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Neurodevelopmental Effects from Prenatal Exposure to Methylmercury in the
Seychellois and Faroes Cohorts and the Critical Concentration: A Review
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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 discus-
sions focused on two of the major epidemiologic studies, e.g., Seychelles child development study and
Faroese birth cohort study, associating methylmercury 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 in-
tended to present an overview of the above research, as well as benchmark dose calculations. One implica-
tion 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
neurophysiological 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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7Y, 1998 F F CRERI NI NERBCHETH 2 F
WK AR - e E B BEF R 2 5840 - 8L, %
OWED Y A7 FHic—EDEBEBALTHI LN
BB TH - 7o T DI, Iraq, Seychelles, Faroe Islands
(Denmark H¥5%H) ¥ X U8 Amazon (Brazil ® Amazon JI|Ji
) O IR BB ER 2 5 5 & U7 iRat S e,
FREMLZ D EFT > 7 32DHFFE 7 v — 7 (Clarkson
B+t % b & % Iraq 38 X OF Seychelles BF4E 7' L — 7,
Grandjean f#i+-% f.0» & 3% Faroes 9L 7 /v — 7, Mergler
EEa sl & T 5 Amazon BF%E 7 v —7) 12 8 DDER
PHRINCERRL, Thic& 2 2 THREIFBEL, £
DEREMFZRIC X 2HBILENMThbhic—& 2 ORI
L, OBRZTIEBAKED L TEEKEONTHhTH
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5, @% OBRBEFIIfAID, BNEER X CEHERIALEE
BONTEERBBERES 250, HHVIET w7 &0k
EMBRBEINEILL Ty, OF RS X OB 7o

BB (health endpoint) & L C[Z M0y, %
NH OB EREOP TR RN OHETH DD
ERD, FRTADOBRERIULLTHEBCHER
N0y, @FWL R RERAIIMOIZE & TR T
HHh, OBFEHERECE A CEET KA
Fifis, FrzhbZBRT (v v, SEEME
BifE, A Ve = =—APCB, 7Aa—AE) 1k
R oBFICEEST 20, OEFAD B\ ERE DK
RBEER I ONGERE (M - Fip, REBERERLE)
Y0 X5 SRk D B h, O T YA v, AR
Hi, PFEEETTED X 5 I fAVRTi ) (B 5\ EfEss)
THoteh, @ bLEFHEDHHRICEIMHEEL LD
XOREBRT SO, CO3AMOY —27 v a .y S TH
i & M1 Seychelles ¥ X O Faroe Islands DHFFEIL, Wi &
LRIV D X FAKBPBETH - 1o, BEEEOFT
i cHRTAERERL, THEEIEL D IE- T,
National Research Council (NRC) 32DV —27 3 v 7
DR EE 2R ICHBKRE L, “Toxicological Effects of
Methylmercury” & \» 5 KOFT—o0fEFREH L (2),
L2 L7235, Seychelles & Faroe Islands D42 % L C
BN DRRINE T IO EEFTH - 1,

FE LR (critical concentration) 1%, B 5¥EIMERIT
LR L, MilaBasicAEREE (adverse effect) ¥ Elb
Lind HRER R L, BRI “BfE (threshold) #
E” LbMEh s (2), ARE IEBMER (no-observed-
adverse-effect level, NOAEL) “°#x/) i & (lowest-observed-
adverse-effect level, LOAEL) & L CH#te &, Y 275
flinne V) 27 EWCBTTHBCZOENERL 25,
Tichb, b OMERFEREREXYEETIEOE
BRI REE LTHEHAIRTWS 3), 2 FAKEDY
A 7 B T, AR EE o B I benchmark dose
(BMD) #28& < Wb, BMD D 95% 15 8 T ER{E
(benchmark dose level, BMDL) 7 NOAEL DftH{E & LT
b bs (2), HATIZBMD 33X O'BMDL & Hi2dh
FhEIgaN X 5 icBbh s,

Seychelles child development study (LA F, Seychelles #F %)
¥ X O Faroese birth cohort study (LT, Faroes BF%%) 1%
Wb 1980 FERICHA X L, T O AEME I ET
O BN I TW5 4-8), ARz, bEdokET
I Nt x FLKEBBEC X H/NEREFECHTS
7—7 v a vy 7RICHE I NmFEORERLR FiE
115, 5B, BB TR L 0B OEHFHAERR BT
FHIXOWE, BEI UKL %, v—27 vy 7T THRE
SN EEf L BE A TR B, BT, Th b OB
RTHWONIBMD L SHD 2 F LKD) A 7 FF
fiD7E h Hie>WTELET 5,

(5]

2. Seychelles AE DR

>k E New York /Il Rochester KD #FFE 77 v — 7131970
FAD Iraq D # FLIKEHDO v b DEEFFFELFEAL T
Wiehs, FRRHID 2 F L KEBEREE TIHERE T L REN
BIhS5HZEnb, BEAEMV RS THEL TV
7o, FAAEH L U T Seychelles 28 #IR I - H iz, A%
fEATHS, EETAOBE DV, BHEKENS
Wit ETH Y, 15D Seychelles IZ B & BAR AT DI
1980 EEDFDTH - 1o (1), AMEIIEE, L35, 7 v
A—NEDIEETHY, T7IVHIR, 75VRR A
YRR EAENERIERETH D,

