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- 1 - 
1 ) INTRODUCTION 

1 . 1 )  G e n e r a l  and P h y s i o l o g i c a l  ~ o n s i i e r a ~ i o n s  

/ - 
T r a c e  e l e m e n t  a n a l y s i s  h a s  become i n c r e a s i n g l y  i m p o r t a n t  i n  

r e c e n t  y e a r s ,  due  t o  t h e  c o n c e r n  o v e r  t r a c e  e l e m e n t  c o n t e n t  i n  food 

and i n  t h e  e n v i r o n m e n t .  

Almost a l l  o f  t h e  s t u d i e s  u n d e r t a k e n  s o  fa r  i n  t h i s  a r e a  have  
4. ?- 

been m o s t l v  c o n c e r n e d  w i t h  t h e  e f f e c t  o f  t r a c e  e l e m e n t s  o n  man. 

- I n  t h e  m e d i c a l  area,  t h e r e  is, a g r e a t e r  t h e  r o l e  o f  
d 

t r a c e  e l e m e n t s  i n  n u t r i t i o n ,  i n  normal  . m ' e t a i o l i c  p r o c e s s e s ,  and ... ' 

e s p e c i a l l y  i n  c a u s i n g ,  d i r e c t l y  o r  i n d i r e c t a ,  tlbnorrnal q h y s i o l b g i c a l  
B 

e f f e c t s .  Z b 
- 
b 

'I ' A n a l y s i s  o f  t r a c e  e l e m e n t  c o n t e n t  h a s  been  o f  . 

s p e c i a l  i n t e r e s t  s i n c e  29 t r a c e  e l e m e n t s  have  been found i n  human h a i r  

( G u i .  6 6 b ) ,  a n d  because  t h e  l e v e l s  .of most  o f  t h e s e  t r a c e  e l e m e n t s  

a r e  much h i g h e r  i n  h a i r  t h a n  i n  o t h e r  commonly a n a l y z e d  t i s s u e s  o r ,  
r 

f l u i d s  such  a s  bloeod and  u r i n e .  

* 
Because  o f  t h e  s l o w  r a t e  o f  g r o w t h  o f  head  h a i r  ( a b o u t  1 cm Der 

r- 

m o n t h ) ,  and b e c a u s e  many o f  the '  metals excr ,kted by t h e  body t h r o u g h  
I 

L - - 

p e r s p i r a t i o n  o r  a p p e a r i n g  i n  t h e  b w  t o  some e x t e n t  t o  

h a i r  p r o t e i n s ' ,  h a i r  may have  t h e  n t r a t i n q  many such  



e l e m e n t s  and  p e r h a p s  r e v e a l i n g  a  p r o f i l e  o f  e n v i r o n m e n t a l  expo k 4  u r k .  
)I 

I n  a d d i t i o n ,  h a i r  i s  one  o f  t h e  most  d u r a b l e  p a r t s  o f  t h e  b o d y ,  

s o  t h a t  s u c h  p c o f i l e s  may a l s o  l a s t  f o r  some t i m e  a f t e r  t h e i r  

g e n e r a t i o n .  H i s t o r i c a l  o r  a r c h e o l o g i c a l  a p p l i c a t i o n s  o f  t r a c e  e l e m e n t ,  
"% 

a n a l y s i s  i n  h a i r s  h a v e  c o n s e q u e n t l y  been d e s c r i b e d  ( ~ d r .  6 1 ,  F o r .  6 4 )  

a s  p rov id  i n q  u s e f u l  e n v i r o n m e n t a l  i n f o r m a t i o n  from t i m e s  p a s t  

( G o r .  7 3 ,  Wyt. 7 2 ) .  

Befo re  we r e v i e w  t h e  f a i r l y  i m p o r t a n t  l i t e r a t u r k  on t r a c e  e l e lpen t  
.- L 

a n a l y s i s   in h a i r ,  i t  i s  r e l e v a n t  t o  d i s c u s s  t h e  s t r u c t u r e  o f  t h e  h a i r  

I 
I s h a f t ,  whose i n h o m o g e n e i t y  and c o m p l e x i t y  may e x ~ l a i n  some o f  t h e  

- t i n t e r e s t l n q  f e a t u r e s  o f  t h e  b a v i o u r '  o f  t r a c e  e l e m e n t s  i n  h a i r .  

1 . 2 )  S t r u c t u r - e  of t h e  Hair S h a f t  

* 
H a i r s  are  made p r i m a r i  o f  k e r a t i n s ,  w h i c h  are  a  qrouD o f  

p r o t e i n s  produced  i n  t h e  e p i t h e l i a l  c e l l s  o f  h i g h e r  v e r t e b r a t e s .  , 'his 

g r o u p  of orm a l s o  t h e  main b u l k  o f  t h e  h o r n v  l a v e r  o f  t h e  

e p i d e r m i s  and o f  o t h e h  e p i d e r m a l -  appendages  s u c h  a s  n a i l s ,  s c a l e s  and 

f e a t h e r s .  

The h a i r  s h a f t  s t r u c t u r e  c o n s i s t s  o f  t h r e e  d i s t i n c - t  r e g i o n s :  t h e  

c u t i c l e ,  t h e  c o r t e x ,  and t h e  m e d u l l a .  



1 . 2 . 1 )  The C u t i c l e  

The c u t i c l e  f o r m s  t h e  o u t e r m o s t  par t  o f  t h e  h a i r ,  dnd .as s u b h ,  

t r e g u l a t e s  t h e  a t j s o r p t i o n  d  a d s o r p t i o n t  o f  t r a c e  e l e m e n t s  i n  t h e  
% 

- k e r a t i n  f i b e r .  T h i s '  r e g i o n  h a s  a  r a t h e r  i n h o m o q e n e o u s . s t r u c t u r e  s i n c e  
r. 

i t  i% composed o f  a  k e ? a t i n o u s  o a r t  ( t h e  e x o c u t i c l e )  s u r r o u n d i n g  a  

z o n e  c o n s i s t i n g  o f  c e l l u l a r  d e b r i s  ( t h e  e n d o c u ' t i c l e ~ .  < T h e  s u r f a c e  o f  
- 

k 
L. t h e  c u t i c l e  is c o v e r e d  by  a l a y e r ,  30 8 t h i c k  ( i n .  68) ,  which  i s  

+ 
r e s i s t a n t  t o  a l k a l i s ,  a c i d s ,  and o x i d i z i n g  a g e n t s ,  a n d  c o n s e q u e n t l y  

p r o v i d e s  a  s t r o n g  m e c h a n i c a l  a n d  c h e m i c a l  p r o t e c t i o g  a g a i n s t  t h e  
+ 

e n v i r o n m e n t .  ~ i s r u p t i b n  o f  t h e  e p i c u t i c l e  w i i l  a c c e l e r a t e  t h e  

a b s o r p t i o n  o f  t r a c e  e l e m e n t s  i n t o  t h e  h a i r  s t r u c t u r e .  , 

-4 
1 . 2 . 2 )  The C o r t e x  

L 

The c r t e x ,  w h i c h  r e p r e s e n t s  t h e  b u l k  of t h e  h a i r  f i b e r ,  c o n s i s t s  B- 
o f  an a q g r e q a t e  o f  f i l a m e n t s  ( c a l l e d  B i c r o f i b r i l s )  c o n s i s t i n g  o f  low- 

B 

sulfur  p r o t e i n s ,  embedded. i n  a homogeneous m a t r i x  w h i c h  i s  e s s e n t i a l l y  

ccmoosed  o f  h i g h - s u l f u r  

A l t h o u g h  t h e  d i a m e t e r  o f  

s u b s t a n t i a l l y  c o n s t a n t  

p r o t e i n s  ( w i t h  amino  a c i d s -  s u c h  a s  c y s t e i n e )  . 

t h e s e  m i c r o f i b r i l s  h a s  b e e n ,  f o u n d  t o  b e  

a l o n q  t h e  h a i r  f i b e r ,  t h e  d i s t a n c e  b e t w e e n  

a d j a c e n t  m i c r o f i b r i l s  v a r i e s  c o n s i d e r a b l y ,  b e i n g  a  f u n s t i o n  o f  t h e  

c o n ' t e n t  o f  h i g h  s u l f u r   rotei ins i n  t h e  c u t i c l e .  It h a s  b e e n  shown 

t h a t  t h e  m a t r i k  c o n t e n t  i n c r e a s e s  i n  wool f r o m  s h e e n  m a i n t a i n e d .  on a 

c y s t e i n e - r i c h  d i e t  ( G i l  . 6 4 ) .  T h i s  s u g g e s t s  , t h a t  t h e  ~ r o p o r t i o n  o f  



-4- 
- .  ' 

m a t r i x  e x i s t i n g  , i n  t h e  s t r u c t u r e  i s  a  f u n c t i o n  o f  t h e  d i e t ,  

f l u c t u a t i o n s  i n  w h i c h  w i l l  c r e a t e  a n  i n h o m o g e n e i t v  a l o n q  t h e  h a i r  

f i b e r .  

1.2.3) The M e d u l l a  

? 

The c e n t r a l  p o r t i o n  o f  mammalian h a i r s  is comrmsed o f  v a c u o l a t e d  

m e d u i l a r y  c e l l s  whose . c y s f n n e  c o n t e n t  i s  v e r y  l o w .  h i s  r e g i o n  o f * / h e , .  -- /"C- i 

! 
h a i r  s h d f l  h a s  a c o n s d i e r a b l e  i n f l u e n c e  on t h e  m e c h a n i c a l  o r o p e r t i e i  

. , 

o f  t h e  h a i r  f i b e r ,  since t h e  . f i b r o u s  c o n t e n t  o f  t h e  m e d u l l a r y  c e l l s  i s  - i- i 

c o n c e n t r a t e d  p e r i p h e r a l l y  ' a g a i n s t  t h e  c e l l  w a l l  p r o d u c i n g  a k i n d  o f  

f r a m e ' w h i c h  i n c r e a s e s  t h e  s t i f f n e s s  o f  t h e  h a i r  f i b e r  ( M e r .  6 1 ) .  

A l t h o u g h  "it i s  n o t  a c t u a l l y  known w h e t h e r  t r a c e  e l e m e n t s  c a n  

p e n e t r a t e  a s  d e e p  a s  i n  - t h e  m e d u l l a ,  i t  seems t h a t  t h e  v e r y  d e n s e  

s t r u c t u r e  p r o v i d e d  by  t h e  n e t w o r k  o f  m i c r o f i b r i l s  embedded i n  t h e  

m a t r i x ,  w h i c h  t o g e t h e r  fo rm t h e  b u l k  o f  t h e  c o r t e x ,  s h o u l d  b i n d  m o s t  

o f  t h e  t r a c e  e l e m e n t s  d u r i n g  t h e i r  m i g r a t i o n  t o w a r d s  t h e  c e n t r a l  c o r e  

o f ' t h e  h a i r  s h a f t .  

8 

F u r t h e r m o r e ,  t h e  p r e s e n c e  i n  t h e  c o r t e x  of  t h e  c e l l  membrane 

c o m p l e x ,  w h i c h  i s  formed from t h e  p i a s m a  membranes  o f  t h e  d e v e l o p i n q  
w 

- 

c e l l s  d u r i n g  t h e  k e r a t i n i z a t i o n  a n d  f o r m s  a n  a d h e s i v e  l a y e r  b e t w e e n  - - 

t h e  c o n t e n t  o f  a d j a c e n t  c e l l s ,  w i l l  t e n d  t o  h i n d e r  t h e  m i g r a t i o n  o f  

t r a c e  e l e m e n t s  i n t o  t h e  k e r a t i n .  
C 

% 

I 



1 . 3 )  H a i r  Growth C y c l e  K' 

Tne c y , c l i c  g r o w t h  o f  a n i m a l  h a i r  c a n  b e  d i v i d e d  i n t o  a  se r ies  o f  

? , .a. ' .k 
%* 

s t e p s  o r  phase.s: -- 
, The a n a g e n  p h a s e  - P r o t e i n  p r o d u c t i o n  a n d  c e l l  

t 

d i v i s i o n  o c c u r s  v i g o r o u s 1  y  i n  t h e  f o l l i c l e  , k e r a t i n i z a t i o n  . o c c w s  - 
i n '  t h e  c a n a l  l e a d i n g  t o  t h e  s u P E a c e ,  a n d  t h e  e x t e r n a l  h a i r  g r o w s  i. - 

8 

i n  l e n g t h ,  a s  n e w l y  p r o d u c e d  h a i r  s h a f t  e m e r g e s  f rom t h e  s c a l p .  , 

T h i s  p h a s e  is a p p r o x i m a t e l y  l n n 6  d a y s  l o n g  f o r  human h e a d  h a i g s .  -. 

