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Is Mercury From Power Plants
Poisoning Our Children?
The Bush administration’s Clean Air Mercury Rule, promulgated after the Clear
Skies power plant bill failed to win passage, was accompanied by loud protests from
environmentalists and others that it fails to address adequately a clear and present
danger to public health. But the science doesn’t back their claims, and the new rule will
do little to reduce risks from mercury for most children in the United States anyway
GAIL CHARNLEY

T

he extent to which mercury in the
environment poses a risk to human
health has been under debate for
several years. This debate has only
recently come to widespread public
attention. In March, regulations were promulgated for the ﬁrst time by the Environmental
Protection Agency that would limit mercury
emissions from electric power generating
plants that burn coal. Coincidentally, in the
nation’s capital the dramatic closing of a public school where an unknown person spilled
small quantities of mercury, prompting EPA
emergency removal actions, brought nationwide headlines.
While few would question the toxicity of
the organic form of the metal — methylmercury — at high exposure levels, such as from
poisoning, the debate centers on the extent
to which low environmental exposure levels
pose a risk to children. Although regulating
mercury in power plant emissions is being
characterized by advocacy organizations as
a great necessity to protect public health in
general and children’s health in particular,
such regulations actually will have only minor
impacts on our risks from methylmercury.
Mercury is a global problem. Most of our
exposure can be attributed to natural sources
and to human activities outside the United
States. Until a global approach to limiting
mercury emissions and methylmercury
exposures is undertaken, limiting power
plant emissions in the United States may be
good public policy as part of EPA’s efforts
to improve air quality, but the public health
beneﬁts of reduced mercury emissions are
likely to be insigniﬁcant.
Until the Clean Air Mercury Rule was
signed by the Bush administration in March,
coal-ﬁred electric utilities were the only remaining unregulated major source of mercury
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emissions. Proponents of coal-burning plants
(and of less regulation) assert that mercury is
not a hazard at current environmental levels,
that current technologies for limiting emissions are unreliable, and that reducing mercury emissions from power plants in the United
States will have little impact on environmental
levels. Opponents of coal-burning plants (and
of less regulation) assert that current mercury
exposures are damaging to the developing
nervous system of infants, children, and the
fetus, that current technology can signiﬁcantly
limit emissions, and that reducing emissions
will reduce exposure and risk.
Part of the debate centers on the toxic potency of methylmercury, with the scientiﬁc
basis of EPA’s recommended exposure limit
questioned by some and defended by others.
If the exposure limit is correct, some people
may be at risk from current environmental
levels. If the exposure limit is more stringent
than is necessary to protect public health, risk
at current exposure levels is less likely. EPA’s
exposure limit is based on subtle neurologic
changes seen in children living in the Faroe
Islands, where they were exposed to levels of
methylmercury as much as 100 times higher
than children in the United States and — potentially more important — to levels of neurotoxic polychlorinated biphenyls that are 1,000
times higher than the level EPA considers safe.
EPA’s exposure limit may be appropriate for
combined exposure to methylmercury and
PCBs but may be lower than the available
data suggest is necessary to protect children
from methylmercury alone.
Trace amounts of mercury exist naturally
in fossil fuels such as coal and oil. When those
fuels are burned to generate electricity, mercury is released to the air. Of the approximately
48 tons of mercury released to air annually as
a result of human activity in the United States,
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electric power generation contributes about
40 percent. Other sources of airborne mercury
related to human activities include medical
waste incineration, municipal solid waste
incineration, mining, pulp and paper milling,
and cement manufacturing. Natural sources
of mercury released to air from its solid form
include volcanoes, oceans, and soils. Electricity generation contributes about 10 percent of
mercury emissions in the United States when
natural sources are included. Globally, U.S.
electricity generation contributes about 1
percent of total mercury emissions to air.
Asia accounts for nearly half of the mercury emitted globally to air from human
activities, and China’s coal-ﬁred power
plants alone represent about 22 percent
of those emissions. China currently plans
to build coal-ﬁred power plants at the
rate of one per month to fuel its economic
