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T h e  c o n c e n t r a t i o n  o f  m e r c u r y  i n  t h e  h a i r  o f  man h a s  
b e e n  c o n v e n i e n t l y  u s e d  a s  a n  i n d i c a t o r  o f  e n v i r o n m e n -  
t a l  e x p o s u r e  t o  m e r c u r y  ( N o r d  e t  a l .  1 9 7 3 ;  G i o v a n o l i -  
J a k u b c z a k  e t  a l .  1 9 7 4 ;  G o n z a l e z  e t  a l .  1 9 8 5 ) .  I n  
p a r t i c u l a r ,  s t u d i e s  c o n c e r n i n g  t h e  r e l a t i o n s h i p  
b e t w e e n  t h e  c o n c e n t r a t i o n  o f  m e r c u r y  i n  t h e  h a i r  a n d  
t h e  d i e t a r y  i n t a k e  o f  m e r c u r y  h a v e  r e v e a l e d  t h a t  t h e  
a m o u n t  o f  f i s h  c o n s u m e d  s i g n i f i c a n t l y  a f f e c t s  t h e  
m e r c u r y  c o n c e n t r a t i o n  i n  t h e  s c a l p  h a i r  ( B i r k e  e t  a l .  
1 9 7 2 ;  Y a m a g u c h i  e t  a l .  1 9 7 5 ;  T u r n e r  e t  a l .  1 9 8 0 ;  K y l e  
a n d  G h a n i  1 9 8 2 } .  H o w e v e r ,  t h e  q u a n t i t a t i v e  r e l a t i o n -  
s h i p  b e t w e e n  t h e  m e r c u r y  c o n c e n t r a t i o n  i n  t h e  h a i r  a n d  
t h e  d i e t a r y  i n t a k e  o f  m e r c u r y  h a s  b e e n  s c a r c e l y  p r o v e n  
( K e r s h a w  e t  a l .  1 9 8 0 ;  P h e l p s  e t  a l .  1 9 8 0 ;  S h e r l o c k  e t  
a l .  1 9 8 2 ) .  T h i s  i s  b e c a u s e  m e r c u r y  c o n c e n t r a t i o n  i n  
h a i r  s a m p l e d  r e f l e c t s  t h e  d e g r e e  o f  e x p o s u r e  f r o m  d i e t  
i n  t h e  p a s t ,  a n d  b e c a u s e  t h e  d i e t a r y  m e a s u r e m e n t s  o f  
m e r c u r y  g e n e r a l l y  d e p e n d  on  i n d i v i d u a l s  r e m e m b e r i n g  
a c c u r a t e l y  o r  h a v i n g  r e c o r d e d  t h e i r  i n t a k e  o f  f i s h  i n  
t h e  p a s t .  

I n  an  a t t e m p t  t o  e l u c i d a t e  t h i s  p r o b l e m ,  we a s s e s s e d  
t h e  m e r c u r y  c o n c e n t r a t i o n  i n  t h e  h a i r  o f  human 
s u b j e c t s  who i n g e s t e d  a c e r t a i n  amount  o f  c a n n e d  t u n a  
f i s h .  

MATERIALS AND METHODS 

C a n n e d  t u n a  f l a k e s  f r o m  t h e  s a m e  b a t c h  w e r e  o b t a i n e d  
f r o m  a s u p e r m a r k e t  a n d  u s e d  i n  t h i s  e x p e r i m e n t .  