The c a t a g e n  p h a s e  - Growth  s l o w s  t o  a  s t o p .  The r o o t  
C 

s h r i n k s  a n d  becomes c l u b -  o r  b u l b - s h a p e d .  . 

\\ 1 
The t e l o g e n  p h a s e  - ( A p p r o x i m a t e l y  100 4.$iyso-long f o r  

\ 

r human head  h a i r )  ,, T h e  f o l l i c l e  i s  i n a c t i v e ;  t h e  e x t e r n a l  h a i r  

/ 

r e m a i n s  t h e  same l e n g t h ,  a t t a c h e d  t o  t h e  s c a l p  o n l y  b y  v i r t u e  of 

t h e  f a c t  t h a t  t h e  b u l b - s h a p e d  roe&& l a r g e r  i n  d i a m e t e r  t h a n  t .he 
P 

a p e n i n g  i n  t h e  s c a l p  s u r f a c e .  The h a i r  w i l l  e v e n t u a l l y  b e  lost  

from t h e  h e a d ,  e i t h e r  by  m e c h a n i c a l  r e m o v a l  d u r i n g  t h e  t e l o g e n  
T 

p h a s e ,  o r  when a  new h a i r  i s  p r o d u c e d  a s  t n e  f o l l i c l e  r e s u m e s  

a c t i v i t y  ip  t h e  n e x t  a n a g e n  ptiase ( a l t h o u g h  s o m e t i m e s  t h e  new 

ha i r  may c o e x i s t  w i t h  t h e  o l d  h a i r  f o r  p e r i o d s  r a n g i n g  f r o m  1 t o  

8 w e e k s )  . % I 



- -- 
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S i n c e  man i s ,  t o g e t h e r  w i t h  t h e  g u i n e a  p i e  a n d  c a t ,  o n e  o f  t h e  

few s p e c i e s  w i t h  c y c l i c  f o l l i c u l a r  a c t i v i t y  r a n d o m l y  d i s t r i b ~ t e d  among 
I 5 

t h e  h a i r % i c l  es i\two. h a i r s -  p l u c k e d  f r o m  t h e  same h e a d  may we17 b e  
/ 

I -  

i n  d i f f e r e n t  o f  i t h e  g r o w t h  c y c l e ,  w h i c h  c o u l d  r e s u l t  i n  t r a c e  , 
*/J 

\ u ,  4 . . 
e l e m e n t  c o n c e n t r a t i o n  p a t t e r n  f e T u r e s  ,Jaid down a t  t h e  same, time , t o  

3 
1 

a p p e a r  a t /  d i f f e r e n t - d i s t a n c e s  from t h e  r o o t .  If t h e  , o h a s e  m u s t  t h e n  
4 

4 
b e  known,  i t  i s  i m p o r t a n t  f o r  e a c h  i n d i v i d u a l  h a i r  t o  b e  p l u c k e d  w i t h  

I 
t h e  r o o t  a t t a c h e d ,  since d i s t i n c t i o n  b e t w e e n  a n a q e n  a n d  t e l o g e n  . h a i r s  2 

i s  b e s t  a c h i e v e d  a c c o r d i n g  t o  t h e  h e a l t h y  o r  a t r o ~ h i e d  c o n d i t i o n  o f  

b t h e  - c o o t  ( s e e  F i g .  1 )  . I n  m o s t  c a s e s ,  t h e  d i s t i n c t i o n  i s  e a s y  t o  

m a k e ,  s i n c e  a n a g e n  h a i r s 1  h a v e  h e a v i l y  p i g m e n t e d  r o o t s ,  w h i c h  are 

u s u a l l y  s u r r o u n d e d  b y  a  l a y e r  o f  w h i t e  r o o t  s h e a t h  c e l l s .  T e l o g e n  
8 .  

- " 
A- 

" h a i r s ,  i n  c o n t r a s t ,  h a v e  c l u b - s h a p e d  r o o t s ,  n o  p i g m e n t a t i o n ,  and v e r y  

'L o f t e n  no  w h i t e  s h e a t h .  

I n  a few c a s e s ,  h o w e v e r ,  p h a s e  d e t e r m i n a t i o n  i s  d i f f i c u l t  b e c a u s e  

o f  a  n a t u r a l  a t b o p h i e d  a p p e a r a n c e  o f  t e. r o o t  e v e n  when i t  i s  a c t i v e .  P 
m e  o n l y  o o i A t  o f  r e f e r e n c e  i n  t h i s  c a s e  w i l l  b e  t h e  p i g m e n t a t i o n  o f  

t h e  r o o t ,  and  t h e r e f o r e  t h e  p h a s e  d e t e r m i n a t i o n  i s  u n c e r t a i n .  (9 
S i n c e  it i s  i m p o s s i b l e  t o  d e t e r m i n e  w i t h  

< 

time a  g i v e n  h a i r  f o l l i c l e  

a n a g e n  h a i r s  s h o u l d  b e  u s e d  if 

  recision t h e  l e n q t h  o f  

t h e  t e l o g e n  p h a s e ,  o n l y  

b e t w e e n ,  s a v ,  e x p o s u r e  

time a n d  t h e  l o c a t i o n  o f  a s o e c i f i c  f e a t u r e  i n c o r p o r a t e d  

s h a f t  h a s  t o  b e  a t t e m p t e d ,  a l t h o u g h  " a  b r o a d  4 



F < 1 Diagram of  a growing and a q u i e s c e n t  
b follicle. ( ~ f t e r :  t h e  Riology o f  

Hai r  Srowth, Montagna W . ,  Ellis i .A., 
Ed .  Acad~rnic Press  Inc., p.46 ( 1 9 ~ ~ )  



I s e c t i o n a l  p r o f i l e s  a n d  t h e  d a t e  o f  a p p l i c a t i o n  o f  a  l o t i o n  c o n t a i n i n q  

Hg and  Se" ( s i c )  h a s  b e e n  f o u n d  w i t h  h a i r s  iR t h e  t e l o q e n  ~ h a s e  

CGan. 721,. 

1 . 4 )  H a i r  Growth  Rate * h 

The o t h e r  i m p o r t a n t  p a r a m e t e r  w h i c h  c a n  a ~ f e c t  t h e  l l o c a t i o n  o f  

h a i r  p a t t e r n  f e a t u r e s  i s  a  v a r i a t i o n  i n ' - t h e  r a t e  -air g r o w t h .  " 

~ e a s u k m e n t  o f  t h w u a n t i t y  f o r  e v e b y  h a i r p a n a l v z e d  i s ,  h o w e v e r ,  n o t  . 

p r a c t i c a l ,  a n d  o n e  m u s t  u s e  t h e  * a v e r a g e  v a l u e s  found  i n  t h e  

J 
l i t e r a t u r e .  A v e r a g e  d a i l y  g r o w t h  o f  s c a l p  h a i r s  h a s  b e e n  m e a s u r e d  a s  

0 . 3 5  m m  (me. 5 I ) ,  a n d .  this  v a l u e  i s  p r e s u m a b l y  a d e q u a t e ,  if o n l v  a .s 

$ 

r o u g h  e s t i m a t e  o f  a  time s p a n  i s  w a n t e d .  F o r  more  precise v a l u e s  it  
1 

i s  n e c e s s a r y  i o  t a k e  i n t o  a c c o u n t  t h e  v a r i a t i o n  o f  g r o w t h  r a t e  f rom 

\ 
h a i r  t o  h a i r  o n  a  s i n g l e  h e a d ,  p l u s  t h e  e f f e c t s  o f  s u c h  f a c t o r s  a s  

h o r m o n a l  f l u c  t u a t i o n s ,  s e a s o n a l  a n d  d i u r n a l  ~ a r i ~ a t i o n s ,  e f f e c t  o f  a g e ,  a 
\ 

and  t h e  c n f l u e n c e  o f  p o s s i b l e  d h y s i c a l  t r e a t m e n t s  ( s u c h  'as m e c h a n i c a l  

s t i m u l a t i o n  o r  h a i r  g r o w t h  l o t i o n )  ( F l e .  5 4 ) .  

- 2  
It seems p o s s i b l e ,  howevep-;" t h a t  c h a n g e s  i n  t h e  h a i r  - r a t e  o f  

, 
L 

g r o w t h  may b e  f a i r l y  u n i f o r m  o v e r  a  w h o l e  & a l p ,  s i n c e  t&;are  
-B 

g o v e r n e d  b y  common p h y s i o l o g i  1 f a c t o r s .  To t h e  e x t e n t  t o  which  t h i s  
, I ,  \ 

is  t r u e ,  i t  s h o u l d  b e  p o s s i b l e b  c o r r e l a t e  t h e  c o n c e n t r a t i o n  p a t t e r ' h s  

i n  s e v e r a l  a n a q e n  h a i r s  p l u c k e $  from a  s i ' n q l e  head  on? -. w i t h  a n o t h e r ,  

and w i t h  t h e  time a h w h i c h  an i m p o r t a n t  m o d i f i c a t i o n  &t&e s u b j e c t ' s  a 

h e a l t h  o r  d i e t  may *have o c c u r r e d .  * 



1.5  ) Trace Element Metabolism I 

'& 1 . 5 . 1 )  Role g f  Trac'e Elements in Livinq Organisms 

The a n a l y s i s  of human h a i r  f o r  i ts  t r ace ' e l emen t  con ten t  has no< 

only a t t b a c t e d  i n t e r e s t  i n  t h e  f i e l d  of  f o r e n s i c  s c i e n c e ,  bu t  i s  now 

uskd a s  a  monitor of excespive o r  inadequate i nqes t ion  of  va r ious  

meta ls  ( S t r .  6 6 ;  Kle. i'Oa), , a s  a  severe  d e f i c i e n c y  of  an element 
.z i . - 

could be a s soc i a t ed  with low concen t r a t ions  i n  h a i r s  
% 

$.- - 
,.'*a 

\ 
( R e i .  6 6 ) ( P r a .  66). 'i 

X '  . i_ 

I %a * , 
It @ s  been proved t h a t  no t  a l l  t r a c e  elements  . have  an equal 

>- ,\ 
4 

r' 
& 

in f luence  on t h e  "well  being" of anSmals a d  p l a n t s .  Some elements ,  

inc luding  some occu r r ing  i n  low concen t r a t ions  o n l y ,  a r e  e s s e n t i a l  f o r  p ' 
U- .;: 

,""p- 
t h e i r  l i f e  an% growth,  whereas more o r  less complete absence of o ther  

( non-essent ia l )  elements w i l l  have no observable  ' i n j u r i o u s  e f f e c t  . 
e b 

Essen t i a l  t r a c e  elements a r e  belikved t o  e x e r c i s e  a  mostly 

c a t a l y t i c  func t ion  i n  l i v i n g  organisms, e i t h e r  i n  t h e i r  own r i g h t ,  o r  

a s  t he  p r o s t h e t i c  grouD o r  a c t i v a t o r  of  a  given .enzyme, such a s  copper 
x r  * - i 

in  t he  case  of t y r o s i n a s e .  Thus, only minute v a r i a t i o n s  i n  - 7 

concen t r a t ions  'may cons iderably  a f f e c t  such important  func t ions  a s  
I- 

/ 
r e s p i r a t i o n  ( copper) o r  normal qrowth o f  p l a n t s  (molybdenum) . 