expansion.
Mercury is usually released into the
environment in its inorganic forms. Mercury vapor can be transported globally,
while other forms are generally deposited
relatively close to their sources. Because
mercury in the atmosphere can originate
globally, regionally, and locally, the extent to
which individual sources contribute to environmental mercury is debated. EPA estimates
that about half of the mercury deposited in
the United States from the atmosphere is from
U.S. sources while the remainder is from global
sources. The Electric Power Research Institute
estimates that anywhere from 20 percent to 80
percent of the mercury deposited in the United
States comes from domestic sources, depending
on location, with virtually all of the mercury
deposited west of Minnesota coming from
outside the country’s borders.
When inorganic mercury from the atmosphere gets into waterbodies, it can be converted to organic methylmercury and enter
the aquatic food chain, where it accumulates
in seafood. Large, predatory ﬁsh contain more
methylmercury than smaller ﬁsh species due to
accumulation effects at each increasing stage of
the food chain. Because mercury is a naturally
occurring element, ﬁsh tissue concentrations of
methylmercury can never reach zero.
The primary source of human exposure to
methylmercury is the consumption of ﬁsh,
shellﬁsh, and marine mammals. Because different species contain differing amounts of
mercury, exposure varies according to the types
of seafood consumed. Mercury concentrations
in ﬁsh vary by about two orders of magnitude,
with herring containing about 0.01 part per mil1 8
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lion and shark more than 1 part per million, for
example. Some ethnic groups and subsistence
or sports ﬁshers consume more locally caught
fish than most people, with concomitantly
higher methylmercury exposures than average
if those ﬁsh are contaminated. Only about half
of U.S. residents report eating ﬁsh at all, and
those that do eat ﬁsh consume almost entirely
ocean ﬁsh. More than 75 percent of the ﬁsh
consumed in the United States is imported.
Several studies have evaluated whether the
source of methylmercury contamination
in ocean ﬁsh is more likely to be naturally
occurring or associated with human activities. One such study comparing 1971
and 1998 methylmercury concentrations
in tuna caught near Hawaii found no differences, although the level of mercury in
the atmosphere has almost tripled since
1971 (due to non-U.S. human activities).
Similarly, no differences were seen in the
mercury concentrations of museum tuna
specimens caught between 1878 and 1909
and tuna caught in 1972. Another study of
ﬁsh reported no obvious increasing trend
for mercury levels in the tissue of striped
bass caught off three widely dispersed
locations throughout the San Francisco Bay
area between 1970 and 2000 despite increases
in environmental levels during that period.
In contrast, during the same period, declines
in pesticide levels were observed in the same
ﬁsh, paralleling restrictions on pesticide use.
These observations indicate that the source of
methylmercury in tuna and probably other
ocean ﬁsh is primarily natural, originating in
deep water or sediments.
Wild freshwater fish comprise about 10
percent of average U.S. ﬁsh consumption, and
the extent to which their methylmercury levels
are impacted by deposition of mercury from
nearby coal-fired power plants is debated.
Studies show that methylmercury levels in
freshwater ﬁsh vary considerably, even among
ﬁsh taken from lakes in the same region with
the same sources of mercury. Site-speciﬁc factors unrelated to mercury, such as nutrient
levels and water chemistry, appear to play a
substantial role in determining freshwater ﬁsh
methylmercury levels. For example, a study
in one area of Florida showed that between
1991 and 2000, regulation of mercury emissions reduced emissions by 93 percent; half
of the large-mouth bass sampled showed an
approximately 80 percent decline in mercury
levels during that period and half showed no
change or increases in mercury content. The
observation that mercury levels in bass were
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reduced primarily at only three of the 12 locations sampled supports the site-speciﬁcity of
relationships between mercury emissions and
local ﬁsh mercury levels.
A recent analysis conducted by the Electric
Power Research Institute suggests that any potential local impacts of mercury control would
be minimal, however. That study characterized
mercury deposition both with and without contributions from coal-ﬁred electric utilities and
found that for 0.4 percent of the U.S. land area,
utilities contribute more than 50 percent of
mercury deposition (“utility-dominated”),
while for 99.6 percent of U.S. land area they
contribute less than 50 percent (“nonutility- dominated”). If that characterization is
correct, further efforts to control mercury
emissions would be predicted to have an
impact on deposition primarily on only 0.4
percent of the United States.

