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Abstract  

We have been performing a prospective cohort  s tudy,  the Tohoku Study of Child 
Development (TSCD),  to  examine the effects  of  perinatal  exposures to  environmental ly 
persistent  organic pollutants  and heavy metals  on neurobehavioral  development of  offspring.   
In the present  s tudy,  we examined the associat ions of  the Neonatal  Behavioral  Assessment  
Scale (NBAS) with the total  PCB concentrat ions in cord blood, maternal  hair  mercury (hair  
Hg),  and maternal  f ish intake.   Mult iple regression analyses indicated some s ignif icant 
associat ions of  the NBAS clusters  with hair  Hg,  but  there were no signif icant  associat ions 
between total  PCBs and any cluster  of  NBAS.  These f indings suggest  that  prenatal 
methylmercury exposure adversely affects  neonatal  neurobehavioral  s tatus.    
 
 
Introduction 

Several  epidemiological  s tudies have indicated some associat ions of  perinatal  exposure 
to  polychlorinated biphenyls (PCBs) and methylmercury (MeHg) with developmental  
defici ts  such as postnatal  growth delay and poor cognit ive functions.   A common form of 
perinatal  exposure is  maternal  f ish intake;  however,  f ish also contain some nutri t ive factors 
such as n-3 polyunsaturated fat ty acids (n-3 PUFA) essential  for normal brain development  
in the fetus and infant .   From the perspect ive of  r isk assessment,  these heal th hazard issues 
are important  for  f ish-eating populat ions.  

We have been performing a prospective cohort  s tudy,  the Tohoku Study of Child 
Development (TSCD),  to examine the effects  of  perinatal  exposure to PCBs and MeHg on 
neurobehavioral  development in  Japanese children 1 .   Previously 2 ,  we reported some 
prel iminary data about the associat ions of neonatal  neurobehavioral  s tatus with total  PCBs 
in cord blood and maternal  f ish intake.   Since addit ional  data on PCBs in cord blood have 
recently become available,  in the present  s tudy we reexamined the associat ions of  neonatal  
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neurobehavioral  s tatus with total  PCBs in cord blood,  maternal  hair  mercury (hair  Hg),  and 
maternal  f ish intake.  

 
Materials  and Methods 

The subjects  were 392 mother- infant  pairs whose variables  including the PCB 
concentrat ion in  cord blood, the NBAS, and other  covariates  were available.   The mean 
maternal  age at  delivery was 31.9 (SD4.2)  years .   The infants  consisted of  203 boys and 
189 gir ls ,  and they were al l  s ingletons from full- term (36-42 weeks)  gestat ion without 
congenital  anomalies  or  diseases.   Bir th weight was 2400g or  more.   Information was 
obtained about pregnancy,  delivery and infant characteris t ics  from medical  records.    
   The PCB concentrat ion was measured from whole cord blood collected immediately af ter  
delivery.   All  209 congeners were analyzed using HR-GC/MS (IDEA Consultants ,  Inc,  
Tokyo,  Japan) .   The total  PCB concentrat ion represented the sum of the al l  measured 
congeners,  expressed as ng/g-fat .  

The hair  Hg concentrat ion was analyzed from maternal  hair  samples taken two days after  
del ivery.   The total  hair  Hg concentrat ion was measured by cold vapor atomic absorption 4  
at  the National  Inst i tute for  Minamata Disease (Minamata,  Japan).     

Maternal  f ish intake was est imated using a semiquanti tat ive food frequency 
questionnaire (FFQ) for  122 individual  foods and recipes 3  and 13 addit ional  i tems regarding 
f ish and shellf ish.   The FFQ was administered four days af ter  delivery.   Trained 
invest igators  showed l i fe-size photographs of  each food to the mothers ,  af ter  which they 
were asked to  answer questions about the frequency and the amount of intake per meal.    

Thyroid hormones,  including thyroid-st imulat ing hormone (TSH), total  thyroxine (T4),  
t r i iodothyromine (T3),  f ree T4 and free T3,  were measured from plasma of  cord blood by 
SRL, Inc.  (Tokyo,  Japan).    

The NBAS was adminis tered three days after  del ivery.   Examiners of  the NBAS were 
trained and cert if ied at  the training center  for  NBAS in Nagasaki Universi ty School of 
Medicine,  Japan.   Reliabil i ty checks were conducted throughout the data collect ion to 
maintain a 90% level  of  agreement.  

