Satoh H, M.
Chiba, T.
Takamatsu and T.
Kuboi

Evaluation of
environmental and biological
impact of Pb-free solders.

EcoDesign

312-313

2003

Utsunomiya H,
Yaegashi N. et al.

The correlation between the
response to progestogen
treatment and the expression of
progesterone receptor B and
17beta-hydroxysteroid
dehydrogenase type 2 in human
endometrial carcinoma.

Clinical
Endocrinology

58

696-703

2003

Mz, Lk
tE

RN IMEEL D E D ISR
B3 AT b-E SR
BORELPLELT-

RS

57

227-235

2002

Nakat K, Satoh H.
etal.

Effects of perinatal exposure to
environmentally

persistent organic pollutants and
heavy metals on neurobehavioral
development in Japanese
children: II. Protocol and
description of study cohort.

Organohalogen
Compounds

59

389-
390

2002

Nakai K, Satoh H
et al.

Developmental neurctoxicity
following prenatal exposures

to methylmercury and PCBs in
humans from epidemiological
studies.

Tohoku J
Exp Med

196

89-98

2002

Nakamura T,
Satoh H. et al.

A comparative analysis of
certified

environmental reference
materials using CALUXTM
assay and high resolution
GC/MS

Organohalogen
Compounds

58

381-384

2002

Tsubono Y. et al.

Validation of walking
questionnaire for
population-based prospective
studies in Japan: comparison with
pedometer.

J Epidemiol

12

305-309

2002

Kobayashi M,
Tsubono Y,et al.

Vegetables, fruit and risk of
gastric cancer in Japan: a 10-year
follow-up of the JPHC Study
Cohort I.

Int J Cancer

102

39-44

2002

Ogawa K,
Tsubono Y, et al.

Dietary sources of nutrient
consumption in a rural Japanese
population.

J Epidemiol

12

1-8

2002

Nakagawa-Okamu
ra C, Tsubono Y.et

al.

Effectiveness of mass screening
for endometrial cancer.

Acta Cytol

46

277-283

2002




I11. Bk



%K RSREEMHOERE LK

53(229)

IS I BEELVE D IR BB B B S 2 5

— R NEREOWEE L& LT— |
At HEE KB E
= B

WA BEEE, 451C PCB 2 X 2 RYBREOREEEICoVT, LBTES L
UM~ OBEE LN L B2 R BH L. 880 PCB BRIV ROMERD.L
W78, HAORZICHETAIENRENTEY, BENOBTIRENCIEILESN
T2 L 00% 0, BERETRBRHABRZEOLENKREVIEFRALHIIEINATY
5. PCB in L 2BBEORAOEMNIILR TR RZBREZELLNS, T2 AF VK
R, 4%, P FIVLAOBMLEELLKRETTHY, 0L RILEDHEOEIICE
818, ALBEL by, BRPEBEOEFOLEENTRBRE L.

Lo

JFENBEOEBICESALTYT, BRD
LFTERRAOREL BT L LIEEME
AHULICELD BT, BRIEES o AR
PFTIREORE, BEOKITHY, b¥
W A REESE V. WABREYHE
D% BB CHRSBETH D, KECD
oo THARICERL, BRBIUERLZAL
TRICHIRICBITT 2. TOlz), ZO
WOROERERKEAN 1 BY: ) 0BNE
CHEBELTOLEDTHEL, BERHEROmM
~DEENEHREINEDTHE. &8,
PCB B TH A HAR L BEDMIEDE

* B AERERES RN RERRESZ BER

R R

¥~ K ASEE, PCB, GRS,
LHITE), aFk—b

HFh 5k, STHHRRERNLE RLHERERIC
ONWTEELF—FPMEESNTWEA, i
ADHETEHEL..

The Michigan Cohort (The Jacobson Cohort)

BESI VU MORESETLIROREE
BIML-RIME ok — MRS, Jacobson
Hlzk o Tirbhsz, 1980~1981 42T
THELZZBEZHREL, A2EXG0E
WA HEHORPHMIZ, 313 2B FINT:
(77% DB RE, 23% HINEEE). AFIE
= PCB 5ROBELTREL, HTREFFWV
7 (RA, ¥—Fv, 24, +7X) O
BE1EL, AOEIUKR,S PCB #RE
#EEL TS, BERDPS 11 FRHEHAT
fFhhi:. £ PCB BETIIHAERMEE
AL L BB EDEIX 160~190g), IR
MAEL (49~88 B), #hEHMELTH



54(230) % O£

FHH DL /DEhob, HERS 60 BRICBWY
T Neonatal Behavioral Assessment Scale
(NBAS) PEREh, ZREIIBVWTEY
DX, REREZLHOKT, BiERIbDHE
m, FERESHOETHIHERZIA TS, 7274
L, B PCB & NBAS (ZHHEIZR G
ey,

£#5BX07 » BiZ Bayley Scales of
Infant Development (BSID) 3 X UF Fagan's
Test of Infant Intelligence (FTII) #%%EHi
IhTwa, BED FTI dBg % B4 TH
A ELRERMARTH Y, TORBIIE
FETT RE 2 LEEATEIERRER D 9 B, MER O IQ
EHETOI—DRREDEZLNTWV S,
BSID ZABHESCHERM PCB ovwihs
LML o7, —F, FTI b BAH
PCB tHE L2720 00, ABNRES
JUBAI PCB & X <ABE LAY, Lidts
T, B, 681755 PCB IZEWNICITER
ANEENTHLLD0, BORZHL YL
ZRTLHEHBRBYUBEFIVEETHLEN
VEBENEILILELRS,

A RIRDBIFEIX McCarthy Scales of
Children’s Abilities (MS) ZH.L & L72E&
BhfThbhi:, BbEMEL OB
PCB T& Yy, SEBLIUHTIEBEMABL
72 ST 11 BRIRICH MEERARR B E L,
EEE ZEREOENRDEFN PCB L AHE
TAHZEERLEY, B PCB oML
BLEE I R W/Sd A dh o 729,

COWMEDFEED 1 DM, WHEOAES
BERO 1/3 BELPZL, F0BRLE
ERICEITN /2720, 3SETF L3 L
BERTWhEnWZ Eizh b, FloHs - &K
HM2REPLHEAD 1IQ & LORENFICI
ZRIhTwiw?, /2, BEBETRT7L
=W, A7z4 rOBRPEL, EHiEhO
BREOHER LS W, 512, AERE
PCB BHZHEEOREREL LTHVLEE,