C

oncern about the health
effects of methylmercury
arises from the fact that if
exposure to sufﬁciently high
doses occurs, particularly
during pregnancy or childhood, toxicity to
the developing nervous system may result.
During the 1950s and 1960s, methylmercury
poisoning incidents occurred in Japan and
Iraq. In Japan, women consuming ﬁsh heavily contaminated with methylmercury from
industrial discharges gave birth to children
with severe physical and mental handicaps.
Some adults were also affected. In Iraq, more
than 6,500 children and adults experienced
toxicity, including neurologic damage, after
consuming methylmercury-contaminated
seed grains. These poisoning incidents are
difﬁcult to extrapolate to the much lower mercury exposure levels commonly encountered
in the United States, and the extent to which
mercury is a developmental neurotoxicant
at U.S. environmental levels of exposure is
debated.
Several recent epidemiologic studies
have attempted to characterize the effects
of methylmercury at environmental levels
of exposure by evaluating subtle neurologic
changes among children exposed before and
after birth in societies that rely heavily on ﬁsh
and marine mammals as sources of protein.
The results of those studies are somewhat
conﬂicting and inconclusive. In the Seychelle
Islands, a study involving infants and toddlers found no signiﬁcant association between
methylmercury exposures and mental or

Research
suggests further
efforts to
control mercury
emissions
would have
an impact on
deposition
primarily on
only 0.4 percent
of the U.S. land
area

