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ST B 7%, BEHRCBTALFWERERY T
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EHE L, 5994 O£ R - BROBHE R COESE
RAELED T D, FLRRORELLEYHEEE
DBERIZOWTHRITETRTH 5728, BBERZBRK
SR, BRTIB L ORI R IR A V£ B E R
DGMERHZDE LD, BHEMLS A 4+F2 V8
BIXUPCBsiD W EAHBRESNA I 0v b7 T
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The Gswego Hewborn and Infant
Development Project (PGB, n=293)

|

&PCB, Tstin=1022, 2nd: n=182)

The Faroese Birth cohort (4 FJLKER 3

T

The Michigan

The North Carolina
cohort (PCB, n=880)

The Dutch PCB/dioxin study
(PCB, n=800)

TR

R

o .
erman cohort (PCB, n=171)

o

l The

',

Toﬁoku Study
(A FJL7KER L PCB)

[ A
SeychelTes Child Dev
YN tudy (A F LK

tstin=179, 2nd: 193007

gé?pment

Hokka i do
Gohort

£1 BHCBTAIR- NEEOER

Test Major finding Reference
Fish intake Prenatal exposure’ Postnatal exposure’
Michigan 1980-1981
NBAS (60 hr) Motor immaturity, Poorer lability ~ No relation 16
of states, Hypoactive veflexes
BSID (5,7 mo) No relation No relation 17
FTIF (5.7 mo) Less performance Less performance No relation 18
MS (4 Poorer scores in verbal and Weak relation 19
numerical memory
1Q test (11 yr) Intellectual impairment No relation 15
North Carolina, 1978-1982
NBAS (72 hr) Less muscle tone, Lower activity 20
levels, Hyporeflexive )
BSID 2 yo) Lower psychomotor scores’ 21
MDS (2 yr) No relation? 22
MS (3-5yr) No relation® 23
Oswego, NY, 1991-1994
NBAS (48 hr) Lower scores in habituation, Lower scores in habituation, No relation 24
autonomic and reflex autonomic and reflex
FTIF(6 and 12 mo) Less performance No relation 13
Performance test (4.3 yr) Increase in errors of comimission No relation 25
Netherlands, 1990-1992
PNE (10-21 d) No rejation Less muscle tone, Reduced 26
neurological optimality
BSID (3 mo) Lower psychomotor scores No relation 27
BSID (7 mo) No refation Lower psychomotor scores 27
Neurofogical (18 mo) Lower optimality No relation 28
Neurological (42 mo}) No relation Na relation 29
K-ABC (42 mo) Intellectual impairment® No relation 30
Neuropsychological (9 yr) Longer respone time Week relation 31
Auditory P300 (9 yr) Longer P300 latencies No relation 32
Dusseldorf, 1993-1995
BSID (7 mo) No relation Lower mental scores 33
FTH (7 mo) No relation No relation 33
BSID (30 ma) No relation Lower mental and psychomotor scores 2
K-ABC (42 mo) Na relation Intellectual impairment 2
Faroe Islands, 1994-1995
PNE (2 wk) No relation® No refation 34

1 Cord blood PCB level for prenatal exposure and maternal milk PCB level for postnatal exposure. 2 Prenatal PCB exposure way estimated based on the maternal milk PCB

level obtained at birth. 3 Maternal blood PCB level.

Neurological and colglllitive tests are abbreviated as follows: Neonatal Behavioral Assessment Scale (NBAS), Bayley Scales of Infant Development (BSID), Fagan Test of
(FTH), McCarthy Scales (MS), Mental Development Scales (MDS), the Prechtl Neurological Examination (PNE), Kaufman Assessment Baltery for

Infant Intelligence
Children (K-ABC).
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D, BIZEHERPBA L AL TERT 2R
TDID40~100f512HETEH L DREEN T A,
BER, BB B A2 EREORE
U7 DFHERD TV 5,