F o u r  h e a l t h y  m a l e  v o l u n t e e r s  ( S u b j e c t  A : 4 1 y e a r s ,  
w e i g h i n g  8 5 k g ,  S u b j e c t  B : 3 1 y e a r s ;  6 3 k g ,  S u b j e c t  C : 
2 7 y e a r s ;  6 0 k g ,  a n d  S u b j e c t  D : 3 3 y e a r s ;  6 0 k g  ) ,  who 
w e r e  m e m b e r s  o f  o u r  l a b o r a t o r y  s t a f f  , p a r t i c i p a t e d  i n  
t h i s  s t u d y .  A l l  t h e  s u b j e c t s  w e r e  r e q u e s t e d  n o t  t o  
c o n s u m e  e x c e s s i v e  a m o u n t s  o f  m a r i n e  f o o d s  t h r o u g h o u t  
t h e  e x p e r i m e n t .  F o r  t w o  c o n s e c u t i v e  w e e k s ,  s u b j e c t s  A, 
B, a n d  C i n g e s t e d  8 0 g ,  6 0 g  a n d  27g  o f  t u n a  f l a k e s  p e r  
d a y  r e s p e c t i v e l y ,  i n  a d d i t i o n  t o  t h e i r  o r d i n a r y  m e a l s .  
T h e r e a f t e r ,  t h e  i n g e s t i o n  o f  t u n a  f l a k e s  was  i n t e r -  
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r u p t e d  f o r  two  w e e k s  and  t h e n  c o n t i n u e d  f o r  t w o  m o r e  
w e e k s  i n  t h e  s a m e  w a y .  The  t u n a  f l a k e s  i n g e s t e d  i n  t h e  
e x p e r i m e n t  w e r e  n o t  c o o k e d ,  b u t  r a t h e r  s t r a i g h t  f r o m  
t h e  c a n .  S u b j e c t  D s e r v e d  a s  a c o n t r o l ,  h a v i n g  o n l y  
o r d i n a r y  m e a l s .  To know t h e i r  d a i l y  i n t a k e  o f  m e r c u r y  
f r o m  u s u a l  m e a l s ,  a d u p l i c a t e  d i e t  s t u d y  was a l s o  
p e r f o r m e d  on t h e  s a m p l e s  o f  A, B and  C ' s  d a i l y  d i e t  
on  s e v e n  d i f f e r e n t  d a y s  d u r i n g  t h e  e x p e r i m e n t .  

A l l  f o u r  s u b j e c t s  who p a r t i c i p a t e d  i n  t h i s  s t u d y  c u t  
t h e i r  h a i r  a s  c l o s e  t o  t h e  s c a l p  a s  p o s s i b l e  w i t h  
b a r b e r ' s  c l i p p e r s  on  t h e  d a y  p r i o r  t o  b e g i n n i n g  t h e  
i n g e s t i o n  o f  t u n a  f i s h .  On t h a t  o c c a s i o n ,  a b u n d l e  o f  
h a i r  s t r a n d s  was c o l l e c t e d  f r o m  A, B a n d  C, a n d  t h e s e  
s a m p l e s  w e r e  a n a l y z e d  " l o n g i t u d i n a l l y " ,  i n  o r d e r  t o  
know t h e  l e v e l  o f  m e r c u r y  c o n c e n t r a t i o n  i n  t h e i r  h a i r  
a r i s i n g  f r o m  u s u a l  m e a l s  e a t e n  i n  t h e  p a s t .  i . e . ,  t h e  
h a i r  s a m p l e s  w e r e  c u t  i n t o  5mm s e g m e n t s  f r o m  t h e  r o o t  
a n d  t h e  m e r c u r y  c o n c e n t r a t i o n  was  d e t e r m i n e d  f o r  e a c h  
s e g m e n t .  H a i r  s a m p l e s  i n  t h e  t i m e  c o u r s e  o f  t h i s  
e x p e r i m e n t  w e r e  c o l l e c t e d  e v e r y  two  w e e k s ,  d u r i n g  a 10 
o r  1 2 - w e e k  p e r i o d .  E a c h  t i m e ,  t h e  h a i r  was  c u t  a s  
s h o r t  a s  p o s s i b l e  i n  t h e  s a m e  way as  on  t h e  d a y  p r i o r  
t o  b e g i n n i n g  t h e  i n g e s t i o n  o f  t u n a  f i s h .  

The  h a i r  g r o w t h  r a t e  was d e t e r m i n e d  i n  t h e  f o l l o w i n g  
m a n n e r ;  s e v e r a l  d a y s  a f t e r  c u t t i n g  t h e  h a i r ,  5 t o  lO 
h a i r  s t r a n d s  i n c l u d i n g  [ a ~ i ~  p ! l i  among t h e  r e m a i n i n g  
h a i r  w e r e  p u l l e d  o u t  a t  r a n d o m .  T h i s  was r e p e a t e d  
a f t e r  e a c h  h a i r - c u t ,  and  t h e  g r o w t h  r a t e  was c a l c u -  
l a t e d  f r o m  t h e  d i f f e r e n c e  i n  t h e  l e n g t h s  o v e r  t h e  t i m e  
s p a n  b e t w e e n  p u l l i n g s .  