s 'i . 
. , 

Furthermore, i n t e r a c t i o n s  between va r ious  t r a c e  elements can 



m o d i f y  t h e  amount  o f  m i n e r a l  n u t r i e n t s  e s s e n t i d l  f o r  t h e  f u l l  " 

d e v e l o p m e n t  o f  t h e  o r g a n i s m .  It i s ,  f o r  e x a m p l e ,  w e l l  known t h a t  

c a l c i u m  i n t a k e s  r e d u e e  t h e  a v a i l a b i l i t v  o f  d i e t a r v  z i n c  ( O b e .  6 6 1 ,  

r e s u l t i n q  i n  t h e  p o s s i b i l i t y  o f  z i n c  d e f i c i e n c y  f o r  s u b , j e c t s  s u b j e c t e d  

to a d i e t  r i c h  i n  c a l c i q n .  J 
- .J 

=4 - .  4 
4 

It is  t h e r e f o r e  d i f f i c u y t ,  n o t  o n l y  t o  f i x  t h e  min imup amount  o f  
k - 

1 
\ m i n e r a l  r e q u i r e d  f o r  a ; b a l a n c e d  n u t r i t i p n ,  b u t  e v e n  t o  r e l a t e  a  

1 

7 

b m a l n u t r i t i o n  symptom w i  t h ' a  d i e t a r y  d e f i c i e n c y  i n  a  g i v e n  m e t a l .  
d .  

e l e m e n t  c o n c e n t r a t i o n  i n  h a i r s  a n d  s u c h  f a c t o r s  a s  a g e  ( P e t .  7 1 ,  

o h .  6 9 1 ,  s e x  ( P e t .  7 1 ,  Kle. 7 0 a 1 ,  h a i r  c o l o r  ( S c h .  6 9 1 ,  2nd e v e n  

b 
*I, 

~ e c a u i s e  o f  t h e '  f a i r l y  c o m p l i c a t e d  a n d  i m p e r f e c t l y  u n d e r s t o o d  way 

e s s e n t i a l  t r a c e  e l e m e n t s  are e x c r e t e d  b y  t h e  b o d v ,  ( a n d  p e r h a p s  
k 

i n c o r p o r a t e d  i n t o  h a i r y ,  t h e  u s e  o f  t r a c e  e l e m e n t  c o n t e n t  o f  h a i r  a s  . 
I 

a n  i n d i c a t o r  o f  m i n e r a l  m a l n u t r i t i o n  r e l i e s  o n l y  o n  e x p e r i m e n t a l  d a t a  

w h i c h  i n d i c a t e  t h a t  a c o r r e l a t i o n  may e x i s t  b e t w e e n  t h e s e  two  f a c t o r s ,  ', 
)I 

and  s u c h  u s e  may t h e r e f o r e  b e  s u b j e c t  t o  l i m i t a t i o n s .  

'It s e e m s , t - - f u t h e r r n o r e ,  t h a t  d i f f e r e n t  c o n c l u s i o n s  e x i s t  a s  t o  

w h e t h e r  a  c o r r e l a t i o n  c a n  b e  f o u n d  b e t w e e n  t h e  l e v e l s  i n  ~ l a s m a  and i n  

hair  o f  a  metal. s u c h  a s  z i n c  ( S t r .  6 6 ) ,  a s  t h i s  h a s  b e e n  r e c e n t l y  
D - 1: 

r e f u t e d  (Kle .  7 O a ) .  

A d e f i n i t e  c o r r e l a t i o n  " d o e s  a p p a r e n t l y  e x i s t  b e t w e e n  t r a c e  
- C1 



-- - 

? -1  1- 
t' ' 

6 ,  
a- 

s e a s d s  o f  t h e  y e a r  ( ~ t r .  6 6 ) .  'In p a r t i c u l a r ,  t h e  c o n s i s t e n t l y  h i q h  
&.~ 
. ~ g r  r 

c o n c e n t r a t i o n  o f  f e s s e n t i a l  %?lements s u c h  as  Mg, Yn, Cu ,  and  Mn found 
f 

i n  t h e  h a i r s  o f  newborn  a n d  young c h i l d r e n ,  w h i c h  d e c l i n e s  d u r i n g  t h e  

f i r s t  d e c a d e  o f  l i f e - a n d  r e m a i n s  c o n s t a n t  t h e r e a f t e r  ( S c h ;  6 9 1 ,  c a n  b e  

c o n t r a s t e d  w i t h  t h e  c o n c e n t r a t i o n  o f  n o n - e s s e n t i a l  e l e m e n t s  s u c h  a s  
/ .  - 

cadmium and l e a d ,  w h i c h  a c c u m u l a t e  i n  human t i s s u e s  w i t h  i n c r e a s i n g  

1.5.2)  R o l e  of T r a c e  E l e m e n t s  i n  t h e  F o r m a t i o n  o f  H a i r  

It h a s  l o n g  b e e n  r e c o q n i z e d  t h a t  d i e t  a f f e c t s  n o t  o n l y  t h e  

q e n e r a l '  g r o w t h  a n d  d e v e l o p m e n t  o f  an o r g a n i s m ,  b u t  i n  p a r t i c u l a r  t h e  

c o n d i t i o n  o f  t h e  c o a t  o f  an a n i m a l .  F o r  human b e i n q s ;  h o w e v e r ,  a  v e r y  
i 

p o o r  d i e t  is  n e e d e d  t o  c a u s e  a c t u a l  h a i r  - l o s s ,  p r o b a b l v  b e c a u s e  a  

s m a l l e r  f r a c t i o n  o f  t h e  t o t a l  a v a i l a b l e  p r o t e i n  is d i v e r t e d  t o  h a i r  

T h e - r a t e  o f  f i b e r  p r o d u c t i o n  i s  d e f i n i t i v e l y  i n f l u e n c e d  b v  t h e  

d i e t a r y  c o n t e n t  o f  p r o t e i n s ,  amino  a c i d s  s u c h  a s  c y s t e i n e  o r  
.9 

m e t h i o n i n e  , c a r b o h y d r a t e ,  and f a t  (Ryd . 5 8 ) .  S i m i l a r l y ,  s ~ e c i f i c  

d e f i c i e n c i e s  i n  v i t a m i n s  ( V i t m i n  A ,  r i b o f l a v i n ,  V i t a m i n  E) and  

m i n e r a l s  s u c h  as c o p p e r ,  z i n c ,  i r o n ; c o b a l t  , a n d  p h o s p h a t e s  ( ~ y d .  58)  

i m p a i r  t h e  p r o d u c t i o n  o f  wool i n  s h e e p  a n d ,  t o  a  lesser  e x t e n t ,  t h e  

r a t e  o f  h a i r  g r o w t h  i n  man. i 

t 



- 
a 

The n u t ~ i t i o n  o f  t h e , m o t  i s  a c h i e v e d  t h r o u g h  a  n e t w o r k  o f  b l o o d  

v e s s e l s  whoze d e n s i t y  i s  h i g h  a r o u n d  t h e  k e r a t o g e n o u s  z o n e  and  t h e  

" l o w e r  p a r t  o f  t h e  f o l l i c l e ,  w h e r e  t h e  m i t o t i c  a c t i v i t y  t a k e s  p l a c e  

( s e e '  F i g .  1 ) .  4 

S i n c e  t h e  i n j e c t i o n  o f  c y s t e i n e  l a b e l l e &  w i t h  35S r e s u l t e d  i n  

a p p r e c i a b l e  r a d i o a c t i v i t y  a p p e a r i n g  i n '  t h e  k e r i t o q e n o u s  z o n e  o f  a c t i v e  , 

f o l l i c l e s  ( B e r .  5 4 ) ,  i t  seems r e a s o n a b l e  t o  a s s u m e  t h a t  t h e  n e c e s s a r y  

A t r i e n t s  f b  h a i r  i r o w t h  are s u p p l i e d  t o  t h e  r o o t  t h r o u q h  t h e  n e t w o r k  
7 

of b l o o d  v e s s e l  s .. 

P r e s u m a b l y ,  o f  t h o s e  e s s e n t i a l  f o r  k e r a t i n  f o r m a t i o n ,  some 

q u a n t i t y  o f  t h e  t race e l e m e n t s  w h i c h  a r e  f o u n d  3-n t h e  h a i r  s h a f t  a r e  

i n c o r p o r a t e d  by this p r o c e s s .  
A 

C o p p e r ,  e s p e c i a l l y ,  p l a y s  a n  i m p o r t a n t  r o l e  d u r i n g :  t h e  

k e r a t i n i z a t i o n  p r o c e s s ,  b y  c a t a l y z i n g  t h e  o x i d a t i v e  c l o s u r e  o f  t h e  
P 

s u l f h y d r y l  g r o u p  o f  c y e t e i n e  i n t o  t h e  d i s u l p h i d e  bond o f  c y s t i n e  b 4 

( R o t .  6 5 ) .  T h i s  S-S bond i s e i n  p a r t  r e s p o n s i b l e  ( t o q e t h e r  w i t h  t h e  

Kydroqen  boqd a n d  t h e  s a l t  b o n d )  f o r  t h e  c o h e s i o n  o f  t h e  k e r a t i n  

s t r u c t u r e ;  i n d e e d ,  c o p p e r  d e f i c i e n c y  r e s u l t s  i n  b r i t t l e  h a i r s  .- C o ~ ~ e r  

u also p l a y s  a n  i m p o r t a n t  r o l e  i n  t h e  p i g m e n t a t i o n  o f  h a i r .  M e l a n i n ,  

- w h i c h  is t h e  p i g m e n t  r e s p o n s i b l e  f o r  t h e  b l a c k - b r o w n  c o l o r  o f  h a i r ,  i s  

formed  by t h e  c a t a l y t i c  a c t i o n  o f  t y r o s i n a s e  ( w h i c h  i s  a c u p r o p r o t e i n )  - 
h 

o n  t w s i n  ( F i t .  5 8 ) ,  a n d  t h e  a c t i v i t y  o f  t h i s  enzvme i s  r e l a t e d  t o  



t h e  p r e s e n c e  o f  c o p p e r  i n  t h e  f o l l i c l e  ( F i t .  5 8 ) .  

However ,  i t  i s  n o t  p o s s i b l e  t o  c o n c l u d e  t h a t  t h e  p r e s e n c e  o f  Cu 

i n  t n e  h a i r  s h a f t  i s  e n t i r e l y  d u e  t o  i t s  i n c o r p o r a t i o n  i n  t h e  g r o w i n g  

r e g i o n  o f  t he  n a i r  b u l b ,  s i n c e  c -opper  i s  common i n  t h e  e n v i r o m e n t  a n d  

e x t e r n a l  c o n t a m i n a t i o n  i s  e x p e c t e d  t o  b e  a n  a d d i t i o n a l  s o u r c e .  

S i m i l a r l y ,  z i n c  ( F o l .  -66)  a n d  i o d i p e  ( R e r .  6 4 )  a r e  s u s p e c t e d  t o  

. b e  e s s e n t i a l -  f o r  t h e  g r o w t h  a n d  t h e  p i g m e n t a t i o n  o f  h a i r ,  s i n c e  t h e s e  
I 

e l e m e n t s  h a v e  b e e n  s h o w n c t o  b e  p r e s e n t  i n  t h e  f o l l i c l e  (Mon. 58) , and  
,-- 

b e c a u s e  l p s s  o f  p i g m e n t a t i o n  a d / o r  i m p a i r e d  g r o w t h  i s  a c o n s e q u e n c e  
C 

o f  a d e f i c i e n c y  i n  e i t h e r , o f  t h e s e  e l e m e n t s .  

1 m 5 - 3 )  Sww e c r e t i o n  a n d  S e b a c e o u s   excretion^ 

, 
Whether  t r ace  e l e m e n t s ,  a r e  i n c o r p o r a t e d  i n t o  t h e  k e r a t i n  

s t r u c t u r e  t h r o u g h  h a i r  g r o w t h  o r  t h r o u g h  e x t e r n a l  d e p o s i t i o n  o f  

f o r e i g n  material on t h e  h a i r  s h a f ' t ,  i t  seems r e l e v a n t  t o  e x a m i n e  _-- 
, 

b r i e f l y  t h e  m e c h a n i s m s  t h r o u g h  w h i c h  t h e  b o d y  e x c r e t e s  s i g n i f i c a n t '  
/ 

'T , ,' , 
, 

q u a n t i t i e s  o f  l i q u i d s ,  w h i c h  c o u l d  b e  a  p o s s i b l e  vehi-clk  f o r  t h e  - , 
,: ,' 

, 
, 4 , 

p e n e t r a t i o n  o f  e x t e r n a l  t race e l e m e n t s  i n t a t h e  h a i r  s h a f t .  -- 
, 

, , ,- 
, 

,f , / 

,, 

1.5.3.1 ) S w e a t  ~ ~ c r e t < o n  , 

,,/' 

2 

Two d i f f e r e n t  g l a n d s  c o n t r i b u t e  t o  t h e  p r o d u c t i o n  o f  sweat: t h e  
J 



e c c r i n e  and a p o c r i n e  s l a n d s .  