BHEE -57%- 25

JERMREE TR L THERET SR LS
BAFNVKELEDBRECRCERT AL
W, AFVKEPEHETFELD D 5. BE
RATS X FVRRZIE L L TR,

The North Carolina Cohort (The North
Carolina Breast Milk and Formula Project)

Rogan Btk o T/ —Ahus 4+ T
ONLEETE, MY AZHEATCIRSEL—
DD O REHE TN, 1978~1982
£ 880 AU EDBH - BOXRTHEHFS
h, AELBICE D aBERESh, BHED
K&wvw., HAEE»S SET THEEXITHLA
2. B PCB BEDMEL +ARKEETD
BV TE L Dolzlzd, HEEHORILD
PCB #ERHBEORBEL LTHWT WS,
ZDORF+ PCB (dHAREE, HMAELHY
Lidodt, 35mg/ml # B3 HBERD
B LAETNINIE, £ 72 BEBICE
i3 7. NBAS THIRESLHEDEOET,
RIS EHOETHIRARENY, CogERR
The Michigan Cohort & F#DMEFITdH -
7. ¥7:B¥ O DDE (DDT OfLHY) #¢
BB, FIEENOREVPBRBE SR,

2T CTOBEMFAETIZ BSID & Mental
Development Scales (MDS) 2T#H & 1,
PCB & BSID O-LIETEEOAIT — DA
EAHEL, FRSEIHREMBEICIL - TE
BROBEOERRESDLTITIRDEIHEIZ
BELLZEEZELTWES, 3E,LSEICH
T CTOBRFAETIE MS 23 RH s 28,
PCB BRBE &L OMIZHBERVWZShTESL
37, L7=%%> T The Michigan Cohort T}t
HEEIN-AHRENOEELHEAINTwE
v, i, ABETCR 2RI TORSTED
HDORIEDEIES R ENT V2D, WREEN
ResLidvz 3D ETRESTOENIZ
2, 2IRTOEERMHINL O LER
b,



(2002,2)

BRI BORY K, FAK, XHEF
DERL EEENICLEFREIRVDIOTH
B, BEO IQ RPRENRE 2 EROZEM
TEHORZICEEL) B EEZLNLIERIC
DVTOERBIFTT TRV, B
PCB HlEMDE { P RHMRRUT L 2D,
FERABZOREL LTHABROFI S
PCB O CRELI-ZE, FOHEERED
BILXRNCTE Lo RBEER, REF—
YEERMT LD ERREORBETHES
NW-BAOEIGREE L [FERE] 2HW
7oz e BEBLTE & v, BRI, The
Michigan Cohort 2R AOMBEA-LRD L
FHECEBEZBROZEOBEEIRL, £
DIOFFROFRECBILRFTOHTLE
WweFBEND, ERIC, BARFTIZLD
MS OREBENRL A EMHEREINRTS
e BARETOTTAEHERERRE VS
A FAWMEBRPLACEDBEEENRS.

The Oswego Study (The Oswego
Newborn and Infant Development Project)

Zz—3 =27 Oswego FlcBWT,
The Michigan Cohort @ BIRIERER L Bk
L7iE2At 1991 £L D AEFTLTWS., ID
FA DS, PCB, DDE, HCB 2z,
Mirex, $3, BLUEERHKBELRELHTS
N2 Thb. X FAKRRLITEIRT
RFIERILI AIEEYHTH), HITAF
AV7KERI: PCB & RARICAICAEYBRT A7
¥, PCB & DB 2FMT 59 ATER
RAKEFELR D,

HEERE Y 2 ) F WO BRBICEN
SEE 141 AN ERDZVWER 152 AThY,
BHOABIREOMEI Y BMThhTna,
LFTHHRER AR 1~ 2 BEIZ NBAS #°
Eish, BhRE ERPIZSEI6NDE
REFEICHTARGOBFRE RS D),
HEROLEN, EHRFIIBWT, X2

¥ OE ASTRERAMEOER LK

55(231)

T—ORIVPEHREOLBBIMOFEL L { 1M
L7z, B PCB i# PCB Tit NBAS &
27— M L2V, PCB O FEZER
THiS L, BiEFEL E#EEK7~9{E PCB
%% NBAS O E K<HBTAZ LIRS
NTW3EY, ZoOHER PCB o £WiE
HEETH PCB {LFEASFET AW HER R
AL, FOREDODOEBRRT LIFRMNL
S FEOBILOLEEZERNTIIOTH
5.

xKiz, BAT 67 @ (230 A) /i 92 B
(216 AN) =T FTH #»frbh/=. PCB &k
FTIH Of#iE L KtHBETA 3 DD, Mirex,
DDE, $i3 X UEEBKMBIZHEL 2w,
—%, B PCB OSHIRIERHT, Bk
® PCB s h7-doo, B+ PCB
L FTI ICEEHE RV S dh ot 8
FWOREL Y LBEMBREOTEN 2Rt
T5HDTHY, The Michigan Cohort @
BREIL—FTH., 727, PCBEET
ZE T2 FTI OREOMHENHEIZAEL, O
BITHREOHREMORSERETLLOT
dHsd00, BREVEOEELXZERTSY
ATHEZRIBVELETHS ).

