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In J a p a n e s e  who had s o j o u r n e d  in f o r e i g n  c o u n t r i e s  f o r  
m o r e  than one and a ha l f  y e a r s ,  the  m e r c u r y  con t en t  of the  
h a i r  ha s  b e e n  r e p o r t e d  to i n c r e a s e  g r a d u a l l y  a f t e r  r e t u r n i n g  
to J a p a n  (1). A f t e r  one  to two y e a r s  the m e r c u r y  con ten t  of 
the  h a i r  a t t a ined  l e v e l s  s i m i l a r  to tha t  o b s e r v e d  a m o n g  
r e s i d e n t  J a p a n e s e .  T h i s  p h e n o m e n o n  can be  exp l a ined  as  the  
t r a n s i t i o n  f r o m  one s t a t e  o f  d y n a m i c  e q u i l i b r i u m  b e t w e e n  
in t ake  and e x c r e t i o n  of  m e r c u r y  at  a low l e v e l  to a n o t h e r  
e q u i l i b r i u m  at a h igh  l eve l .  P r o b l e m a t i c  v a r i a t i o n s  in 
m e r c u r y  con ten t  due  to s a m p l i n g  e r r o r s  shou ld  h a v e  b e e n  
c a n c e l l e d  d u r i n g  th i s  i n t e r v a l  of one  to two y e a r s .  

T h e s e  r e s u l t s  a r e  u n d e r s t a n d a b l e  in the  l igh t  of the  
fo l l owing  f a c t s :  F i r s t ,  the  p r i n c i p a l  s o u r c e  of m e t h y l m e r c u r y  
in the  u s u a l  J a p a n e s e  diet  is  m a r i n e  f i sh .  Second ,  the  b i o -  
l o g i c a l  h a l f - l i f e  of  m e t h y l m e r c u r y ,  m e a s u r e d  on h u m a n  v o l u n -  
t e e r s ,  is  about  70 d a y s  (3, 4). T h i r d ,  i n s o f a r  as  the  w h o l e -  
b o d y  r e t e n t i o n  of  m e r c u r y  is  c o n c e r n e d ,  m e t h y l m e r c u r y  ha s  
the  l o n g e s t  h a l f - l i f e  a m o n g  the  v a r i o u s  m e r c u r i a l s  m e a s u r e d  
in r a t s  and c o c k s  (5, 6, 7). F i n a l l y ,  if it is  a s s u m e d  tha t  the 
r e t e n t i o n  c u r v e  f o r  m e r c u r y  can be  c a l c u l a t e d  f r o m  the  
h y p o t h e s i s  tha t  the  a m o u n t  of e x c r e t i o n  is  s i m p l y  p r o p o r t i o n a l  
to the  a m o u n t  in the  body,  the  t i m e  to a t t a in  a d y n a m i c  equ i -  
l i b r i u m  is  ten  t i m e s  the  h a l f - l i f e  (8). 

H o w e v e r ,  the  t r a n s i t i o n  f r o m  a high to a low l e v e l  equ i -  
l i b r i u m  r e q u i r e s  v a r y i n g  t i m e s  tha t  a r e  d e t e r m i n e d  no t  on ly  
by  the  h a l f - l i f e  but  the  d i f f e r e n c e  b e t w e e n  the  l e v e l s .  In th i s  
r e p o r t ,  the  a u t h o r s  r e p o r t  the  r e s u l t s  o b t a i n e d  by  m e a s u r i n g  
the  m e r c u r y  con t en t  in h a i r  of  the  J a p a n e s e  wi th  v a r y i n g  
p e r i o d s  of s o j o u r n  in B u r m a  o r  E a s t  P a k i s t a n  and of the  
B u r m e s e  and the  P a k i s t a n i  who w e r e  w o r k i n g  with the  J a p a -  
n e s e .  
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S u b j e c t s  and  M e t h o d s  

T h e  J a p a n e s e  in B u r m a  o r  in E a s t  P a k i s t a n  w e r e  e n g i -  
n e e r s  and  l a b o r e r s  e n g a g e d  in the  c o n s t r u c t i o n  of  f a c t o r i e s .  
In B u r m a  t h e y  l i v e d  and  w o r k e d  at  Sa le ,  wh ich  i s  l o c a t e d  in 
a d r y  r e g i o n  n e a r  the  e a s t  b a n k  of t he  r i v e r  I r r a w a d d y .  In 
E a s t  P a k i s t a n  t h e y  r e s i d e d  and  w o r k e d  in t he  c i t y  of  C h i t t a g o n g  
(F ig .  1). 

