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Abstract

The main concern regarding methylmercury toxicity is CNS damage during fetd development. In
carrying out a definitive epidemiologica study, the mgor chalenges include the proper consideration of
toxicokinetic factors in exposure assessment and of psychometric properties and sengtivity in outcome
assessment. We have conducted studiesin school children from three different settings. In the Faroe
Idands, where mercury exposure mainly comes from pilot whale mest, the main neuropsychologica
dysfunctions affected were attention, language and memory. In addition, delays were seen on evoked
potentids. A small cross-sectiona study on theidand of Madeira offered limited support of these
findings, especidly regarding delayed latencies of evoked potentias. Children from the Brazilian
Amazon showed mercury-associated decrements on neuropsychologica tests of motor function,
attention, and visuospatia performance (language function could not be tested). In concert, these
studies demonstrate that widespread effects on nervous system function are associated with
developmenta methylmercury exposure, even at exposure levels previoudy consdered safe.

Introduction

Neurotoxicity may occur in children exposed to methylmercury during early life, but the dose-response
relationships have been controversid, in part because of uncertainties associated with observationa
gudies (Grandjean, 1999). The likelihood of an epidemiologicd study showing a sgnificant association
between mercury exposure and neurobehavioral decrement depends on severd factors, including the
datistical power. The exposure assessment must be designed in accordance with the toxicokinetic fate
of methylmercury in the body, and the timing of specimen sampling must reflect the susceptible
period(s) of brain development. In choosing and evauating outcome variables, their psychometric
properties and their sengtivity to anticipated effectsin the age group examined must be taken into
account. Because other factors may affect nervous system development, covariates must be carefully
evauated asto their possible confounding effects, and other potential sources of bias must be taken into
account.

We have conducted studies in three different settings with different dietary sources of
methylmercury (Grandjean et d., 1997; Grandjean et d., 1999a; Murata et d., 1999). In the Faroe
Idands, methylmercury exposure mainly originates from pilot whae meet which isregularly eaten asthin
dices of cured meset or, occasonally, as steaks. In Madeira, mercury exposure originates from ocean
fish, particularly black scabbard. In the Brazilian Amazon, release of mercury from gold mining resultsin
contamination of freshwater fish downstream with methylmercury. Subjects in these communities who
eat contaminated food only rarely or not at al condtitute a built-in control group.

Methods
In the Faroes, we are currently studying two birth cohorts prospectively (Grandjean et d., 1997,



Steuerwad et a., 2000). Cohort 1 was born in 1986-1987, and 917 children (90% of the cohort)
were first examined a age 7 years. Cohort 2 (182 children) was born in 1994 and is being examined
annually. At the two other locations, cross-sectiona studies were carried out. relatively stable. On
Madeira, we examined 149 first-grade children. We aso examined 351 children aged 7-12 yearsin
four Amazonian villages

Methylmercury exposure was assessed in the Faroes from the mercury concentration in cord
blood. In addition, the maternal hair mercury concentration a parturition was assessed. In Madeira, the
current maternd hair-mercury level was used as a proxy for the child’s exposure in utero. However, as
maternd hair samples were unavailable for one-third of the Amazonian children and because household
mercury levels were closdly corrdated, the child's own hair-mercury level was gpplied asa
developmental exposure marker.

Detailed physical examinations were carried out using standardized protocols. In Faroese
Cohort 2, we applied the Neurological Optimality Score as the most advanced schedule. Blood
pressure and heart rate variability were measured in Cohort 1 at age 7 years.

Psychologica tests were selected for al studies according to gtrict criteria (White et d., 1994).
While crude developmentd tests feasible in smadl children may not be very sengtive to subtle
neurotoxicant effects, neuropsychologica tests gpplicable a school age may be more likely to reved
dysfunctions. Tests were selected to reflect functionad domains thought to be vulnerable to prenata
methylmercury exposure. In addition to psychometric properties and sengtivity, culturd differences dso
have to be consdered in selecting the tests and in eva uating the results. In Madeira, the tests had to be
adminigtered with the help of an interpreter in the school gymnasium, and the results must therefore be
consdered lessrdiable. In the Amazon, language tests were not feasible, and only smple tests were
adminigtered that required a minimum amount of ingtruction.

We dso applied neurophysiological tests to assess latencies for evoked potentias following
visud and auditory simuli in the Faroes and Madedra. In addition, we examined vison and hearing
functions.