DAETHE, ¥44 %2 U8, PCB, A F UK
7 COMFYE T FICHMEOBIUC X o TR
DAFNDLEEZLNTWBED, —FCRAEE
REFMICENLREREEATY S, BRI
FUIRIIRR A E WO MR OFEICUIB L %
ZbhhTwd, flzid, BHoOBEREDHT
Seychelles#:FE TTb 7z 2k — FFETH,
ILEMEREZEDEORBIIRB I Twingd,
Z DSeychellestFME I L2 A2 BT 5 EF
BrALTBYD, HERICBIT2RERORRIE
W, SeychellesILFNE TIEPCBsIZ & A OE R
EFhOTEVE ShTWE0, bREORR
OEMLLBRIHL VSO, SHLBESET
HPEBELHFTHERTCIXLEWEDOREY 27
QERGANEUND 2, BERAELEDLHZT
&, EFWERBEORIEY A ORR LT, fE
MOBEEZREWITMET 2MAEIVEL - T
VB9,

2 k- rRREOBE

ELRGBEN UL

BIEEICH 1T 2t ERE & RrpE AT
B>, MEROKEE . el
BT HEDIE & b1 BE
5. EESICE G LR
DFA—TF, ROREBIET
FNBERIBEND,

PCBs\ B,
A AF 8,

REdRLEWREOKBHIEZORE

H:mmhﬁﬁmmg

d E&H
BANVELM ST TEDTVDL 35— MRE
(Tohoku Study of Child Development ; TSCD) @
BEZR20R Lze 70 b2 — )V OFEMIL
BB SN0, 20014E1H 52 5 20034E9 3 12 b
720, AEHROEROEREEICTERICRE
OWMBEZHWL, A v 74— FarbrybrE
LB L AEL B, RAE, BH8E B
PR B &R EE LRENICS9% 0B &R -7
BOXRT 2B Lo, MELLRORZEZ BT
b2, RICKFEEFAMARAD T T RFAR—
AVREOLOOREYRE, &, REBEREIC
Mz, RogekeBEEICERE Lz BEICTR
EREZEDT WD, BB, FAEICRITBEIELK
ZEZRVEGEZESICHRETEHOBF 17
WHTTA BTV 5,

ROBE DB

ROBEL BT 5720 OMBEATEIFM % FiE
W LT, £B3ABIT I ¥ VAL RTE
Ml (NBAS) %, HE£&7HF CTHMKNFEERE,

EIREER
BYEREERES, EREBERE
BRIQ. SUEMUERE, HSEFOEMN
BIRBARILES. LY
DERENYTU—
TIEI b HERTETE
Bayley Scale of Infant Development
bk K R
Fagan Test of Infant Intelligence
Child Behavior Checklist
Kaufman Assessment Battery for Children

| R - BEMOBERADS A |

| RRBRCHI SNEABPNAEL LS & L TR |
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Bayley Scales of Infant Development (BSID) B X
{FFagan Test of Infant Intelligence (FTI) %, 4&
%184 A CHMKAFERAE B L UBSIDR, A%
307 A ¢Child Behavior Checklist for 2-3 years
(CBCL) #, ##42% A TKaufman Assessment
Battery for Children (K-ABC) ##H T\ 5, =
N o OBIAE~OHERILB BT 1282~88% T
EEL TV,

WA Ny 571) —120W T, FIBKRFEERE
BhPEIIBIT AIREN FERETH B, &
ATRFNZRT L EBSIDR L CHAWLERTE
Do, TSCDOFERENERILE 2B E L TH
MK FEEIRE EBSIDOFHIC L A FERHRAL
7zo BSIDIZEINTEELINTEL T, 19934
WES2RRIC B SN BEENTOERM D BY
T b\, #0708, Rochester KED/NEHE
BrgE 7 v —7 (Davidson#(i%) & OFEREFEFEIC L
h7a b a—VvofMReEREFMZERLL,
T/, FIILZAS RO oFrarBiF 2 AH L7z

HEMRETH ), FROMMEEN L HWEE 2

botENnTwasy, BHORETLLIHWD
RTVw2BEHHTHY (1), KL DRAET
bEAROAGETCHARBENROLN TS,
B3, HEH42 B TR OMESERE O
HArbH, Frv—s THREIMLL
CATSYS20001? o5, BEBELEES L UA
B ABAERRASL TV B,
a. THRER

ROBEREAFWERELHETITL) 2T,
BHOEEAE (FEEXEYEIEERL),
HEEBEWMER (Hollingshed four facors version),
FREREAL, #1Q (Raven's Standard
Matrices) 2L D HEEL T4,
b. 1LE34R

