharmokinetic models, maternal hair mercury concentration can be used as a
surrogate for the dose of mercury received by the fetal brain and hair mercury concentration can
also be used to estimate the ingested dose (NRC 2000).

While dose response functions can be estimated from the data from the poisoning
episodes in Japan and Iraq, these exposure scenarios are not comparable to chronic low-dose
exposure from the consumption of fish or other seafood. To better understand the effects of
chronic low-dose exposure, several prospective epidemiological studies have been carried out
on populations around the world. The developing central nervous system is assumed to be the
most sensitive to chronic low-dose exposure, therefore status on neurological examination, age
at reaching developmental milestones, and performance on neurobehavioral tests, and other
endpoints in children were examined in these studies (NRC 2000).

Finally, animal studies have shown that high level, long term exposure to methylmercury
produces adverse effects including: damage to the nervous system; damage to the kidneys and
the digestive tract (stomach and large intestine); changes in blood pressure and heart rate;
damage to the developing fetus; adverse effects on the male reproductive organs and sperm;
increases in spontaneous abortions and still births. Of all the adverse effects, damage to the
nervous system occurred at the lowest doses (ATSDR 1999).

The following is a summary of effects of methylmercury on the different organ systems.

The concern of this study is exposure to methylmercury through the consumption of

11



contaminated fish; therefore, the health effects discussed are associated with the oral route of

exposure as opposed to inhalation or dermal exposure.

Gastrointestinal effects:

Gastrointestinal effects were noted in an ethylmercury poisoning episode in Iraqg in the
form of abdominal pain, vomiting, diarrhea or constipation (Jalili and Abbasi 1961). Long-term
exposure of rats to 4.2 mg Hg/kg/day resulted in necrosis and ulceration of the cecum, and
long-term exposure of mice to 0.1 mg Hg/kg/day resulted in ulceration of the glandular stomach

(ATSDR 1999).

Hepatic effects:
In the Iraqgi poisoning episode, autopsies of four adults and four infants who died as a
result of methylmercury poisoning showed fatty changes in the liver in most cases. (Al-Saleem

& the Clinical Committee on Mercury Poisoning 1976).

Renal effects:

The kidney is the critical organ of toxicity from the ingestion of inorganic mercury
(mercuric salts) (ATSDR 1999), and several case studies and animal studies have
demonstrated renal toxicity from the ingestion of organic mercury as well. In an ethylmercury
induced poisoning episode in Iraq, affect individuals exhibited excessive urination (polyuria),
excessive thirst (polydipsia), and protein in the urine (albuminuria) (Jalili and Abbasi 1961). In
the case of the family poisoned from consuming ethylmercury contaminated pork, the two boys
that died also exhibited albuminaria, increased blood urea, and urinary sediment (Cinca et al.
1979). A study of residents of an area of Minamata Japan that had the highest incidence of

Minamata disease (caused by the consumption of methylmercury contaminated fish) revealed a

12



higher than expected death rate attributed to nephritic disease among women but not among
men (Tamashiro et al. 1986). NRC’s Toxicological Effects of Methylmercury (2000) cites eight

studies of rodents that described methylmercury induced renal toxicity.

Hematological effects:

ATSDR noted that no human studies of hematological effects from the oral ingestion of
organic mercury were located in their 1999 Toxicological Profile of Mercury (ATSDR 1999);
however, they noted that long them exposure of rats to 4.2 mg Hg/kg/day resulted in anemia,

but that may have been a secondary effect of gastrointestinal bleeding.

Respiratory effects:

In autopsies of four adults and four infants who died as a result of methylmercury
poisoning in Iraq, in all four adults and one of the infants bronchopneumonia was considered the
immediate cause of death (Al-Saleem & the Clinical Committee on Mercury Poisoning 1976).
According to ATSDR, however, it is unclear if this was a direct effect on the respiratory system
or a secondary effect of the poisoning (ATSDR 1999). One animal study reviewed by the
ATSDR showed no “treatment related histopathological lesions” in rats from long term exposure

to 0.1 mg Hg/kg/day. (ATSDR 1999)

Cardiovascular effects:

The cardiovascular effects such as changes in blood pressure and cardiac function were
first noted in both inorganic and organic poisoning episodes; however, recent epidemiological
studies have also found associations between low level exposure to methylmercury and

increased risk of myocardial infarction, hypertension, and changes in heart rate variability.