1989 ~ 1990 FE D 1 FERICEHHE 7 + V 7 D B 5 Mahe
Island THEE NI 779 LB ORFNEEI N, 5.5 (665
A) ORETHEZDOS L7114 REKLS 7%) 1B
Ml (9, BEIFEIERERDOEHEEZKBEEG6 8
(#iPA0.5~26.7) pg/g THH (Seychelles THI 5 25
FEE D B ORIKIBIERE20. 004 ~ 0. 75 pug/g), & OABL5.5
R DOEZKBEE (F156.5 0.9~25.8pug/g) b4
Aahi, BEEEI LT, BLIORLELISK, &
HIEE, SRRORBLLEMEES), B EFTEEN, R
ZERREN I ED 6 DOBETH - e, HEELKHE
AT & LT, FHOHENKRE HAERMC # RILE
BE0, FREOM, FEBFE, TR OB « 8E, BB
JREE, fREFE DOMIBE (Seychelles DFHED 25% 13 LB H
THTHY, FHEREL T 58EGEESCHBINIRE
#HE L THIEINL), KENTOMASRE Hollingshead
DOHESREFERIIEEE, HOME score 2 HW B i, 620D
BREDOWTHILENTSH, KEBREIC L 5B IRALN
T, BLA4OORETIHHBAERD 5\ ITHAERDOKE
BEASVWETREVEE MO, BEERESHTD
Preschool language scale T3 HAE DRI O KEEE LR
RBEENR O, KEBBENE T ERELRNC
EERRTRERTH - 1,

3. Faroes IR D#FR

Iraq, Seychelles, New Zealand 75 & ® » 5 /L KRB 5E T
HIRBEIEE & U CRBOERR EEZARBE MEA S h
T\ 7oy, Faroes HFFEI B2 SRR FE O il i By 17k
SRIBIE 2 PIE L i CTREROBIFE & s - T iz (10),
1986~ 1987 £ ® 21 » A T Faroe Islands THE L B # X
NIRRT 1,023 41 (RRHPEBD 75.1%) D ik ER
B OFRRAEIZ 24.2 (0.5~ 351) pgll THH, RBEOE
ZKBEEOFRMEIX45 (0.2~39.1) pgg THo1
(10 pg/g L 1AM 13048), =D 5 % 250 6] (24. 5%) (X
MR KSR EE 23 40 pg/l it 2 Tk b, F 72 20 B2 100 pg/
DlETH -, WiEOKBEEIXEVHEE (1=0.78) %
AT EEb I, BRI vV RE LB E IR IE OB
B ot THDIMENRF OKERE, RBOHE, 7 = 0—
ANDORBNENSEOHER & S HERBIE LR L1, T,
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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
Preschool Language Scale

Woodcock-Johnson (W-J) Tests Letter-Word Recognition

W-J Tests Applied Problems
Bender Gestalt Test
Child Behavior Checklist

2. Faroese birth cohort study (7-year-old children)

Neurobehavioral Evaluation System (NES) Finger Tapping Test

NES Hand-Eye Coordination Test
Tactual Performance Test
NES Continuous Performance Test

Wechsler Intelligence Scale for Children—Revised (WISC-R) Digit Spans

WISC-R Similarities

WISC-R Block Designs

Bender Gestalt Test

California Verbal Learning Test (Children)
Boston Naming Test

Nonverbal Analogue Profile of Mood States
Pattern-reversal Visual Evoked Potentials
Brainstem Auditory Evoked Potentials
Postural Sway Test

Coefficient of Variation for Electrocardiographic R-R Interval

Blood Pressure

NS

favorable

favorable

NS

NS (boys), favorable (girls)
NS

adverse
NS
NS
adverse
NS
NS
NS
NS
adverse
adverse
NS
NS
adverse
NS
NS
adverse

* NS represents “not significant”.

R MR s X O v v IREEI A Y7 b Ofig (pilot
whale, FEDO TV N 70 35) HAHWMITEYS-h DA
(cod fish, & 7) DEREBIHETICONE < Teo feh
B SR E (B 1. 8+1. 0 pg/dl) (2EA M & 468
RTHote, ek, 1,023ZDHEaxr—bD5H 14
VOBBRICRSE L (LB 1, 02244),

7R EHREL 1993 FE 35 L 0V 1994 4E D 4 ~ 6 A1 Faroe
Islands 35 X OF Denmark (Copenhagen 35 X Uf Odense K2%2) C
fibh, HEa+—1F1,022805H 923 Z/0BML 7z
(%L T%) , ABETHOWLhBRELXZE L KRT
(1D, 7REDOFEZKFEE CEFMFH, 25 % X075
NR—=tv &2 A1n) 120.60 (0.34~1.24) nglg TH -7
F i BT, HBER LI KEEE (logo[Hg)) O
i, HONORKRTF 2HALH L UE RG22
Al ZOMEEROMEHIKBERE 5 HESH RO
LT Y IERS AR5 7D TH B A, —J5 TKE
BEN 1055 < e EEIRRB OB 8 (B
BE) N (BB T52EvET, ML
¥R A T, BEERBRFREL O VIELER (peak
latency) @& \ER ML KRERE L BREIRIEOBE (K
SRIRFEIC X [REEBIET D) BN LT, —F, ROE
B X OCfTEIZAAUBR A Ti3, Finger tapping (FIZF R X O°
#F), Boston naming test (& v M &L, A » 3£), California
verbal learning test (FER#fE]EC1E) ¥ X OF Continuous perfor-
mance test (SUGHFHE) DB\ UHERRIBIEZ O
KEFEE L HBCHEET S Z EHEDLR (T bbb,