AERBRE DLFESITIZOWT, BHEERKE
2 & OB M3 & UVRHA I KRR R v € v BEE
1812 (TSH, #B X UEEET3/T) 122w Tid4
BITHM 2T Uiz MK IXRITREL
L0, FRERRVE CBEERIERLER AL
BFREEC LY DI o72,

w2 XEHEBROMHFEL LUK —- MRE S TOERSMOTE

Study Method No of Lipid Comment Reference
Extraction Clean-up GC Detection  congeners deterrination
identified
North Carolina, 1978-1982 Liquiud  Floxisi Packed ECD Not identified Webb-McCall method 35
Michigan 1980-1981 Liquiud Florisii  Packed ECD Not identified Webb-McCall method 36
Netherlands, 1990-1992 Liguiud Florisil  High ECD 4 Gravimetric  Milk: 17 PCDD/E congeners, 3 planer 28
Resolution (milk) and 23 non-planar PCBs, Plasma: Sum
of 118,138,153, and 180
Oswego, NY, 1991-1994 Liquiud Florisil  High ECD 68 Gravimetric ) Sumn of 68 congeners 13
Resolution b) Sum of highly chlorinated congeners
Dusseldorf, 1993-1995 Solid Florisit  High ECD 3 Photometric  Sum of 138, 153, and 180 2
-Liguiud Resolution
Faroe Islands, 1994-1993 Solid Florisil  High ECD 6 Photometric  1.65 x Sumiof 138, 153 and 180 34
-Liguiud Resolution (milk)
Nonavik. Quebec, 1996-2000 Liguiud Fionsil  High ECD 14 Gravimetric (milk) 37
Resolution Enzymatic (serum)
Osaka, 1998 Liquiud Florisil Packed ECD Gravimetric  Japaoese official procedure 11
Chiba and Yamanashi, 2002-2003 Liquiud ~ Silica High MS All Enzymatic (serum) 12
gel Resolution
Tohoku, 2001-2003 Liquiud  Silica High MS All Gravimetric  Whole blood was used. 5
gel Resolution .

WRIT. 11 L TN20E 8 O EE BT 5 ok — MR RO A, o fob R L,

FAFF L IRE QI Lic k- NEEIL, A7 5o
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AHIEFRRMEFEWEDO ) B, Y44 F T VT FYUHBIUPCBRIZEALESEENVED
ViR— % =T~ 7 vt A TdHAHCALUX Assay B SRTHY, FHFoOAT 7)) v b E% LR
L UGC/MSIZ L B ke L, F72PCBs& R4k EY AL, MEFONEYEORERILMTHOE
GHDHBGCC/MSIZL B FikE Uiz, MBI 2 DRI2RE & T2 Ao
2k — FRETIE, R2ICFRNEFNORETHN
iﬂf:’fh‘fi&%%ﬁﬂI:f:#,/\iﬂfaitﬂqﬂ@}??]s@ OM D i BT & DL
AT HECDIC L 23 Th Y SBMEES  PCBEEICEELT
i Tbh T, F2, ¥4+ F T VO
WWBLTIE, F95 0¥y 0EERAICTRIALTE BEOEHNO 2R~ NRETIE, PCBOSE
EPHEISNTHEOATH S, RFETIE, IF BEAHE SN TV A7), PCBIZOWTXHIZR
HMMERWFAF ¥ B L UPCBEEMAE g EA A, RIKEFMOSFHERZ, &6

THEEBL TWED, ZOL) BRESTEN CEABELERALOPITEREZB TR VEOD,
DTDHEMER Do RACZHAOFHOLBEOMRER LIz, BRI

FRAMBERCTH LS DD, BREEMTEOR BULBRELVANVOSEELTHI20, BN
Fizky, BEhchize ALoE ¢2,3,7,8- DT T R— FEEMUSA S LTI LA,
TCOD%#EEIIEHE T4+ F ¥ VEIRH S BT RETORKEEREL, BWiFD Tz
Twb, FEHEICR LY, BHFnEnro s 4 EH{7idng/ml& L7z, MR ECREITEESZY
TE Y VEBEOSRIEE, 0.022 pgTEQ/g-wet DHEFLEEN TV AEEICIE, A DRET
(0.005~0.13) THbH, ¥PCBIZ115 pg/g-wet BN IBHER027%% B CRE L7 8ED
(36~670), FRIHEEI20.27% (0.18~0.72) & 7 E L7z, B IMPCBIC D W T RIEABRATLE
2 TW5, BEDIF— MAETHMED LI ENTWBHEIE, ARERP OFELENR
MEDFARENT WS, MERBHIIE S A F D EVIUPACHIS3DE A EEE T A L & BT, New