The Dutch Study

F 9 v ¥ O LFEETH Rotterdam, B LT
FORBETH TN ENITILEATH W
Groningen @ 2 Hil& % ¥ 5T, 1990~1992
I TER 400 ABREORBEH SR,
BME aFk— FAETPTH L, BIRFE
EANLFEEBEILERENTEY, B0
JUBBFMA S 4 oOREBEMRFEI ST F—
PCB #4#L, B 2HEOBRIANL YA
A xF Y8, 26 HEO PCB oadiftbh
A

A1 10 ~ 21 HB b 0BT EiRE
Tit, NBAS {28l The Prechtle Neuro-
logical Examination (PNE) 2RAShTw



56(232) 5 £

A, TORESE, BEMmMEBEEFL PCB Lo
BicHEiE R wb oo, BIHyI 42
¥, PCB & X <#HML, %2 PCDD+PCDF
@ TEQ, %7:iX PCB #iiz7:% TEQ &
ORICBVHEFBHB s hi2e,
BHAETIE, £#3, 78X 18 » A
DOFF AT BSID PEHEN TV A, BEHFm
PCB BIUO¥ A 4Fr 3B®%3I»AZT
OLEITERELMEL, $/-83L PCB B
LFAF 2 BT » BOMEERER
AELAEE LAY, 18 » ACTEHMEBIRED S
Neho7:9 b, BIBREFLALIRED
FRARTZHBLTSEY, TEIORAEIIRIE
ERHTHAPEL, BRI - TILEWHED
BITOHEDD, BT AHEHEZ &
LM INTWAS, KIZ, &% 18 »AY B
LTF 42 » AP IIBIY 5 BHAE TR, BB
CHEENRERBRDRASH, B, FE,
Fidv, 23, BLURTICowTEERT
bz, 18 » AH T I PCB Bz HiER
B At b HEEY, BR M PCB Ath¥
CHBLA. —F, £#% 42 » B T3 PCB
RYAFEYVRELEOBEERIINEELTY
v, K 42 » ATIERSEENLRR
SNTW5EY, ZOREFEREN PCB B
EEERENLTMBE LTS Z LAY
SNTWEY, 5 V¥ OEFMEDERIL,

Atk LTBALEOBNEETL, BEE

e LTIBRAXIVEETHAZ L ER
THDOTHA9.

TWI Study (Toxic Waste Incinerator)

FA BT 5 ZORERGRHEZEOZ
FTRRY, ZHEFLLThFH FIY
APERETHLILERTERELHETS
57 BAGAATOMNEENRE LEAE
12T, 636 AD/hEE (7~ 10 ) HBH
S, 320 A oEMMAERR S, Bk
BAtREE & DBIEMAH<SB N, # PCB 7:

BHEY: -57% - 25

305 @ PCB & TSH, 8 T: ANIEICH
BL7: (T4 i3HEBEET). BBRHEZLIZ,
M B3I a5% TSH LIEIC, #8E T. &
BUICHIBT A ZEMRENRTVS (85, K
FUIMBE L Zv). &AIETDH, A FI YA
BB OZECERMERELHFTHET
BB T PETLTWAZ ENHRESIRT
Bh®, BIREIEZAS VI o 2RER0ENES
THHE9H LN, MOEZEICIE T A0
RThHY, FREBECERKNETIZAEE
T2#BLIVFVELLTHION A, PCB
Dk ZRRPER ORI, o RRBERIEREL
W1ODRHFETH L, EBICENT 36 AD
BIRFREZHNS L LK TR, BB
A3 XY TEQ & Ty, Tz PEICHET
5Ena®, 7271, The North Carolina
Cohort Tl TSH, Ts, T: & PCB Ol
HHEA BB RAT S e A%, AR
RonTnine,

AFIVKBDEZRRH S

PCB ¥4 %y OELRBIERIZA
THED, TTIBEREEBY, AFILKH
bELAAEDERSNBERSWS, BB
DA FNHKFIZE B IERABEOLZEIZ DO
T, 7V RTHINA YA HEHEZNSR
2 Farce #ETHEIMTHOITWwA, W
DFETIT 1986~1987 FEIZH A L7 1,000
AU EDORPESZESh, HENOBBOESE
AR & B AR AR FT T b, §
TS OEND 27, FREZ A, 7
MOKRER T, The Boston Naming Test,
The California Verbal Learning Test, The
Continuous Performance Test TR HHER#
EORMICEENEXED Hh, HAROREO
EEBAKED 10ppm 2B AHEE, ROE
RERET], EERERIEEE, EMZmLEhic
B A EERDOEFICEBERT LR
SN/ e THDH, EELEAKEN 10ppm %



(2002, 2)

¥ O3 RSTBLELY B O IR LRI

57(233)

=1 PCBIILSRAENMRTEE ROLIETE, SBNORZCRETRE

LETBRE TR it
AJ\E RRIZEAPCB" H&%# PCBY
The Michigan Cohort
NBAS (&£ # 60 B3 EE |, REESE L, O x.
RIERIS . FARS |
BSID (5,7 »A) BRSO X X
FTU (5,7 »8) IRHDHMREE | O O
MS (418%) BE -MNFiiEl O
MEERR (118D EE CEOBHEEE | O X
The North Carolina Cohort
NBAS (%1% 72 B5f) EEOFSEER]L, BB, o
iR |
BSID (2% T) EEFR | o
MDS (21X%T) BAEfEERD ¥ x*?
MS (3 ~58%) BT X
The Oswego Study
NBAS (H44E1% 48 B3R) RhRIG L, BRRER!., O O X
Etctd o)
FTIl {67, 92 iA) RMIAREE | O X
The Dutch Study
PNE (%1% 10~21 B) BRRl, ME&X27 - X O
BSID (3% A) DIRFTENRIR | O X
» (7#A) HEERMIER | X O
HwEERaERE: (18 2 B) g O X
HBEEREREE 42 2 A) ElLEMEO T X X
SRR 2R8) EEEHORE] o?

* AR ORI R IR B T BT PCB 245 L, HARBREIIRIAR PCB 2187
“HEBRZOBALTPCB TH), MEMBBETRMTILEEIOND.
* BEMF PCB ThY, BMENEBREZRRTLEEILNL.

CDERERIERLEUTOS FICEEL .

NBAS : Neonatal Behavioral Assessment Scale, BSID : Bayley Scales of Infant Development,
FTIl : Fagan's Test of Infant Intelligence, MS : McCarthy Scales, MDS ! Mental Development Scales,

PNE . The Prechtl Neurological Examination

Bz AEmoOE4E, BRTHEY BER
HETHERBENLTVAS.