13



Heart-rhythm abnormalities were observed in at least two of the organic mercury
poisoning incidents: in the 1956 Iragi ethylmercury poisoning episode (Jalili and Abbasi 1961)
and from a family that consumed a hog that had eaten ethylmercuric contaminated seed (Cinca
et al. 1979).

In a prospective epidemiological study, Salonen et al. studied the relationship between
the dietary intake of fish, the estimated dose of mercury, the measured mercury hair content,
and the amount of mercury excreted in the urine, to the risk of acute myocardial infarction and
death from coronary heart disease or cardiovascular disease. The study group was made up of
1833 Finnish men aged 42 to 60 years with no prior history of heart disease, heart attacks, or
strokes. The cohort was initially followed for an average of 5 years for acute myocardial
infarction and an average of 6 years for death. Salonen et al. (1995) found that dietary intake of
fish and hair mercury concentrations were associated with significant increases in the risk of
acute myocardial infarction and death from coronary heart disease, cardiovascular disease, or
any cause. Men in the highest tertile (2.0 ug/g) of hair mercury concentration had a 2.0-fold
(95% confidence interval, 1.2 to 3.1; P=.005) higher risk of acute myocardial infarction and a
2.9-fold (95% ClI, 1.2 to 6.6; P=.014) adjusted risk of cardiovascular death compared with those
with hair mercury content < 2.0 ug/g. The authors suggested that the mercury could be causing
lipid peroxidation, thereby antagonizing the beneficial effects of the n-3 fatty acids found in fish.
In a follow up study, Rissanen et al. (2000) extended the study time for the same cohort of
Finnish men to 10 years and also measured the blood levels of docosapentaenoic acid (DPA),
docosahexaenoic acid (DHA), and eicosapentanoic acid (U.S. EPA) (all end product n-3 fatty
acids from fish). This study confirmed the hypothesis that fish oil derived fatty acids reduce the
risk of acute coronary events in the study population (middle age men from Eastern Finland),
but high levels of mercury (as measured in hair content) reduced the beneficial effects of the
fatty acids. Virtanen et al. did a similar analysis from the same study (Kuopio Ischaemic Heart

Disease Risk Factor Study) and found that men with greater than 2.03 ug/g hair mercury
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concentration had an adjusted 1.6 fold increase in risk of an acute coronary event, 1.68 fold risk
of cardiovascular death, 1.56 fold increase risk of coronary heart disease, and 1.38 fold risk of
any death (Virtanen et al. 2005)

Prenatal exposure to low levels of methylmercury has also been associated with
changes in cardiovascular function. In a prospective study a cohort of 1000 children from the
Faroe Islands, Sorenson et al. (1999) found an association between prenatal exposure to
methylmercury and cardiovascular function at age 7. In this study, Sorenson et al. (1999) found
that blood pressures and the cord blood mercury concentration showed a linear relationship,
with diastolic blood pressure increasing by 13.9 mmHg (95% CL — 7.4, 20.4) and systolic
pressure increasing by 14.6 mmHg (95% CL = 8.3, 20.8) as cord blood Hg levels increased
from 1 to 10 ug/liter. Above 10 ug/liter no relationship was seen between cord blood level and

blood pressure.

Central Nervous System Effects:
Developing nervous system

High-dose in utero exposure to methylmercury can result in congenital Minamata
disease (CND — caused by the maternal consumption of heavily contaminated fish and shellfish
in Japan) characterized by mental retardation, primitive reflexes, cerebellar ataxia (loss of
muscle coordination), disturbances in physical growth, dysarthria (slurred speech), and limb
deformities (NRC 2000). The most severely affected children exposed in utero in Iraq had
similar symptoms: blindness, deafness, paralysis, hyperactive reflexes, cerebral palsy, and
mental retardation (NRC 2000).