£3 BEHIMBOPCRBL NI 23S
SPCBICHNA, #1535 LUBEIEFEILPCB (1BFEH7-9) IOV THEHRAIELHBOREEL

Study No. Chemical Georetric Comment
mean
North Carolina, 1978-1982 744 ZPCB <427 ng/ml
Michigan 1980-1981 293 ZPCB 27 ng/ml
Netherlands, 1990-1992 373 2 PCB 038 ng/ml
373 53 0.15  ng/ml
Oswego, NY, 1991-1994 293 2PCB 0.52  nglg-wet
293 27-9CIPCB 005 nglg-wet
Dusseldorf, 1993-1995 141 ZPCB 039  ng/mi
Nonavik, Quebec, 1996-2000 98 X PCB 0.76" ng/ml 279.9 ng/g-lipid (70.8-1420.1)
58 153 023" ng/ml 86.9 ng/g-lipid (13 4-550.9)
Chiba and Yamanashi, 2002-2003 20 I PCB 0.14"  ng/g-wet 63.8b ng/g-lipid (31-110)
Tohoku, 2001-2003 42 ZPCB 0.23" ng/ml 2MT 0.115ng/ml (0035-0.67)
42 153 0.05™ ng/ml 2 [T 0.026 ng/ml (0.007-0.140)
42 519 ClPCB 0.06° ngirdl 27T 0.031 ng/ml (0.008-0.211)

RERE027% EARE L THE L, Median, “SNTOREZHSOLRE U CIMBEBICREL £,
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Ymk)”OswegoT@,;ﬂ*iP BRI OE
BEZLPCBRRDOIFZE L OFEEINFW L]
HEINTWBEILEMHY, BEEZER{LPCBIZOW
THHFR L7 28, BEMPCBOLEIXTT
WX THMESNTHE Y, SEIGEEL 720
2770

PR R DRRPCBIZDOWT A D &, Tt Dl
BEADENOBEE L VT ESC B L TR
e Z%oTnad, WPCBIZDWTIEZAETHE
BOFEWHETREL 5 SO0, TUPACHIS3D A
WEBLTODRBREHERTH o720 L LAEN
b, BEEFIPCBIZEET B L, RLDFER
1Z0swego DR L ~NIVICILH L7 Thb b,
OswegoDRPCBEM S VO IE, EHEMIIOEKE
WEILPCBOEAENL WO TH Y, Zhidsd
WHEHEDZ ) — 7y TRmHEE DT
ERRTL2DELEZ BN,

KA, BIPPCBO L ANMIIZOWTHET 5
L, ERNOBEL N VIFOswegofl & ICILHT 5

2, bLAEERE LTRSS 22HIICH o 72,

FND—F T, FaroefHBICBITHBENEVWI &
DHSHTHY, 1980~1981FEICEHEI iz

F4 BILHPCBL ~NJVICET B 3CHk LS

MichiganlZ 817 2 A L 1TITRE U LRV OEE
THHIEWRBEINT, FaroefBIT BT
AFIVKERIC L B REZZBIZOWVWTORENE
HHENTVAEDY, PCBs A F VAKBROBEERE
WX ARERE;EIBEEN, Faroedt BIZB
1T APCBORIBHIBEE D) A 7 Sl REL b
#Z 65N, %%, MichiganiZ 81 5RETH,
B4 PCBREEBAEL N LFEIRE VD
DD, WEHBOBREOBBIRME o720,
HEE LT, BROMOBEESBRACEY

&, FLBEATBEOL O ROEE %4@’%«3
B INL 20, EBARNONTWA,

|| BbbI

TLEYBIC X 2 FEMBREOREY 2 7 AT
FEDLHIAT, BORZELBHTL L, TH
FRZMEICIEETLZE, T LTHEYZRE
BEPBLIEPEREEEZONS, TSCDIE£
OBFRELTHY, BHEPBLHITITL KD
PhESOEBDONLAED, TR, ¥4 F
U4, PCB, AFNVABEBEREBOEE) X