The e c c r i n e  sweat  g l a n d s  a r e  d i s t r i b u t e d  a l l  o v e r  t h e  s u r f a c e  o f  

t h e  body i n  man, and produce an aqueous  sweat  r e s p o n s i b l e  f o r  h e a t  

r e g u l a t i o n . '  F u r t h e r m o r e ,  even  a t  t e m p e r a t u r e s  below t h e  c r i t i c a l  

t e m p e r a t u r e  o f  s w e a t i n g ,  t h e  sweat  g l a n d s  p e r i o d i c a l l y  s e c r e t e  

/ m i c r o s c o p i c a l l y  v i s i b l e  sweat  d r o p l e t s ,  which r a p i d l y  e v a p o r a t e  -from 

J' t h e  s k i n  s u r f a c e  ( R o t .  651 ,  a  normal p r o c e s s  o f  w a t e r  l o s s .  

J 
E c c r i n e  s w e a t i n g  i s  n o t  o p l y  a  r e s p o n s e  t o . t e m p e r a t u r e  i n c r e a s e ,  7 

b u f  i s  a  consequeece  o f  ne rvous  s t i m u l i  ( e m o t i o n a l  stress and s e n s o r y  

s t i m u l a t i o n )  ([-Ion. 6 2 ) .  Thermogenic swea t ing  i s  g r e a t e r  o n  t h e  head 
-7 - , 

and t h e  t r u n k  than  anywhere- e l s e  on t h e  body,  whkch i s  r e l e v a n t  f o r  
, 

,' /-_ 

- - b  
t h e  i n t e r p A o f '  r e s u l t s  such,:a< - ' <he d i s t r i b u t i o n  o f  t r a c e  

/" , 
, 

I' 

, , - - a e m e n t s  i n  h a i r  shor t ly '  a f t e r  i n g e s t i o n  (Lim 6 6 )  . , , / 
- , 

,/" , 
I 

, _I 

, , ' 
'/" 

,, 
,, The c h e m i c a l  composi t ion o f  swea t  depends  t o  some e x t e n t  on t h e  

/--= -"- 
/ 

m a t e r i a l  a v a i l a b l e  i n  t h e  blood s t r e a m ,  and as s u c k ,  sodium,  c a l c i u m ,  

magnesium, s u l f u r ,  phosphorus ,  and e s p e c i a l l y  i r o n ,  have beeti 
B 

c o n s i s t e n t l y  found i n  e c c r i n e  sweat (Mon. 58)  . 

It seems, t h e n ,  t h a t  e c c r i n e  sweat can  b e  c o n s i d e r e d .  as  an . 
f 

e x c r e t o r y  pathway ( a l t h o u g h  n o t  t h e  most i m p o r t a n t )  f o r  some t r a c e  

e lements  which a r e  i n  e x c e s s i v e  c o n c e n t r a t i o n  i n  t h e  o rgan i sm.  



The a p o c r i n e  g l a n d s  do  n o t  o c c u r  o v e r  t h e  whole 

man, b u t  d e r i v e ,  from t h e  f o l l i c u l a r  e p i t h e l i u m  

f o l l i c u l a r  c a n a l .  The s e c r e t i o n  o f  t h e s e  q l a n d s  i s  

body s u r f a c e  i n  

and" owen i n t o  

n o t  oroduced bv 

the rmal  s t i m u l a t i o n ,  b u t  r a t h e r  by mechanical  s t i m u l i ,  and c o n s i s t s  o f  

a s m a l l  amount o f  v i s c o u s  l i q u i d  a t  t h e  end o f  t h e  

f o l l i c u l a r  c a n a l .  
,* 

Apocrine swea t  c o n t a i n s  i r o n  i n  f a i r l y  i m p o r t a n t  q u a n t i t i e s  

( 6 - 1  0mg F e / c c  (Ada.  5 0 ) )  and i s  one o f  t h e  main e x c r e t o r v  ~ a t h w a y s  f o r  

J t h i s  m e t a l .  I 

Although e c c r i n e  and a p o c r i n e  g l a n d s  have d i s t i n c t  c a n a l s  o f  

s e c r e t i o n ,  t h e  p r o x i m i t y  o f  t h e s e  two sweat  q l a n d s  c a u s e s  t h e i r  

s e c r e t i o n s ,  t o  become m i x e d .  

Like a p o c r i n e  g l a n d s ,  - sebaceous  .g lands  a r e  a s s o c i a t e d  w i t h  h a i r  
L 

, - 
f o l l i c l e s  on t h e  s k i n  o f  t h e  human body. However, t h e  e x c r e t i o n  . o f  

f a t  from t h e  s e b a c e o u s .  g l a n d s  o c c u r s  by  p h y s i o l o q i c a l  d i s i n t e g r a t i o n  

o f  t h e  g land  c e l l s ;  r a t h e r  than  a s  a s e c r e t i o n -  p roduc t  l i k e  e c c r i n e  f 

ds 

8 
s w e a t .  The e x c r e t i o n  o f  sebum i s  r e g u l a t e d  by t h e  f o l l o w i n g  i m w r t a n t  

f a c t o r s :  

@ 1 )  The m o u n t  o f  f a t t y  m a t e r i a k + r e a d y  p r e s e n t  on t h e  



- 
ID 
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, s k i n  d e t e r m i n e s  t h e  q u a n t i t y  o f  sebum e x c r e t e d ,  w h i c h  i n c r e a s e s  . C 

f' 
a s  t h e  f a t t y  f i l m  i s  removed f rom t h e  s k i n  (Mon. 5 8 ) .  

2 )  H i g h  t e m p e r a t u r e  i n c r e a s e s  t h e  a m o u n t .  o f  sebum 

e x c r e t e d ,  s i n c e  a b o v e  30 OC i t  b e c o m e s  

l a y e r  i s  'for&. F u r t h e r m o r e ,  sweat 
< *. .. 

sebum and f a c i l i t a t e s  i t s  s p r e a d  ( J o n .  

s o  f l u i d  t h a t  no  o c c l u s i v e  

s e c r e t i o n  e m u l s i f i e s  t h e  A 

G I ) .  

3 )  F o r c e d  f e e d i n g  o f  a n i m a l s  w i t h  f a t s  r e s u l t s  i n  

e x c r e t i o n  o f '  i n c h e a s e d  a m o u n t s  o f  s e b u m ,  a n d  t h e  n u t r i t i o n a l  f a t  
- 

c o n s t i t u e n t s  are  e x c r e t e d  u n c h a n g e d .  

C o n s i d e r a b l e  b i o l o g i c i l  s i g n i f i c a n c e  i s  a t t r i b u t e d  t o  t h i s  l i p i d  

material a s  i t  i s  s u p p o s e d  t o  p r o t e c t  t h e  s k i n  a n d  h a i r  a g a i n s t  t ,he  

v i c i s s i t u d e s  o f  t h e  a t m o s p h e r e  a n d  to s l o w  down t h e  a b s o r p t i o n  o f .  

f o r e i g n  s u b s t a n c e s  from t h e  o u t s i d e .  Sebum c o n s i s t s  o f  f a t t y  a c i d s ,  

' a l c o h o l s  s u c h  a s  c h o l e s t e r o l  a n d  g l y c e r o l ,  h y d r o c a r b o n s  s u c h  a s  
/ 

s q u a l e n e ,  a n d  v i t a m i n s  A ,  E ,  a n d  D .  
9 

It seems t h a t  o n e  a c t i o n  o f  sebum is, t o  r e t a r d  t h e  d e p o s i t i o n  o f  

t r a c e  e l e m e n t s  o n  t h e  h a i r  s h a f t ,  s i n c e  i t  d e l a y s  t h e  w e t t i n g  o f  t h e  

k e r a t i n ,  and, as  s u c h  p o s t p o n e s  t h e  p e n e t r a t i o n  o f  'water a n d  a q u e o u s  2- 

f 4 

s o l u t i o n s .  However ,  s a l t s  o f  l e a d ,  t i n ,  c o p p e r ,  a r s e n i c ,  b i p u t h ,  - 

-\ - 

a n t i m o n y  a n d  m e r c u r y  t e n d  t o  fo rm compounds  w i t h ,  o r  d i s s o l v e  i n ,  t h e  

t f a t t y  a c i d s  o f  t h e  sebum,  a n d  as s u c h  p e n e t r a t e  t h e  i n t a c t  s k i n  



througTair f o l l i c l e s  a n d  s e b a c e o u s  q l a n d s  (Mon. 5 8 ) .  It  p 

r e a s o n a b l e  t o  assume t h a t  t h e s e  e l e m e n t s  c a n  ' b e  a b s o r b e d  i n t o  t h e  h a i r  

f iber  i n  t h e  f o l l i c u l a r  c a v i t y  i t s e l f ,  w h e r e  t h e x e r a t i n  is n o t  

c o m p l e t e l y  h a r d e n e d  a n d  h e n c e  ' is more s u s c e p t i b l e  t o  i n c o r p o r a t e  t h e s e  
3 

/' t r a c e  e l e m e n t s  i n t o  i t s  s t r u c t u r e  I 
\ 

A l t h o u g h  t h e  p r e c i s e  c o m p o s i t i o n s  and r o l e s  o f  b o t h  s w e a t  a n d  

sebum a r e  n o t  p e r f e c t l y  h o w n ,  t h e y  seem t o  p l a y  a n  i m p o r t a n t  r o l e  i n  
0 

t h e  i n c o r p o r a t i o n  o f  t race e l e m e n t s  i n t o  t h e  k e r a t i n  s t r u c t u r e ,  s i n c e  
LC -, C 

t h e y  a r e  a l m s s t  c o n t i n u o u s l y  i n  c o n t a c t  w i t h  t h e  h a i r  s u r f a c e .  

It is  c l ea r  t h a t  many d i f f e r e n t  f a c t o r s  h a v e  a ' d i r e c t  b e a r i n g  
$ 

on t h e  p r e s e n c e  o f  t race e l e m e n t s  i n  h a i r ,  s u c h  a s  s t r u c t u r e  o f  t h e  
* 

k e r a t i n  and  a v a i l a b i l i t y  o f  t h e  elements i n  t h e  f g l l i c l e  d n d  on t h e  
t 

1 
h a i r  s u r f a c e ,  t o g e t h e r  w i t h  t h e  " l i v i n g  h a b i t s "  o f  t h e  s u b j e c t s  f rom 

whom t h e  h a i r  s a m p l e s  are t a k e n .  

It seems i n t e r e s t i n g  now t o  r e v i e w  t h e  e x t e n s i v e  l i t e r a t u r e  which  

d e a l s  with t h e  a n a l y s i s  o f  t r a c e  e l e m e n t s  i n  h a i r ,  and  t o  see w h i c h  

p a r t i c u l a r  f e a t u r e s  w i l l  r e s u l t  f r o m  t h e  s p e c  i f  i c  s t r u c t u r e  a n d  

c o m p o s i t i o n  o f  t h e  h a i r  s h a f t  we p r e v i o u s l y  d e s c r i b e d .  



1  . 6 )  F o r e n s i c  ~ p p l  i c a t i d n s  

1 . 6 . 1 )  L a r g e - s c a l e  Su rveys  

m e  o f  the  mos t  c o n t r o v e r s i a l  a p ~ l i c a t i o n s  o f  h a i r  a n a l v s i s  f o r  

t r a c e  e l e m e n t  c o n t e n t  i s  i n  f o r e n s i c  s c i e n c e .  I d e n t i f i c a t i o n  o f  

i n d i v i d u a l s  h a s  been  c l a i m e d  t o  b e  p o s s i b l e  t h r o u g h  h a i r  t r a c e  e l e m e n t  

c o n t e n t  ( m e a s u r e d  as  an  a v e r a g e  v a l u e  f o r  t h e  s a m p l e  s i z e  employed 

, which  h a s  u s u a l l y  been a h a i r  b u n d l e  o f  s e v e r a l  m i l l i g r a m s  i n  man) .  

