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Mercury Exposure and Child Development Outcomes

Philip W. Davidson, PhD; Gary J. Myers, MD; and Bernard Weiss, PhD

ABSTRACT. Mercury is ubiquitous in the global envi-
ronment, ensuring universal exposure. Some forms of
mercury are especially neurotoxic, including clinical
signs at high doses. However, typical human exposures
occur at low to moderate doses. Only limited data about
neurotoxicity at low doses are available, and scientists
differ in their interpretation. Dose–response data on neu-
rodevelopment are particularly limited. Despite or per-
haps because of the lack of sufficient or consistent sci-
entific data, public concern about a link between
mercury exposure and developmental disabilities has
been rising. After reviewing the data, the US Environ-
mental Protection Agency proposed a reference dose (an
estimate of a daily dose that is likely to be without a risk
of adverse effects over a lifetime) for methyl mercury that
is substantially lower than previous guidelines from the
World Health Organization, the US Agency for Toxic
Substances and Disease Registry, and the US Food and
Drug Administration. Some questions have been raised
about the Environmental Protection Agency’s guidelines,
but the issue remains unresolved. Meanwhile, consumer
groups have raised questions about the potential link
between mercury exposure and autism spectrum disor-
ders as well as other adverse neurodevelopmental out-
comes. This hypothesis has prompted some parents to
seek regulatory, legal, or medical remedies in the absence
of firm evidence. This article reviews what is known
about mercury neurotoxicity and neurodevelopmental
risk. Our intent is to focus the debate about mercury on
1) additional research that should be sought and 2) de-
fining the principal issues that public policy makers face.
Pediatrics 2004;113:1023–1029; mercury, developmental
neurotoxicity, child neurocognitive development.

ABBREVIATIONS. MeHg, monomethyl mercury; EPA, Environ-
mental Protection Agency; CNS, central nervous system; SCDS,
Seychelles Child Development Study; PCB, polychlorinated bi-
phenyl; NRC, National Research Council.

Mercury is naturally present in the environ-
ment. It is part of the composition of the
earth’s crust and may be found in air, wa-

ter, soil, aquatic sediments, and living plants and
animals. It occurs in several chemical forms, includ-
ing elemental mercury (pure mercury) and both in-
organic and organic mercury compounds. Elemental
mercury is sometimes referred to as metallic mercury

or mercury vapor. Elemental mercury vaporizes at
room temperature.

Of the approximately 3400 metric tons per year of
elemental mercury released into the global environ-
ment, 95% resides in terrestrial soils, 3% in ocean
surface waters, and the remaining 2% in the atmo-
sphere.1 Approximately 70% of the mercury in the
environment comes from anthropogenic sources, pri-
marily emissions from coal-fired electric power gen-
eration facilities and waste dumps,2 although natural
sources such as volcanos and mines also deposit it in
the environment.3 Some mercury is released by cre-
mation of human or animal remains. Mercury is used
in a variety of industrial applications and manufac-
turing processes and in medical devices such as
sphygmomanometers and thermometers. It consti-
tutes 50% of dental amalgams, and ethylmercury
was used as a vaccine preservative. Increases in
power plant emissions and industrial uses during the
past 100 years have been accompanied by a 3-fold
increase in environmentally available mercury. In
these forms, mercury remains in the environment
indefinitely.

SOURCES OF HUMAN ENVIRONMENTAL
EXPOSURE TO MERCURY

Organic Mercury
The principal source of human exposure to organic

mercury is fish consumption. This form of mercury is
monomethyl mercury (MeHg). Sea mammals and
shellfish also carry variable concentrations of MeHg
in their tissues. The predominant source of MeHg in
the aquatic environment is atmospheric mercury de-
posited on the surfaces of bodies of water that is then
biomethylated by microorganisms and subsequently
biomagnified as it ascends the food chain. Most fish
that live in US waters have �0.5 ppm, but some
older, larger carnivorous fish at the top of the food
chain can contain �1 ppm. Although the dominant
health concerns arise from gestational exposure, in-
fants and children may be exposed postnatally to
MeHg from breast milk should their mothers con-
sume foods that contain high levels or if they con-
sume fish or foodstuffs that contain fish products.