physical development. In the Faroe Islands,
methylmercury exposure among seven-yearold children was associated with decreased
attention, memory, and language.
Those results have been questioned, however, due to potential confounding by the
relatively high levels of PCBs to which this
population is also exposed from consuming
pilot whale blubber. PCBs are also developmental neurotoxicants, and the Faroe children
were exposed through breast milk, although
the effects of long-term exposure to PCBs
in breast milk was not evaluated in that
study. Faroe infant exposure to PCBs
from breast milk was almost twice the
level that is demonstrably toxic to infant
monkeys and almost 1,000 times higher
than the EPA limit on PCBs exposure that
is considered safe. The developmental
effects seen in the Faroe Island children
are thus more likely to be attributable to
PCBs in breast milk or to the combination
of mercury and PCBs than to methylmercury alone.
The implication of failing to account
for PCBs exposure is that any regulatory
exposure limit for methylmercury alone
based on the Faroe Islands study will be lower,
or more stringent, than is necessary to protect
children from its potential toxicity. It also results in misleading claims about the extent to
which such an exposure limit places children
whose exposure exceeds that limit “at risk.”
For example, one study has concluded that
more than 300,000 newborns per year in the
United States are at increased risk of adverse
neurodevelopmental effects from prenatal
exposure to methylmercury. That conclusion
is based on a variety of inappropriate assumptions, most obviously that children born to
mothers whose exposure to methylmercury
exceeds EPA’s exposure limit, or reference
dose, are “at risk.”
Even if EPA’s RfD for methylmercury
were correct and not confounded by the effects of PCBs, exceeding EPA’s RfD does not
necessarily mean that a child is at increased
risk. According to EPA, RfDs incorporate a
number of health-protective factors and are
deﬁned as “an estimate of an exposure . . .
that is likely to be without an appreciable
risk of adverse effects over a lifetime.” In
other words, while exposures at or below an
RfD are unlikely to pose a risk, the converse
— that exposures exceeding an RfD are likely
to pose a risk — is not the case. The number
of children at risk is determined by the doseresponse relationship, not by the number of
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people whose doses or blood mercury levels
exceed the RfD. It is apparent from the Faroe
Islands dose-response relationship used to
derive EPA’s RfD that only a proportion of
people whose blood mercury levels exceed
the RfD number of people might experience
adverse effects.
Another report claims that more than
600,000 children are “at risk” based on
the estimate of 300,000 described above
adjusted upwards to account for the
approximately two-fold difference in
mercury blood concentrations in the
mother compared to that in the umbilical
cord. That adjustment could be considered double-counting, however, because
EPA’s RfD calculation may already take
that difference into account implicitly.
A recent National Academy of Sciences report on methylmercury also offers an estimate of the number of children
“at risk” of adverse neurodevelopmental
effects from prenatal exposure to methylmercury. The authors assumed that
children born to women who consume the
most ﬁsh would be highly exposed to methylmercury and on that basis concluded that
about 60,000 children are at risk annually. Because ﬁsh consumption alone was considered
a surrogate for exposure to methylmercury,
for which there was no direct measurement,
this classiﬁcation of risk is arbitrary and not
supported by data.
Arguments about what methylmercury
exposure levels actually place children at risk
aside, the Centers for Disease Control and
Prevention’s study of methylmercury levels
in the blood of women and children found
that none of those surveyed had levels that
have been associated with adverse effects of
any kind.
Recent evidence in adults suggests that
methylmercury exposure may have cardiovascular effects. Many studies have demonstrated the clear cardiovascular beneﬁts of
regular ﬁsh consumption. A recent study of
Finnish men, however, found an association
between the group with the highest levels of
mercury in their hair and an approximately
60 percent greater prevalence of coronary
heart and cardiovascular diseases compared to men with the lower two-thirds of
hair mercury levels. No information was
provided on whether high- or low-mercurycontaining types of ﬁsh were consumed. In
contrast, studies of patients poisoned with
methylmercury in Japan observed neurological symptoms but no elevated rate of death
2 0
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from heart disease and no elevated risk of
arteriosclerosis among cases with very high
hair mercury levels. The evidence that mercury is associated with coronary heart disease
risk is contradictory and there is insufﬁcient
evidence at present to conclude that mercury
is associated with risk. However, there are
several plausible biological mechanisms by
which methylmercury may damage the
cardiovascular system which, along with
the suggestive positive clinical ﬁndings,
warrant additional research. Meanwhile,
the American Heart Association has concluded that, when consumed according
to established FDA/EPA guidelines, the
cardiovascular beneﬁts of eating ﬁsh far
outweigh the risks for middle-aged and
older men and women after menopause.
The AHA recommends that individuals
consume two servings of a variety of ﬁsh
weekly, both for the beneﬁts of omega-3
fatty acids and because ﬁsh tends to be
low in saturated fats, which contribute to
elevated cholesterol levels.