T h i s  c o n t e n t  h a s  been  p o s t u l a t e d  t o  b e  s p e c i f i c  f o r  a  q i v e n  

i n d i v i d u a l ,  d e r i v i n q  f rom a  c h a r a c t e r i s t i c  d i e t ,  e n v i r o n m e n t ,  and 

m e t a b o l i c  c h e m i s t r y .  

a n a l v s i s  o f  & t h e i r  

t h e  d e t e r m i n a t i o n  of  

t e c h n i q u e  o f  Neut ron  

The probyem o f  i d e n  t i f y i n q  i n d i v i d u a l s  t h r o u g h  
4 

h a i r  is f a r  from b e i n g  r e s o l v e d  h o w k r ,  a l t h o u g h  . 
t r a c e  e l e m e n t  c o n t e n t  o f  human head h a i r s  v i a  t h e  

A c t i v a t i o n  A n a l y s i s  h a s  been  a ~ p l i e d  w i d e l y  i n  

t h i s  c o n n e c t i o n  ( J e r .  6'1). 

- 

Large  s c a l e  s u r v e y s  o f  t h e  t r a c e  e l e m e n t  c o n c e n t r a t i o n  

d i s t r i b u t i o n s  in t h e  h a i r  f rom v a r i o u s  p o p u l a t i o n s  h a v e  been c o n d u c t e d  

by P e r k o n s  and  J e r v i s  ( P e r .  65 ,  P e r .  6 6 ) ,  Coleman ( C o l .  67.1, and  Ba te  

and  Dyer ( B a t .  6 4 ) .  Such  s t u d i e s  were  u n d e r t a k e n  t o  

f e a s i b i l i t y  o f  i d e n t i f i c a t i o n  by  t r a c e  e l e m e n t  a n a l y s i s  o f  h a i r s ,  and 

measured  t h e  v a r i a t i o n  o f  t r a c e  e l e m e n t  c o n c e n t r a t i o n  f o r  a  whole 



P 
p o p u l a t i o n .  The v a k i a t i o n  o f  t r a c e  e l e m e n t  c o n c e n t r a t i o n  o v e r  a 

C 
s i n g l e  head was a l s o  s t u d i e d  ( C o l .  6 7 ) .  These  s t u d i e s  made c l e a r  t h a t  

i 
i m p o r t a n t  v a r i a t i o n s  o f  c o n c e n t r a t i o n s  o c c u r  f o r  who le  p o ~ u l a t i o n s  

( C o l .  6 7 ) ,  b l y  i n  p a r t  f rom v a r i a t i o n  i n  c o n d i t i o n s  
, 

o f  e x p o s u r e  from p l a c e  t o  p l a c e  and  f rom v e a r  t o  

y e a r .  f i e y  f u r t h e r  o r e  d e m o n s t r a t e d  t h a t  i n  t h e  c a s e  where s e v e r a l  i 
b u n d l e s  o f  h a i r s  t aken+f ro r t i  a s i n g l e  head are a n a l v z e d ,  t h e  v a r i a t i o n  

from b u n d l e  t o  b u n d l e  o f  c o n c e n t r a t i o n s  o f  t r a c e  e l e m e n t s  w a s  

s i g n i f i c a n t  ( C o l .  6 7 ) ,  b u t  s t i l l  small e k u q h  ( J e r .  6 1 ,  P e r .  62) t o  

a l l o w  an i d e n t i f i c a t i o n  bv  m a t c h i n g  t h e  t r a c e  e l e m e n t  c o n c e n t r a t i o n  o f  
. i 

two h a i r  s a m p l e s .  

Cordus  ( G o r .  7 3 )  showed r e c e n t l y  t h h t  ' u n i f o r m i t y  o f  d i e t  and  

l i v i n g  h a b i t s  o f  t h e  p o p u l a t i o n  from which  t h e  s a m p l e s  were  t a k e n  

r e s u l t e d  i n  a  r e d u c t i o n  i n  t h e  m e t a l  c o n t e n t  v a r i a n c e ,  i n  c o m p a r i s o n  

w i t h  t h e  r e s u l t s  o b t a i n e d  f o r  a  p o p u l a t i o n  exposed  t o  a  h e t e r o g e n e o u s  ,a 
d i e t  and  e n v i r o n m e n t  ( P e r .  65, Per. 6 6 ) .  ' h a t e v e r  t h e  d e q r e e  o f  

* 

e x h i b i t e d  by  two sets o f  h a i r  s a m p l e s ,  i t  i s  n o t  p o s s i b l e  
\ 

.n t h a t  t h e y  h a v e  a common o r i g i n  u n l e s s  i t  h a s  b&n 

p o s s i b l e  t o  d e t e r m i n e  t h e  number o f  p e o p l e  i n  a  p o p u l a t i o n  . a t  l a r g e  
I 

whose h a i r s  would e x h i b i t  t r a c e  e l e m e n t  c o n c e n t r a t i o n s  s i $ i l a r  t o  
6 

t h o s e  f o r  t h e  s a m p l e s  b e i n q  compared ,  r e l a t i v e  t o  t h e  s i z e  o f  t h e  

whol;! p o p u l a t i o n .  



Parke'r (Pa - r .  6 6 ,  P a r .  6 7 )  h a s  d e s c r i b e d  a n  a t t r a c t i v e  s t a t i s t i c a l  

method which  n o t  o n l y  e s t a b l i s @ e s  whe the r  o r  n o t  common f e a t u r e s  e x i s t  
$t 

between two sets o f  s a m p l e s  b u t  d e t e r m i n e s  t h e  p r o p o r t i o n  o f  t h e  wh6le 

p o p u l a t i o n  from which  s p e c i m e n s  w i l D  be i n d i s t i n g u i s h a b l e  from e i t h e r  

set o f  s a m p l e s .  

T h i s  method u s e s  t h e  r e s u l t s  o f  t h e  l a r 9 e  s c a l e  s u r v e y s  c o n d u c t e d  
% 6 ,  

( C o l .  6 7 )  and P e r k o n s  and J e r v i s  ( P e r .  6 6 1 ,  and becomes 

i v e  w i t h  t h e  number o f  t r a c e  e l e m e n t s  whose c o n c e n t r a t i o n s  
* 

The m a j o r  l i m i t a t i o n  o f  t h i s  s t a t i s t i c a l  t r e a t m e n t  l i e s  i n  t h e  

f a c t  t h a t  i t  c a n  o n l y  b e  a p p l i e d  t o  t h e  c o m p a r i s o n  o f  d a t a  s u c h  3s 

mean c o n c e n t r a t i o n  v a l u e s  o v e r  b u n d l e s  o f  h a i r s ,  and n o t  t o  

c o m p a r i s o n s  o f  f e a t u r e s  l i k e  t h e  p a t t e r n s  o f  d i s t r i b u t i o n  o f  a  g i v e n  

metal a l o n g  t h e  h a i r  s h a f t .  F o r  t h i s  k i n d  o f  a t t r i b u t e ,  o n l y  t h e  

l i n e a r  c o r r e l a t i o n  method can  b e  a p p l i e d ,  and t h i s  p o i n t  w i l l  be  

d i s c u s s e d  l a t e r  i n  Appendix A .  

u 

1.6.2)  S i n g l e  H a i r  A n a l y s i s  

W c h  o f  t h e  a b o v e  s u r v e y  work was c o n d u c t e d  w i t h  s a m p l e s  

c o n s i s t i n g  of  h a i r  b u n d l e s ;  i n  f o r e n s i c  c a s e  work howeve r ,  s a m p l e s  

f r e q u e n t l y  c o n s i s t  o f  i n d , i v i d u a l  h a i r s ,  and c o n s e q u e n t l y ,  amonq t h e  

i m p o r t a n t  q u e s t i o n s  t o  b e  s t u d i e d ,  was e v i d e n t l v  t h e  v a r i a t i o n .  o f  



# t r a c e  e l e m e n t  c o n c e n t r a t i o n  a l o n g  s i n q 1 . e  h a i r s  o v e r  a  s i n g l e  h e a d .  

Coleman e t  a l .  ( C o l .  6 7 )  p r o v e d  t h a t  i n  t h i s  case ,  t h e  v a r i a t i o n  

o f  t r a c e  e l e m e n t  c o n c e n t r a t i o n  was c o m ~ a r a b 1 . e  w i t h  t h e  v a r i a t i o n  f o r  a  

p o p u l a t i o n  a t  l a r g e ,  a l t h o u g h  t h e  h a i r  t o  h a i r  d i f f e r e n c e s  i n  

p" h 

c o n c e n t r a t i o n  w e r e  r e d u c e d  by  c h o o s i n g  a w a s h i n g  p r o c e d u r e  w h i c h  

r e d u c e d  e x t e r n a l  c o n t a m i n a t i o n .  F u r t h e r m o r e ,  t h e  v a r i a t i o n  i n  t r a c e  
I 

e l e m e n t  c o n c e n t r a t i o n  o v e r  a  seven-month  p e r i o d  w a s  f o u n d  t o  b e  b i g q e r  
F b 

t h a n  t h e  v a r i a t i o n  f o r  s a m p l e s  t a k e n  s i m u l t a n e o u s l y  o n  a  s i n g l e  head  
B 

( Col . 6 7 ) .  A l t h o u g h  n e q a t i v e  , t h o s e  r e s u l t s  e m p h a s i z e d  t,he need  

f o r  f u r t h e r  i n v e s t i g a t i o n  o f  t h e  i n t r i n s i c  v a r i a t i o n  o f  metal 

c o n c e n t r a t i o n  o v e r  a  s i n g l e  head .*  

i Recent s t u d i e s  ( O b r .  7 2 )  o f  s a m p l e s  c o n s i s t i n q  o f  10-cm s e g m e n t s  

o f  s i n g l e  h a i r s  h a v e  shown t h a t  t h e  v a r i a t i o n  o f  t h e  c o n c e n t r a t i o n  o f  * 

s u c h  e l e m e n t s  a s  C r ,  Se ,  F e ,  S b ,  a n d  Ag c a n  b e  s u b s t a n t i a l  a n o n g  h a i r s  

t a k e n  f r o m  i m m e d i a t e l y  a d j a c e n t  d t e s  o n  t h e  s c a l p ,  a n d  a l l  i d e n t i f i e d  

a s  b e i n g  i n  t h e  a n a g e n  o r  g r o w i n g  p h a s e  o f  t h e  h a i r ,  g r o w t h  c y c l e  ( t o  

e l i m i n a t e  o n e  p o s s i b l e  p e r t u r b i n g  f a c t o r ) .  

I n  t h e  same s t u d y ,  a n  increase in t h e '  c o n c e n t r a t i o n  o f  m o s t  t r a c e  ' 

e l e m e n t 9  was  found b e t w e e n - & h e h a i r  rotst and  t h e  o p p o s i t e  o r  d i s t a l  

end  o f  t h e  h a i r ,  b y  a s  m w h  a s  a f a c t o r  o f  20. T h u s ,  i f  t w o  s i n g l e  

h a i r  s a m p l e s  a r e  t o  b e  compared  u n d e r  t h e  c i r c u m s t a n c e s  w h e r e  t h e  

d i s t a n c e  f rom t h e  h a i r  r o o t  i s  n o t  d e t e r m i n a b l e ,  and  t h e '  ~ h a s e  o f  t h e  



h a i r  g r o w t h  c y c l e  i n  e a c h  c a s e  is  n o t  known, matchius :  by t r a c e  e l e m e n t  

c o n t e n t  a v e r a g e d  o v e r  a  who le  h a i r ,  o r '  e v e n  o v e r  10-crn s e g m e n t s ,  . 
a p p e a r s  t o  b e  o f  d u b i o u s  v a l i d i t y  ( O b r .  '721. 