727EL, AROBEERENA V FHED
Seychelles B THiThizdy, AFNVKED
G RN 3% & FRANAT B D FEEE & O RIIZAHES
BEZSIhTwiw (&R BSID, FTI,
MS ZEPRHVLRTVRE)Y, 20220
MEODZERIZOWTIE, Seychelles BTIT &
DEERADER S, L RPN
Wi XOFERZESICME, PCB & Lfbo
HEEHHEICLHBED Faroe HEEIZ

Bhol:bntBESh TS, #RASHI:
REEOZERL, FE»SBEME~OBRL
ELRELZERTHAH. WHMETE, 20
#% PCB ¥ A 4+x L v 20 ER LTk
NGB ENTEY, Faroe S8EMHIXT
T2 435 AO 7THRBTORENHER T
22, RBOWARIZET A BEHLS PCB 12
B mEARRESVHBEZEL (r=042),
i Afk PCB X IROEAITEIORRDEN
LECHBMLE. FELRAFIVKEORYE
BEDKEVWETLHEDOD, PCB & DORIC



58(234) K

AWML EEFHHILZROTWD, Ith,
CORETIIREFD PCB & Bi#et PCB
PEHETZ2Z L2300 LdEIDE
W, BEIEEE L CHTHS PCB 2V S
nr:. BRI ESTRABELT

bREL, POBRENIMBETHY, B

MATIIBIH AR TH .
HrEREORFRAEOVEMS

PSHBBEELI R E R, A FVABRL &
A LTERENG, FIZHRARAF VA
ROGERENBVW/uR B AR, 2 F)
RBOWIR IR ICHRTE., 35612,
TWI Study #5134 N3 & AHHIRIREEE
ﬁﬂ@ﬁ%&%ﬁf%%:tﬁ%%éﬂtﬁ,
BEANIKZERELL, BEROXOHIFIY
LASHBRHRIIZIDELRLTH S, Ek
REEHRBLT, BFRANGEEORERESE
L, FEZEHICLEEEHEOBIUCB W
TORBWEHEEESN, Lo TR
HYHICE SREEEL2RTL Y A THED
BT =S ETLREVDETHS .

PRADHENGIZ, BAEZMALI-BETIR
ZLAGEHBENLDEETCHL I LAFES
Wiz, BENCREAFREE=F ) 755
BWENEDLSNTED, BLPOILEpE L
FRBRA NV E L OGN 2 8T LB
EEMENELSIZE s TIThhTwa",
L Ladts, BEmefim L -aeiasl
K, BEELTROLETE, 2a%E
FLbDb %, ZVETH, BoLET
S OREZ BT AEIME 28— PRI
o EPEERDIFREINL .

= # I

HERPLREROELREE, BFERD,

R OBRAL, LAADMN, FEREE

oM, 7 -0k EORETSIE
BEINTHY, NTBHEMEICL2BEL

BRHEE-STE- 2%

OHEFEBPED ShENTWBH, EIER
BRFETF— LT LUSHETIE 2w, Ly
L, EROF—<ThARELRECEEL
2o ROLEITEREE~OBEL, PR
PHLWEBbhD. TORICKERBYEEY
EETHY, BAIZIE PCB 20 8Tha
YO0, BILRFOBUENEOHROEE
YERTADOLEZORN, BALTELTE
TH2HOTIELw, LiL, BROEAICE
L7 PCB RiZHAMFHERBICHALTE
URlo 7285302 LEEZ O, FOFKT
RRREENERBENLIRETHE, T
2L TH, BRBEZERT 503 xi
DALEWRICLZ2BEL2 WL 2LEN DY,
AENLIEHFLENRD, TOXD hEHE:
D B ICIIR M TR 2 BT — & 250
HTHY, HEOI R OLTEBHELESD:
MREOERIFEETND,

X - R

1) Jacobson SW, et ak Prenatal exposure to an en-
vironmental toxin: A test of the multiple effects
model Dev Psychol 20: 523-532, 1984,

2) Jacobson SW, et al: The effect of intrauterine
PCB exposure on visual recognition memory.
Child Dev 56: 853-860, 1985,

3) Jacobson JL, et al: Effects of in utero exposure
to polychlorinated biphenyls and related con-
taminants on cognitive functioning in young
children. ] Pediatr 116: 38-45, 1990.

4) Jacobson JL, et al: Intellectual impairment in
children exposed to polychlorinated biphenyls
in utero. N Engl ] Med 335: 783-789, 1996.

5) Schantz SL: Developmental neurotoxicity of
PCBs in humans: what do we know and where
do we go from here? Neurotoxicol Teratol 18
217-227, 1996.

6) Rogan W], et al: Neonatal effects of transpla-
cental exposure to PCBs and DDE. ] Pediatr
109: 335-341, 1986.

7) Gladen B, et al Effects of perinatal polychlori-
nated biphenyls and dichlorodiphenyl dichloro-




(2002,2)

8)

9)

10)

11)

12)

13)

14)

15)

ethane on later development. ] Pediatr 119; 58—
63, 1991.

Rogan W ], et al: Polychlorinated biphenyls (PCBs)
and dichlorodipheny! dichloreethane (DDE) in
human milk: effects of maternal factors and
previous lactation. Am ] Public Health 76: 172-
177, 1986.

Rogan W], et al: Breast-feeding and cognitive
development. Early Hum Dev 31: 181-193, 1993.
Stewart P, et al: Prenatal PCB exposure and
neonatal behavioral assessment scale (NBAS)
performance. Neurotoxicol Teratol 22: 21-29,
2000.

Darvill T, et al: Prenatal exposure to PCBs and
infant performance on the fagan test of infant

intelligence. Neurotoxicology 21:1029-1038,

2000.

Huisman M, et al: Perinatal exposure to poly-
chlorinated biphenyls and dioxins and its effect
on neonatal neurological development. Early
Hum Dev 41: 111-127, 1995.
Koopman-Esseboom C, et al Effects of poly-
chlorinated biphenyl/dioxin exposure and feed-
ing type on infants’ mental and psychometor
development. Pediatrics 97: 700-706, 1996.
Huisman M, et al: Neurological condition in 18-
month—old children perinatally exposed to poly-
chlorinated biphenyls and dioxins.
Dev 43; 165-176, 1995,

Lanting CI et al: Neurological condition in 42—

Early Hum

month—old children in relation to pre- and post-

B O ASWRAYEOELEL BK

16)

17)

18)

19)

20)

21)

22)

59 (235)

natal exposure to polychlorinated biphenyls and
Early Hum Dev 50: 283-292, 1998.
Patandin S, et al: Effects of environmental expo-
sure to polychlorinated biphenyls and dioxins
on cognitive abilities in Dutch children at 42
J Pediatr 134: 33-41, 1999.
Osius N, et al Exposure to polychlorinated
biphenyls and levels of thyroid hormones in
children, Environ Health Perspect 107: 843-
849, 1999,

BERETF i BIERS FIoLFREXAR
B 2PRIREBEO®RE. H#EEE 49 598-
605, 1004,

Nagayama J, et al: Postnatal exposure to chlori-
nated dioxins and related chemicals on thyroid

dioxins.

months of age.

hormone status in Japanese breast—fed infants,
Chemosphere 37: 1789-1793, 1998,

Lengnecker M P, et al: Polychlorinated biphenyl
{PCB) exposure in relation to thyroid hormone
levels in neonates. Epidemiology 11: 249-254,
2000.