Study No. Chemical Geometric Range Comment
mean
North Carolina, 1978-{982 617 ZPCB 1530 ng/g-lipid Milk at 6 weeks postpartum
Michigan 1980-1981 124 2 PCB 829.7 ngl/g-lipid Milk at 0.5-4.5 months postpartum
Netherlands, 1990-1992 194 ZPCB 4048 nglg-lipid Milk at 2 weeks postpartam
194 #153 1747 ng/g-lipid
Oswego, NY, 1991-1994 86 ZPCB 193 nag/g-lipid Milk at -3 months postpartum
Dusseldorf, 1993-1995 126 ZPCB 404 ng/g-lipid Milk at 2-4 weeks postpartum
Faroe Islands, 1994-1995 168 SPCB [520 ng/g-lipid  70-18500  Milk at 3-4 days postpartum
Nonavik. Quebec, 1996-2000 116 I PCB 385.6 nglg-lipid  75.7-1915.8 Milk at } month postpartum
116 #153 131.6 ng/g-lipid  21.7-7279
Osaka, 1998 49 2PCB 200" ng/p-lipid Milk at 2-4 weeks postpartum

FS I DERBZHETERARS A A F L HORHATONTE Y, #WTEQ (PCDD/Fs + co-PCBs) 62 pg-TEQ/g-Tipid.

"Arithmetic mean.
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Abstract

Objective: A cross-sectional study was carried out to clarify neurodevelopmental effects
of methylmercury exposure in Japanese children. Methods: The subjects were 327
mothers and their 7-year-old children in Japan. Mercury levels of hair samples
obtained from mothers and children, and methylmercury levels in umbilical cord were
determined. Neurobehavioral/neurophysiological tests including the brainstem
auditory evoked potential (BAEP) were performed in the children. Information on diet,
child’s birth and medical history was also obtained from mothers. Results: The
geometric means of hair mercury were 1.65 (range, 0.35-6.32) ng/g for children and
1.62 (0.11-6.86) pg/g for mothers aged of 24-49 years, respectively. Child’s hair
mercury was significantly correlated with maternal hair mercury. The maternal hair
megcury level was significantly correlated with the methylmercury level in umbilical
coid. There were no significant dose-effect relationships between the hair mercury
levels and outcome variables. Since our study was comparable with the Madeiran
cross-sectional study (Murata ef al, 1999a) regarding maternal hair mercury, BAEP
latencies and age, these two data were merged. The significant dose-effect relations of
BAEP latencies were found in the combined data. When the benchmark dose and its
lower 95% confidence limit (BMDL) were calculated, the BMDLs of mercury exposure
for BAEP latencies in the combined data were between 7.8 and 10.4 ug/g, and smaller
than those in the Madeiran children alone. Conclusions: These findings suggest that
the current mercury level in maternal hair, if the dietary habit on fish consumption
remains unchanged after the pregnancy with the child, may reflect the mercury exposure
level at parturition. A significant dose-effect association was not observed in Japanese
children alone, but only when higher-level exposures from Madeiran children were
included. The BMDL for the combined data was lower than for Madeiran children
alone.

Key words: methylmercury, neurodevelopment, prenatal exposure, cross-sectional study

-29



Introduction

Methylmercury is a worldwide contaminant of seafood and freshwater fish.
Methylmercury toxicity can produce widespread adverse effects within the nervous
system, especially when exposures occur during brain development (IPCS 1990;
Clarkson 1992; Igata 1993; National Research Council 2000). Early adverse effects
have been characterized by administering neurobehavioral tests to children exposed in
utero from maternal seafood diets. Thus, the National Research Council (2000)
concluded that prenatal exposure was the most critical and emphasized the findings
from a prospective birth cohort study carried out in the Faroe Islands (Grandjean ef al.
1997); nevertheless, such neurodevelopmental risks related to methylmercury exposure
from contaminated seafood remain controversial.

Apart from the prospective studies in the Seychelles (Shamlaye et al. 1995; Davidson
et al. 1998; Myers et al. 2003), New Zealand (Kjellstrom et al. 1989), and Faroe Islands
(Grandjean er al. 1997), a cross-sectional study was conducted in 1995, in order to
clarify the effects of methylmercury on child neurodevelopment (Murata ef al. 1999a).
One hundred forty-three children, first grade of two elementary schools near the fishing
harbor of Cémara de Lobos, Madeira, Portugal, were invited for the study; the child’s
own hair-mercury concentration was used as an indicator of the current exposure level.
For the mother who had not changed her dietary habit, her current hair concentration
was used as a proxy for mercury exposure at parturition. However, the Madeiran study
could not fully confirm that current mercury concentration in maternal hair reflected the
mercury exposure during pregnancy.