1 . 6 . 3 )  S i n g l e  Hair p r o f i l e s  

L - 

b 1 n & e a d ,  t h e r e f o r e ,  o f  employ ing  a v e r a q e  c o n c e n t r a t i o n  v a l u e s  f o r  

c h a r a c t e r i z a t i o n  o f  h a i r ,  a n  a l t e r n a t i v e ,  s u c h  a s  t h e  measurement  o f  

t h e  p a t t e r n  o f  c o n c e n t r a t i o n  v a r i a t i o n s  a l o n g  t h e  h a i r  s h a f t ,  i s  

n e e d e d .  

The r e c e n t  deve lopmen t  o f  f l a m e l e s s  Atomic Abso rp t ion  

S ~ e c t r o m e t r ' " y ,  w i t h  t h e  c o n c o m i t a n t  improvement  i n  s e n s i t i v i t y  i n  . t h z "  

d e t e r m i n a t i o n  o f  many t r a c e  e l e m e n t s ,  has, made ~ o s s i b l e  t h e  

measurement  o f  s u c h  p a t t e r n s  t h r o u g h  a n a l y s i s  o f  s u c c e s s i v e  h a i r  
f 

segmen t s  o f  much s h o r t e r  l e n g t h ,  and  w i t h o u t  p r i o r  d i s s o l u t i o n  ( a n d  
# 

hence  w i t h  l e s s e r  r i s k  o f  c o n t a m i n a t i o n ) .  The t e c h n i q u e  was f i r s t  
A ? 

a p p l i e d  t o  Cu and Pb measurement  o n  0 :5 and 1, cm s e c t i o n s  , 

r e s p e c t i v e l y ,  o f  i n d i v i d u a l  h a i r s  b y  Renshaw e t  a l .  (Ren .  731 ,  who 

d e m o n s t r a t e d  t h a t  c o n c e n t r a t i o n s  o f  b o t h  l e a d .  and c o p p e r  

from r o o t  t o  t i p ,  and t h a t  t h e  s t a n d a r d  d e v i a t i o n  o f  copDer  

c o n c e n t r a t i o n s  f o r  t h e  b o p u l a t i o n  a t  a  g i v e n  d i s t a n c e  from t h e  root ,  

were r o u g h l y  t w i c e  t h o s e  o v e r  a  s i n g l e  head .  - 
These r e s u l t s  i n d i c a t e d  t h a t  a n a l y s i s  o f  s h o r t  h a i r  s e c t i o n s  
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m i g h t  be u s e f u l  i n  d i s c r i m i n a t i n g  be tween h a i r  s a m ~ r e s  from d i f f e r e n t  
I - 

s o u r c e s .  -- 
.111 

S i m i l a r & ,  f l b r u s n i k  e t  a l .  ( O b r .  7 3 )  ' d e @ n s t r a t e d  q '. t h e  e x i s t e n c e  

' o f  p a t t e r n s  $n t h e  s p a t i a l  d i s t r i b u t i o n  o f  s u c h  e l e m e n t s  a s  c o p p e r ,  

m a g n e s i m ,  l e a d ,  i r o n ,  s i l v e r  and manganese ,  w h i c h  c o u l d  p o s s i b l y  b e  
t 

used  i n  h a i r  c h a r a c t e r i z a t i o n ,  i n s t e a d  o f  t h e  uscfal c o m p a r i s o n  o f  -. .. . 
a v e r a g e  c o n c e n t r a t i o n  f i g u r e s  .- 

t 

1 . 7 )  E f f e c t s  o f  Hair Washing and H a i r  Soak ing  , 

. , 

Whatever  t h e  o r i g i n  o f  t h e  d i f f e r e n t  t r a c e  eleme%ts which  a r e  
A F;. * 

c o n c e n t r a t e d  i n  human head h a i r s ,  
i t  

l i k e 1  y  t h a t  a n  a p p r e c i a b l e  

q u a n t i t y  o f  them d e r i v e s  from e x t e r n a l  c o n t a m i n a t i q n   at. 6 6 b )  e i t h e r  

i 
d i r e c t l y  o r  v i \a& s w e a t  and  s e b a c e o u s  e x c r e t i o n .  T h u s ,  a q u e s t i o n  which  

h a s  been d i s c h s s e d  ( O b r .  7 3 ,  B a t .  65 )  is t h e  d e s i $ % % i l i t y  o f  removing  - 
bC 

s u c h  "external c o n t a m i n a t i o n n  s o  t h a t  t h e  ana%&ls may r e v e a l  o n l y  t h e  

" n a t u r a l "  c o n t e n t  o f  t r a c e  e l e n e n t s  i n  t h e  h a i r .  It is  o f  c o u r s e  a l s o  
- i 

a r q u a b l e  t h a t  a  c h a r a c t e r  i s t i c  e x t e r n a l  c o n t a m i n a t i o n  c o u l d  b e  u sed  as-  
- 

1 
-. 

a means o f  i d e n t i f i c a t i o n  ( J e r .  6 7 ,  Obr .  7 2 ) ,  3 i n c e  i t  m i g h t  r e f l e c t  : 

t h e  

PO 1 

l i v i n g  env i ronmen t  o f  t h e  s u b j e c t  ( e . g .  v o n e  o f  h e a v v  * 
%> 

l u t i o n )  o r  t h e  s u b j e c t ' s  o c c u p a t i o n  (e.& i n  t h e  case o f  a mine  o r  

m e t a l  p l a n t  w o r k e r ) :  I n  mos t  f o r e n s i c  c a s $ s ,  howeve r ,  u n l e s s  the 
J 

S u s p e c t  i s  apprehended  i m m e d i a t e l y  a f t e r  t h e  c r i m e ,  i d e n t i f i c a t i o n  by 

n e a n s  o f  a n a l y s i s  o f  h a i r s  which  h a v e  n o t  been  p r e v i d u s l y  c l e a n e d  i s  
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o f  d u b i o u s  v a l i d i t y ,  s i n c e  many i r r e l e v a n t  f a c t o r s  s u c h  a s  poor  

C h a n d l i n g  o f  t h e  s a m p l e s ,  may h a v e  c a u s e d  t h e  e x t e r n a l  c o n t a m i n a t i o n  t 9  

i n c r e a s e .  

.' . 
The n e e r f o r  w a s h i n 3  t h e  h a i r  s a m p l e s  p r i o r  t o  a n a l v s i s  i s  now 

g e n e r a l l y  ' acknowledged ,  a1 though a  r a n g e  o f  o p i n i o n s  r e m a i n s  a s  t o  

whe the r  an o r q a n i c  s o l v e n t  such  a s  d i e t h y l  e t h e r ,  a c e t o n e  o r  e t h a n o l  

( O b r .  7 3 ) ,  s h o u l d  be u sed  o r  r a t h e r  an a q u e o u s  s o l u t i o n  w i t h  o r  w i t h o u t  

a n o n - i o n i c  d e t e r g e n t  (Bat. 6 5 )  similar t o  t h e  w a s h i n g  used  f o r  

o r d i n a r y  h y g i e n i c  p u r p o s e s .  

B a t e  ( B a t .  6 6 a )  and Ba te  and  Dver  at. 6 6 b )  i n  an i m ~ r e s s i v e  
L A  , -.' 

s e r i e s  o f  e x p e r i m e n t s  d e m o n s t r a t e d  s e v e r a l  i m p o r t a n t  p o i n t s  : . w 

v 

1 )  The amount o f  a  t r a c e  e l e m e n t  a b s o r b e d  by h a i r s  from - 
a s o l u t i o n  i n  which it  i s  s o a k e d ,  d e p e n d s  b o t h  on t h e  pH o f  t h e  

s o l u t i o n ,  and on t h e  p a r t i c u l a r  e l e m e n t  c o n s i d e r e d .  T h i s  was  

con f i rmed  by van  d e n  Berg e t  a l .  ( B e r .  67') who i n t e r p r e t e d  t h e  , 

r e s u l t s  i n  terms o f  a  c o m p e t i t i o n  f o r  b i n d i n g  s i tes  i n  t h e  h a i r  

s t r u c t u r e  between'  metal and hydrogen  i o n s .  .. 
/ 

* 

s h o r t  d e t e r g e n t  wash ing  removed 

t r a c e  e l e m e n t  c o n t e n t  o f  h a i r s ,  w h i l e  a  
I 

pro longed  wash ing  removed r e l a t i v e l y  l i t t l e  o f  t h e  r e m a i n d e r .  



T h i s  was f i r s t  i n t e r p r e t e d  as p e r h a p s  p r o v i d i n g  a  

d i s t i n c t i o n  b e t w e e n  t h e  l o o s e l y  bound a n d  t i g h t l y  bound t r a c e  
b 

e l e m e n t  c o n t e n t ,  a n d  h e n c e  b e t w e e n  t h a t  a r i s i n g  f r o m  e x t e r n a l  , 

c o n t a m i n a t i o n  and  t h a t  i n d i g e n o u s  t o  t h e  h a i r  s t r u c t u r e  p r o p e r . &  

A 
However ,  v a n  d e n  Berg  e t  a 1  . ( B e r .  67) showed t h a t  

metals s u c h  a s  z i n c  a n d  c o p p e r  are  a b s o r b e d  f rom s o l u t i o n  i n t o  

h a i r s  v i a  a t w o - s t e p  p r o c e s s .  1 n i t i a l l y . a  r a p i d  a b s o r p t i o n  t a k e s  

p l a c e  i n t o  the  o u t e r m o s t  p a r t s  o f  i%e h a i r  s t r u c t u r e ,  a n d  

s u b s e q u e n t l y  a s l o w e r  m i g r a t i o n  o c c u r s  d e e p e r  i n t o  t h e  c e n t r a l  

r e g i o n s  o f  t h e  h a i r  s h a f t .  Tnus  trace e l e m e n t s  i n  t h e s e  l a t t e r  

l o c a t i o n s  would  b e  e x p e c t e d  t o  b e  l e s s  r e a d i l y  r e l e a s e d  d u r i n g  
C 

"wasning,  w h i c h  would  a c c o u n t  f o r  t h e  r e s u l t s  o f  B a t e  e t  a l .  

3 '  E l e m e n t s  s u c h  as S b ,  Co,  F e ,  Z n ,  Ba, a n d  Mn a r e  

much more r e a d i l y  removed f rom h a i r  b y  c o m p l e x i n g  a g e n t s  s u c h  a s  

EDTA t h a n  are  Au, Se a n d  Ag ( a l t h o u g h  c o n f l i c t i n g  d a t a  h a v e  b e e n  

r e p o r t e d  by Z e i t z  e t  a 1  . ( Zei . 6 9 )  , 'who o b s e r v e d -  o n l y  a 25% 

d e c r e a s e  i n  Zn c o n t e n t  i n  h a i r s  washed  f o r  33 h o u r s  i n ,  EDTA) . 
> 

T h i s  c e r t a i n l y  s u g g e s t s  a  d i f f e r e n c e  i n  t h e  n a t u r e  o f  t h e  b i n d i n g  

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

i f  t h e  b i n d i  g  s i t e s  h a v e  a s p e c i f i c  ( a s  o p p o s e d  t o  g e n e r a l )  ?, 't 
c h e m i c a l  c n a r a c  t e r  . 

Van d e n  B e r g  e t  a l .  ( B e r .  6 7 )  f u r t h e r m o r e  d e m o n s t r a t e d  a marked 



d i f f e r e n c e  i n  metal a b s o r p t i o n  among h a i r s  c o m i n g  f rom d i f f e r e n t  /' 

i n d i v i d u a l s  a s  w e l l  as among h a i r s  a l l  coming  f r o m  o n e  i n d i v i d u a l .  