T o t a l  m e r c u r y  c o n c e n t r a t i o n  i n  t h e  d i e t  a n d  h a i r  
s a m p l e s  w e r e  a n a l y z e d  by  u s i n g  t h e  m e t h o d  o f  N o r d  e t  
a 1 ( 1 9 7 3 }  ; s a m p l e s  w e r e  d i g e s t e d  w i t h  c o n c .  HNO~, 
c o n c .  H^SO. a n d  KMnO. a n d  t h e  a m o u n t  o f  m e r c u r y  ~n 
t h e  d i g ~ s t ~  was d e t S r m i n e d  u s i n g  t h e  c o l d  v a p o r  
m e t h o d .  The  s p e c t r o p h o t o m e t e r  u s e d  i n  t h e  d e t e r m i n a -  
t i o n  was Model  U V - 2 0 1 ,  S h i m a z u  Co,  K y o t o ,  J a p a n  and  
t h e  a b s o r b a n c e  a t  2 5 3 . 7 n m  was m e a s u r e d .  

RESULTS AND DISCUSSION 

P r i o r  t o  t h i s  e x p e r i m e n t ,  t h e  t o t a l  m e r c u r y  c o n c e n t r a -  
t i o n  o f  t u n a  f l a k e s  u s e d  i n  t h i s  s t u d y  was a n a l y z e d  
a n d  f o u n d  t o  b e  0 . 4 3 p g / g .  M o r e o v e r ,  i n  o r d e r  t o  
c o n f i r m  t h e  a c c u r a c y  o f  t h e  t o t a l  m e r c u r y  c o n c e n t r a -  
t i o n  i n  t h e  h a i r ,  we a n a l y z e d  h a i r  s a m p l e s  t e n  t i m e s  
a n d  we f o u n d  an a v e r a g e  t o t a l  m e r c u r y  c o n c e n t r a t i o n  o f  
4 . 4 p g / g  w i t h  a c o e f f i c i e n t  o f  v a r i a t i o n  o f  3 . 7 % .  

No s u b j e c t s  c o m p l a i n e d  o f  a n y  d i s o r d e r  i n  t h e i r  b o d i e s  
d u r i n g  t h e  e x p e r i m e n t .  
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Figure i. Total mercury concentration (T-Hg) measured 
in sequential segments of the hair from subjects A, B 
and C. 

From t h e  d u p l i c a t e  d i e t  s t u d y  o n  7 d i f f e r e n t  d a y s  
d u r i n g  t h e  e x p e r i m e n t ,  t h e  m e r c u r y  i n t a k e  p e r  d a y  f r o m  
o r d i n a r y  m e a l s  o f  s u b j e c t s  A, B, a n d  C w e r e  a s s u m e d  t o  
b e  2 4 . 4 •  7 . 0 •  a n d  2 0 . 6 ~ 1 2 . 1 p g ,  
r e s p e c t i v e l y ,  a l t h o u g h  c o n s i d e r a b l e  v a r i a t i o n  was  
o b s e r v e d .  T h e  r e s u l t s  o f  l o n g i t u d i n a l  a n a l y s i s  o f  h a i r  
s a m p l e s  c o l l e c t e d  a t  t h e  b e g i n n i n g  o f  t h i s  s t u d y  f r o m  
s u b j e c t  A, B, a n d  C i s  s h o w n  i n  F i g .  1. V a r i a t i o n  i n  
t h e  m e r c u r y  c o n c e n t r a t i o n  a l o n g  e a c h  h a i r  f o r  A, B a n d  
C was  v e r y  s m a l l  w i t h  t h e  m e a n s  a n d  s t a n d a r d  d e v i a t i o n  
f o r  e a c h  w e r e  6 . 9 i O . 3 p g / g ,  4 . 9 i O . 3 p g / g ,  a n d  
5 . 1 •  , r e s p e c t i v e l y .  When we c o m p a r e d  t h e s e  
c o n c e n t r a t i o n s  w i t h  t h e  a m o u n t  o f  m e r c u r y  i n t a k e  
m e n t i o n e d  a b o v e ,  t h e  m e r c u r y  c o n c e n t r a t i o n  i n  h a i r  f o r  
e a c h  s u b j e c t  was  n o t  c o m p l e t e l y  p r o p o r t i o n a l  t o  t h e  
a m o u n t  o f  m e r c u r y  i n t a k e .  I n  p a r t i c u l a r ,  t h e  m e r c u r y  
c o n c e n t r a t i o n  i n  t h e  h a i r  o f  s u b j e c t s  B a n d  C w e r e  
a l m o s t  t h e  s a m e  l e v e l ,  a l t h o u g h  a c o n s i d e r a b l e  d i f f e r -  
e n c e  b e t w e e n  t h e  t w o  was  s e e n  i n  t h e  a m o u n t  o f  m e r c u r y  
i n t a k e  t h r o u g h  t h e i r  d i e t s .  To  e l u c i d a t e  t h i s  c o n -  
f l i c t ,  t h e  g r o w t h  r a t e  o f  h a i r  f o r  e a c h  s u b j e c t  was  
m e a s u r e d  s i n c e  t h e  g r o w t h  r a t e  o f  t h e  h a i r  c o u l d  
a f f e c t  o n  t h e  c o n c e n t r a t i o n  o f  m e r c u r y  i n  t h e  h a i r .  
T h e  g r o w t h  r a t e  o f  h a i r  f o r  s u b j e c t s  A, B, C,  a n d  D 
w e r e  5 . 6 m m ,  5 . 3 m m ,  6 .5mm a n d  6 .5mm p e r  2 w e e k s ,  
r e s p e c t i v e l y .  T h e s e  r e s u l t s  i n d i c a t e  t h a t  t h e  r e l a -  
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Figure 2. Periodical change in the total mercury 
concentration (T-Hg) in the hair from subjects A, B and 
C, who consumed various amounts of tuna flakes in 
addition to their ordinary meals, and subject D, who 
ate only his ordinary meals. (See MATERIALS AND 
METHODS) 