In the stat is t ical  analysis ,  mult iple regression analyses were performed for adjustment of 
covariates .   The potential  covariates  were as  fol lows:  maternal  age at  del ivery,  maternal  
alcohol dr inking during pregnancy,  maternal  smoking habit ,  maternal  total  energy intake,  
delivery type,  pari ty,  gestat ional  age,  sex,  bir th weight,  Apgar score 1 min af ter  delivery,  
TSH, T4 and T3 concentrat ions in  cord blood,  and the NBAS examiners.   The signif icance 
level  was set  at  5%.  
 
Results  and Discussion 
   The mean total  PCB concentrat ion in  cord blood was 55.9 ng/g-fat (SD 35.3)  (median 
48.4) ,  the mean total  hair  Hg level  was 2.2 μg/g (SD 1.1) (median 2.0) ,  and total  f ish intake 
was 25.9 kg/year (SD 17.8) (median 22.7).   Table 1 shows the results  of  mult iple regression 
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analyses.   The total  PCBs in cord blood and the total  f ish intake were not  s ignif icantly 
associated with any seven clusters  of  the NBAS.  The total  hair  Hg was negatively 
associated with the motor score,  and posit ively associated with the range of state and the 
ref lex scores.   For  the motor  and the range of  s tate ,  higher  scores mean more optimal  
behavioral  s tatus,  and for  the ref lex,  lower scores mean more optimal  s tatus because the 
ref lex score indicates the number of  unusual  ref lexes.   Thus,  the resul ts  suggested that  
prenatal  MeHg exposure adversely affected neonatal  neurobehavioral  s tatus.   In early 
s tudies ,  an adverse effect  of prenatal  MeHg exposure on neurodevelopment was found in the 
Faroe Islands 5  and Boston 6 ,  but  not  in  the Seychelles 7 .   Our f indings are in  l ine  with the 
former two,  al though the types of  examinat ion were different .  
   Regarding the effects  of  PCB exposure,  early studies demonstrated adverse effects  of  
prenatal  PCB exposure on neurodevelopment 8 , 9 .   However,  our  f indings do not  agree with 
those studies.   Several  possibi l i t ies  may account  for  this  discrepancy.   First ,  the levels  of  
PCB exposure in Japanese pregnant  women have decreased during the past  several  decades 1 0 .   
I t  is  plausible that  the level  of  PCB exposure in  our cohort  was too low to induce adverse  
effects  on neonatal  neurobehavioral  s tatus.   Second,  we used the value of  the total  PCB 
concentrat ion as  the exposure value.   In the Oswego study,  highly chlorinated PCBs 
(Cl7-9)  were s trongly associated with lower scores of  the NBAS, but the total  PCB level  was 
not 7 .   Therefore,  we examined the associat ions of the NBAS with highly chlorinated PCBs, 
but  found no signif icance (data not  shown).   Third,  levels  of  toxicants  such as PCB and 
MeHg and nutr i t ive factors ,  including n-3 PUFA, vary among different  f ish types.   The 
Japanese diet  rel ies  heavily on steamed r ice,  f ish and vegetables.  Indeed,  the Japanese eat 
great  amounts  of f ish,  and they also eat  many kinds of f ish.  This food l ifestyle may 
contribute to  the differences in the consequences of cohort s tudies.   Further studies wil l  
require considerat ion of  the potential  r isks of  f ish intake in  the context  of  potential  benefi ts .   
Since the TSCD study is  a  prospect ive cohort  study,  we wil l  readdress these heal th issues 
when the children become older.  
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Table 1.  Results  of multiple regression analyses 

 
Total  PCBs 
(ng/g fat) 1

Total  hair  Hg 
(µg/g) 1

Total  f ish intake 
(kg/year) 1

 
Standardized 

beta 
F 

Standardized 
beta 

F 
Standardized 

beta 
F 

R 2  of  
the 

model

Habituation 0.10 0.15 0.37 3.48 -0.31 1.14 0.12 

Orientat ion 0.08 0.21 0.06 0.10 0.17 0.65 0.26 

Motor  0.01 0.01 -0.28  5 .60* 0.18 2.10 0.16 

Range of  
s tate 

-0.02 0.02 0.38   6 .85** -0.08 0.28 0.11 

Regulation 
of  s tate  

0.22 1.27 -0.29 1.70 0.27 1.39 0.08 

Autonomic 
stabil i ty 

0.02 0.02 0.19 1.07 -0.23 1.38 0.12 

Reflex -0.26 0.72 0.74  4 .52* -0.11 0.09 0.17 

* p < 0.05  ** p < 0.01 
1 Log translat ions,  Log 1 0 X, were used on values of  total  PCBs,  hair  Hg,  and total  f ish intake.  
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