For many years, vaccines such as pertussis, dipthe-
ria, tetanus, Haemophilus influenza type b, and hepa-
titis B were preserved with small amounts of thimer-
osal, a preparation composed of 49% ethylmercury.
When infants were immunized with these vaccines,
they were exposed to small doses of this organic
mercury compound (12.5–25.0 �g/dose). The expo-
sure varied with the weight of the infant, so smaller
infants who received multiple vaccines at 1 visit
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could have been exposed to a dose of ethyl mercury
that on that day was near or above the US Environ-
mental Protection Agency’s (EPA’s) current permis-
sible daily dose, or reference dose (derived by divid-
ing the no observed effect level [the dose at which no
effects have been observed] by an uncertainty fac-
tor)1 of 0.1 �g/kg/d, but not near or above the
reference doses accepted by other US federal agen-
cies. The difference resulted when the various agen-
cies adopted different uncertainty factors. The Amer-
ican Academy of Pediatrics and the US Public Health
Service in a joint statement issued in 1999 concluded
that there was insufficient scientific evidence that
developmental neurotoxicity could result from such
exposures, but it also recommended that pharmaceu-
tical companies use alternative preservatives.4 Since
then, thimerosal has been removed from most vac-
cines distributed in the United States.

Inorganic Mercury
Children are exposed to inorganic mercury com-

pounds, elemental mercury or mercury vapor less
commonly. Inhalation of vapor usually occurs dur-
ing industrial processes using elemental mercury
such as extraction of gold from ore. However, in
some ethnic groups, mercury compounds are used
for cosmetics in formulations that release vapor.5
Recently, Hispanic women have been reported to use
a beauty cream that contains calomel (mercurous
chloride) that can also produce inorganic mercury
intoxication6 in exposed women with symptoms sim-
ilar to those of metallic mercury intoxication.

Certain sects use elemental mercury in religious
ceremonies. The EPA issued a report on the practice
because it presents a serious health risk.7 As the
report indicates, certain Latino and Afro-Caribbean
traditions, such as Sanataria, Voodoo, and Espirit-
ismo, wear mercury amulets, sprinkle it on the floor,
or even add it to a candle or an oil lamp. Perhaps
because of its physical form, a liquid metal, it is
invested with magical properties. It is believed to
attract luck, love, or wealth. It is used to speed the
action of spells. It is sometimes used as a medication,
especially for gastrointestinal disorders. Because, for
such religious purposes, it is purchased through re-
ligious supply stores known as botanicas, which may
obtain the mercury illicitly, little is known of the
extent of use and use patterns.

The most common route for human exposure to
inorganic mercury takes place via dental amalgams.
Mercury vapor escapes during the preparation and
placement of amalgam restorations, and some of the
vapor may be inhaled (see reference8 for review).
Drasch et al9 reported that mercury levels in autopsy
tissues from fetuses and infants were correlated with
the number of dental amalgams in the mother, but
their sample was small. A recent study by Vahter et
al10 examined the different species of mercury in the
blood of pregnant women. They found high correla-
tions between inorganic mercury levels in blood and
urine during early pregnancy, a significant correla-
tion between cord and maternal blood, and de-
creased mercury levels during lactation, presumably
the result of excretion in milk.

Some pregnant women experience an increase in
dental problems such as caries and gingivitis and
become candidates for dental restorations. Accord-
ing to Winn et al,11 95% of pregnant women have at
least 1 carious lesion. Furthermore, the proportion of
decayed or missing filled surfaces increases during
the reproductive years, from 12% between the ages
of 18 and 24 years, to 27% from ages 25 to 34 years,
to 41% from ages 35 to 44 years. In some health care
systems, dental care, including restorations, is pro-
moted as part of prenatal care.

Barregård et al12 claimed, furthermore, that some
individuals, because of amalgams and their chewing
habits (eg, the use of nicotine gums), may absorb
enough elemental mercury or vapor to be above the
current Swedish workplace limit of 50 �g/m3. In a
second study from this group,13 gum chewers
showed plasma and urinary Hg concentrations ap-
proximately 6 times greater than referents with com-
parable numbers of amalgam surfaces. The data from
this Swedish group argue that much of the variation
in human tissue levels is a consequence of chewing
habits and those variables, such as jaw structure, that
influence chewing.