Low-dose but chronic exposure to methylmercury was examined in epidemiological
studies in the Faroe Islands, the Seychelles Islands, New Zealand, and others for more subtle

neurological effects. The Faroe Island study used the mercury content in maternal hair, cord
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blood, and cord tissue as biomarkers for exposure and examined a cohort of 1010 children at
age 7 (917 children examined) and age 14 (878 children examined). The children were given a
battery of neuropsychological tests; significant associations between higher prenatal
methylmercury exposure and lower finger tapping speed, increased reaction time on a
continued performance task, and lower cued naming scores were found at age seven and again
at age 14 (Debes et al., 2006).

The New Zealand study matched children of mothers who had hair-mercury levels above
6 ppm during pregnancy with 3 control children of mothers who had lower hair mercury levels.
One group of control children came from mothers who had hair mercury concentrations between
3 and 6 ppm, and the other 2 control children had mothers who’s mercury hair concentrations
during pregnancy was 0-3 ppm; one mother being a high fish consumer, the other being a low
fish consumer. When the children were 6 to 7 years old they were assessed on 26
psychological and scholastic tests. Kjellstrom et al (1989) found a significant relationship
between higher prenatal methylmercury exposure and decreased performance on five of the
tests based upon the category of mercury exposure. Crump et al. 1989 reanalyzed the data by
performing a regression analysis of the actual maternal hair mercury levels. When one highly
influential point was omitted, Crump et al. found a significant relationship (a=0.1) between
maternal hair mercury levels and scores on six of the psychological and scholastic tests (Crump
et al. 1998). The regression coefficients for the significant tests (especially the Wechsler
Intelligence Scale for Children-Revised (WISC-R)) can be used as a dose response function.

The Seychelles study followed 779 mother-infant pairs from a primarily fish-eating
population. The children in this study were assessed at various ages between birth and 5.5
years on a number of standardized neuropsychological endpoints. No significant associations
were found between cord-blood mercury or maternal hair mercury and the children’s

performance on the neuropsychological tests. (Davidson et al. 1998, Davidson et al. 2006)
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Dose-response functions:
Reference Dose

The reference dose “is is an estimate (with uncertainty spanning perhaps an order of
magnitude) of a daily exposure to the human population (including sensitive subgroups) that is
likely to be without an appreciable risk of deleterious effects during a lifetime” (U.S. EPA 2001).
U.S. EPA chose a benchmark dose analysis (and the quantitative analysis done by the NRC
(2000)) to derive a dose-response relationship from the three studies mentioned above. U.S.
EPA considered any score at or below the 5" percentile of the populations’ distribution of scores
as an abnormal response. Thus for the methylmercury RfD analysis U.S. EPA set the
benchmark response to 0.05, which in this case would double the number of children who
scored at the the population’s 5" percentile. The benchmark dose lower limit (the lower 95%
confidence limit of the BMDgs) was then calculated from the significant test results in all three
studies: the Faroe Islands, Seychelles, and New Zealand studies. For the RfD U.S. EPA used
the BMDLgss (quantified in mercury cord blood) from several scores for the Faroe Islands study
and converted those doses into maternal ingested doses using the one-compartment model.
The RfDs were then derived by dividing the ingested doses by an uncertainty factor of 10; the
values of the RfDs for a number of endpoints in all three studies converged around 0.1
ug.kg.day (NRC, 2000; U.S. EPA 2001).

Table 1.3 Reference Dose and Virginia Consumption Advisories

Threshold directed at/ protective of compare consumption to:

RfD sensitive subgroups oral dose of 0.1 ug/kg/day

VA consumption advisory Women of childbearing age and No meals of certain species of fish
children

VA consumption advisory all anglers No more than 2 meals/month of

certain species of fish

Table 1.4 Cardiovascular Health Effects Dose/Response Functions

Group outcome relative risk source

adult males with relative risk for non-fatal 1.69 compared to lower hair Salonen et al. (1995)
hair conc. over 2 and fatal myocardial concentrations

ppm infarctions
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adult males

adult males with
hair conc. over 2

ppm

adult males

relative risk for non-fatal
and fatal myocardial
infarctions

Relative risk for all-cause

mortality

relative risk for all-cause
mortality

1.068 per 1 ppm hair Hg
concentration over 2 ppm

1.93 compared to lower hair
concentrations

1.09 per 1 ppm hair Hg
concentration over 2ppm

Table 1.5 Neurological Health Effects Dose/ Response Functions

based on:

