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Balancing Fish Consumption
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Benefits with Mercury Exposure

Grace M. Egeland and John P. Middaugh

The element mercury (Hg) occurs naturally
in Earth’s crust, but human activities—for
example, coal burning, trash incineration,
and industrial emissions—increase its re-
lease into the environment. Hg is methy-
lated by organisms in fresh and marine water
and concentrated through the food chain in
the tissues of fish and marine mammals. Me-
thylmercury (MeHg), in
toxic doses, causes neuro-
logical and developmental
disorders in humans.

In an effort to reduce in-
dustrial emissions of Hg, the
U.S. Environmental Pro-
tection Agency (EPA) de-
veloped a new reference
dose (RfD) for MeHg in 1996 (1). This RfD
(the daily dose of MeHg that can be safely
consumed over a lifetime) is used by states to
develop their fish consumption advisories.
The EPA RfD of 0.1 pg per kilogram per
day is only one-fifth of the intake guide-
lines set by the World Health Organization
(WHO) (0.47 pg per kilogram per day) (2, 3)
and, if followed, would severely restrict fish
and seafood consumption. For example, av-
erage total Hg concentrations in bass, crap-
pie, dolphin, halibut, mackerel, pike, snap-
per, and tuna range from 0.2 to 0.3 parts per
million (ppm) (I). For an adult woman of
average weight (60 kg), routine consump-
tion of 4 ounces per week of fish containing
average Hg tissue concentrations of 0.25
ppm would provide the RfD for methylmer-
cury exposure.

Although the process of developing an
RfD is valuable in efforts to regulate indus-
trial emissions or to establish target levels in
site-specific clean-up efforts, food consump-
tion advice should occur within a broader
multidisciplinary public health context that
incorporates and weighs information on
both risks and benefits. Fish and shellfish
are food sources that are high in protein
and low in saturated fat, are direct dietary
sources of beneficial omega-3 polyun-
saturated fatty acids (PUFAs) [eicosapen-
taenoic (20:5) and docosahexaenoic acid
(DHA) (22:6)], and contain antioxidants
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such as selenium and vitamin E (4-6).
Omega-3 PUFAs are important for op-
timal brain and retinal development,
maturation of the visual cortex, and motor
development; they may also help regulate
the duration of quiet sleep episodes in hu-
man infants (7). During the third trimester
of pregnancy, large amounts of the long-
. chain omega-6 and omega-3
PUFAs—arachidonic acid
(20:4)  (omega-6) and
DHA—are mobilized to
meet the demands of in-
creased neural and vascular
growth. Because up to 50%
of the total fatty acids in the
phospholipids of the cere-
bral cortex and retina consists of DHA,
findings of diminished DHA in cell mem-
branes during lactation and pregnancy (8)
have suggested a need for omega-3 PUFA
supplementation during pregnancy (7).
Fish consumption has also been related to
a reduced risk of coronary heart disease (9).
Although not all studies show a protective
effect of fish consumption on coronary heart
disease, fish and fish oils lower very-low-den-
sity lipoprotein cholesterol and triglyceride
levels, inhibit platelet aggregation, and may
reduce blood pressure (10, 11). As reported
in the book Risk vs. Risk, the estimated ben-
efits of reduced cardiovascular disease mor-
tality from fish consumption far outweigh
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the imperceptible estimated increase in can-
cer risk associated with the presence of cer-
tain low-level polychlorinated biphenyls
and related compounds (12).

Severely limiting the consumption of fish
and seafood may do more harm than good by
reducing the consumption of foods with
health benefits and by increasing the con-
sumption of alternative foods that have po-
tential health risks. For populations that rely
heavily on subsistence fishing, restrictive
fish consumption advisories could damage
the social, economic, and personal well-be-
ing of entire villages. In many areas in remote
Alaska, commercially available foods are
prohibitively expensive, grocery stores are
poorly stocked or inaccessible, and there is
insufficient variety in products to provide
healthy alternatives to traditional foods. In
Canada, the general health status of subsis-
tence populations worsened after the social,
economic, lifestyle, and dietary changes as-
sociated with fish consumption advisories
(13, 14). In some cases, consumption adviso-
ries resulted in a complete avoidance rather
than reduced consumption of a particular
food (15).

Other facts suggest caution in simple ap-
plication of the EPA’s RfD. Although MeHg
exposure in the U.S. population occurs pri-
marily through the consumption of fish and
seafood, the RfD was generated by analysis of
an acute poisoning episode in Iraq (1971-
1972), when consumption of bread baked
from grain treated with a Hg fungicide led to

the hospitalization of over 6000 people and

caused 400 deaths (16, 17).