An additional potential source of exposure is the
removal of amalgam fillings during pregnancy. Mo-
lin et al14 and others have observed that, despite
precautions to restrict exposure, the removal process
releases enough vapor to produce markedly elevated
urine levels of mercury. Vapor escaping into the oral
cavity during the removal process, once inhaled,
travels through the placenta, representing a potential
source of exposure to the fetus. These levels gradu-
ally decline over a period of several months. The use
of fluoride treatment in the United States during the
past few decades has decreased the prevalence of
dental caries and the number of fillings placed,
thereby also reducing the population’s exposure to
Hg in amalgam fillings.

FACTORS THAT INFLUENCE EXPOSURE

Timing
The fetal brain is especially susceptible to damage

from exposure to organic mercury. The data are less
clear concerning prenatal exposure to inorganic mer-
cury. There is some animal evidence that effects of
low exposures to MeHg early in development may
not appear until later in life.15 Such delayed neuro-
toxicity appearing years after exposure has yet to be
documented in humans and remains an open ques-
tion. Some data on MeHg to be reviewed later indi-
cate that the consequences of prenatal exposure to
low doses can be detected in children several years
later.

Type of Dose
Some evidence indicates that the distribution of

dose over time may play a role in determining effects
of exposure.16 A single, brief, peak exposure, such as
occurred in poisoning episodes17,18 may deliver an
acute dose to the brain that theoretically might be
high enough to produce central nervous system
(CNS) damage. Chronic dosing such as might result
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from consuming a diet high in ocean fish,19–21 given
the appropriate pharmacokinetics, might also accu-
mulate a high enough tissue burden over time to
cause damage. Unfortunately, insufficient data are
available to quantify these theoretical hypotheses.

NEUROTOXICITY OF MERCURY
Human exposure to toxic levels of mercury vapor

in adults causes the classic triad of erethism (bizarre
behavior, eg, excessive shyness or aggression),
tremor, and gingivitis.22 The cardinal neurologic sign
of toxic vapor exposure is tremor that may be accom-
panied by a variety of neuropsychological effects
ranging from emotional lability at high exposure
levels to subtle performance deficits at lower levels.
Children are seldom exposed to high levels of vapor,
which occur mainly in occupational settings, but un-
der such circumstances, they may exhibit a syn-
drome known as acrodynia (painful limbs) or pink
disease. During the first half of the 20th century,
children were often treated with teething powder
that contained inorganic mercury in the form of cal-
omel, and acrodynia was common. Clinically, it con-
sisted of irritability, photophobia, erythema of the
hands and feet, hypertension, and failure to thrive.
Death sometimes occurred. There is speculation but
no clear evidence that exposure to the small amounts
of mercury vapor from dental amalgams may be
harmful. This is presently being actively investi-
gated.

Exposure to MeHg in high doses has profound
effects on the CNS and can be rapidly fatal. In adults,
symptom onset starts with sensory disturbance fol-
lowed by visual field constriction, ataxia, cognitive
decline, and death. Neuropathology indicates that
the occipital cortex and cerebellum are most affected.
Prenatal exposure, which was first reported from
Japan and later Iraq, resulted in diffuse CNS damage
with disruption of cellular migration.23 However,
neuropathologic studies of prenatal MeHg exposure
at low dosages from fish consumption have not iden-
tified such damage.24

DEVELOPMENTAL EXPOSURE EFFECTS

Methylmercury
During the 1950s, outbreaks of MeHg poisoning

occurred in several places in Japan. The best known
of these took place in Minamata and Niigata. More
than 21 000 individuals filed claims with the Japa-
nese government as victims of what became known
as Minamata disease; almost 3000 were certified by
the government as actually having the disease.25 In
Minamata alone, nearly 600 people died. These out-
breaks were caused by industrial discharges of mer-
cury into coastal waters or rivers. Fish that were
contaminated by these discharges were subsequently
caught and consumed by local residents. Poisoned
individuals experienced neurologic impairment, in-
cluding paresthesias, and symptoms resembling
Hunter-Russell syndrome, consisting of visual field
constriction, ataxia, impaired hearing, and speech
impairment.25

A later outbreak in Iraq resulted from the con-

sumption of bread made from seed grain coated with
a MeHg fungicide.17 This outbreak affected 6530 in-
dividuals, 439 of whom died. The levels of MeHg
documented in the fish in Japan and in the seed grain
in Iraq were far higher than those occurring from
natural dietary exposure.