(6]

iR, R, SR E DRI 2 F A KSREE ORI
Pho TETT5 LS BRER L), $7o, BHRMmHK
SRIBRE 15 pg/l KH, 15~ 30 pg/l, 30 ~ 50 pg/l, 50 pg/l
DED 420w 7 7 n—Fsyid, REBED T 25
R—t v ZANVEET 2 THOBGERENT 2 L, Cali-
fornia verbal learning test 33 J OF Continuous performance test
THRERE—RICERAERD b i,

1994 FF I et s (GBS BIRBI KRR L C) —H¥
I BE#AE Ul ted, 1993 IS HIE S h 7 B g
FRBEABRFO LA THEN L 12), FHRO
FH 388 44 THE - FELIREEL, WHRMPOKERE,
BHEREZKERE, 7R EE2KERE L OBKY
A5 &, MIESER S X o I -TTE SR (interpeak
latency) (L HIZERAKSRIRE (AT238) & DAXAFEIRIEDOR
AR, ThXb, 2FAKEEOHE R EERIE
FE I L TR OBREE Tikie{, MMITHEE
CXHHEBTHS O LHEI NI,

INRARENFHEIC X - TRIE S ALl & HAD Bk
FeFRRAIBTFEE IC X - THIE S iz LER R-R HIFRA ) 2
eI hie (13), 7R o B 10028 mmHg T
HY, WRMMAEL 65+9 mmHg TH - 7=y, MmEX
L THARGECHBERIMEEELY RITIeho
Too LONLTRND, WERFILARZKERIREE 1 ~ 10 pg/l b %\
VIREBL O HEERFERAKSRIBE 0. 2 ~ 2 ng/g DFHEc kT
%7KERERER & ME OBtk A ERIES M TR 2L, &
B EDBRAGED bt (BT MK SR E 25 10 15
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W35 &, WUEIME T 14. 6 mmHg, $R5E M T
13.9mmHg EH35%), ZOFREHEIC, NRC DHRES
T RFEIMERE 2 F L KB E O ERRE L
LTER»S LhzwElxTw5s (2), AL, BRI
hAKSREBEN 10 pg/l 82 %5 &, ZOMEICET 58—
HERRIIHEA L,

Faroe Islands (2 O F B 7o KRB BER L ZMA e &Y
THAHHEADOERTH D (1990 FAFIF T HE X il
DFHKBEREIX3.3ug/g THY, ZD5 bIE5H 2
F K, L OMOKFREFILL 7 THoIo (X F7D
KRBT 0. 07 uglg THH, KEH*FLKE) .
HHRBERE LD IBERTIH b, BEHECS
&% 5 PCBs DEENFFCRIE L 725, Grandjean b
13 PCBs D E R #H T % 7o I B M+ PCBs O JIE
HRAIH, BEHIILT LS ToHRTE Thiedho
oo 22T, ToRBERMOEL NI TH 50 % oMmF
PCBsREE & & b i, By © PCBs R 2 JIE L, M
RIS r=0.90 187 (14), Zh kb, BEHHEMKT PCBs
BRI R PCBs IREE 2 R 3% £ & 2, TiRJE O
BOE « [TEIERIRE R & OF¢ THRS 3 % &, Continu-
ous performance test, Boston naming test 3 X UF California
verbal learning test 7> PCBs ¥&/% L BRI BH# L 1=, o
DORRT L L LI PCB K L OKBBEBERYHPE
e L CERIBSITTHENTT 5 &, PCBILZh ORAK
BEABREELRS T, —HKEIZPCB DFELERE
L T % 723 Continuous performance test (JJGHM) &H
BERBEAR LI,

4 T—=02a3yTEZDEROHEERE

1998 4 i B f & 7z “Scientific Issues Relevant to As-
sessment of Health Effects from Exposure to Methylmercury”
DY —7 v ay 7 TR LRIAIL, LITO@Y
ThHsH 1),

A) BEEEL LT, BEOHEREEKRRE & BH
M KBEE OT 1 #EY)TH 5D (Exposure
Panel) ,

B) BEUAE L L T, Seychelles DRI A 2 B %
BEAL T\ 5, Faroe Islands TOfIEAILA I
EREOHETH B b, “spiking effect (fHIE
BROBMHERERELE) " 2HD 550b LA
72\~ (Exposure Panel)

C) Seychelles Ti xS i1 {4 #7 € PCB 2 M HIFR
RUFTHBZ ERINT VB2, HRERRR
HH OURFEIL Faroe Islands X » Sl Lz
(Exposure Panel) ,

D) Seychelles BF3E TIRERIRFFAM 235D < FE# AT R
DEFEE (standardized measures of global function) %
FARDBEENETH D, —F D Faroes L Tk » F
KR THRRIICEE S L3 W iKBERE (domain-

(7]

specific effect) ZHRNIBRENETH 7z, TDK

D E O HEIIRAMCRTRETH Y, HET 5

BRENSEOMETCHVWLOIALIRETHS

(Neurobehavioral Endpoints Panel) ,

Seychelles 13 A/N115 DB 2 L 0 e 505, BFFER &

HEE I BEIR BE O B\~ Mahe Island FEFEZ IR B h

TN DT, FOFRAAT AL ) BBEYEN G

MM S T B AR D B, FRRAWDhK

FEXS55RE S FEICHIS L < 7swd Lhvign

(Confounders & Variables Panel) .