Data from the Iraqi event may not be
appropriate for calculating risks from low-
level MeHg exposures through fish con-
sumption. The Iraqi exposures were high-
dose and acute, and exposures may have in-
cluded Hg compounds other than MeHg (17,

Preparing fish in Alaska. [Photo courtesy of the Alaska Division of Tourism]
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18). In addition, the delay
of several years before data
was collected could have
limited the accuracy of re-
call of relevant develop-
mental milestones by the
mothers of affected chil-
dren (19). A wide range in
risk estimates was ob-
tained by using different
assumptions and modeling
approaches (19).

Hg is ubiquitous in the
environment, and some
level of MeHg has always
been present in the freshwa-
ter and marine food chain
(20). Dietary factors present
in fish and seafood, such as
naturally occurring selenium and vitamin E,
may protect against the potential effects of low-
level MeHg exposure.

The neurodevelopmental damage associ-
ated with industrial mercury pollution in
Minimata and Nigata, Japan, and the effects
of contaminated bread in Iraq are clear.
However, published studies of populations
consuming fish indicate no deleterious ef-
fects associated with MeHg exposures at lev-
els comparable to or twice as high as WHO
intake guidelines (2, 2I,

22). The WHO dietary in-

take guidelines correspond

to hair Hg concentrations of

5 to 6 ppm. A comprehen-

sive and rigorous study of

over 700 infant-mother

pairs in the Seychelles Is-

lands found no deleterious

effects associated with MeHg exposures
among the offspring of heavy fish consumers
who were followed up to 29 months of age
(21). Seventy-five percent of the women
studied ate 10 to 14 fish meals per week (21).
The median hair Hg level during pregnancy
was 6.6 ppm (maximum 36 ppm; 80% of
participants (659) < 12 ppm).

In a Peruvian study of 131 heavy fish con-
sumers, peak maternal hair Hg levels ranged
from 1.2 to 30 ppm, with a geometric mean of
8.3 ppm (22). No neurodevelopmental ab-
normalities were noted in the offspring.
Among 234 Cree Indian children from
northern Quebec, aged 12 to 20 months, the
mean maternal hair Hg concentration dur-
ing pregnancy was 6 ppm, and 6% had hair
levels above 20 ppm (2). Abnormal muscle
tone or reflexes were observed in 5 out of 13
boys in the highest exposure category of ma-
ternal hair Hg concentrations (13 to 24
ppm), but no consistent dose response was
observed, and no association was noted
among girls. In addition, no other associa-
tions were observed between the amount of
Hg in mothers’ hair during pregnancy and
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Drying fish. [Photo courtesy of the Alaska Division of Tourism]
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their offspring’s neurologic test results. In a
study conducted in New Zealand, a slight
decrease in the Weschler Intelligence Scale
for Children was observed at 6 years of age for
15 offspring of women who had average hair
Hg levels during pregnancy of 13 to 15 ppm
and peak segmental hair Hg levels of 25 ppm.
However, these smaller studies are of limited
value (2).

In the Faroe Islands, where MeHg expo-
sure occurs primarily through consumption
of pilot whale meat (23-
27), analyses of 917 chil-
dren at 7 years of age found
no clinical or neurophysi-
ological Hg-related abnor-
malities (27). However,
subtle decreases in neuro-
psychological test perfor-
mance were associated with
prenatal Hg exposure at maternal hair levels
below 10 ppm, “although test scores ob-
tained by most of the highly exposed chil-
dren were mainly within the range seen in
the rest of the children .. .” (27). The long-
term predictive value of these findings is not
known, and the generalizability of these data
to fish consumers is questionable. Interest-
ingly, the Faroese children had excellent vi-
sual contrast sensitivity (27) that may be
attributed to the ample supply of dietary
omega-3 fatty acids.

Given all the available data, we question
the scientific merits of restrictive fish con-
sumption advisories. The EPA’s new RfD
could result in fish consumption advisories for
sport and subsistence fish consumers when
average fish tissue concentrations are as low as
0.2 ppm, although fish with Hg tissue concen-
trations up to 1 ppm are fit for commercial sale
as regulated by the U.S. Food and Drug Ad-
ministration, and the federal program for
Women, Infants and Children provides food
vouchers for tuna (which contains, on aver-
age, 0.2 ppm Hg) to participants because of its
superior nutritional value.

Methylmercury

As state public health workers use the
new RfD to develop fish consumption advi-
sories, additional factors that should be con-
sidered include the uncertainties in risk, the
potential health benefits of fish consump-
tion, the competing risks associated with
other available food sources, the potential
medical impact of dietary and lifestyle
changes on a population, and the social and
economic ramifications of restrictive fish
and seafood consumption advisories.
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