In Minamata, Japan, pregnant women who con-
sumed the contaminated fish manifested mild or no
symptoms but gave birth to infants with severe de-
velopmental disabilities, including cerebral palsy,
mental retardation, and seizures. This outcome,
called congenital Minamata disease, first indicated
that the fetal brain may be highly sensitive to MeHg
exposure. After the outbreaks in Minamata and Ni-
igata, 22 cases of congenital Minamata disease were
documented.26 Their level of prenatal exposure to
MeHg was never ascertained, and no information is
available on dose–response relationships in these
children.

The outbreak of MeHg poisoning in Iraq was stud-
ied by investigators from the University of Rochester
(see reference 27 for a summary). A total of 83 women
who were pregnant during the outbreak were iden-
tified and participated in a limited developmental
assessment of their offspring. Prenatal exposure lev-
els ranged between 1 and 600 ppm as measured in
maternal hair growing during pregnancy, an excel-
lent biomarker of exposure. In contrast, MeHg levels
seen in fish eaters who consumed multiple fish meals
per week in the Seychelles did not exceed 36 ppm in
hair.28 The Iraqi children were examined for neuro-
logic symptoms at an average age of 30 months, and
the mothers were interviewed at that time to deter-
mine developmental milestones. The results sug-
gested a dose–response curve associated with de-
layed milestones that seemed to indicate an adverse
effect at exposures as low as 10 to 20 ppm in mater-
nal hair.18 For many years thereafter, these findings
were used as a basis for determining the permissible
daily intake for MeHg exposure.16 However, the
study was not well controlled, the children’s birth
dates were determined in relation to calendar events
and not independently verifiable, little was known
about cultural differences among cohort families,
and the background rate of neurodevelopmental and
neurologic deficits in Iraq was unknown. Most im-
portant, the source of exposure in Iraq was not fish
consumption, and the number of children with neu-
rologic findings was small, limiting the generalizabil-
ity of the results.

After the publication of the Iraq data, several other
small-scale studies of prenatal effects of dietary ex-
posure to MeHg were conducted in other locales,
including Peru,29 Canada,30 and New Zealand,31,32

and, more recently, the Philippines,33 Brazil,34 and
French Guiana.35 These studies all were conducted
on relatively small samples, and some suffered from
methodologic limitations. Moreover, the reported ex-
posure levels varied, although they all can be con-
sidered relatively low. Although some of these stud-
ies showed adverse effects, the results varied from
study to study and no consistent pattern of findings
has emerged. Of note are the French Guiana findings
of subtle neurobehavioral effects at a mean exposure
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of approximately 12 ppm in maternal hair, some-
what higher than the other studies.

In the mid-1980s, 2 large well-designed and well-
executed cohort studies were initiated, one in the
Republic of Seychelles called the Seychelles Child
Development Study (SCDS)19,21,36 and the other in
the Faeroe Islands.20 Both locales are well suited to
epidemiologic studies, affording many natural con-
trols over confounders, and both populations con-
sume large quantities of seafood. Both studies deter-
mined prenatal MeHg exposure and ascertained
neurodevelopmental outcomes after delivery. Expo-
sure levels were similar (mean: 4.0 ppm in Faeroes
and 6.0 in Seychelles). The SCDS examined their
main cohort (n � 779) 5 times after birth (6.5, 19, 29,
66, and 107 months). The Faeroese cohort was exam-
ined at 7 years and again at 14 years.