This t h e y  a t t r i b u t e d  t o  v a r i a t i o n s  i n  t h e  k e r a t i n  t e x t u r e  ( a n d  ' h e n c e  

b i n d i n g  s i t e  d e n s i t y )  f rom h a i r  t o  h a i r .  

h e  s o a k i n g  a n d  , w a s h i n g  e x p e r i m e n t s  seem t o  p r o v i d e  e v i d e n c e  t h a t  
P 

e x t e r n a l  c o n t a m i n a t i o n  may b e  t h e  o r i g i n  o f  many o f  t h e  e l e m e n t s  1 
o b s e r v e d  i n  h a i r s .  This c o d c l u s i o n  e v i d e n t l y  h a s  a n  i m p o r t a n t  1 
c o n s e q u e n c e  i n  a f o r e n s i c  , c o n t e x t ,  s i n c e  t h e  c o n c e n t r a t i o n  o f  many 

\ 

t r a c e  e l e m e n t s  i n  h a i r  c o u l d  b e  m o d i f i e d  by  a b s o r p t i o n  o f  t h e  m e t a l s  

i n t o  t h e  k e r a t i n  s t r u c t u r e  f r o m  e x t e r n a l  s o u r c e s .  

i 
S t u d i e s  p r i o r  t o  t h e  p r e s e n t  work w e r e  n o t  c a p a b l e  o f  r e v e a l i n g  

f i n e  d e t a i l  i n  t h e  p a t t e r n  o r  d i s t r i b u t i o n . o f  t r a c e  e l e m e n t s  a b s o r b e d '  

a l o n g  t h e  h a i r  s h a f t  ( B a t .  6 6 a ) .  Only t h e  q e n e r a l  i n c r e a s e  i n  

c o n c e n t r a t i o n  f r o m  r o o t '  t o  d i s t a l  end was  known,  i n t e r p r e t e d  a s  h a v i n g  
* 

a s  i t s  o r i g i n  a ' l o n g e r  time o f  e x p o s u r e  t o  e x t e r n a l  c o n t a m i n a t i o n  o f  

t h e  d i s t a l  end o f  a  h a i r  compared  w i t h  t h e  r o o t  e n d .  Y 

Lima ( L i m .  6 6 ) ,  h o w e v e r ,  i n  a series o f  e x p e r i m e n t s  i n  w h i c h  o n l v  

t h e  t i p  o f  t h e  r o o t  end o f  s i n g l e  h a i r s  was  d i p p e d  i n t o  a  sod ium 

a r s e n i t e  s o l u t i o n ,  f o u n d  h i g h e r  c o n c e n t r a t i o n s  o f  a r s e n i c  a t  t h e  
% 

d i s t a l  e x t r e m i t i e s ,  r a t h e r  t h a n  a t  t h e  r o o t  e n d s  w h i c h  w e r e  d i p p e d  

i n t o  t h e  s o l u t i o n .  T h i s  r e s u l t  c l e a r l y  d e m o n s t r a t e d  t h e  m o b i l i t y  o f  

t h e  a r s e n i c  t a k e n  u p ,  w h i c h  w a s  f u r t h e r m o r e  d e m o n s t ' r a t e d  t o  t a k e  d a c e  



b y  c a p i l l a r y  a c t i o n  o n  t h e  o u t e r  s u r f a c e  o f  t h e  h a i r  s h a f t  ( c u t i c l e ) .  

i 0 

~ i m a ' s  d a t a  w e r e  c o n f i r m e d  f o r  h a i r s  i n  v i v o  i n  f u r t h e r  

e x p e r i m e n t s  ( L i m .  6 6 )  c o n d u c t e d  on f o u r  s u b j e c t s  who i n g e s t e d  small 

d o s e s  o f  a r s e n i c  ( ~ o w l e r ' s  s o l u t i o n )  . Ten d a y s  a f t e r  t h e  i n g e s t i o n ,  

h i g h e r  c o n c e n t r a t i o n s  o f  a r s e n i c  w e r e  foundi ' a t  d i s t a l  p o i n t s  (4 cm 
d 

from t h e  s c a l p )  t h a n  a t  t h e  r o o t ,  e v e n  t h o u g h  t h e  l e n g t h  of? h a i r  s h a f t  

g rown in.&s same time w o u l d  h a v e  b e e n  a b o u t  3 - 5  rnm. I n  a d d i t i o n ,  

h i g h e r  c o n c e n t r a t i o n s  a n d  h i g h e r  r a t e  of a r s e n i c  u p t a k e  w e r e  e x h i b i t e d  

oy a  s u b j e c t  w i t h  t h e  h a b i t s  o f  t a k i n g  s t e a m  b a t h s ,  a n d  e f f e c t i n g  
- 0 

d a i l y  h a i r  w a s h i n g ,  ~ o t h  o f  w h i c h  m i g h t  e n h a n c e  s p r e a d  o f  A s  b y  

* f 
c a p i l l a r y  a c t i o n  a l o n g  t h e  h a i r .  .?  

T n e s e  r e s u l t s  s u g g e s t  t h a t  a t  l eas t  some f r a c t i o n  o f  t h e  t o t a l  

amount  of  a r s e n i c  i n  h a i r  c o u l d  b e  i n c o r p o r a t e d  i n t o  t h e  h a i r  v i a  

s o a k i n g  i n  s w e a t ,  i n s t e a d  o f  s i m p l y  g r o w i n g  i n t o  t h e  h a i r  s t r u c t u r e  

p r o d u c e d  i n  t h e  r o o t ,  a s  h a s  b e e n  r e c e n t l y  s u g g e s t e d  ( P e a .  71) .  

I t  is  i m p o s s i b l e  h o w e v e r ,  t o  g e n e r a l i z e  t h i s  i n t e r p r e t a t i o n  t o  

, o t h e r  e l e m e n t s  s u c h  as  Zn ,  Cu,  Ag, o r  F e ,  s i n c e  n o n e  o f  t h i s  k i n d  o f  

d a t a  h a s  e x i s t e d  up t o  ;ow. 

1 . 8 )  A n a l y t i c a l  ~ e t h o d s ~  

/ 

Whabever i n t e r p r e t a t i o n  is, g i v e n  t o  t h e  p r e s e n c e  o f  b r a c e  



e l e m e n t s  i n  h a i r s ,  t h e  q u a l i t y  o f  t h e  d a S  i s  d e p e n d e n t  upon t h e  

c a p a b i l i t i e s  o f  t h e  method used f o r  t h e i r  a n a l y s i s .  

Three  m e t h o d s  o f  t h e  n e c e s s a r y  s e n s i t i v i t y  and s e l e c t i v i t y  a r e  

p r e s e n t l y  a v a i l a b l e  t o  t h e  a n a l y s t :  Neut ron  A c t i v a t i o n  A n a l y s i s ,  

X-Ray F l u o r e s c e n c e ,  and  Atomic Absorp t ion  S p e c t r o m e t r y .  

1 .8 .1)  Neu t ron  A c t i v a t i o n  A n a l y s i s  

With t h e  r e c e n t  development  o f  h i g h  r e s o l u t i o n  Ge-Li r - r a y  

d e t e c t o r s ,  Neut ron  A c t i v a t i o n  A n a l y s i s  h a s  become t h e  m o s t ' g e n e r a l l y  . 

a p p l i e d  method o f  a n a l y s i s  o f  t r a c e  e l e m e n t s  i n  h a i r s ,  a s  w e l l  a s  i n  

a .  
o t h e r  e v i d e n c e  m a t e r i a l  ( B r y .  66 ,  Col .  6 6 ,  Gui .  6 6 a ) .  Advantages o f  

t h i s  method have  been d e s c r i b e d  ( G u i .  6 6 b ) ,  i n c l u d i n g  i t s  s e n s i t i v i t y  

a n d  mul t  i e l e m e n t  c h a r a c t e r .  Some p rob lems  r ema in  a s s o c i a t e d  w i t h  t h i s  * 

t e c h n i q u e  ,however : 

- A v a i l a b i l i t y  o f  a n u c l e a r  r e a c t o r ,  w i t h  t h e  c o n c o m i t a n t  

f a c i l i t i e s  f o r  t h e  h a n d l i n g  o f  t h e  r a d i o a c t i v e  gamples ,  and 

s p e c i a l i z e d  ( and e x p e n s i v e )  - s p e c t r o s c o p y  a p p a r a t u s .  

- P r e s e n c e  o f  large,  q u a n t i t i e s  o f  r a d i o a c t i v e  Na and Br i n  

i r r a d i a t e d  h a i r s  which produce  h i g h  backgrounds  f o r  t h e  d e t e r m i n a t i o n  

o f  o t h e r  e l e m e n t s  ( o r  else from which  r a d i o c h e m i c a l  d e c o n t a m i n a t i o n  

must  bk a c h i e v e d )  . 
- 



- D i f f i c u l t y  i n  measurement  o f  t h o s e  i l e m e n t s  c h  prod& 

s h o r t  l i v e d  r a d i o n u c l i d e s ,  u n l e s s  t h e  a n a l y t i c a l  l a b o r a t o r y  i s  

r e a s o n a b l y  c l o s e  t o  t n e  n u c l e a r  r e a c t o r , .  

;v =3 

A - Al though  i n  p r i n c i p l e  *the method i s  n o n - d e p t r u c  1 i v e ,  l o n g  

i r r a d i a t i o n s  a t  h i g h  f l u x e s  ( w h i c h  ' a r e  n e c ' e s s a r y  f o r -  d e t e r m i n a t i o n  o f  

inany e l e m e n t s  i n  small s a m p l e s )  p r o d u c e  sample  damage ( F o r .  66)  a t  
u 

l e a s t  i n  t h e  c a s e  o f  ha i r .  

1 .8 .2)  X-Ray F l u o r e s c e n c e  A n a l y s i s  , 
0 

X-Ray F l u o r e s c e n c e ,  l i k e  Neu t ron  A c t i v a t i o n  A n a l y s i s  , a l l o w s  t h e  

q u a n t i t a t i v e  d e t e r m i n a t i o n  o f  s e v e r a l  e l e m e n t s  a t  a  t i m e ,  and  t h e  

a n a l y s i s  o f  1-cm h a i r  s a m p l e s  h a s  been r e p o r t e j  ( Z e i .  69)  f o r  e l e m e n t s  

s u c h  a s  Zn and Ca.  T h i s  method h a s  t h e  f u r t h e r  a d v a n t a g e  o f '  b e i n g  

n o n - d e s t r u c t i v e ,  wh ich  f a c i l i t a t e s  t h e  a n a l y s i s  o f  h i s t o r i c a l  o r  

a r c h e o l o g i c a l  s a m p l e s ,  a s  w e l l  as t h e  r e - a n a l i s i s  o f  t h e  same segment  

o f  h a i r  t o  c o n f i r m  t h e  p r q c i s i o n  o f  t h e  method,  \ 

-7 

J 
The m a j o r  d i s a d v a n t a g e  o f  X-Ray F l u o r e s c e n c e  A n a l y s i s  l i e s  i n  its' 

r e l a t i v e l y  modes t  s e n s i t i v i t y  (compared  w i t h  N A A  a n d '  AA) and hence  

i n a b i l i t y  t o  measu re  a wide  r a n g e  o f  e l e m e n t s  i n  h a i r .  

1 . 6 . 3 )  Atomic A b s o r p t i o n  S p e c t r o m e t r y  

Atomic A b s o r p t i o n  S p e c t r o m e t r y  is now a  common method o f  
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a n a l y s i s ,  f o r  the  d e t e r m i n a t i o n  m o s t l y  o f  m e t a l l i c  e l e m e n t s  i n  
* 

u a t r i b e s  r a n g i n g  f r o m  b l o o d  s e r u m  t o  p e t r o l e u m  s a m p l e s .  

The b a s i c  p r i n c i p l e  o f  t n i s  method  is s i m p l e :  The  e l e m e n 1  o f  
i 

i n t e r e s t  i n  t h e  s a m p l e  i s  d i s s b c i a t e d  f rom i t s  c h e m i c a l  b o n d s  ( f o r  

e x a m p l e ,  in" a  flame o r  f u r n a c e )  t o  p r o d u c e  a t o m s  i n  a n  u n e x c i t e d ,  

u n i o n i z e d  " g r o u n d  s t a t e" .  I s o l a t e d ,  u n e x c i t e d  a t o m s  e x h i b i t  

p a r t i c u l a r l y  s i m p l e  A b s o r p t i o n  s p e c t r a ,  c o n s i s t i n g  o n l y  o f  t r a n s i t i o n s  

f rom t h e  g r o u n d  s t a t e  t o  e l e c t r o n i c  e x c i t e d  s t a t e s .  If a t o m s  i n  t h e i r  
I 

g r o u n d  s t a t e s  are e x p o s e d  t o  a beam o f  t h e  c o r r e s p o n d i n g  r e s o n a n c e '  

r a d i a t i o n  i s o l a t e d  by a m o n o c h r o m a t o r  from a  s u i t a b l e  e m i s s i o n  

s p e c t r u m ,  a r e s o n a n t  a b s o r p t i o n  o f  t h e  r a d i a t i o n  w i l l  o c c u r ,  t h e  

i n t e n s i t y  o f  w h i c h  i s  p r o p o r t i o n a l  t o  t h e  number o f  g r o u n d  s t a t e  a t o m s  

w h i c h  were i n i t i a l l y  p r e s e n t .  