Seychelles, Faroe
Islands, NZ
cohorts

Cohen et al. and
Crump et al.
(1998)

Seychelles, Faroe
Islands, NZ
cohorts

outcome

change in 1Q points per 1
ppm increase in maternal
hair Hg concentration

change in 1Q points per 1
ppm increase in maternal
hair Hg concentration

change in 1Q points per 1
ppm increase in maternal
hair Hg concentration

Dose/Response

-0.7 (plausible values
ranging from 0 to 1.5)

-0.6

-0.18 (95% Cl: -0.378,-
0.009)

1.7 PURPOSE OF THE VIRGINIA STUDY

Salonen et al. (1995)

Salonen et al. (1995)

Salonen et al. (1995)

source

Cohen et al. (2005)

Rice and Hammitt (2005)

Axelrad et al. (2007)

The purpose of this study was to obtain Virginia-specific fish consumption information

and combine that with information from VA DEQ’s fish tissue database to assess the range of

exposures for the population of Virginia anglers (and their household members) that eat fish

from Virginia’s freshwater-tidal rivers. This distribution of exposures was then used to construct

a distribution of adverse health effects based upon the dose response functions described in the

literature. A second objective of this survey was to obtain demographic information from the

target population to characterize the sub-populations at greatest risk.

The concentration of methylmercury in fish tissue obtained from VA DEQ’s fish tissue

database was combined with information derived from the consumption survey to produce

baseline estimates of ingested doses. Dose-response functions from the literature were then
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applied to these doses to estimate the probability of health impacts to the anglers and the
household members who consume contaminated fish from the study area. In addition to
estimating risks under present exposure conditions, risks were estimated for lower mercury
contamination conditions. VA DEQ estimated mercury air-deposition across Virginia after 2010
and 2018 in response to planned regulatory controls. These estimates were used to estimate
the potential changes in fish contamination levels and the resulting possible changes in health
risks. These estimates of risks to human health will be analyzed by VA DEQ to predict economic
benefits and costs due to current levels of mercury versus potential future reductions.
2 METHODS
2.1 FISH CONSUMPTION SURVEY OF POPULATION OF INTEREST

To acquire the Virginia-specific fish consumption information, a survey was designed to
obtain recreationally-caught freshwater fish and total fish consumption information from the
population of freshwater anglers that fish in Virginia’s coastal plain. Personal interviews of
anglers were conducted from June 2007 until September 2007, at 17 fishing access points in
the region of interest. The survey locations were chosen by VCU and DEQ staff as the most
likely places to find both anglers fishing by boat or by shore within the range of the areas under
a fish consumption advisory for mercury. The original proposal also included a plan to interview
the Native American tribes that live in Virginia’s coastal plain; however, they declined to

participate.

2.1.1 SURVEY INSTRUMENT DESIGN

The sampling method for the recreational freshwater anglers was a creel survey at 17
selected fishing access points. The survey instrument was based upon previously used survey
instruments (Jones 2002), and was designed to minimize the time burden (estimated at 10

minutes) upon the participating subjects.
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Target populations and sampling strategy
The target populations for this survey were recreational freshwater anglers and their
household members who fish in Virginia’s coastal plain and Native Americans who live in
Virginia’'s coastal plain. To sample the population of recreational freshwater anglers, 17 fishing
access points in the region of interest were visited multiple times on different days of the week
and at different times of day over a four month period (June — September). All adult anglers
present (either boat fishing or shore fishing) at the survey times were approached and asked to
participate in the survey. Subjects were asked if they have been interviewed before, and those
who had previously completed the survey were not re-interviewed. With this method we
assumed that the population of anglers who fish at least once from June — September have an
equal probability of being interviewed and as such we did not assign a sampling weight based
upon the subject’s fishing frequency.’
Specific data obtained from the survey:
o fishing behavior information: frequency of recreational freshwater fishing, average
distance traveled to fishing locations, range of fishing locations;
¢ motivation for fishing: recreation, food, both;
¢ the species of recreational freshwater fish most frequently consumed;
¢ the average meal size and frequency of self-caught fish meals consumed by anglers;
¢ the average meal size and frequency of purchased fresh or frozen fish or shellfish meals
consumed by anglers;
¢ the average meal size, frequency and type of canned tuna fish consumed by anglers;
e household make-up: number of children under five, the number of children six to 15

years old, the number of women 16 to 49 years old, the number of men 16 to 49 years