The findings from the 2 studies were different. In
the SCDS, of a total of 46 primary endpoints mea-
sured across 5 ages, only 1 endpoint showed a pos-
sible adverse association with prenatal MeHg expo-
sure. In boys the time to complete the grooved
pegboard for the nonpreferred hand at 107 months of
age increased with exposure. Two additional end-
points (language function at 66 months and the at-
tention-deficit/hyperactivity disorder index from
the Teacher Rating Scale at 107 months) showed
enhancements with increasing prenatal MeHg expo-
sure at low levels. The Faeroes study reported ad-
verse associations between prenatal MeHg exposure
and tests of memory, attention, language, and visual
spatial perception measured at 7 years of age.20 In
some cases, these divergent results occurred on iden-
tical test measures. The results from the Faeroese
examinations at 14 years of age are not yet available.
It is interesting that another finding from their ex-
amination of the children at 7 years was an adverse
association between prenatal MeHg exposure and
cardiovascular measures, including heart rate and
blood pressure.37

The SCDS and the Faeroese study differ in several
important ways. In the SCDS, exposure resulted en-
tirely from nearly daily fish consumption. In the
Faeroes, exposure was attributable mainly to pilot
whale meals consumed episodically while fish con-
sumption is lower than in the Seychelles population.
Pilot whales have much higher levels of mercury
than typical ocean fish and also contain other con-
taminants, such as Polychlorinated biphenyls
(PCBs). No PCB exposure was detected in the SCDS.
Recently, the Faeroes investigators38 reported that
MeHg neurotoxicity might be potentiated by PCBs,
although they believe that the data continue to show
direct adverse effects of MeHg even after correction
for PCBs. It is possible that the delivery of a high
intermittent dose of MeHg may affect CNS develop-
ment differently than daily low-dose exposure, al-
though this hypothesis has yet to be tested.

The Faeroes study used umbilical cord blood and
maternal hair as the primary biomarkers of exposure,
whereas the SCDS used only maternal hair. Hair
samples permit recapitulation of the entire preg-
nancy period, whereas cord blood ascertains expo-
sure only during the last trimester near the time of

delivery. Earlier exposures would not be reflected in
cord blood. The Faeroes researchers reported that,
using hair samples, associations with developmental
outcomes were still present but weaker.

The Faeroese team recently reported results from a
new cohort of 182 infants whose development at 2
weeks postpartum was assessed with the Neurologic
Optimality Score.39 Adverse effects were found to be
associated with prenatal mercury exposure. A recent
review of this study suggested that the results were
difficult to interpret because the Neurologic Opti-
mality Score is not highly predictive of later devel-
opment.40 The Steuerwald data39 seem to contradict
the earlier finding of Grandjean et al41 of an associ-
ation between prenatal exposure and accelerated de-
velopmental milestones at 1 year of age.

Expert groups have reviewed the Faeroes and Sey-
chelles studies on several occasions. Both the Agency
for Toxic Substances and Disease Registry42 and the
National Institute of Environmental Health Sci-
ences43 reviews addressed the scientific merit of the
studies and concluded that both were method-
ologically sound and reached scientifically valid con-
clusions for their respective populations. They con-
cluded that the different results may reflect the
differential influences of biological factors not yet
identified. The National Research Council (NRC)
was charged to “evaluate the body of evidence that
led to EPA’s current RfD [reference dose] for
MeHg . . . and determine if the critical study, end-
point of toxicity, and uncertainty factors used by
EPA in the derivation of the RfD for MeHg are
scientifically appropriate”44 (p. 2). The NRC review
included the New Zealand data,31,32 which previous
reviews had discounted because of its small sample
size and confounding. The NRC report concluded
that sufficient evidence was available to concur with
the EPA’s recommendation to lower the reference
dose from 0.5 to 0.1 �g/kg/day. They based their
decision on the McCarthy Perceptual-Performance
Scale from the New Zealand study and the Boston
Naming Test from the Faeroes study. They consid-
ered the latter “the most sensitive, reliable end-
point”44 (p. 299). The data from the SCDS were dis-
counted because no significant adverse effects were
reported. Subsequently, the Faeroes group reported
that the PCBs present in whale meat and blubber
might be confounding the mercury exposure.38 They
stated, “The cord PCB concentration was associated
with deficits on the Boston Naming Test,” and, “the
association between cord PCB and cord-blood mer-
cury (r � 0.42) suggested possible confounding.”