tivelY low concentration of mercury in the hair of 
subject C, may be due to the fast growth rate of his 
hair. 

The  p e r i o d i c  c h a n g e  i n  t h e  t o t a l  m e r c u r y  c o n c e n t r a t i o n  
i n  t h e  h a i r  f o l l o w i n g  t h e  i n g e s t i o n  o f  t u n a  f l a k e s  i s  
s h o w n  i n  F i g .  2 .  I n  t h i s  f i g u r e ,  i t  s h o u l d  b e  n o t e d  
t h a t  e a c h  p o i n t  f o r  t h e  m e r c u r y  c o n c e n t r a t i o n  i n  t h e  
h a i r  r e f l e c t s  t h e  a v e r a g e  a m o u n t  o f  m e r c u r y  c o n s u m e d  
d u r i n g  t h e  2 - w e e k  p e r i o d  c o m m e n c i n g  4 w e e k s  b e f o r e .  
T h i s  i s  b e c a u s e  t i m e  m u s t  b e  a l l o w e d  f o r  h a i r  o r i g i -  
n a t i n g  i n  t h e  f o l l i c l e  t o  a p p e a r  a b o v e  t h e  s c a l p .  E v e n  
i f  t h e  h a i r  i s  c u t  a s  c l o s e  t o  t h e  s c a l p  a s  p o s s i b l e  
w i t h  b a r b e r ' s  c l i p p e r s ,  a b o u t  5mm o f  h a i r  r e m a i n s .  I t  
t a k e s  a b o u t  2 w e e k s  f o r  h a i r  t o  g r o w  5mm. T h e r e f o r e ,  
t h e  e f f e c t s  o f  t h e  f i r s t  a n d  t h i r d  2 - w e e k  p e r i o d ,  
d u r i n g  w h i c h  t u n a  was c o n s u m e d ,  a p p e a r s  i n  t h e  h a i r  
c u t  a t  t h e  4 t h  a n d  8 t h  w e e k ,  r e s p e c t i v e l y .  

An a p p a r e n t  i n c r e a s e  i n  t h e  m e r c u r y  c o n c e n t r a t i o n  i n  
t h e  h a i r  d u e  t o  t h e  c o n s u m p t i o n  o f  t u n a  was s e e n  i n  
s u b j e c t s  A a n d  B who c o n s u m e d  80g  a n d  609  o f  t u n a  
f l a k e s ,  r e s p e c t i v e l y ,  b u t  n o t  i n  s u b j e c t  C. S u b j e c t  A, 
c o n s u m e d  80g  o f  t u n a  f l a k e s  p e r  d a y  { t o t a l  m e r c u r y  
c o n t e n t  was e s t i m a t e d  3 4 . 4 p q ) ,  i n  a d d i t i o n  t o  h i s  
o r d i n a r y  m e a l s  { t o t a l  m e r c u r y  c o n t e n t ,  2 4 . 4 •  
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p g / d a y ) .  His c o n c e n t r a t i o n  c o n t i n u o u s l y  i n c r e a s e d  a n d  
r e a c h e d  a max imum l e v e l  o f  9 . 4 p g / g  a t  t h e  8 t h  w e e k ,  
w h i c h  was  3 p g / g  h i g h e r  t h a n  t h a t  a t  t h e  i n i t i a l  s t a g e .  

On the other hand, subject B consumed 60g of tuna 
flakes per day (total mercury content, 25.8pg) in 
addition to his ordinary meals (total mercury content, 
7.0• /day). His increase was l.Jpg/g of hair. 