#As the neurodevelopmental parameters, various neurobehavioral tests such as
Wechsler Intelligence Scale for Children, Child Behavior Checklist, McCarthy General
Cognitive Test, Preschool Language Scale, Language Development Test, California
Verbal Learning Test, Bender Copying Test, Boston Naming Test, McCarthy Motor
Test, reaction time and finger tapping, have been used by many researchers addressing
risk assessment of methylmercuy (Kjellstrdm et al. 1989; Shamlaye er al. 1995;
Grandjean et al. 1997; Davidson et al. 1998). Some of the tests have been reported to
be associated with exposure biomarkers at parturition, but common tests to the above
prospective studies did hardly exist (National Research Council 2000). Accordingly, a
mutually comparable study with common tests, as well as specific tests to the exposure,
would be required. Also, neurophysiological tests such as the brainstem auditory
evoked potential (BAEP) and electrocardiographic (ECG) R-R intervals, may be useful
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for the assessment because such measurements have been reported to be sensitive to
occupational hazardous substances (Murata & Araki 1996; Araki et al. 1997, Counter
2003) and independent of the subjects themselves (e.g., mood, language or education)
and socioeconomic factors (Chiappa 1997).

A large scale of study on the neurodevelopmental effects of methylmercury exposure
has never been conducted in Japan. We carried out a cross-sectional study with similar
tests to the Faroese cohort study (Grandjean et al. 1997), to clarify whether Japanese
child has any neurodevelopmental impairment due to prenatal methylmercury exposure,
and whether the current mercury concentration in maternal hair represents the mercury

exposure level at parturition.

Materialsvand Methods

Subjects

The study protocol was approved by the ethical review committee at the Akita
University School of Medicine. The nature of the procedures used in the present study
was explained to the parents in Akita and Tottori Prefectures, and mothers and the
7-year-old children were invited for this study during the period of July-September in
2002 and 2003. The children, who were born in the period of April 2nd, 1995 to April
1st, 1997, were chosen in accordance with the preceding study on the risk assessment of
methylmercury exposure (Murata et al. 1999a). The children were in the first grade of
28 elementary schools, and 14 of them were located in near the fishing harbor. In
Japan, there were many mines and smelters thirty years ago, and it was probable that
soil or water has been contaminated by lead, copper, cadmium, efc; for this reason, the

study population did not include those who came from such areas.

Exposure biomarkers

Hair samples were collected, by cutting strands of hair close to the scalp, from the
occipital area in all mothers and children. The hair length was generally about 10 ¢m,
ranged from [ to 30 cm. Total mercury in aliquots of dried hair samples (15 to 20 mg),
rinsed with acetone, was determined by the cold vapor atomic absorption
spectrophotometry method at the National Institute for Minamata Disease (Akagi and
Nishimura 1991). Also, naturally dried umbilical cord samples of children were

obtained from parents who consented to our proposal voluntarily; according to Japanese
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old traditions, most of families used to preserve a small piece of the cord tissue of the
child as a birth memorial. Methylmercury in the cord tissue, after removing blood
cells from it, was determined at the same institute by ECD-gas chromatography after the
extraction by dithizone (Akagi and Nishimura 1991). Total mercury concentrations in
child's and maternal hairs were used as current mercury exposure and a proxy for
mercury exposure at parturition, respectively. Methylmercury concentrations in the
cord tissue were to check the validity of the proxy for mercury exposure.

Detailed survey on medical records during pregnancy and delivery including smoking
and drinking habits, gestation period and birth weight, past and present history of illness
in child, dietary habits in mother, and frequency and amount of fish intake was
conducted by a trained interviewer at the schools or civic centers where examinations
on child neurodevelopment were also done. Also, a questionnaire on artificial hair

waving was collected from the mothers to clarify the effect on exposure biomarkers.