Davidson PW, et al: Effects of prenatal and
postnatal methylmercury exposure from fish con-
sumption on neurodevelopment: outcomes at 66
months of age in the Seychelles Child Develop-
ment Study. JAMA 280: 701-707, 1998.
Grandjean P, et ak Neurobehavioral deficits
associated with PCB in 7-year-old children
prenatally exposed to seafood neurotoxicants.
Neurotoxicol Teratol 23: 305-317, 2001.

A Review of Epidemiological Studies on the Neurodevelopmental Effects of
Perinatal Exposure to Endocrine Disruptors

Kunihiko Nakai, Hiroshi Satoh
Department of Environmental Health Sciences,
Tohoku Graduate University School of Medicine

_Za_



Tohoku J. Exp. Med., 2002, 196, 89-98

Review

Developmental Neurotoxicity Following
Prenatal Exposures to Methylmercury and
PCBs in Humans from Epidemiological Studies

Kuxnirixo Nakar and Hirosar SaTon

Department of Environmental Health Sciences, Tohoku University Graduate
School of Medicine, Senda: 980-8575

Nakar, K. and Sartom, H. Developmental Neurotoxicity Following Prenatal
Ezposures to Methylmercury and PCBs in Humans from Epidemiological Studies
Tohoku J. Exp. Med., 2002, 196 (2), 89-98 —— Adverse health effects following
prenatal exposures to methylmercury (MeHg) have been apparent from several
prospective cohort studies conducted in a fish-eating population. A prospective
study in a Faroese birth cohort documented subtle deficits of several functional
domains at prenatal MeHg exposure levels previously thought to be safe. Recent
additional studies also showed neurobehavioral deficits associated with exposures
to polychlorinated biphenyls (PCBs) with concomitant MeHg poisoning. In
contrast, a prospective study in the Seychelles did not detect & similar association
between MeHg exposure and neurodevelopmental deficits; children of the highest
MeHg exposure group showed better scores in some developmental tests than those
of the lower exposure groups for both prenatal and postnatal MeHg exposures.
This paradoxical difference between both studies is summarized herein. The
primary source of human exposure to Mellg is fish. Since a considerable number
of pollutants, including polychlorinated biphenyls (PCBs) and pesticides, are also
present in fish, and since some organochemical substances including PCBs are also
well documented to be neurotoxic to the developing brain from epidemiological
studies, the combined effects of these pollutants should be considered in discussing
the neurotoxicity of MelHg. In this article, therefore, major prospective cohort
studies focusing on the exposures to PCBs were reviewed. —— brain develop-
ment; epidemiology; methylmercury; neurotoxicology; polychlorinated
biphenyls; prenatal exposure
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The neurotoxicity of high levels of
methylmercury (MeHg) was well documented
from the severe epidemic in the small Japanese
fishing community, Minamata. Since the
developing fetal brain is highly susceptible to
MeHg, severe neurotoxicity had been observed
in the children of mothers exposed to MeHg
during pregnancy, although the mothers them-
selves did not show clinically evident symptoms
of MeHg poisoning. Until recently, public
health workers have considered that such high-
level exposures to MeHg which cause clinically
apparent disease are only the range of adverse
health effects of MeHg poisoning. However, in
the 1990s, a new understanding has emerged
regrding the adverse neurodevelopmental effects
of MeHg that may be detectable at the prenatal
exposure levels currently considered to be safe
{Grandjean et al. 1998). Such adverse effects
can be recognized only when a group of individ-
uals are examined in a large cohort study. In
this context, several prospective studies have
been conductd in fish-eating populations, but
the data obtained so far are not consistent.
The differences between these studies are sum-
marized in this article. In addition, polychlor-
inated biphenyls (PCBs) have also been recog-
nized to be potent neurotoxicants when children
were prenatally exposed, and to cause a delay in
neurodevelopment. The primary source of
human exposure to MeHg is fish. Considering
that significant amounts of PCBs and related
halogenated aromatic hydrocarbons are also
ingested through fish consumption, the effects of
concomitant exposures to several pollutants
should be considered. Several major prospec-
tive studies regarding the hazardous effects of
PCBs on human health are also reviewed.

Neurotoxicity of MeHg

The Faroese birth cohort

Two large prospective cohort studies have
been conducted in fish-eating communities; the
Faroese birth cohort and the Seychelles Child
Development Study.

The Faroese birth cohort was initially
generated in 1986-1987 at three hospitals in the
Faeroes Islands (Grandjean et al. 1992). This
consisted of 1022 consecutive singleton births,
and MeHg exposures mainly originated from
pilot whale consumption. At approximately
seven years of age, 917 of the children under-
went detalled neurobehavioral examination.
Clinical examination did not reveal any clear-
cut MeHg-related abnormalities. However,
when a subgroup of 112 children whose mothers
had hair mercury concentrations of 10-20 ppm
was compared with a subgroup of children
whose mothers had lower (<3 ppm) hair mer-
cury concentrations, mild decrements were ob-
served, especially in the domains of motor func-
tion, language, and memory (Grandjean et al,
1997; Grandjean et al. 1998). Among the
motor function tests, one finger tapping condi-
tion and the overall hand-eye coordination
average showed a deficit in the exposed group.
A small visuospatial deficit was apparent in
block designs in the revised version of Wechsler
Intelligence Scale for Children. With regard to
language, results of the Boston Naming Test
were lower in the exposed children than in the
nonexposed ones. On the long-term delayed
reproduction of the California Verbal Learning
Test, increased MeHg exposure was associated
with a deficit. Neurophysiological tests also
showed significant MeHg-associated delays of
the peak III latency and the I-ITT interpeak
latency of the auditory brainstem evoked poten-
tials (Murata et al. 1999)

In this cohort, prenatal exposure to PCBs
was re-examined by analysing cord tissues from
435 children (Grandjean et al. 2001b). Mater-
nal exposure to MeHg was through consumption
of fish and intermittent higher level exposure,
through consumption of pilot whale meat, while
consumption of pilot whale blubber resulted in
maternal exposure to PCBs. Among 17 neuro-
psychological outcomes determined at seven
years of age, the cord PCB concentration was
associated with deficits in the three outcomes,
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namely, the Boston Naming Test, the Continu-
ous Performance test reaction time, and pos-
sibly, the long-term reproduction of the Califor-
nia Verbal Learning Test. However, the cord
blood mercury concentration was associated
with seven outcomes in the 17 measures. This
suggests that in the Faroese population, MeHg
neurotoxicity may be a greater hazard than that
associated with PCBs.