A

s a widely recognized developmental toxicant, mercury has
been the target of regulation in
the United States since the passage of the Clean Air Act in 1970.
Mercury-containing pesticides have been
banned, disposal of mercury-containing waste
is strictly controlled, mercury mining has
ceased, and mercury emissions resulting from
municipal, medical, or hazardous waste incineration are signiﬁcantly restricted. Although
mercury emissions from coal-fired power
plants are only recently subject to regulation,
technologies currently in place to control other
pollutants also reduce mercury emissions to
varying degrees — “co-beneﬁts.”
The Clean Air Mercury Rule reverses the
Clinton administration’s determination to
list coal-ﬁred sources as a source category to
be regulated under the Clean Air Act Section
112 Maximum Achievable Control Technology rule. It is based on emissions trading and
involves a ﬁrst phase reﬂecting the mercury
reductions expected as co-beneﬁts to limiting
sulfur dioxide and nitrogen oxides in 2010 and
2015, and a second phase setting an emissions
cap of 15 tons starting in 2018. That approach
is expected to achieve a 70 percent reduction
when fully implemented. The cap-and-trade
system for controlling mercury and the other
pollutants is based on EPA’s successful Acid
Rain Program. The Acid Rain Program pro-
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duced reductions in air pollutants faster and
at far lower costs than anticipated, achieving
over half of the air pollution reduction attained by the entire EPA, using less than onetenth of 1 percent of the agency’s staff.
Under the new cap-and-trade approach,
EPA would allocate to each state “mercury
emissions budgets.” The states would decide
how to regulate emissions and, if choosing the cap-and-trade approach, would
allocate those allowances to utilities to
trade. A utility must hold sufﬁcient allowances to cover its emissions each year, so
the limited number of allowances ensures
that the required reductions are achieved.
The mandatory emissions caps, coupled
with signiﬁcant automatic penalties for
noncompliance and stringent emissions
monitoring and reporting requirements,
are meant to ensure that regulatory goals
are achieved and sustained. The ﬂexibility
of trading creates ﬁnancial incentives for
utilities to look for new, low-cost ways to
reduce emissions and improve the effectiveness of pollution control equipment.
One of the criticisms of the emissions trading approach is that, by using each state as
the unit within which trading is made, “hot
spot” issues are not addressed — that is, special circumstances involving local mercury
deposition from a power plant into nearby
waterbodies, from which people may catch
and eat ﬁsh, are ignored. Whether the hot
spot criticism is valid is as yet unclear, given
the evidence discussed earlier suggesting that
connections between local emissions, local
deposition, and freshwater ﬁsh contamination are highly site-speciﬁc. An ELI analysis
of the major air pollution emissions trading
programs indicates that trading has not created hot spots and, in promoting reductions
at the largest power plants, has smoothed out
pollution emissions instead of concentrating
them. In any case, the rule is likely to be litigated and its future is uncertain.

M

ercury contamination is a
global problem. While the
goals of the 2005 Clean Air
Mercury Rule may constitute
good public policy, whether
the mandated reductions in emissions ultimately will have an impact on ﬁsh contamination, human exposure, and public health
is far less certain. The evidence suggests that
reducing power plant mercury emissions may
have little impact on most U.S. exposure to
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methylmercury but might impact exposure
for subsistence and sports ﬁshers in the eastern states who frequently consume freshwater
ﬁsh caught near coal-ﬁred power plants where
coal chemistry, emissions characteristics,
atmospheric characteristics, mercury deposition, and water chemistry are consistent with
a relationship between mercury emissions
and uptake by ﬁsh. If mercury hot spots
prove to be important contributors to
risk in some locations, local concentration-based limits on mercury emissions
should be explored so that speciﬁc plants
can be targeted where needed.
According to a recent report by the
Northeast States for Coordinated Air Use
Management, a non-proﬁt association of
state air quality regulators, “Given the
global nature of the problem, a signiﬁcant
reduction in U.S. power sector mercury
will be insufﬁcient by itself to adequately
address mercury contamination of
fish and the resulting adverse health
impacts.” Recognizing this, the Bush
administration is leading an effort within
the United Nations Environment Program to
establish partnerships designed to help developing countries reduce mercury emissions.
Meanwhile, because there appears to be little
relationship overall between mercury emissions from coal-ﬁred power plants within the
U.S. and most methylmercury exposure from
eating ﬁsh, reductions in U.S. power plant
mercury emissions should not be oversold as
a means of reducing methylmercury risks to
pregnant women and children.
Until the mercury problem is addressed
globally, pregnant women and children
should follow the advice of EPA and the Food
and Drug Administration and limit their
consumption of high-mercury-containing
ﬁsh while maintaining the health beneﬁts of
ﬁsh consumption by eating a variety of other
ﬁsh. Older adults should do the same. EPA
should consider reclassifying its current RfD
for methylmercury as an RfD for a mixture
of PCBs and methylmercury and developing
a different RfD for methylmercury. And ﬁnally, because most global mercury emissions
that result from human activities come from
sources outside the United States and because
coal-ﬁred power plant emissions of many
pollutants are likely to continue to increase
globally without intervention, international
efforts to develop and implement effective
and affordable clean-coal technologies and
other global strategies that limit emissions
should be strongly encouraged. •
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