Outcome variables

Concerning outcome variables for methylmercury exposure, we considered the
following points: (1) sensitive to toxic exposure, (2) reflecting functional domains, (3)
reasonably specific, with limited potentials for confounding, (4) appropriate for age and
culture, (5) skilled examiners, and (6) computer-assisted objective methods (Grandjean
et al. 1997). We examined tremor, postural sway, ear-hand coordination, and reaction
time (at the Station A); corrected QT (QTc) interval on ECG, heart rate variability, and
eye-hand coordination (at the Station B); and, brainstem auditory evoked potential
latencies (at the Station C) for totally one hour per child, by using the Neurobehavioral
Test System (CATSYS 2000, Danish Product Development Ltd, Denmark), ECG-
Amplifier 1271SP (NEC-Sanei, Japan), electrocardiography (ECG-9202, Nihon Kohden
Co, Japan), and four-channel electromyography (Neuropack u, Nihon Kohden Co,

Japan). These tests were conducted by three trained examiners.

Figure 1 Measurement

of tremor test

Hand tremor was measured successively for each hand during 16.4 sec, by asking the
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subjects to hold a light stylus as they would hold an ordinary pen, with the elbow joint
bent at a right angle and free of body contact or any obstacles as shown in Fig. 1
(Despres et al. 2000). The stylus was held horizontally, parallel to the abdomen at
approximately 10 cm in front of the navel and the index finger was positioned about 1
cm from the tip of the stylus. Ear-hand coordination was examined with the CATSYS
System, which was composed of a drum that records hand pronation-supination
movements (Despres et al. 2000). The test was performed with right and left hands
under the following standard condition: hand pronation-supination at a constant slow (1
Hz) and a constant fast (2.5 Hz) metronome beat. Eye-hand coordination was
examined by operating the mouse in front of the portable computer (Fig. 2). Reaction
time to a sound stimulus was measured with right and left hands (Despres et al. 2000).

The postural sway was quantitatively measured with flat floor using the computerized
posturography (Despres et al. 2000). Subjects were asked to stand quietly on the
platform without foam under eyes-open and eyes-close conditions; again, they were
asked to stand on the platform with foam in the same manner.

Figure 2 Measurement of eye-hand coordination test

Figure 3 Measurement of the R-R intervals on ECG

PRS- SRR

After the subject had lain quietly supine, ECG 300 R-R intervals were measured in
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real time and stored on the hard disk (Fig. 3). Consecutive 100 R-R intervals with the
minimal standard deviation (SD) were automatically extracted from the obtained data to
avoid non-stationarities. The CVgr was defined as the ratio of the standard deviation
of the R-R intervals to the average value (RRyean, ms). The power spectrum of R-R
intervals was computed by autoregressive spectral analysis (Hayano 1988; Murata et al.
1992). The spectrum of each of two components, i.e., the high frequency (HF)
component at the center frequency of 0.15-0.4 Hz and low frequency (LF) component at
0.01-0.15 Hz, was separated by component analysis. As the square root of the total
spectral power (i.e., the sum of each component power) is equal to the standard
deviation of the R-R intervals, each component coefficient of variation (i.e., CCVygr and
CCVyip) was defined as the ratio of the square root of each component power spectral
density (PSDy, ms®) to the RRpean: CCVi=100-(PSDi)"*/RRmean, Where k=HF or LF.
The daily variation in the CVyr was 7.5 (Murata et al. 1992). As parasympathetic
blockade with atropine abolishes the HF component but beta-sympathetic blockade has
no effect on it, the CCVyr reflects the parasympathetic activity; and, the L.LF component
is considered to be derived from the fluctuation in the vasomotor activity through the
baroreflex mechanism and show a beta-adrenergically mediated increase in the standing
posture (Pagani ef al. 1986; Hayano 1988; ‘Ewing 1992). The CVgg reveals higher
functions of the autonomic nervous system as well as both parasympathetic and
sympathetic activities (Ewing 1992; Murata et al. 1992). |

Figure 4 Measurement of brainstem auditory evoked potential
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The BAEP was recorded in subjects lying comfortably (Fig.4). Click signals with
an intensity of 65 dB HL were presented to the right ear through electromagnetically
shielded earphones at 20 Hz and 40 Hz independently (Murata et al. 1999a); the other
ear was masked with white noise of intensity of 30 dB HL. Evoked potentials were
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recorded using three standard EEG electrodes placed on the vertex, the right mastoid
ipsilateral to stimulation and the left mastoid (ground). The responses were averaged
2,000 times after amplification and filtration (bandpass, 200-2,000 Hz), with one
replication for each rate. Peaks I, III and V are thought to reflect the
volume-conducted electric activity from the acoustic nerve, pons (superior olivary
nucleus) and midbrain (inferior colliculi), respectively (Stockard er al. 1986). The
coefficients of variation (daily variation) in the BAEP latencies at 20 and 40 Hz in a
20-year-old student for 14 days were 3.0% and 3.4% for peak I latencies; 1.4% and
1.6% for peak III latencies; 0.9% and 1.6% for peak V latencies, respectively.