Ethylmercury
Bernard et al45 and others have hypothesized that

postnatal exposure to thimerosal may be associated
with autism spectrum disorders and learning or
speech disorders. However, no direct test of this
association has yet been reported (see reference46 for
review). Exposure to ethyl mercury is thought to
cause the same pattern of developmental effects as
MeHg, but there are only a few reported cases of
ethyl mercury poisoning.47 There is evidence that the
half-life of ethyl mercury is somewhat shorter than
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that of MeHg.48 Most important, the evidence re-
garding the cause of autism spectrum disorders
points only to genetic mutations caused by certain in
utero exposures. There is no evidence of an associa-
tion between autism and postnatal exposure to any
neurotoxicant. The US Institute of Medicine has re-
viewed this issue and concluded that, although it is
biologically plausible, there is presently insufficient
evidence to support or refute the hypothesis that
ethyl mercury in vaccines and autism spectrum dis-
order prevalence are associated.49 The report called
for additional public health and biomedical research
to explicate further this possible association.

Inorganic Mercury
Remarkably little is known about the developmen-

tal neurotoxicity of elemental mercury or inorganic
mercury compounds. Despite its ubiquitous pres-
ence in our environment and its lengthy history in
toxicology, it remains a reservoir of unanswered but
important health risk questions. The most serious
lack is information about the consequences of expo-
sure during early child development. No human
studies as yet document any adverse effects of pre-
natal or early postnatal exposure to elemental mer-
cury or mercury vapor. Three studies are presently
under way, but it may be some time before they are
concluded. Many studies have confirmed adverse
effects for adults in the workplace,50–53 and almost
all of the contemporary reports of pink disease in the
medical literature point to mercury vapor as the
exposure source.54 Even so, the World Health Orga-
nization55 noted that, even for adults, information is
insufficient to propose a no observable adverse effect
level.

Laboratory animal studies of developmental neu-
rotoxicity consist mainly of reports from a single
laboratory. Khayat and Dencker56 observed that ex-
posing pregnant mice acutely to mercury vapor led
to substantial deposition of mercury in fetal tissue.
Danielsson et al57 detected effects such as adult hy-
peractivity and learning deficits in the offspring of
pregnant rats that were exposed to metallic mercury
at a level of 1800 �g/m3. Despite many flaws in the
experimental design, the results of Fredriksson et al58

in neonatal rats serve as the basis for a calculated
minimal risk level of 0.02 �g/m3 for acute inhalation
exposure.42 People with many amalgam restorations
show elevated urinary levels of mercury and higher
concentrations in brain,59 but the health implications
are unclear.8 Although dentists now handle mercury
more carefully than in the past, some dental offices,
perhaps because of past contamination, continue to
have elevated ambient levels. A subpopulation of
dentists with higher urine mercury levels (mean: 36
�g/L) than their colleagues showed deviant scores
on neuropsychological tests.53 These levels are near
the upper range of those measured in patients with
many amalgam restorations.

Elemental mercury is still widely used by industry
in chlor-alkali plants, is incorporated into batteries
and electrical instruments, and often finds its way
into research laboratories. Elemental mercury has
been detected in waste dumps and on the sites of

abandoned factories. Children’s shoes that light up
during ambulation are regulated with a mercury
switch. It is also still used in medical equipment such
as thermometers and sphygmomanometers, and its
use in Sanataria sect religious ceremonies still con-
tinues.

Elemental mercury is especially hazardous be-
cause of its volatility. Accidental spills can deposit
mercury in locations such as cracks in the floor, from
which it readily and invisibly evaporates. In enclosed
environments, such as tight buildings, air concentra-
tions will increase.60,61 Curtis et al54 described a case
of pink disease as a result of contamination in the
bedroom of an 18-month-old boy. Because mercury
is heavier than air, it will tend to settle near the floor,
putting crawling infants and toddlers at greater risk.
At heights usually assayed with monitors (waist
level), the concentrations in the bedroom reached 10
to 12 �g/m3. At floor level, they reached 300 �g/m3.
Also, improper cleaning practices, such as the use of
conventional vacuum cleaners to clean up spills,
merely scatter minute mercury droplets and increase
the concentration in the air. This practice enhances
evaporation and can lead to toxic signs.54,62

Contemporary outbreaks of pink disease continue
to recur. Gotelli et al63 investigated a dramatic out-
break in Buenos Aires. Infants have occasionally in-
curred pink disease from minute drops of mercury in
hospital isolettes as a result of broken thermome-
ters.64 The response of an infant to mercury off-
gassing from walls recently painted with a latex
paint that contained a mercurial fungicide led to the
removal of mercury from indoor paint formula-
tions.65 Yeates and Mortensen66 suggested that even
young adolescents may be more susceptible than
mature adults and that recovery from an episode of
mercury intoxication leaves a residue of functional
disturbances detectable by psychologic testing.