In the next cohort, generated from 1994-
1995, 182 singleton births were newly evaluated
at two weeks of age (Steuerwald et al. 2000).
PCBs were determined in maternal serum and
breast milk samples, and mercury was deter-
mined in cord blood, cord serum, and maternal
harr. Infant’s neurological optimality score in
the Prechtle Neurological Examination was
determined with the age adjusted for ges-
tational age. Only cord blood mercury concen-
tration was significantly associated with the
neurological optimality score, while PCB, w3
fatty acid, and selenium had no effect on this
outcome. Thyroid function was normal.
These findings also support the idea that MeHg
is the major hazardous material responsible for
transplacental neurotoxicity in this fishing com-
munity.

The Seychelles Child Development Study

The most direct comparison with the
Faroese cohort is the longitudinal assessment of
children from & fish-consuming population that
has been conducted in the Republic of
Seychelles in the Indian Ocean, where 85%, of
the population daily consumes ocean fish daily
(Myers et al. 1997; Davidson et al. 1998). This
cohort consisted of 711 mother-child pairs.
The prenatal exposure to MeHg was estimated
by determining the total mercury level in the
mother’s hair; the mean maternal hair total
mercury level was 6.8 ppm. Postnatal expo-
sure to MeHg was estimated by determining the
mercury level in the children’s hair; the mean
mercury level was 6.5 ppm. Children were
assessed at 66 months of age by administering

six neurodevelopmental tests: McCarthy Scales
of Children’s Abilities (MS), the Preschool
Language Scale, the Woodcock-Johnson
Applied Problems, Letter and Word
Recognition Tests of Achievement, the Bender
Gestalt test, and the Child Behavior Checklist.
No adverse outcomes were associated with pre-
natal MeHg exposure. Furthermore, a sub-
group of children with higher prenatal and
postnatal exposures to MeHg had statistically
significant increases in test scores on several
developmental outcomes compared with other
subgroups of lower MeHg exposures. When
children were re-examined at 108 months of age,
similar results were obtained; enhanced perfor-
mance in males in the Boston Naming Test and
two tests of visual motor coordination was
assoctated with increased prenatal MeHg expo-
sure {Davidson et al. 2000). The authors dis-
cussed these paradoxical findings in terms of the
beneficial nutritve factors closely associated
with fish consumption other than the intake of
MeHg,

Differences between the Faroese burth cohort
and the Seychelles Child Development Study

One possible difference is that the
Seychellois population is in some way buffered
from the adverse effects of prenatal exposure to
low levels of MeHg and benefits from a high
level of fish consumption (Davidson et al. 1998).
One possible candidate for the beneficial nutri-
tion is the essential fatty acids present in sea-
food since docosahexaenoic acid is known to be
essential for early neurodevelopment. How-
ever, this point is contradicted by a report
showing that an increased intake of marine fat
appeared to decrease the birthweight adjusted
for gestational age (Grandjean et al. 2001a).
Potential differences in the kinds of seafood
between the two communities may also be
related to the difference in the exposures to
other neurotoxicants; this may be the case for
the mothers in the Faroese Islands because they
may ingest more PCBs by consuming whale
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blubber. However, in the recent cohorts in the
Faroese Islands, MeHg neurotoxicity has been
shown to be more potent than PCB neurotox-
icity (Steuerwald et al. 2000; Grandjean et al.
2001b). Other possible differences include the
age of the children at the time of testing,
differences in the test batteries, genetic/ethnic
differences in the populations studied, and
potential differences in timing, magnitude, and
duration of MeHg exposure (Mahaffey 1998).

Exposure reference dose for MeHy

Fetuses are considered to be the most sensi-
tive subpopulation because of the vulnerability
of the developing bramn. However, still un-
known is the lowest dose that impairs neur-
odevelopment. A reference dose (RfD} of 0.1
mg MeHg/kg/day had been established by the
U.8. Environmental Protection Agency based
on a study on Iraqi children exposed to MeHg in
utero (Marsh et al. 1987). The RfD is an esti-
mate of the daily exposure to the human popu-
lation that is likely to be without appreciable
risk of deleterious effects during a lifetime.
However, the exposure in Iraqi occurred at high
levels for a limited period of time, and conse-
quently were not typical of chronic lower expo-
sure levels associated with fish consumption.
Major obstacles for understanding such a low-
level chronic MeHg exposure include the
delayed appearance of the neurodevelopmental
effects following prenatal exposure and limited
knowledge of cellular and molecular processes
underlying these neurological changes. In this
context, the National Research Council had
started evaluating new epidemiological data
that were not available to USEPA at the time it
derived the RfD, and finally concluded that the
Faroese study was the most appropriate study
for discussing the MeHg exposure among sensi-
tive subpopulations (National Research Counsel
2000). Using a technique called benchmark
dose (BMD) analysis (Mahaffey 2000), based on
cord blood mercury concentrations, the lowest
BMD for a neurobehavioral endpoint that the

committee considered to be sufficiently reliable
was 58 ppb of mercury in cord blood, which
corresponds to a maternal hair mercury concen-
tration of apptoximately 12ppm. A daily
intake of 1 mg MeHg/kg/day would result in a
maternal hair mercury concentration of 10 ppm.
Assuming that an uncertainty factor of 10 was
applied, 0.1 mg MeHg/kg body weight per day
would be a scientifically justified exposure RfD.
Consequently, the NRC Mercury Committee
found that USEPA’s current RfD for MeHg was
a justifiable level for protection of public
health.