Faroes HF%8 CTi%, BERETREEIR L (H» 0F

PO W REFEIL 4 FFED, & OR\ A RFH 2 Contin-

uous performance test DFERICEEE L T\~ % WTREM: 2

H % (Confounders & Variables Panel) ,

G) Seychelles ¥ X U Faroes W55 & & % { DAAEHF % A
WTHELTERY, ZoSFERMNENFEI T
WBATEEMEA D B (Confounders & Variables Panel) ,

H) %< OBREEE, FEHEE THRETFZAWTEL
I ADHBRBEEEDORFA N THbR TV 2DT, #
Ro—FIMBRCLI AL ELDND, LEERE
HREXITH> XETHH (Design/Statistics Panel) ,

E)

F)

%L DAFNHEED Y A 7 FHBFE TR O IEIREFE
EZRBREPHAVCORTE R (9,15-19), ThIXFEEHN
FREMICHRITE, TBTOEERMNERESTSH
LR IVBONLHEOKEBRBEREXHET S EMNT
X570 THD 2), LrLiedd, B2—MmMPEEL
R (BiF7250:1) ORIEM I AUHER (3,20), B
DEEZKBPEEN S —< MBI LY 20 ~25%E T35
ZENMEHINTWB T EnD (21,22), BRIBHADOBREE
BB L L TEBKBEENARLITH T E 5 fbh T
\» %, Grandjean & (XEEKFRIREE & AT 1R K SRIREE D
flicr=0.78 LB\ HBERH 5 Z LA RDTer b b “gold
standard” (Xfa] s E R (23,24), »* FAKE DA
WERYRA A 45 B EIKRET D & (25), BHE»H 8~
9cm DEZIIITIRAIEAD S 35 8 F TOKBRE » Kok
L, —77 DA AKSREE LG R © 30 ~ 40 38 D KER
BE®RBT S EE2DNS, TRBOMELE - TH
RRE R Y B, HERORBEEE 1REDOEE,
THRIEDEEZR X OLMOKERE & OB TR
5 &, B KERE & HERBREZKERES
Continuous performance test, Wechsler intelligence scale for
children (WISC-R), Boston naming test, California verbal
learning test & BRI AR L, FRICHTE O B EEER
BOMMENKE N 05, BB MRKERE OB
s O

Faroe Islands DiF#g 3 B0 LB SN FBE2LXEHK LD
LocmBICEIM L TKBREYRET 2 &, 2OEBHR
Bux25%LLETH o1 (26), £ T, HERORBIEE
DD 2em ¥ TOKFRE L &RFBEKFREY
HEL, MEOENEFLIRRS (Tihbb, BRI x—



H#&3 Opn. J. Hyg) 5560% 15 2005414

VOEBNEZEL) BEILETRIZTERE 10%)
YHROTE—FEEREYBEFNT L, LoLiahnb, [
RHAKBEBEE OB B DD I ds - 1o 7T KR OFEHTRER 1T
1997 T E I NICBTRER (11) LFREEW b o
fro L7cdio T, “spiking effect” 12 X - TR L T
WBZ LIRS S RS T,

B TR EE & B OREREREL BT IR
BRTFEEET S, LoL, RERTEEACSLE, &
BRT EBERE (b5 IEEEE) L oPNEHER
Iy, B—EERGRNG LD LEHVCEEIRE OIS
WL/ R B BN N B, Faroes BF3E Tl c#& A
FD12L1LT “BEM (town/country) & AT\ iz,
OB TIE BRI lE A A 7 ARBET Biedic) av
o= 2 FBEBELLFHLTCNADT, 2 v Ea—
T I RERBLATWATHIIZOEORETE
WHBEELLL LA EEL DN DTH > 72,
—7, /MK (country) DERITKE IRHT (town) D
REENHEROEBIREMEL TE£L, ZOFFEHBRTIX
BEELEET S, o, BEMRTFEEALET
v O iR KEREE & California verbal learning test & @
BARIL IR EREL B 21 -0.569 (p=0.077) THh - 72’
FEHEHRFZ B\ 7€ F A4 D By 13 -0. 673 (p=0. 031)
EEBI s -1 (27), Seychelles BF3ETix, X HILE W
THET EER) PAVWLhTWBZ Enb (1,9, 19),
ChDLEBEINLCBERYBRAT 2LE DD LA
T\, BlzE, FHEOMBECRBEILEEIFERCKIEER
BoOMELZIRTVOREETH LY, —HTEID
HHEDICERT D LKBEE 2 F L KERE ORI
BREBETHERDD D,

[FIEE O @/ N EHZBAIE N A 7 ADEAR L - THiEd
Zh 5%, Faroes IFETix, JRAIE LT TOMKEE
YHCOIEEL7 = n - AFBHBEROEL X - TT
bhlc, LosLishb, HfEHA (WISC-R) &k
DEEOBRBEIHERS IO 7TREBEC L > TLABEIKRE
{, ZOHFAEMEO®FIZ Similarities CHLM:)
EoOLEBHNCIMI A cREFEMcbrZ Licik-
72 (28), Z DR, BRIKODEENMT -7 THIE 2824 T
13K SRR EE B & Similarities 8 L O AR LA D
2 (EIRFRE p=-1.53, p=0.043) B>, BEH
MliDMT - 72 578 £ TiE p=0.24 (p=0.59) THbH, WH
O 7TRRE 860 B TR BEERLBEFRIA LN eh o
(B=-0. 05, p=0.90),