The elevated susceptibility of infants and children
to mercury toxicity, at least in the form of pink
disease, is as yet unexplained. However, it clearly
influences our perspectives on its potential hazards
for the developing brain. Unlike our understanding
of the neurotoxic hazards posed by MeHg, our grasp
of mercury vapor’s potential as a developmental
neurotoxicant is limited and reliable epidemiologic
data are lacking. One primate study67 showed sub-
stantial fetal brain levels (up to 700 ng/g or ppb)
after maternal vapor exposure to 1000 �g/m3 during
a portion of pregnancy. However, Newland et al,68 in
the same laboratory, found that the offspring of mon-
keys that were exposed during the last two thirds of
gestation to 500 or 1000 �g/m3 proved less sensitive
to shifts in complex behavioral tests.

PUBLIC POLICY ISSUES
There is no doubt that both organic and inorganic

mercury vapor are dose-dependent neurotoxicants.
Faced with data that point to the increased bioavail-
ability of mercury in the environment, scientists need
to inform governments worldwide of the level of
exposure that can cause adverse health effects, and
governments need to develop public health policies
that minimize human exposure. Despite disagree-
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ment in the scientific literature about the lowest dose
at which human health effects may result, some gov-
ernments have promulgated policies and laws that
severely limit or eliminate the use of mercury pre-
servatives in vaccines, inorganic mercury in dental
amalgams, or human consumption of fish during
pregnancy.

Regulatory bodies in the United States, such as the
Food and Drug Administration, the EPA, and the
Agency for Toxic Substances and Disease Registry,
have interpreted the scientific literature in different
ways. Such inconsistent interpretations that are not
always based on science can lead to confusion for the
public. Unfortunately, the gap between science and
policy concerning low-dosage exposure to mercury
may not be narrowed for some time. Under such
circumstances, we must rely on the scientific evi-
dence, incomplete as it may be, that most directly
relates to exposures being regulated.

The National Academy of Sciences review of the
relevant human epidemiologic evidence on
MeHg,44,69 which we reviewed earlier, recom-
mended that the EPA adopt as its reference dose the
risk analysis of data from the Faeroese and New
Zealand studies. However, there is substantial uncer-
tainty associated with this estimate, and the exposure
from consumption of pilot whale differs from expo-
sure sources in the United States. The NRC review
committee estimated that on the basis of current fish
consumption patterns among pregnant women of
childbearing age in the United States, “over 60 000
children are born each year at risk for adverse neu-
rodevelopmental effects due to in utero exposure to
MeHg”44 (p. 327). Unfortunately, the basis for that
estimate is not provided in the report or supported
by existing literature.

In warning the public about the risks of mercury
exposure from consuming fish, we face the alterna-
tive risk of frightening consumers into refraining
from fish consumption when fish is a primary source
of nutrition among many groups. Dietary changes
that affect essential protein and nutrient intake dur-
ing pregnancy could prove to be more dangerous to
the fetus than the poorly defined risk associated with
exposure to MeHg in the fish. Similarly, parents in
some parts of the United Kingdom have decided to
forego having their children immunized fearing ex-
posure to mercury from the vaccines. Such practices,
if they occurred on a large enough scale, could com-
promise disease control, leading to a greater risk to
child health than mercury might present.

Public policies related to regulation of exposure to
mercury thus are very complex and are not easily
addressed. In a recent comprehensive review of mer-
cury neurotoxicity, Clarkson48 concluded, “As we . . .
reflect on the extensive research [on mercury] con-
ducted in our lifetime, we must reluctantly agree
with the title of a BBC documentary broadcast over
25 years ago that this metal still remains ‘an element
of mystery.’ As we decide on such regulatory ques-
tions, we must strive to limit the gap between science
and policy if we are to choose answers wisely” (p 21).
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