Results and Discussion

In the largest study, the Faroese Cohort 1, mercury-related neuropsychological dysfunctions were
observed, especidly in attention, language and verba memory (Grandjean et d., 1997). Motor speed
was better related to mercury concentrations in the maternd hair than to cord blood concentrations,
possibly reflecting vulnerability to exposures earlier in gestation, perhaps during the second semester
(Grandjean et d., 1998). However, visuospatia function was particularly associated with postnatal
exposures (Grandjean et a., 1999b). While vision and hearing appeared unaffected, delays were seen
the auditory brainsem evoked potentids. However, physical examination reveded only questionable
findings. The neuropsychologica outcomes remained significantly associated with mercury after
confounder adjustments and exclusion of children with high exposures to mercury or increased
concomitant exposures to PCB (Grandjean et d., 1997; Budtz-Jargensen et d., 1999).

In the cross-sectiona study on Madeira, peak latencies of evoked potentials showed delays at
increased levels of maternd hair-mercury concentrations. Results of the neuropsychologica tests using
an interpreter showed weak tendencies of amercury effect. Although the maternd hair mercury
concentration is probably an imprecise indicator of the causative exposure, the evoked potential
measure is consdered reasonably independent of confounders (Murataet a., 1999).



The Brazilian children showed mercury-associated decrements on neuropsychologica tests of
motor function, attention, visuogpatial performance and memory for designs (Grandjean et d., 19994).
Again, dthough the current hair-mercury concentration may not necessarily reflect the devel opmental
exposure leve, the Amazon villages are remarkably homogeneous, and confounding was thought to be
limited.

Blood pressure showed a surprising dose-response relationship, where an increase in blood
pressure occurred up to a cord blood mercury concentration of about 10 pg/l (corresponding to about
2 pg/g materna hair) and then increased no further (Sarensen et d., 1999). Whether compensatory
mechanisms play aroleisnot known, but a decrease in heart rate variability seemed not to leve off
completdly a high exposures. These findings could possibly be explained by mercury effects on the
autonomic nervous system.

In concert, these studies demondrate that widespread effects on nervous system functions are
associated with developmenta methylmercury exposure. The cognitive effects are not associated with
detectable sensory impairment, but delays in evoked potentid latencies occur. Although clinical effects
gppear minima on physca examination, dight effects are seen neonatally on the optimdity scae.
Notably, adverse effects gppear to occur at exposure levels previoudy considered safe.

Although the mercury-associated effects may seem subtle, each doubling in prenatd mercury
exposure corresponds to a delay of one or two months in mental development at age 7 years
(Grandjean et d., 1997). Because rapid development occurs at that age, such delays may be important.
The delays corresponded to 5-10% of the standard deviations (Grandjean et ., 1999). Although we
did not attempt to assess |Q, which has a standard deviation of 15, aSmilar effect on this measure
would have been gpproximately 1 1Q point for each doubling of the exposure. This caculaion is
presented only for comparison purposes, as 1Qs are unavailable.

The mercury effects may be overestimated if some other neurotoxicant associated with mercury
isthe true cause of the effects. However, athough exposures to methylmercury and PCB are
associated, the latter isless clearly or only poorly associated with the outcomes. Exposure to dioxins is
not increased in the Faroes (Grandjean et d., 1995) and is thought to be low in Madeira and Brazil.

However, for severd reasons, the mercury effects may well have been underestimated even in
the Faroes study. In particular, a bias toward the null hypothesisis likely to occur as aresult of random
misclassification from imprecisions of exposure assessment and outcome measurement.

Many questions remain to be congdered, including the sgnificance of pesk exposures, the
timing of vulnerable periods during brain maturation, differencesin individuad susceptibility, and the
protective effects of essentid substances in seafood and freshwater fish. In addition, it is not yet known
whether the developmental delays observed are permanent and what the long-term consequences may
be. The experience with lead neurctoxicity suggests that such effects are likely to remain and may even
become more gpparent with time.

The public-health importance of these findings must be considered in thislight. While the overal
mercury-associated deficits seem limited, the long-term hedlth implications should not be disregarded.
Also, even smdll shiftsin the average performance of children may be associated with large changesin
the tails of the digribution.

Given the intriguing research issues and the public-hedth reevance, this field of meta toxicology
islikely to continue drawing attention.
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