11 f O wik LER « FTEYFAIRIA 03 A X 3172 Faroes B
22T, AENEEIREL 4O ThoT, D&, BT
FRECIEBEKERE & B K SRBE O 2 BE, A
Whht, 2D, BEOV—2 v a3 v 7 THEER
BHBE O LB AMERH I T (1), Budtz-Jergensen
Lt hboPEEE, BERE (E2k X OEHLH
KEBERE, BN ¥ X O PCBs BE % & LAk N
F oL T BEE ST (structural equation model) 12
DTN LT, BEISERIPCB /s F OFELE ) B

(8

WTh e BEEBIRER L ERIBERCHH Z ERFEH L
72 (29), ToOFE LY, EOEEBBEER L 'S ERE
T AN I AR K SRR R 0 HY B R R B R KSR IR S o SN
CHECEBIET TS EbmRLT,

Faroes if 72 TR REF R BAMBERIHE I R H, #
F KSR & DEFEITERD St o7z (11), T DOFHE
LT, BIRHERI LY SIS (=1 29
VEIVEE Fav~Fyz Ui L) OBRENEZ,
2 FNKBRBIC X AHRMEHE LB Lcod Lt
WEHER IR, B, Fav~Fy o EBIIRRIERE
HRE R DOHER L CRHERZCNADE T THH
AT ERBEINT WA, 1994 FicHELzak—1 2
ORF 182 YT T2 L, AYh ofEHE
ARBOBEIMCESERRERDO L f ay v 2 Vg
AL (p=0.002), Fa+v~Fyx v EEL 8N
2R bt (30), Z DRERIL 7 KT DI mEUR
LUPE I hicb DTN DT, REFHEEIMEBRICK
13 2 F VKB OFENE NI - 7RI E T
2 &5,

5. 7—02 3y THOXFKAERE

Seychelles B 5211.5. 5 ik 1o Hi L~ CORIEAE LT - 72
(19)c B LIcRTI12643 % (B&EFR 17.5%) Thol,
BBEREL L UERFORBBEZKBREIAH VLR
oo AL 1997 4E 2 A S5 19984 11 A % Tfibhiedd
Faroes H5E L W UBAE b B - 720 b7tk LM
B A (X WISC 1Q, California verbal learning test, Boston
naming test, W-J tests ® Letter-Word recognition & Applied
problems, Visual motor integration, Bruninks-Oseretsky test,
Haptic discrimination test, Grooved pegboard test, Trail mark-
ing test, Finger tapping, Wide range assessment of memory
and learning, Continuous performance task, Connor’s child
behavior checklist, Connor’s teacher rating scale 7 &£ 21 D8
BEETH D, RFNT GEER) (LHiE & I2EREKT
HorH, IREOEERKRRE (6.1£3.5pg/g) b D
FETR TS, ZhHORED S S, BEBEEZKR
BE AR BED D - 1 EBHEE X Grooved pegboard
test & Connor’s teacher rating scale D 2D D& TH - 1213,
FE DB (chance) DFEHR & & 7a L7, Seychelles iff
FEICBE 3 B30I 1999 FLIR IS EI LTV D
P (81-37), #EaRIIABEBICE > TR\, 127, Fiaw
HEZIRNE TS, AR ORBITEZKHEE 12 ng/g M
T Grooved pegboard Fll & FHR R H B EHENLD D
T &R A IERRTZ BRI & i OB AR A IR R L
T3 (37,

Faroes TF721% 7 BIERE TR T T2 FETH - 1o h,
1998 F£D 7 — 7 ¥ 2 v 7 % T E National Institute of
Environmental Health Sciences 2 #&t i E 1 B & BT 5
LENRED, Tokd URRAEEERT L LN
ATHE & 72 o 72, 2000 438 X 082001 4D 4 ~ 6 AicfTH
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Al M4 RRER, TRBCBEI N CERIEREN
BB, FloARIBE D% { 1% Faroe Islands D THIE
LTkY, BREDKHEBELZ T TCBLELDLND
TEDD, TOBRBCIDIFEBOFELYWLMCTSHZ
EAFERBME L, 1986 ~ 1987 (ECEHF I N 1, 022
D5 58834 (H%EXR13.7%) NEMLTERI N
72 Faroes BF7E DL LE « [TEVF B ED 5 b, BEc
FF & N1z DI Continuous performance test (B RZAZIR)
DEBEDOHRTH D (38), 7T & 14RO S OREX T
FFHESIOZ A MG E L TWBH, TRIBFAE L 1418
FAE CRERMNIIR 7o T ie, FHERICKRRIL 14 5%
(10 4y iS4 #) T 492+45ms THH, 7% 4 oHERE)
D 750ms X HEL Tno T, BRI KSRIEE & 14
RO RGE AR e BAR B v (FHBIRE r=0. 09,
p=0.01), 7THIETHEOLNLBEREAFETH -, ki,
KR 2k — e TR O#CRE 2R
RS L, HATHCERETH - T HBIRE Y s
RN EDD D, BlziE, FH5EER @) HN1I%KRET
Hotb LT, EBRABREAMFITLEIZ LD