LI n the Exposure Factors Handbook (U.S. EPA, 1997), the U.S. EPA noted that a weakness of the creel survey was
the possibility of overestimating the target population distribution if the sampling time was limited in duration.
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old, the number of people over the age of 50, and the number of people in each age
group that eat fish that the angler catches;

¢ demographic information: race, age, education level, income level, zip code

2.1.2 SURVEY LOCATIONS

The survey locations were chosen in consultation with VA DEQ to provide a good
sample from the area of interest (Eastern rivers under fish consumption advisories for mercury).
Survey locations were chosen where we believed we would find the most anglers, so that we
could maximize the sample number with the surveying effort. Thirteen survey sites were initially
identified; however, five additional sites (2 on the Pamunkey, 2 on the Chickahominy, and one
on the Piankatank) were added. These new survey locations were all mentioned by several
anglers during interviews as “good places to find anglers.” The addition of these new sites was
necessary because of problems encountered with the some of the survey sites initially identified
for the Piankatank and Chickahominy rivers.

Two of the sites originally identified: 1000 Trails and Rockahock campgrounds have
been problematic. Rockahock campground was chosen for its proximity to Walkers Dam, but
because of the concerts held at that location in the early summer, surveys were not able to be
completed on the dates that the survey team visited. Chickahominy Lake in general has been
difficult to survey in part because of the lack of public access, but also because Walkers Dam
was partially breached in the late spring, causing the lake level to drop. We were advised by
anglers interviewed on other rivers who said they fished Chickahominy Lake that Ed Allens
Campground and Eagles Landing were more heavily used by anglers. The survey team was
invited by Jill O’Brien-Jones, the owner of Eagles Landing, to interview anglers at that location;
however, she advised the team that because of the low lake level, boat access (and the

likelihood of meeting anglers) was best at high tide. 1000 Trails Campground was chosen as
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Figure 2.1 Waters Under VDH Fish Consumption Advisories
For Mercury
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one of the few boat ramps on the Upper Piankatank River. Two survey visits were completed
before the boat ramp closed in late June. At that time the survey team was advised to try

Freeport Marina a few miles down river.
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Figure 2.2 Map of Survey Locations

Lastar Manor

map from Google Earth

2.2 FISH TISSUE MERCURY CONCENTRATIONS

As part of the VA DEQ Fish Tissue and Sediment Monitoring Program, fish are collected
by the VA DEQ each summer. Fish are weighed, measured, and a 1 g sample of muscle tissue
is analyzed for total Hg (among other contaminants). Since previous studies indicated that 90%
of the Hg found in fish tissue was MeHg, the VA DEQ assumes that all mercury is MeHg.
(Barron 2007). By assuming 100% of the mercury is MeHg, VA DEQ is protective of those
cases in which all the mercury is MeHg and accounts for variation around the 90% value. The
assumption of 100% v 90% has a small effect on the results of this prediction and on setting
health advisories. Over 3,000 fish tissue samples with mercury concentrations are listed in VA
DEQ’s fish tissue database for the years 1999-2006. For the risk assessment, we only used the

samples that corresponded to our survey areas. The sample was further reduced by only
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including the fish that the anglers reported eating. Fish such as carp, longnose gar, bowfin, and
gizzard shad were excluded because these species were never or rarely reported consumed.
The values of each species/class of fish were then grouped from the 5 rivers to create
distributions of mercury concentrations for each species. The distribution was constructed so
that the frequency of each observation was equal to 1/n.

