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Neurodevelopmental Effects from Prenatal Exposure to Methylmercury
in the Seychellois and Faroes Cohorts and the Critical Concentration:
A Review

Katsuyuki MURATA and Miwako DAKEISHI

Division of Environmental Health Sciences, Department of Social Medicine, Akita University School of Medicine, Akita

Abstract A workshop on the Scientific Issues Relevant to Assessment of Health Effects
from Exposure to Methylmercury was held in Raleigh, North Carolina, November 18-20,
1998. At that time, most discussions focused on two of the major epidemiologic studies, e.g.,
Seychelles child development study and Faroese birth cohort study, associating methyl-
mercury exposure with an array of developmental measures in children. These two studies
seemed to provide different conclusions on the potential health effects of methylmercury and
significant uncertainties remained because of issues related to exposure, neurobehavioral
endpoints, confounders and statistics, and design. Since then, each group researching the
Seychellois or Faroes cohort has reported some new findings on the risk assessment of
methylmercury. This article is intended to present an overview of the above researche, as
well as benchmark dose calculations. One implication is that neuropsychological measures
may depend on social and cultural factors including race and language, and another is that a
key to resolve whether the exposure has harmed the fetus appears to lie in neurophysio-
logical measures such as brainstem auditory evoked potentials and electrocardiographic R-R
interval variability. In addition, it is likely that the findings published tend to
underestimate the neurotoxic effects of developmental methylmercury exposure. In light of
the precautionary principle, a conclusion on health effects of low-level dietary exposures to
methylmercury needs to be drawn from all available data including the New Zealand study.
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Table 1 Outcome variables used in Seychellois and Faroes Cohorts (9, 11-13)

Variables

Effects of prenatal exposure*

1. Seychelles child development study (66-month-old children)

McCarthy General Cognitive Index NS
Preschool Language Scale favorable
Woodcock-Johnson (W-J) Tests Letter-Word Recognition favorable
W-J Tests Applied Problems NS
Bender Gestalt Test NS (boys), favorable (girls)
Child Behavior Checklist NS

2. Faroese birth cohort study (7-year-old children)
Neurobehavioral Evaluation System (NES) Finger Tapping Test adverse
NES Hand-Eye Coordination Test NS
Tactual Performance Test NS
NES Continuous Performance Test adverse
Wechsler Intelligence Scale for Children — Revised (WISC-R) Digit Spans NS
WISC-R Similarities NS
WISC-R Block Designs NS
Bender Gestalt Test NS
California Verbal Learning Test (Children) adverse
Boston Naming Test adverse
Nonverbal Analogue Profile of Mood States NS
Pattern-reversal Visual Evoked Potentials NS
Brainstem Auditory Evoked Potentials adverse
Postural Sway Test NS
Coefficient of Variation for Electrocardiographic R-R Interval NS
Blood Pressure adverse

* NS represents “not significant”.
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Abnormal probability (P,
in unexposed subjects

Outcome level

]

P, +BMR (BMR represents an excess

risk in exposed subjects)

R / Cutoff value

Gt ,:_. * — Dose-dependent curve
BMD
|

Exposure dose

Fig. 1

Hypothetical dose-effect (response) relation illustrating the concepts of the benchmark dose method. The

dose-dependent curve indicates that when the exposure dose increases, so does the expected outcome level. The distribution
of outcome levels in unexposed subjects is shown at 0 of the x-axis. Outcome levels above the cutoff value are considered
abnormal. The risk of an abnormal response in unexposed subjects is Py. At the BMD, the distribution has been translated
upward and the risk of an abnormal response has increased to Po+BMR. The BMDL (the statistical 95% lower bound of the
BMD) is placed somewhere between zero and the estimated BMD, depending on the amount of information in the study.
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LEFRTD (K1), 2Dk, BMDD 95%(5#E T
FRAEBMDLA H 1 32, BMROfE L LT, NRC
15 %EHELEL T 5 GltfeET — % CILIE S
i D5 %L T £721% 95% LA %2 BEE & E D
HZENEL, EORERISOBEEN 2 51272
%) (2), 7B, 2MERIGET VL TIEBMR=0.1 7
Z<EAEN TS (BMDy) . Z4UEPy= 0
THHZENZWNTOTHA D, Lk, 55
L 5BMDIS L OBMDLORFHIZR D L H 12725
(52, 53), OBMDIFAW = E) (BT —4 %
BRI &R fEINE (95% 154 TR
fEl LCBMDLEZHM) O GE#HBELTND,
©@BMDLIIBMD® 95%1E#H FRIETdH 2 DT,

BMDLZH T 2% Z & THEOKRIH 125 E L
7o L2 B (IEfEMEME T UIEBMDLIFAL < 72
%), @KAEK 1 (&) & TeBMDEHHR T,

71y b A 7 EITFRR IR 23 T (GG R -o 4

BREDOEIZ) DD T) B CRESUEDY A2 %
FfofE e LTEHRTHZ LT, BMDIEAHKERK T

(AL E) [TEF L 722wy, @FFIRBEEM DR EIL
FREENERZ ENRZVO T, IR EOMRD TR
W LR WER % & Dol iR B K Tig
Wraedr o,

BMD¥ KX O'BMDL A Rt 7~ % & 7 /L IT#FJE %
WLV 725 (52,54), CrumpiWeibullBE%k % 24
TIEHDTHERIHE L TWAA (51). FaroeshlFFe Tl
' T AT~ BE% (power function, d“) ZfH7x
AbEFEEHM Lz (53, 55-57), Mutti &
SmargiassiiZCox regression model % FH\THEAL
“2W)E O Prolactin 5 K 1 F 9 S B & e E
L7z (58), >([EEnvironmental Protection AgencyiZ
Weibull B3, A €7V, XIEHEET V72
£ &N TX HBMD software Zweb b CTHEfE L
TWAHD (59), HAEIK T DOFHEE N TERND T,
A& T % 5 E R VT IR O T — & FRHT I
LTWA7EA9 (54, 60, 61), Wiz E &, Hr
EDOWIRE T MTEE > TWRWVD T, R



A% Jpn. J. Hyg), 60,4-14 (2005)
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