F I G U R E  1. L o c a t i o n  of Sa le  
and C h i t t a g o n g  

T h e r e  w a s  a c l e a r  d i f f e r e n c e  b e t w e e n  food  i n t a k e  of  
J a p a n e s e  in B u r m a  and in E a s t  P a k i s t a n .  In B u r m a ,  t h e y  
bough t  a l l  f o o d s t u f f s  in Sa le ,  R a n g o o n  o r  s u r r o u n d i n g  t o w n s  
and  v i l l a g e s  e x c e p t  a f ew  k i n d s  of  J a p a n e s e  food  s u c h  a s  s o y a  
b e a n  s a u c e ,  m i s o  ( s o y a  b e a n  pas te}  and  o t h e r s .  C h i n e s e  
c o o k s  w e r e  e m p l o y e d  who p r e p a r e d  d a i l y  d i s h e s  of  a m i x e d  
s t y l e  wi th  J a p a n e s e  and C h i n e s e  c o o k i n g s .  C a n n e d  food  f r o m  
J a p a n ,  b e e f ,  w h a l e  m e a t ,  v e g e t a b l e s  and  a v a r i e t y  of  m a r i n e  
f i s h  p r o v i d e d  the  m a i n  food  f o r  l u n c h  of J a p a n e s e  in C h i t t a g o n g ,  
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E a s t  P a k i s t a n .  T h e y  w e r e  s e r v e d  b y  c o o k s  of C h r i s t i a n  
B e n g a l e s e  who m a d e  J a p a n i z e d  d i s h e s  b y  u s i n g  i m p o r t e d  r i c e  
f r o m  F o r m o s a  and  o t h e r  f o o d s t u f f s  i n c l u d i n g  l o c a l l y  a v a i l a b l e  
m e a t ,  f i s h  and  v e g e t a b l e s  f o r  b r e a k f a s t  and d i n n e r .  F i s h  w a s  
e a t e n  m o r e  f r e q u e n t l y  in C h i t t a g o n g  t h a n  in Sa le .  In  t he  l a t t e r ,  
t he  c h a n c e  w a s  o n l y  g iven  b y  s e n d i n g  a t r u c k  to  R a n g o o n  o n c e  
a m o n t h  f o r  b u y i n g  m a r i n e  p r o d u c t s .  

N u m b e r ,  s ex ,  y e a r s  of  a g e  and p e r i o d  of  s o j o u r n  of  t he  
s u b j e c t s  e x a m i n e d  a r e  shown  in T a b l e  1. T h e  m a l e  B u r m e s e  
w h o s e  h a i r  w a s  s a m p l e d  w e r e  h o u s e h o l d  s e r v a n t s  of  t he  
J a p a n e s e .  A b o y  4 - y e a r s - o l d  w a s  a son  of B u r m e s e  w i d o w  
who w a s  a m a n a g e r  of the  c a n t e e n  f o r  B u r m e s e  w o r k e r s .  
O t h e r  f e m a l e  B u r m e s e  w e r e  w o r k i n g  a t  the  c o n s t r u c t i o n  s i t e  
a s  p o r t e r s .  T h e  B u r m e s e  h a d  no t  c h a n g e d  t h e i r  f ood  h a b i t s .  
E v e n  the  h o u s e  w o r k e r s  w e r e  e a t i n g  o r i g i n a l  B u r m e s e  d i s h e s  
i n c l u d i n g  c u r r i e d  r i c e  wi th  m e a t  o r  f i s h ,  and  v e g e t a b l e s .  
F i s h  w a s  m a i n l y  r i v e r  f i s h .  

P a k i s t a n i  w o r k e r s  w e r e  d i v i d e d  in to  t h r e e  g r o u p s :  (1) 
M o s l e m  c l e r i c a l  w o r k e r s ,  (2) C h r i s t i a n  c o o k s ,  and  (3) Hindu  
w o m e n  s w e e p e r s .  S o c i a l l y  and  e c o n o m i c a l l y ,  M o s l e m  B e n -  
g a l e s e  w e r e  the  top  g roup ,  and  s o m e  of t h e m  p o s i t i v e l y  i m i -  
t a t e d  the  J a p a n e s e  w a y  of l i f e  in e v e r y  a s p e c t .  T h e  s e c o n d  
p o s i t i o n  w a s  o c c u p i e d  b y  C h r i s t i a n  B e n g a l e s e  who c o o k e d  the  
d i s h e s  of t h e i r  own m e n u  b y  and  f o r  t h e m s e l v e s .  T h e  f i s h  