Distributions for fish tissue concentrations projected in 2010 and 2018 were constructed by
multiplying each observation by the corresponding reduction factor for the river. Reduction
factors were determined by VA DEQ based upon projected reductions in air deposition provided
by an air- modeling study that estimated reductions in air-deposition rates of total mercury
across Virginia in future years 2010 and 2018. The modeled reductions in total mercury
deposited into the individual river watersheds were used to estimate future mercury deposition
in comparison with the base line mercury deposition rates estimated for the year 2002. The
modeled deposition rates for the base year of 2002 is considered representative of the
conditions that were responsible for the fish-mercury concentrations that were detected during
the VA DEQ fish monitoring between 1998-2006. This information was used to calculate a
“reduction factor” for future years, representing the remaining air—deposited mercury compared
to the rates of 2002. For example; the air model predicted the rate for 2010 of air-deposition of
total mercury onto the watershed of the Dragon Run swamp to be 82.01% of the mercury
deposition rate in 2002. This amount represents an estimated 17.9% reduction in the air
deposition rate for total mercury in 2010 compared to the deposition rate of 2002. This
procedure yields a “reduction factor” of 0.8201 modeled for this watershed based on projected
2010 deposition levels. The reduction factor for the river basin can be used to estimate future
fish —mercury concentrations levels in response to reduced mercury deposition.

It was assumed by VA DEQ that the fish-mercury-concentrations in an ecosystem are in
dynamic equilibrium with mercury inputs to that watershed and that a reduction in mercury

deposition will result in a proportional reduction in fish-mercury concentrations after the
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ecosystem re-equilibrates to the lowered inputs of mercury. Under this scenario, the reduction
factor for the watershed can be multiplied times the fish-mercury concentrations seen in
previous monitoring (which are assumed to be a result of deposition rates reprsented by the
2002 base year) to estimate future mercury-fish concentrations after the projected reductions in
mercury deposition rates have occurred. For example; if previous samples of largemouth bass
from the Dragon Run contained an average concentration of mercury of 1.0 part per million,
then after the projected 2010 reductions in air deposition rates take effect we can estimate that
future concentrations in this species may average 1.0 ppm x 0.8201 (the river-specific reduction

factor) = 0.8201 parts per million mercury.

The reduction factors calculated for 2010 and 2018 are shown in table 2.1 for the specific

river basins important to this fish consumption and risk assessment study.

Table 2.1 Modeled Reduction Ratios in Hg-Air Deposition
Ratio (unitless) of projected mercury deposition in future years, following
emission reductions, compared to base year 2002

Modeled Year: 2010 2018
Dragon Run / Swamp: 0.8201 0.7972
Mattaponi River: 0.8120 0.7853
Pamunkey River: 0.8063 0.7830
Chickahominy River: 0.8096 0.7885
James River (Richmond-Hopewell): 0.7186 0.6850

The values used to estimate the current (2008), 2010, and 2018 fish tissue mercury
concentrations of fish caught in the survey area are presented in the appendix.

Purchased fish tissue mercury concentrations were taken from Carrington et al. (2004).
Using data from the U.S Food and Drug Administration and the National Marine Fisheries

Service, Carrington et al. (2004) determined the market share and mean mercury concentration
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for the 42 most consumed species. These data accounted for 99% of all seafood eaten and
were used to simulate the types and mercury concentrations of purchased fresh or frozen fish or
shellfish in the model. The data were modified to remove canned tuna as we asked about this
type of purchased meal separately. Once the canned tuna had been removed, the market
shares were converted into a cumulative probability distribution. Albacore and light canned tuna
had their own empirical distributions where the frequency of each observation =1/n. No
adjustments were made in purchased fish tissue concentrations for 2010 and 2018. The values
used to model the current fish tissue mercury concentrations of purchased fresh or frozen fish or

shellfish and canned tuna are presented in the appendix.