I t  i s  i n t e r e s t i n g  t h a t  t h e r e  was  a d i f f e r e n t  p a t t e r n  
o f  t h e  m e r c u r y  i n c r e a s e  i n  s u b j e c t s  A a n d  B, f o l l o w i n g  
t h e  t u n a  c o n s u m p t i o n  o r  i n t e r r u p t i o n  o f  t u n a  i n t a k e .  
T h e  i n c r e a s e  f o r  s u b j e c t  A was  l i n e a r  a n d  t h a t  f o r  
s u b j e c t  B s t e p w i s e .  T h i s  m i g h t  b e  d u e  t o  t h e  k i n e t i c s  
o f  m e r c u r y  e x c r e t i o n  f r o m  t h e  human  b o d y ,  w h i c h  
d e p e n d s  u p o n  t h e  a m o u n t  o f  m e r c u r y  i n t a k e  { B i r k e  e t  
a 1 . 1 9 7 2 ) .  

For subject C, who consumed 27g of tuna flakes per day 
(total mercury content, ll.6pg) added to his ordinary 
meal (total mercury content, 20.6• and for 
subject D, who ate only ordinary meals, no appreci- 
able changes were seen during the experiment, although 
a very slight increase (approximately 0.6~g/g) was 
detected in subject C. The changes in the mercury 
concentration in the hair for both subjects C and D 
lay within the range of mercury concentration con- 
sidered normal for each when they were ingesting 
ordinary meals. 

From these results, it was clearly shown that the 
increase in the mercury concentration in the hair was 
approximately proportional to the amount of tuna 
flakes consumed in addition to ordinary meals. This 
indicates that hair could be conveniently used as an 
indicator medium in assessing the intake of mercury 
from food. 

Mercury compounds are highly toxic substances for 
humans. In particular, methyl mercury compounds pro- 
duce irreversible neurological damage in humans, as 
noted from the Minamata and Niigata disasters in 
Japan(Tsubaki and Irukayama 1977}. Much attention has 
been paid to dietary intake of methyl mercury com- 
pounds in the population as a whole. Because fish 
contains a relatively high concentration of methyl 
mercury compounds, those populations consuming fish in 
large quantities should be monitored in order to 
prevent mercury poisoning. 

The J o i n t  FAO/WHO Expert Committee on Food Additives 
(WHO 1972} proposed a provisional tolerable weekly 
intake of 300p9 of total mercury per person of which 
no more than 200pg should be present as methyl 
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m e r c u r y .  I n  t h i s  s t u d y ,  t h e  w e e k l y  i n t a k e  o f  t o t a l  
m e r c u r y  f o r  s u b j e c t  A was  r o u g h l y  e s t i m a t e d  t o  b e  
3 0 0 u 9  d u r i n g  t h e  p e r i o d  o f  t u n a  c o n s u m p t i o n .  S o ,  i t  
w o u l d  s e e m  t h a t  t h e  t o t a l  m e r c u r y  c o n c e n t r a t i o n  i n  h i s  
h a i r  o f  9 . 4 p 9 / 9 ,  w h i c h  was  r e a c h e d  f o l l o w i n g  t h e  
c o n s u m p t i o n  o f  t u n a ,  m i g h t  b e  r e g a r d e d  a s  t h e  l e v e l  o f  
t o t a l  m e r c u r y  c o n c e n t r a t i o n  i n  t h e  h a i r  when  a p e r s o n  
t a k e s  " a  p r o v i s i o n a l  t o l e r a b l e  w e e k l y  i n t a k e  o f  t o t a l  
m e r c u r y  p e r  p e r s o n "  p r o p o s e d  b y  t h e  FAO/UHO c o m m i t t e e .  
T h e r e f o r e  i t  w o u l d  s e e m  t h a t  a n  e f f e c t i v e  way  o f  
m o n i t o r i n 9  t h e  i n t a k e  o f  m e r c u r y  f r o m  f o o d  f o r  i n d i -  
v i d u a l s ,  e s p e c i a l l y  t h o s e  c o n s u m i n 9  l a r q e  a m o u n t s  o f  
f i s h ,  m i q h t  b e  t o  m e a s u r e  t h e  m e r c u r y  c o n t e n t  i n  t h e  
h a i r ,  u s i n g  t h e  f i g u r e  o f  9 . 4 p 9 / 9  a s  a g u i d e l i n e  f o r  a 
t o l e r a b l e  w e e k l y  i n t a k e .  
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