T A B L E  1 

S u b j e c t s  E x a m i n e d  f o r  M e r c u r y  C o n t e n t  
in T h e i r  H a i r  

S u b j e c t  Sex  No.  Y e a r s  of a g e  P e r i o d  of  s o j o u r n  
(months}  

m e a n  ( r ange}  m e a n  ( r ange}  

B u r m a  
J a p a n e s e  m a l e  30 3 3 . 0  (25-47} 6 . 0  ( 1-17} 
B u r m e s e  m a l e  9 3 1 . 0  ( 4-53} - - -  
B u r m e s e  f e m a l e  12 2 5 . 3  (13-48} - - -  

E a s t  P a k i s t a n  
J a p a n e s e  m a l e  12 2 8 . 3  (21-39)  1 0 . 2 (  6-15} 
P a k i s t a n i  m a l e  I0  3 2 . 1  (18-57)  - - -  
P a k i s t a n i  f e m a l e  3 3 5 . 0  ( �9 } - - -  

�9 Al l  w e r e  3 5 - y e a r s - o l d .  

28 



was eaten daily. The Hindu were the lowest in caste and 

also in their income. 
The sample of hair was obtained from the frontal part of 

the head. The cuttings were 2 to 3 cm in length and weighed 
about 100 rag. The hair was not washed before oxidation 
with a solution of conc. H2SO 4 and conc. HNO 3 in a reflux 
condensor. The oxidized solutions were analyzed by mercury 
vapour photometry (9). 

R e s u l t s  

T h e  r e s u l t s  a r e  d e p i c t e d  in F i g s .  2 and 3. 
T h e  m e r c u r y  con ten t  of  the  h a i r  of  the  J a p a n e s e  in Sale ,  

t he  m a l e  B u r m e s e  o f  the  f e m a l e  B u r m e s e  w a s ,  on the  a v e r a g e ,  
3 . 5 2 ,  2 . 9 0  o r  2 . 3 9 / u g / g ,  r e s p e c t i v e l y .  T h e r e  w e r e  no s i g n i f -  
i c an t  d i f f e r e n c e s  a m o n g  t h r e e  a v e r a g e s ,  but  the  v a l u e s  f r o m  
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F I G U R E  2. M e r c u r y  c o n t e n t  of h a i r  

f r o m  the  J a p a n e s e  and B u r m e s e  in Sale  
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the  J a p a n e s e  a f t e r  a s t a y  of s i x  m o n t h s  in Sa l e  w e r e  c l e a r l y  
d i m i n i s h e d  c o m p a r e d  to  t h o s e  f r o m  the  J a p a n e s e  w h o s e  s o j -  
o u r n  w a s  l e s s  than  s i x  m o n t h s � 9  T h e  a v e r a g e s  w e r e  4 . 2 8 / u g / g  
in t he  l a t t e r  and 1 . 7 2 / u g / g  in t he  f o r m e r  ( a s t a t i s t i c a l l y  s i g -  
n i f i c a n t  d i f f e r e n c e  b y  F - t e s t ,  p< 0 .0 5 ) .  

E v e n  a f t e r  a s t a y  of  t en  m o n t h s  o r  m o r e  no d i m i n i s h i n g  
t e n d e n c y  w a s  o b s e r v e d  in  the  m e r c u r y  c o n t e n t  of  the  h a i r  f r o m  
the  J a p a n e s e  s o j o u r n i n g  in C h i t t a g o n g  ( F i g .  3). T h e  v a r i a -  
b i l i t y  of  m e r c u r y  c o n t e n t  in h a i r  f r o m  m a l e  P a k i s t a n i  w a s  
s i m i l a r  to t ha t  o b s e r v e d  a m o n g  the  J a p a n e s e .  T h e  t h r e e  
f e m a l e  P a k i s t a n i  h a d  v e r y  low l e v e l s .  T h i s  o b s e r v a t i o n  i s  in 
s t r i k i n g  c o n t r a s t  to  the  o b s e r v a t i o n s  on B u r m e s e  (F ig .  2). 
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Discussion 

T h e r e  a p p e a r  to be a p p r e c i a b l e  d i f f e r e n c e s  in h u m a n  
e x p o s u r e  to e n v i r o n m e n t a l  m e r c u r y  in Sale  and C h i t t a g o n g .  
One th inks  f i r s t  of exhaus t  f r o m  f a c t o r i e s  u s i n g  any  f o r m  of 
m e r c u r i a l s  and the  u se  of m e r c u r y - c o n t a i n i n g  f u n g i c i d e s .  
In both  c i t i e s  t h e s e  s o u r c e s  of  e n v i r o n m e n t a l  m e r c u r y  w e r e  
not  n o t i c e d .  C o n s e q u e n t l y ,  we s u s p e c t  tha t  the  c o n s u m p t i o n  
of m a r i n e  f i sh  a c c o u n t s  f o r  the d i f f e r e n c e s  o b s e r v e d  in m e r -  
c u r y  con ten t  of h a i r ,  though  we did not  d e t e r m i n e  the m e r c u r y  
con ten t  in food ea t en  b y  the s u b j e c t s .  