2.3 STATISTICAL ANALYSIS

Data were entered into a MS Access database and then exported to MS excel and SAS
version 9.1 for analysis. Data were assessed for normality, and because the quantitative
variables were not normally distributed, non-parametric tests were used. Comparisons of fish
consumption patterns (frequency, amount consumed) grouped by subject characteristics were
made by using one-way nonparametric analysis (SAS procedure NPARTWAY WILCOXON).
The p-values reported are from the Kruskal-Wallis test (one-way ANOVA statistic). Spearman
correlation coefficients were used to analyze the relationship between continuous variables, and
the relationship between categorical variables was assessed with Pearson chi-square analysis.
Multiple linear regression analysis was used to evaluate the contribution of the independent
variables (age, race, education level, income level, zip code) and the dependent fish
consumption variables (frequency, amount consumed). For all test statistics the level of

significance was a = 0.05.

2.4 RISK ASSESSMENT MODEL
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The risk assessment models were designed to evaluate three outcomes: exceeding the
reference dose, the loss of 1Q points from prenatal exposure to MeHg through the maternal diet,
and the change in the relative risk of myocardial infarction in adults over 50. The models
simulated the baseline outcomes using the most recent (1999 — 2006) fish tissue Hg
concentrations from VA DEQ, and future outcomes using the projected decreases in fish tissue
Hg concentration in 2010 and 2018 as predicted by the deposition models.

The sample of 75 anglers who eat self-caught fish was expanded to 222 by including all
the household members who were reported to eat the fish caught by the anglers. The gender
and age group of all household members was recorded, but the meal frequency and meal size
of household members was not asked, so assumptions had to be made for those parameters. It
was assumed that household members would eat equally as frequently as the angler, and that
adult household members would have the same meal size. Both assumptions increase the
uncertainty of estimating MeHg exposure for the household members. These assumptions
overestimate exposures for those who consume smaller fish portions and/or less often, and
underestimate exposures for those who consume larger meal sizes more often. The meal size
and meal frequency of the household members is a source of uncertainty in the analysis that
could be improved with a more detailed survey (and possibly different type) for the population of
interest.

To model the loss of IQ points from prenatal exposure to MeHg through the maternal
diet, the population of interest is women of childbearing age. To approximate this group, the
survey results were divided by gender and age group and the subsample from women 16 to 49
years old (n=52) was used for the simulation. Two of the survey results used were from female
anglers who had been interviewed; the remaining 50 survey results used were from anglers who
reported women 16 to 49 living in their households who ate fish that the angler caught from the
river where interviewed. Again, because we did not have the fish meal frequency and meal size

for family members, it was assumed that these 50 women had the same meal frequency and
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size as their angler. Using the survey results and fish mercury concentrations from VA DEQ’s
fish tissue database a probability distribution of ingested doses was created through a Monte
Carlo simulation.

Instead of using single point estimates of each parameter in a model, Monte Carlo
simulations use probability distributions for each parameter. Thousands of trials are run and
each time a random value for each parameter is sampled from its probability distribution. Thus,
instead of the model resulting in a single value, the simulation produces thousands of possible
values. These resulting values can then in turn be described by a probability distribution.

The simulation was done in two loops. The outer variability loop accounted for
differences between individuals in terms of eating habits and body weights. The outer loop
began by choosing an individual from the subsample (for models 1 and 2 this was women 16 to
49) at random and looking up her reported meals per year of self-caught, purchased, and
canned tuna fish, and her corresponding meal sizes reported for each type of fish meal. The
number of meals of each type of fish eaten became the number of iterations through the inner
loops. For each meal, a mercury concentration was sampled from the fish tissue concentration
distribution for the corresponding type of fish, and then multiplied by the individual’s reported
meal size to get the dose of mercury (in ug) for that meal. The doses for all fish meals were
summed to obtain the annual dose (ug/year), and this value was then divided by a bodyweight
(kg) chosen from a probability distribution, and averaging time (365 days) to arrive at the
average daily intake (ADI). (see equation 1). This average daily intake can then be compared to
U.S. EPA’s reference dose (0.1 ug/kg/year) which “is an estimate of the amount of a chemical
that a person can be exposed to on a daily basis that is not anticipated to cause adverse health
effects over a person’s lifetime” (U.S. EPA, 2001). The value for the ADI was stored and the

outer loop began again with the next individual.