D5 5%, DX 5 eVIMNIARTLES R o8/ N &S 0o
b Lo, BREEROEEI > T3 EXhET
%L ORERFOHELZ T HDOT, BoNEROE
WENBEERCHERANERYBEECER T RETHA
5,

Faroes fF72 ™D 14 B VEHAE T3, BEMMBFEREL, &
HHREN, HREHEEM (P300) »NHIEI i (39),
14 7% R OREME: ERE B O M s X NV IHSERE & 1-10
TE MR T B AP SRR S (3 X O ER RIS
AERERE) oIncfE-> TERE LT, TD5 %, M-VIH
MR 14 5% R BRI GEfISFH 0. 96, 0. 02 ~
9.65 uglg) EHBBMMIEDBEGEYNH -7z, FRIEMKERE
FETIZI-MH L T-VIELAMBRIAAERCERL T
7o (40), Fto, AFAKPFELRINIAEWE &K
SRIRSUCIREE X L7z Ecuador O FfE T, MirhKSRERE A
20 ~ 89 ng/l FOREMMBF R B OM-V L O 1-VIH
SRS 3 20 pg/l RRE & lENABEICIER L Tz 4,
X5, BEMREOKMEENIEREY: (prenatal) # F v
KEBBTIC X » CRATHREELZT, —HEMEDF
R (R~ RaER) 1% K (postnatal) BEFEIC X D
BEYZITAHZ ETRBI N (42),

B RHA DRI » 5 v KERBEEE ONMME E A & PS5
Z & M Faroes BF3E D 7Tk R T & et (13), 14K R
FWTLRBEOEARD SN S DH, FiclEHE
B3 5 BN~ OHEIL L S RO RF I hic
(43), TWRF IO UKL LS, BMEHMEX @BIZRK
MHREERE DK FIC X %) 30 R EEAL OIRAE & BIE L 7o,
14 %R BT O FE ML 115. 5£8. 3mmHg TH », fik
RIAIMAEL 63. 1£8. 5 mmHg TH - 7z (ZrFids~ 113.0
+7.9mmHg & 64. 1£7. 8 mmHg TH -~ 7). 14E DI
HE & AR AKSRIREE & OBIRIZ T RIED &2 — v LT
FETH- 1D, HEMEE Chdrote, —F, A&

(9]

TR O AR B X ORI ARG EY v ~ VI3
MPKFRE L DABRERADEFRER LI, &k, 7
BEBIOCUREOEZKBRE LOFERE—FE
BARIZIBD BT h - 7,

Faroes HF5% & Seychelles FFFEIC 1) B i i, thE D 9%
BHAEREE 19 2K o> THR LI, 220K Tl
F\u~ 5 17z Boston naming test 1235\~ C, RHEHET &%k
L 72 KRB & D [BIIREREH Seychelles Tid 0. 012 (95%
EHEXMA-1.0~0.8) THH, Faroe Islands Tix -1. 18
(B%EBXHE-2.0~-0.4) ThotcZl LIERL, H
FED 7N — T2 OO TH S L ERER O SHEE
BrEEREIRDOhTVEFRLL 44), 1,
Seychelles TiX 4K 6 A LB LEEZLZED,
RS EEZKBEEZIEL T 52, ZhPBREHRE
(exposure misclassification) *5|&#EZ L, EDOFEY#
N LT B ki, ThiR L, BEO7AL—F
T T CIRHERGR A EH 35 Z S IXTERWVWER
B LT3 (45), $7c4>%, Boston naming test TIKERES
EBNED LN D L Faroes F5L 7 v — FixEERL, —F
Seychelles 5% 7 v — 7 1x@BD L 7en EFRL TN 5
DTH 5D, FEERDHEIL Continuous performance test T %
BEEh T3, ZOKEIL, Seychelless THWHh i
B, 0LV OBREZCI > TEEIRTWhof L
Grandjean HZiR-XT\% (46), W hicw X, 1998 E D
7—27vay 7CHRBEINETELREHTF (REER)
LT OLNEE (FLRBER) BELESVCHER
FoZ LI X o THEU 5 2/, FEREE ORI
KI5 ER PE (FRIBE) BEOME N1 T AT
ED2 DDA OM TR L, IRy i N L
T\ 5,

SHOMBII » 7 VKERBOREFNMO T ML L
C, Faroe Islands THIE & e RAEFMIRAE 2 H
BHIFECIER L\, BiRD Y —27 v 2 v 7V TARESE
D — A% Faroe Islands O 14 B2 A0S SR A b <7023,
WIS E\HEINT, LALENRD, FEMBFRE
7. (12, 39-42, 47, 48), LEXR-R [HFFZEE) (43), HHEFE
FREAL (47, 48) XK B, TEM»OIERBEI LG T
Hb, TSN ERSGE O CIEKERN
THHZ LD, M FHO LS RROI KR TFY
T LT THREITED (46), LT, Thbk
TR TR DZE 1T A, Seychelles 35 X O Faroes #f 7%
DIFFTRIERFERITOBRINITIR e D03 d Liisw,