Neurotoxicity of PCBs and related halogenated
aromatic hydrocarbons

The polychlorinated biphenyls (PCBs) and
related halogenated aromatic hydrocarbons
such as the chlorinated dibenzodioxins
(PCDDs) and dibenzofurans (PCDFs) are a
family of widely dispersed, environmentally
persistent organic compounds. The potential
neurotoxicity of PCBs was first recognized in
1968 when a number of Japanese people became
ill after ingesting rice oil that was contaminated
with PCBs (Yusho). Later, a similar exposure
occurred in Taiwan (Yu-Cheng). Children
born to Taiwanese mothers who consumed
PCB-contaminated rice oil were examined and a
number of neurodevelopmental abnormalities,
including behavioral problems and lower intelli-
gence quotient (IQ) scores, were observed (Chen
et al. 1992). |

The Michigan Cohort

Since the Yusho and Yu-Cheng incidents,
several cohort studies have been initiated to
assess the potential neurobehavioral effects of in
utero and lactational exposure to low levels of
PCBs in the environment. One of the biggest
cohort studies was a longitudinal prospective
study of maternal PCB exposure from the food
chain (Lake Michigan fish) and its effects on the
developmental outcomes in the children. This
study was generated by screening more than 800
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women who delivered babies in 1980-1981.
The final samples consisted of 313 women. The
children were evaluated at birth, five months,
seven months, and four years of age. Neonatal
behavioral function was assessed using the
Brazelton Neonatal Behavioral Assessment
Scale (NBAS) (Jacobson et al. 1984). PCB
exposure, measured by maternal fish consump-
tion, was associated with several adverse out-
comes on the NBAS., However, a more direct
measure of exposure, umbilical cord serum PCB
level, was not related to any adverse behavioral
scores. Infant cognitive function was assessed at
five and seven months of age (Jacobson et al.
1985,1986). The Bayley Scales of Infant
Development (BSID) was administered at five
months of age, and Fagan Test of Infant Intelli-
gence (FTII) was administered at seven months
of age. Neither maternal fish consumption nor
umbilical cord serum PCB level was related to
scores on BSID. In contrast, both exposure
indices were associated with less preference for
the novel stimulus on the FTII. Postnatal
PCB exposure, determined by measuring PCB
level in- breast milk, was not related to the
scores in FTII. Children were also assessed at
four years of age (Jacobson et al. 1990).
Higher levels of prenatal PCB exposure, deter-
mined by measuring umbalical cord serum PCB
levels, were associated with poorer scores on two
subtests of the MS that measure verbal and
numerical memory. In contrast, neither the
quantity of breast milk consumed nor the child’
s current serum PCB concentrations were
related to any of the outcomes. Children were
finally reassessed at 11 years of age (Jacobson
and Jacobson 1996). Prenatal exposure to
PCBs was still associated with lower full-scale
and verbal IQ scores, while postnatal exposure
to PCB had no impact on the IQ scores.

Development after exposure to PCBs and dich-

~ lorodiphenyl dichloroethane transplacentally and

through human milk

The North Carolina Cohort

Another important cohort study was car-
ried out in North Carolina. This cohort con-
sisted of 880 pregnant women, and these sub-
jects differed from those in the Michigan cohort
in that they were selected from the general
population and had not been exposed to any
known dietary source of PCBs other than the
background levels that contaminate the general
food supply. The PCB levels in umbilical cord
blood were nearly all below the detection limit,
and therefore, the investigators used the PCB
level in maternal milk at birth as an indicator
of the child’s prenatal exposure. In addition,
the investigators examined the decline in mater-
nal milk PCB levels at birth and with time, and
obtained a rationale to estimate and adjust the
maternal milk PCB levels of mothers who did
not provide milk samples at birth.

PCB exposure was associated with several
adverse outcomes on the NBAS (Rogan et al.
1986). Infants whose mothers had the highest
PCB concentrations in their milk had less
muscle tone and lower activity levels, and were
hyporeflexive. Infant cognitive and motor
development was assessed by administering
BSID at six, 12,18, and 24 months of age
(Gladen et al. 1988; Rogan and Gladen 1991).
Higher transplacental exposure to PCBs was
associated with lower psychomotor scores at six,
12, and 24 months of age. There was no rela-
tionship between transplacental PCB exposure
and scores on the Mental Development Scale,
and postnatal exposure through breast feeding
was unrelated to performance on either scale.
The children were later assessed on the MS at
three, four, and five years of age, and neither
transplacental nor breast-feeding exposure was
related to the scores (Gladen and Rogan 1991).
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Other PCB prospective cohorts

A number of additional prospective longi-
tudinal cohort studies are now under way in the
United States and Europe. In a cohort study
conducted in Oswego in the United States,
women who consume sports-caught Great Lakes
fish were recruited. Their infants were assessed
at birth by administering NBAS and at six and
12 months of age by administering FTII. The
investigators found that heavily (Cl 7 to 9)
chlorinated PCB levels were highly associated
with poorer performance on the habituation and
autonomic clusters of the NBAS, while lightly
chlorinated PCB levels were unrelated to NBAS
performance (Stewart et al. 2000). A similar
relationship was observed between the total
umbilical cord blood PCB levels and poorer
FTII performance, while there was no
significant relationship between total PCBs in
breast milk and FTII performance (Darvill et
al. 2000). :

The relationship between in utero and
lactational PCB exposure and later neuropsy-
chological function of children is also being
studied in a Dutch cohort. This study consist-
ed of approximately 400 children. They were
assessed at birth by administratering the Prech-
tle Neurological Examination (Huisman et al.
1995a). The umbilical cord plasma and mater-
nal plasma PCB levels were not related to
neurological function. In contrast, higher
levels of planar PCBs, PCDDs, and PCDFs in
human breast milk were related to reduced
neonatal neurological optimality. The chil-
dren were assessed at three, seven, and 18
months of age by administering BSID
(Koopman-Esseboom et al. 1996). Higher tran-
splacental exposure to PCBs was associated
with lower psychomotor scores at three months.
Another neurological examination also showed
a negative relationship with the level of trans-
placental exposure to PCBs (Huisman et al.
1995b). A similar phenomenon was observed
when the children were assessed at 42 months of

age by administering the Kaufman Assessment
Battery for Children (Patandin et al. 1999).
In utero exposure to PCBs was associated with
poorer cognitive function, while lactational
exposure to PCB and dioxins was not related to
the performance. The investigators, therefore,
suggest a beneficial effect of breast-feeding on
the fluency of movements.