Equation 1: Average Daily Intake (ua/kg day *):
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i(cixsix f)

W xa

D=

Where  n = number of types (species) of fish eaten
ci = MeHg concentration for the i"™ species (ug/g)
s; = meal size for the i"" species (g/meal)
f, = meal frequency for the i"" species (meals/year)
W = body weight (kg)
a = averaging time (365 days)

The next step in the model was to convert ADI into blood concentration levels using the
one-compartment model (NRC 2000, U.S. EPA 2001). The parameters of the one-compartment
model (see equation 2) became assumptions in the Monte Carlo simulation. The simulation was
run with two sets of assumptions: point estimates from U.S. EPA’s Integrated Risk Information
System (model 1), and distributions from Stern 1998 and Stern 2005 (model 2). The
assumptions for the two models are shown in table 2.2. Whereas the U.S. EPA point estimates
of these parameters are not necessarily gender or pregnancy specific, the distributions used by
Stern were chosen to better approximate the values of the parameters for women of

childbearing age in the third semester of pregnancy.

Table 2.2 Model Assumptions for Physiological Parameters

Parameter Model 1 Assumptions: Model 2 Assumptions:
Point Estimates (U.S. EPA Distributions (Stern 1998, Stern 2005)
2001)
Ry, (hair to blood ratio) 0.25 cumulative probability distribution:
min: 0.073
max: 0.535
R, (cord blood to maternal 1 lognormal (u: 1.7, 0: 0.9)
blood ratio)
b (elimination rate) 0.014 days ™’ empirical probability distribution:

min: 0.009 days ™
max: 0.046 days ™'

V (blood volume) 5L cumulative probability distribution:
min: 3.707 L

max: 7.902 L

correlated with W, r=0.49

A (fraction of ingested .95 (unitless) cumulative probability distribution:
MeHg that is absorbed) min: 0.940
max: 0.999
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F (fraction of absorbed 0.059 (unitless) normal (u: 0.052, o: 0.0095)
MeHg that is distributed in
the blood)

W (body weight)

67 kg lognormal (u: 80.9 kg, 0: 16.3 kg)

Equation 2: Blood concentration (pg/L):

DxW x AxF

bxv
Where D = average daily intake (pg/kg day ™)
W = body weight (kg)
A = fraction of ingested MeHg that is absorbed (unitless)
F = fraction of absorbed MeHg that is distributed in the blood (unitless)
b = elimination rate constant (fraction of the concentration eliminated per day (day ™)

v = blood volume (L)

C=

The distribution of maternal blood concentrations was then converted into hair
concentrations using Equation 3. For model 1 (point estimate model), the value of R was set to

0.25 (or 250:1 hair to blood ratio) as used in U.S. EPA 2001. For model 2, the assumption for R

was a cumulative probability distribution; min: 0.073, max: 0.535 (Stern 1998).

Equation 3: Hair Concentration (ug/q):

H=CxR

Where  C =blood concentration
R = conversion ratio ((1g/g)/( 1g/L))

The dose response functions found in the literature result from the analysis of the Faroe
Islands study, the Seychelles study, the New Zealand study, or a combination of all three.

Results of these analyses are reported as decrease in IQ points per ppm increase in maternal

hair mercury.

The distribution of fish tissue concentrations was created from VA DEQ’s fish tissue
database. Only fish tissue samples that came from the portions of the rivers that roughly

corresponded to the area covered by the survey were included; the samples were further filtered
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to only include the types of fish reported as being consumed in the survey. It was assumed that

the fish caught by VA DEQ were similar to the fish caught by the anglers.

2.5 OUTCOMES TO BE EVALUATED

The present investigation was intended to provide estimates of the fishing behaviors of
anglers from Virginia and estimate fish consumption patterns for the purpose of estimating risks
from methyl mercury. The fish consumption data were then used with VA DEQ data on fish
tissue mercury data to estimate the probability that anglers and family members would be
exposed to mercury levels exceeding the U.S. EPA’s RfD or VDH recommended safe level. The
health outcomes were based on neurological deficit measures as a function of the amount of
mercury in hair or in blood, as reported in the literature. The target population was all the people
who consumed fish caught recreationally from the eastern rivers targetted because of excess

methyl mercury in fish.

3 RESULTS
3.1 SURVEY RESULTS

Quantitative variables of interest (fishing frequen