6. Benchmark dose (BMD) DX H

fi R EE 13 NOAEL ®° LOAEL & L CH#HEEI T X7,
MERIEREHREEDO Y A 7 {fit LTH+5ra vt
o0 — L INKEPERLLB LN, BEFCRIND S
WITAEWFRCEEEYEOMINAE LI K
LEWERABER" LERIh, HEIBEENCHET
BH5 A FNCARELBEYEOHE N ELC X
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5 “BLEVCERBER LEFEIHhD 2, Ll
7785, NOAEL % LOAEL (IR R & IERBERFH OM N
il BEERE) cESOWTHEE SRS ®, HEH
REDORTRFENEZ DN T 5, #l21E, Seychelles
FETIE, TN BOMNENHERORBIERZKRRE T
3ug/g LT (F392.0 pglg), 3~ 6 png/g CF¥4.5 pglg),
6 ~9pug/g CEH 7. 4 pglg), 9~ 12 ng/g CF1510. 3 pg/g),
12~ 26.7uglg CF¥H15.3ug/lg) D52D% 7 7 v —7
Zarbh, 5.5 REDOREMEREN I NI (9),
WIEROBBIC S BEENRD DN - DT, KE
Agency for Toxic Substances and Disease Registry (ATSDR)
TBRBELV Yo OoRLEVHOFLHE (15.3pgg) %*
NOAEL & Z7c L7z (49), b L, 2D 12~26.7 ug/g D% 7
Fh—Tk, EbIL12~15uglg, 15~26.7 ng/g &5
Tz, ATSDR DFEH 5 NOAEL 3% » & &\ EiC
755 T\iednd LIRS, Crump 1 NOAEL & BMD &0
BT O X 5k~ Tw5 (500, QNOAEL ix, —
T, »AHBRBERET IR L IERBR O NG
T55, BMDEIILTOF — 2 AW TE—KIGET L
THET %, @4 v A Db I %Iz s\~ T, BMD
T3/ & W BMDL M8 51 525, NOAEL Tik#ic K
XV EI D v, @ NOAEL (I EBRTHEAIhH
BOVWThNDOETHD, 2%, FHIhIHAEYE
DI S ITPRDIDE S §HGFDNOAEL TR Z D 5 5

B, %L DEFIME TIINEENLTHLBRBERET LT
GIBZERIBBHEBRREIND BMDETIXZ OfED
RIEIZA Tz < v\, @BMD #:i%, NOAEL 2MFFEL 7o\
Yoy —2mhbLEHTE S,

Crump (FEEEEAL S M7 BRI 2 fE RS (RIG 2B & TA
HEEIGE) BT A oI BMD B BAFE L T i
B, ChkdftE T — 212 ¥ TR L1 (51), & © BMD
DOEHIL, ¥ TEERC -, CEHESIRENEE N (B
BUWIRA) THRRASH D L RRER L, FREEN
DEEEEOREHR (bAHVIIREEES) 2P LT
5 (EBRGMALOBHE, Pold@H 5% T, I OEAN
By b AT7E), BEERCKWT, EEHRP Ih X
Iz a% D RE I (benchmark response, BMR) % % 72
LTREER (BFE) *BMD LEFE TS (K1), Z0,
BMD @ 959615 %8 T [RE BMDL % & H!3 % . BMR Dfi & L
T, NRCIZ5% % HEREL T\ 5 GEFEET — & CIXIEH
S ED ST 702 BB U LA REMHELEDDH Z &
N, FORERICOHEEN 2 it s) (2), ik,
2MERIEEF A TIEBMR=0.1 " BEHIR TV B R
(BMDyy), ThHIiZP=0TH5 I ENENTHTHA I,
LlEX b, 8515 BMD ¥ X 0" BMDL DE#IZK O X
51le B (52,53), O BMD (3AEWFHILE) (BT — %
FIEBROAAL) ERETHIRFEF M (95% 15 B TRR{E &
LTCBMDL #HH) Olifx%EE L CT\~%, @BMDL i1

/

Abnormal probability (P))
in unexposed subjects

1

Outcome level

P,+BMR (BMR represents an excess

risk in exposed subjects)

. kY
. .
d
L
=--- et i e Rl Sh bbb +
& f R4
b K
- g
-
.
d

1
Cutoff value

+

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 Po. At the BMD, the distribution has been translated upward and the risk of an abnor-
mal response has increased to P-+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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BMD D 95% {51 FIRETH 5 DT, BMDLEZH 5 &
ETHROBHE A ER LI Ll s (EMHEEIMET
AUEBMDL IXME< 72 %), @RKAT GEEER) 2&L
BMD SHETiE, # v b+ 7 EIIERBERI LT Gk
RTFPHERBOMBECH,Hr1HHT) RURERKIGDO Y 27
RO E LTEHT S LT, BMD IR T (HE
B) KEREL, OFBEEEMORE LFE NS

T ENRSHVDOT, BEEORD TRWEARS IR WE
Hx&UREEMALETHTET S,

BMD ¥ L O'BMDL %I 3% € 7 A3 EC L h &
72% (52,54), Crump (¥ Weibull BI¥ % 4 TixsdTHEH L
T\ %A (51), Faroes HF% CIXARE & 7 vic < B
(power function, &) *MAGbEILTEXEALL
(53, 55-57), Mutti & Smargiassi | Cox regression model %
AW THELFWE D prolactin S K IE 3 R E &
HEE Lz (58), >k E Environmental Protection Agency i
Weibull B8%, %X E TN, <FEET LI E % FER
T & % BMD software % web L THREEL T %2 (59), &
HRFORENTERVDOT, ZERTFEEE VB
KRDOT — 2 BB L TNB755 (54,60,61), T
e X, BEOHREETALIIEE > TRV DT, &
BN T L OBEERE CHE % (62,54), LaL,
BMD%IL b & b LEREBREEMC R T 5 EERRE & #
ETHHETHZOT, BHCHBEEOREENREAT
&, EFTAOHEEMCHIBENE LU 5L D B (56),