Implications of cohort studies on the perinatal
MeHg and P(CBs

These cohort studies presented evidence of
a delay in psychomotor development in children
who were exposed to MeHg and PCBs during
the perinatal periods. MeHg is mainly trans-
ferred to the children through the trans-
placental passage (Sakamoto et al. 2001). In
contrast, the absolute quantity of PCBs trans-
ferred via breast milk is substantially higher
than the quantities transferred via the placenta,
and therefore the postnatal exposure would pose
a greater threat to the infants, However, the
findings from the PCB cohort studies appear to
contradiet this prediction, suggesting that the
exposure during the prenatal period poses the
primary threat. These suggest that the pre-
natal exposures to MeHg and PCBs are most
hazardous for the neurodevelopment of the
human fetus.

One may debate that although the prenatal
exposures to those pollutants are essential in
affecting the neurodevelopment in the children,
the magnitude of the effects is small. For
example, in the North Carolina PCB cohort, the
difference in BSID between the lowest and
highest PCB exposure groups was only 4-9
points depending on the age of assessment
(Rogan and Gladen 1991). Nevertheless, the
public health implications of an effect of this
magnitude could potentially be very significant.
Perinatal lead exposure has been shown to cause
lead-associated intellectual deficits. In the
lead cohorts, the similar viewpoint has been
emphasized (Needleman et al. 1982). At the
population level, it was evident that a shift of
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4 points in the mean of the normal distribution
of IQ had marked effects on the properties of
the tails of the distribution; children with ele-
vated lead levels were three times more likely to
have a verbal IQ below 80. Although 59 of
those with low lead level had IQ in the superior
range (>125), no child with an elevated lead
level had scored in this range. A shift in mean
performance on the BSID of only 4 points
would result in a 509, increase in the number of
children with subnormal scores {Schantz 1996).
The costs to society to solve this problem would
be large.

The exposures to MeHg and PCBs occur
mainly through the intake of foods, especially
through fish-eating. The Japanese population
like eating fish. USEPA’s public health guid-
ance on MeHg intake, as mentioned above, has
issued several proposals to the Japanese society
to avoid the possible health hazards in high-risk
populations such as young females and children
(Mahaffey 2001). Fish consumption is widely
recognized as a good source of important nutri-
ents, but simultaneously it should be acknow-
ledged that some species and sizes of fish con-
tain MelHg at levels associated with adverse
developmental effects. Since the Japanese food
culture has characteristics different from those
of other countries, the Japanese society should
have its own evidence to discuss the hazardous
effects of perinatal and low-dose exposures to
MeHg, PCBs, and other pollutants.

Finally, one possible confounding factor
should be mentioned. Japanese people like
-rice. Since cadmium (Cd) concentration in
Japanese rice is high, the Japanese are known to
be exposed to high levels of Cd. Although the
typical target organ of Cd exposure has been
considered to be the kidney, & recent
epidemiological study on exposure to a toxic
waste incineration plant revealed that blood Cd
concentration was associated with an increase in
TSH and a decrease in free T4 (Osius et al.
1999). Considering that one of the possible
mechanisms by which PCB disturbs the normal

development of fetal brain is suspected to be the
disruption of the pituitary thyroid feedback
regulation (Porterfield 2000}, the exposure to
Cd is likely an important confounding factor.
In Japan, we must consider these confounding
factors including food intake to elucidate the
exact effects of neurotoxicity of MeHg and
PCBs.
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Abstract Objectives: A cross-sectional study was carried
out to assess the effects of methylmercury exposure on
neurodevelopment in Japanese children, in relation to
the Madeiran cross-sectional study, and to estimate
benchmark dose (BMD) levels using the data of two
studies. Methods: Mercury levels in hair samples ob-
tained from 327 Japanese mothers and their 7-year-old
children, and methylmercury levels in the umbilical cord,
were determined. Neurodevelopmental examinations,
including the brainstem auditory evoked potential
(BAEP), were performed on the children. Results: The
medians of hair mercury were 1.63 (0.11-6.86) pg/g for
mothers and 1.65 (0.35-6.32) pg/g for children, and a
significant correlation was seen between the hair mer-
cury levels in mothers and children. The maternal hair
mercury was significantly correlated with the methyl-
mercury in the umbilical cords obtained from 49 chil-
dren. In 210 children whose mothers had not changed
their dietary habits since pregnancy, most of the
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neurodevelopmental variables were not significantly re-
lated to hair mercury levels. The BAEP latencies were
significantly shorter in the Japanese children than in the
113 Madeiran 7-year-old children, whose mothers had
hair mercury of 1.12-54.5 (median 10.9) pg/g. Signifi-
cant relationships between the maternal hair mercury
level and BAEP latencies (peaks III and V, and inter-
peak I-1II) were found only in the merged data of Jap-
anese and Madeiran children. When the lower 95%
confidence limit of BMID (BMDL) was calculated, the
BMDLs of mercury exposure for BAEP latencies in the
merged data were between 6.9 and 10.5 pg/g, and lower
than those in the Madeiran children. Conclusions: 1t is
suggested that Japanese children may ingest similar
doses per body .weight of methylmercury to their
mothers. If maternal hair mercury was used as a proxy -
for mercury exposure at birth, no significant dose—cffect
associations with the BAEP latencies were observed in
Japanese children with exposure levels below 6.9 pg/g of

" hair mercury, but only when higher-level exposures from

Madeiran children were included. The BMDL was lower
for the merged data than for Madeiran children alone.

Keywords Methylmercury - Child neurodevelopment -
Dose-effect relationship - Benchmark dose -
Brainstem auditory evoked potential

Introduction

Methylmercury is a worldwide contaminant of seafood
and freshwater fish. Its toxicity can produce widespread
adverse effects within the nervous system, especially
when exposure occurs during brain development (Igata
1993; International Programme on Chemical Safety
1990; National Research Council 2000). Early adverse
effects have been characterized by administering neuro-
behavioral tests to children exposed in utero from
maternal seafood diets (Grandjean et al. 1997; Kjeli-
strém et al. 1989). The National Research Council