Soc ia l ly ,  e c o n o m i c a l l y ,  a n d / o r  c u l t u r a l l y  d e t e r m i n e d  
food h a b i t s  m a y  p l a y  an i m p o r t a n t  r o l e  in the t r a n s f e r  of m e r -  
c u r y  f r o m  the  e n v i r o n m e n t  to m a n .  The  p e r s i s t e n c e  a m o n g  the  
J a p a n e s e  of n a t i v e  food and f i s h i n g - e a t i n g  h a b i t s  a r e  i m p l i -  
ca ted .  As  one m o r e  e x a m p l e ,  the r e s u l t s  of a s t u d y  on J a p a -  
n e s e  i m m i g r a n t s  to Bo l i v i a  and B r a z i l  a r e  w o r t h y  of  m e n t i o n  
(10). V e r y  low v a l u e s  w e r e  o b t a i n e d  fo r  the  m e r c u r y  con t en t  
of the h a i r  f r o m  J a p a n e s e  i n h a b i t a n t s  in Bo l iv i a ,  w h e r e  the  
c o l o n y  s u b s i s t e d  u n d e r  c o n d i t i o n s  in which  f i sh  was  s c a r c e  
and m e r c u r i a l s  w e r e  not  e m p l o y e d  in a g r i c u l t u r e - - - a v e r a g e  
and s t a n d a r d  dev i a t i on  w e r e  1 .3  and 0 . 7 4 / u g / g ,  r e s p e c t i v e l y .  
High v a l u e s  w e r e  o b s e r v e d  a m o n g  J a p a n e s e  in n o r t h e a s t e r n  
B r a z i l ,  w h e r e  m e t h o x y e t h y l m e r c u r y  s a l t s  w e r e  u s e d  in a g r i -  
c u l t u r e  and f i sh  was  ea ten  f r e q u e n t l y - - - a v e r a g e  and s t a n d a r d  
d e v i a t i o n  w e r e  5 .7  and 6 . 2 / u g / g ,  r e s p e c t i v e l y .  

T h e r e  is  one  m o r e  point  to be  d i s c u s s e d :  the  l eng th  of  
t i m e  f o r  a t r a n s i t i o n  b e t w e e n  two d i f f e r e n t  e q u i l i b r i a .  The  da t a  
on the  J a p a n e s e  in Sale s e r v e d  in th i s  a n a l y s i s .  T a k i n g  in to  
a c c o u n t  the fac t  tha t  the r a t e  of h a i r  g rowth  is  about  1 .5  c m /  
m o n t h  (11, 12), it m a y  be c o n c l u d e d  that  the  s a m p l e d  h a i r  had  
s t a r t e d  to g r o w  2-6  m o n t h s  p r i o r  to s a m p l i n g .  The  l a r g e  
v a r i a t i o n  of m e r c u r y  l e v e l s  a m o n g  J a p a n e s e  in Sale  who had  
s t a y e d  4-6  m o n t h s  is thus  exp la ined .  

It was  s u p p o s e d  that  the  cond i t i on  of e q u i l i b r i u m  in J a p a n  
was  r e f l e c t e d  in h a i r  s a m p l e d  up to 4 m o n t h s  of s o j o u r n .  The  
data from that time were fitted to the equation: 

Y = A e -Bt + C (Y, mercury content in hair; e, the base 
of a natural logarithm; t, time expressed by month; A, 
a constant; B, a constant meaning a turn-over rate of 

mercury; and C, a constant meaning a value at the equili- 
brium after transition}. 

With the aid of an electronie computer, the equation: 
Y = 4.3 e-0.65t + 1.5, was found by the method of least 
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squares (13). The turn-over rate of -0.65 in a month corre- 
sponds to the biological half-life of I. 1 months (33 days), 
which is clearly shorter than the half-life of methylmercury 
in man, 70 days. If the equation correctly reflects the actual 
decrease of mercury in the body, we shall consider the mixed 
uptake of methylmercury and other mercurials with shorter 
half-lives in Japan or in Sale. 
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