Data analyses

To make an international comparison, the data obtained from Madeiran children
(Murata et al. 1999a, 2002) were merged into this study, because the Madeiran
cross-sectional study seemed to be entirely comparable with our study in Japan, in
regard to the exposure biomarkers and outcome variables, such as the maternal mercury
level in scalp hair, BAEPs and age of the study population.

The relationships among exposure biomarkers were assessed by the Spearman rank
correlation coefficient (r;). The multiple regression analysis was performed to
examine the dose-effect relations of neurobehavioral and neurophysiological tests to
mercury exposure. The differences in outcome variables both between boys and girls
and between Japanese and Madeiran children were analyzed by the analysis of
covariance to control for age (and gender).

The benchmark dose (BMD) was defined as the mercury concentration in maternal
hair that resulted in an increased probability of abnormal test performance by a
benchmark response (BMR), i.e., from Py to Po+BMR at the BMD (National Research
- Council 2000), when the Py and BMR represented an abnormal probability in
unexposed population and an excess risk in exposed population, respectively. The
BMD and cutoff value (C) were calculated using a statistical dose-effect model based on
power functions (g(d)=d®) for the dependence (n) of the outcome variable on the
mercury concentration (d) and confounders such as age, gender and race
(Budtz-Jgrgensen et al. 2001): (1) p(d)=Po+P1-g(d)+P2-[age]+Ps-[gender]+P4-[race], (2)
Po=1-®([C—Po}/o), and (3) BMD:g'l{[CI)'I(1—Po)—CI>'1(1—P0—BMR)]G/B1} (the ® and o
indicated the normal cumulative distribution function and standard deviation of the
outcome variable in unexposed population, respectively). The normalized value for
each confounder was employed in the above regression model. A lower confidence
limit for BMD (BMDL) was then calculated as the statistical 95% lower bound of the
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BMD (Budtz-Jgrgensen et al. 2001).

values equal to or above 1, thus allowing the dose effect curve to be nonlinear.

The power parameter K has been restricted to
Since
previous applications of this method have used a Py of 5% and a BMR of 5%
(Budtz-Jgrgensen et al. 2001; Murata et al. 2002), we applied the linear (K=1) and
K-power dose effect curves, set at the same Po and BMR. All analyses were performed
using the Statistical Package for the Biosciences (SPBS V9.51) (Murata & Yano 2002).

Results

Exposure biomarkers

The participating subjects, from whom informed consent was obtained, were 327
mothers at 35.8+4.5 (range, 24~49) years of age, and the children at 6.9+0.3 (range,
6.3~7.5) years of age. The summary of exposure biomarkers is shown in Table 1.
Geometric means of mercury in hair were 1.62 (median 1.63) ug/g for 327 mothers and
1.65 (median 1.65) ug/g for the children, and the maximum was 6.86 ug/g for the
mothers and 6.32 pg/g for the children; also, there was no difference between the
mother and child (Wilcoxon signed rank test, p>0.5). No significant differences in hair
mercury concentrations were found either between subjects residing in cities and towns
or between those in non-fishing and fishing areas (two-way analysis of variance,
p>0.05).
mothers with artificial hair waving were significantly lower than those (0.39~5.83,

mean 2.04 pg/g) in the 219 mothers without (Mann-Whitney U test, p<0.0001).

Also, hair mercury concentrations (0.11~6.86, mean 1.62 pg/g) in the 108

Table 1 Summary of 327 participating subjects in Japan

Participatin ] . Hair mercury in Hair mef"cury in
sub'gc ts €| FPrefecture mother (ug/g) child (ug/g)
Jects (number) (Mean, range) (Mean, range)
Urban areas 181 Akita 135+ 1.87, 011~6.86 1.85, 035532
(Cities) Tottori 46* 1.66, 044~5.62 2.20, 043583
Rural areas 146 Akita 108+3 2.06, 053~538 1.79, 056632
(Towns & villages) Tottori 38*! 1.85, 042~4.79 1.90, 067439

M hoys = 64, girls = 71; 7 boys =31, girls = 15; ? boys =5, girls = 53; ™ boys =17, girls = 21
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