Cox b X Iraq THAEMKBEBRELXZ T 18, AR D%
TEEDCKHE L HERORBE, LRI L EBEKEEE
% Logit & 7 /v % X 0" Hockey-stick € 7 /v CHEHT L, HEE
SN EARRREE X 10 ng/g (PHESEMD 9B5% LV v 21X
0~13.6 pglg) Lien L LT (16), & DIEILIEEER
EHOFRRE 0% LB LB ETH Y, HRER» 4%
THH & ARHEFRMED ERMEIX 190 pg/g 12785 & NRC i
BT3B (2), Crump BidIraq D F — & % NOSTASOT
B (BT 80 ug/g), NOAEL # (41 ~ 250 pg/g) ,
BMD % (119 ~ 215 ng/g) THMENT L, EEKERET
80 ng/g L F CREBEENMEZ 5 & T ATV &R
Uiz (62), ZD#k, BMDENERACHWOLR L ST
v, New Zealand cohort THEFt & 117 ZNHERR T (Scholastic
and psychological test performance) Ti¥, FEROFEE KR
BEN 86 ng/g L BIRICEWFH 1 HEAREE L TR
%, BMDL 37 4~ 10 ug/g CEEKFRE) LEH L
(63), FEHEEE L L T Motor speed, Attention, Visuospatial
¥ X OF Verbal memory ¥t % Fi\~ TEH L 7 Faroes B 5%
D BMDL %.9. 4 ~ 14 pg/g (BEE2KBPEE) TH - 1 (64),
oIk, B, £ TORERE TKHRT, EEREZ
ANIZBMDL & LTbugg#EHHLTW5 (65), F7,
Faroe Islands 35 X OYMadeira ® 7 1% )2 O it B4Ee 5 R RAL
BRFCEH I N7 BMDL 7.5 ~10.5ug/g TH -7
(55), BleAiz, HARANE Madeira ® 7 B DEH X
M7= BMDL 37.1~ 10.5 pg/g T - 1= (42), Seychelles
ey, ARARE—RIL (B8 BRARLRIR,-

(11)

72 22 53, BMDL (FEEKSRERE T 19 ~ 30, F
¥ 25 ng/g) HEH LI (66), THUTFER ThV—KENF
EFAOMBEZOMANIC 5% EHMGELIH &N
HRPCARETHLOERLLERTHA 5, T7abb,
BHIIHERRB Y ERCE DL > T B DT, FOHERHR
T “p<0.05” %M “BHE” LEHRTHbIE, 20
E2RERTHIUHEEZL L S,

DEXy, BREBEEC X 2IEEEFEOERERE
(BMDL) % bR U7c#4E (55, 63-65) DHEIFAN THED %
L, HAEROREEEZKFRET6~14pggticd, &
%, B2 OB DOZUMICONTEERT LZLEND S5,

7. b ¥ (T

2 F KBTI e VI B R R o
BEMYETHD (2,67,68), TOWEDOREEBREIC
X o ROMEERE, DA, FERECHENEE
BREL, TREHOSREBRE T CE TR THIC
RE, EFHHERE, PR O RE D BN RLE Y I ke
EERITILIBRNLSDRWEETHS (267
1), BAEHLPEIER L T 538, ANEEYELT
RRNICER DA TN DS RED 2 F LKE LV <L THRIE
AR BN D EBENEWS 2 L ThDH, BAEH
b, KETHW LIRSS IREILERREE 2 57 v
KBOBBEFEDOFTME L LTith T h CEEMEL,
DOREECKET S 46), T, MEEOE - TEIYH
¥# & Fi\ 7 Seychelles % & Faroes #5813 ik L7z X
SIFERPAEE LT ETH D, L L b, [KEFR
& DOE\NMERH & BT BRCK A Faroes #F9E % — (b3
B EXTER] (72) E\W3 ESIIREDEFONY
HRELDPTHRBEBEELDNS, LN -T, ZoORER
W3 HHEE, HERAZXG E LcETHROBRER
(42,73) WA E THRBEERLD T 50, HDH\ L New
Zealand BF52 7z K OBFFeE OEE (17, 63, 74-78) &%
T2 SCERE R D> B FBH R BRI (precautionary principle) 128 &
L CHIEEIRL (79), BEMSHZES L THA I,

& 22

AR, BAREEESPRY —27 v 2 » 7 [FEFC
BT B EMEBYE - KEREEMTEOBTREBE] (B
13RO PR 14 FEBESEE) Kkl THOEER
LEABR, SHETOHFLVAMREZMELE DD
DTH B, EHKIEREERES] & LUEBHO—RT
HHZERMNET B, AREELCYLY, BREREIE
R0 ¥ L RILRFERFEREBIERE Fhidd X
DIRBMEB L EFES, ik, AMRIBREED (25
WIKBOKIBEREC X 5 EEME BT 5 FHEWE]
e, BAxERIFmRE#EES s X OB Ew
B4 o—FE2FER LT,
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