- 0 Two m e t n o d s  are p r e s e n t l y  a v a i l a b l e  f o r  t h e  a t o m i z a t i o n  o f  t h e  \ - 

- t h e  f l a m e  a t o m i z e r  

- , t h e  n e a t e d  g r a p h i t e  f u r n a c e  

I n  t h e  f l a m e  a t o m i z e r ,  t h e  s a m p l e  i s  a s p i r a t e d  i n  a m i x e d  stream 

o f  a c e t y l e n e  p l u s  a i r  ( o r  a c e t y l e n e  p l u s  n i t r o u s  o x i d e  f o r  t h e  

a n a l y s i s  o f  " r e f r a c t o r y  m e t a l s n )  and f e d  i n t o  t h e  f l a m e .  

+ 
A s e c o n d  form o f  a t o m i z e r  w h i c h  i s  now e m e r g i n g  f r o m  t h e  



e x p e r i m e n t a l  s t a g e  o f  deve lopmen t  c o n s i s t s  o f  an e l e c t r i c a l l y  h e a t e d  

g r a p h i t e  t u b e ,  i n t o  whic'h s a m p l e s  may b e  i n t r o d u c e d  e i t h e r  ( f o r  

/ \ 
l i q u i d s )  v i a  p i p e t t i n g  t h r o u g h  a small h o l e  i n  t h e  c e n t e r  o f  t h e  t u b e ,  

. - 
o r  ( f o r  s o l i d  s a m p l e s )  by means o f  a  s a m p l i n g  spoon  i n s e r t e d  t h r o u q h  

b 

one  end o f  t h e  f u r n a c e .  

C r 

The t e m p e r a t u r e  o f  t h e  s a m p l e  i n s i d e  t h e  g r a p h i t e  t u b e  is  r a i s e d  . 
i n  t h r e e  s t e p s :  f i r s t ,  t h e  f u r n a c e  is h e a t e d  t o  O C  t o  d r y  t h e  

s a m p l e ;  s e c o n d l y ,  t h e  t u b e  is h e a t e d  t o  a t e m p e r a t u r e  h i g h  enough  t o  

d e s t r o y  t h e  m o l e c u l a r  s p e c i e s  i n  which t h e  a t o m s  b e i n g  a n a l y s e d  were  ' 

i n i t i a l l y  bound ( i t  is P m p r t a n t ,  howeve r ,  t h a t  t h e  t e m ~ e r a t u r e  i n s i d e  - 

t h e  f u r n a c e  d o e s  n o t  a t  t h i s  s t a g e  exceed  t h e  t e m p e r a t u r e  a t  which  

s a m p l e  a t o m i z a t i o n  o c c u r s ) ;  t h i r d l y ,  t h e  f u r n a c e  is h e a t e d  a b o v e  t h i s  

t e m p e r a t u r e ,  and t h e  p o p d a b i o n  o f  a toms  i n  t h e  o p t i c a l  p a t h  o f  t h e  

i n s t v n t  i n c r a e s  and t h e  r e s u l t i n g  a b s o r p t i o n  s i g n a l  r i s e s  Pi 
J 6 

p r o p o r t i o n a t e l y .  Dur ing  t h e  a t o m i z a t i o n ,  t h e  c a r b o n  f u r n a c e  t u b e  is  

f l u s h e d  by a r g o n  g a s  in o r d e r  t o  a v o i d  a i r  o x i d a t i o n  o f  
II 

g r a p h i t e .  
the 

t - ;' . 

S i n c e  t h e  r e s i d e n c e  t i m e  o f  t h e  a toms  i n  t h e  o p t i c a l  p a t h  i s  much 

l 'onger i n  t h e  f u r n a c e  t h a n  i n  t h e  f l ame , ,  t h e  f u r n a c e  d e v i c e  w i l l  have  

s m a l l e r  d e t e c t i o n  limits f o r  mos t  e l e m e n t s  ( i n  f a ? t d b y  1 0 ' ~  o r  more) , 

T h i s  improvement  i n  s e n s i t i v i t y ,  combined w i t h  t h e  a d v a n t a g e  t h a t  

s o l i d  s a m p l e s  c a n  b e  a n a l y z e d  i n  t h e  f u r n a c e  w i t h o u t  ~ r i o r  



d i s s o l u t i o n ,  makes  t h e  g r a p h i t e  f u r n a c e  a t o m i z e r  a  v e r y  v e r s a t i l e  and  

s i m p l e  i n s t r u m e n t  t o  u s e .  

D e s p i t e  t h e  m a j o r  i n p r o v e m e n t s  w h i c h  h a v e  b r o u g h t  Atomic 

A b s o r p t i o n  S p e c t r $ s c o p y  t o  t n e  r a n k  o f  t h e  m o s t  s e n b i t i v e  m e t h o d s  o f  

t r a c e  e l e m e n t  a n a l y s i s ,  i n t e r f e r e n c e s ,  w h i c h  c a u s e  t h e  a n a l y s i s  t o  b e  
C 

A 

i n  e r r o r , ,  - are  f a r  f rom b e i n g  c o m p l e t e L y  a b s e n t .  T h e s e  i n t e r f e r e n c e s  

a r e  summar ized  i n  T a b l e  I .  

The p r e s e n c e  o f  s o  many i n t e r f e r e n c e s  shows t h e  d i f f i c u l t y  o f  

e l a b o r a t i n g  g e n e r a l  a n a l y s i s  p r o c e d u r e s  w h i c h  a p p l y  t o  e v e r y  e l e m e n t  a 
i n v e s t i g a t e d ,  s i n c e  e a c h  o f  them seems t o  r e q u i r e  p a r t i c u l a r  a t t e n t i o n  

r e l a t e d  t o  i t s  own c h e m i s t r y .  

The d e t e r m i n a t i o n  o f  t h e  q u a n t i t y  o f  e l e m e n t  p r e s e n t  i n  a s a m p l e  
'5 

r e q u i r e s  t h e  c a l i b r a t i o n  o f  t h e  a p p a r a t u s .  The i d e a l  method  c o n s i s t s  

o f  m e a s u r i n g  t h e  a b s o r b a n c e  ( t h e  n e g a t i v e  l o g a r i t h m  t o  t h e  base'  10 o f  

t h e  p e r c e n t  a b s o r p t i o n  s i g n a l )  o f  s e v e r a l  s t a n d a r d s  whose g r o s s  

c o m p o s i t i o n  i s  i d e n t i c a l  t o  t h a t  o f  t h e  s a m p l e ,  s o  t h a t  t h e  e l e m e n t  o f  

i n t e r e s t  ' w i l l  be  s u b j e c t e d  t o  t h e  same e n v i r o n m e n t  i n  b o t h  c a l i b r a t i o n  

J a n d  m e a s u r e m e n t  o f  t h e  unknown.  
-'+ 

The method o f  s t a n d a r d  a d d i t i o n s  f u l f i l i s  t h i s '  c o n d i t i o n ,  - 

a l t h o u g h  i t  r e q u i r e s  t h e  a v a i l a b i l i t y  o f  a  homogeneous s a m p l e  w h i c h  

m u s t  b e  i n  s u f f i c i e n t  q u a n t i t y  t o  b e  d i v i d e d  i n t o  s e v e r a l  a y i q u o t s .  
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T h i s  i s  n o t  t h e  c a s e  w i t h  h a i r ,  . s i n c e  t h i s  m a t e r i a l  h a s  been  shown t o  a"a 
\ 

b e  ' inhomogeneous a s  far a s  t r a c e  e l e m e n t  c o n c e n t r a t i o n  e g n c e r n e d  

The p r e c i s i o n  which  c a n  b e  o b t a i n e d  , i n  s u c h  measu remen t s  

m o s t l y  a  f i n e t i o n  o f  t h e  e l e m e n t  b e i n g  a n a l y z e d ,  and o f  t h e  m a t r i x  

which  i t  i s  i n c l u d e d .  

Malmstadt  a n d  Chambers (MA. 6 0 )  m e n t i o n  s t a n d a r d  d e v i a t i o n s  
\ 

between 0 .5% and  1% f o r  mos t  a n a l y s e s  uS ing  t h e  f l a m e .  However, w i t h  

t h e  g r a p h i t e  f u r n a c e  t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  measu remen t s  i s  

u s u a l l y  h i g h e r ,  b e c a u s e  o f  t h e  i n c r e a s e d  s e n s i t i v i t y ,  and can v a r y  

be tween 2% f o r  aqueous  s o l u t i o n s  t o  lo%,  and some t imes  2 5 8 ,  f o r  

s a m p l e s  whose c o n c e n t r a t i o n s  a p e  n e a r  t h e  d e t e c t i o n  1 i m i t .  

S i n c e  a good p r e c i s i o n  i s  a  n e c e s s a r y  b u t  n o t  s ' u f f i c i k n t  - 

c o n d i t i o n  f o r  an a c c e p t a b l e  a c c u r a c y ,  i t  i s  l i k e l y  t h a t  t h e  d e v i a t i o n  

be tween a measurement  and  t h e  t r u e  v a l u e  o f  a c o n c e n t r a t i o n  w i l l  
4 

b e  g r e a t e r  t h a n  t h e  a b o v e  f i g u r e .  In f a c t  t h e  a c c u r a c y  may b e  

l i m i t e d  by t h e  a c t i o n  o f  o t h e r  components  wh'ich accompany t h e  metal 

i n  t h e  s a m p l e ,  and which  may c a u s e  e x p e r i m e n t a l  d e v i a t i o n  o f  t h e  
- 

a n a l y t f c a l  r e s u l t s .  I f  s u c h  comcanen t s  are a b s e n t ,  t h e  a c c u r a c y  w i l l  

b e  d e t e r m i n e d  by l o s s e s ,  c o n t a m i n a t i o n ,  . and o p e r a t i o n a l  e r r o r s .  

However, t h e  main d i s a d v a n t a g e  o f  t h i s  method r e m a i n s  t h a t  i t  i s  

n e c e s s a r i l y  d e s t r u c t i v e ,  which  h i n d e r s  any  , r e p e t i t i v e  a n a l y s i s  o f  a  
r" 
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, f g i v e n  sample  i n  l i m i p d  q u a n t i t y .  
J . C  

A l l  t h e  r e s u l t s  . - o b t a i n e d  on t h e  

i- 

trace e l e m e n 4  c o m p o s i t i o n  o f  

hunan , head h a i r s  b e f o r e  t h e  p r e s e n t  work were r e s t r i c t e d  t o  t h e  

a n a l y s i s  o f  h a i r  b u n d l e s ,  r e s u l t i n g  i n  a l a c k  o f  i n f o r m a t i o n  on  t h e  

v a r i a t i o n  o f  t r a c e  e l e m e n t  c o n c e n t r a t i o n  i n  i n d i v i d u a l  h a i r s  o v e r  a 

s i n g l e  'head . 

Cnly r e c e n t  work done  w i t h  1-cm and 10-cm s e g m e n t s ,  o f  s i n g l e  

h a i r s  ( O b r .  7 2 ,  R e m .  73)  r e v e a l e d  t h e  e x i s t e n c e  o f  c o n c e n t r a t i o n  

p a t t e r n s ,  which  c o u l d  b e  i n d i c a t i v e  o f  s i g n i f i c a n t  v a r i a t i o n  i n ,  t r a c e  

e l emen t  me tabo l i sm i n  t h e  human body.  

It seemed,  t h e r e f o r e ,  r e l e v a n t  t o  start- a more d e t a i l e d  s t u d y  o f  

s u c h  p a t t e r n s ,  by m e a s u r i n g  t h e  c o n c e n t r a t i o n  o f  metals s u c h  bs Cu and 

Zn i n  2-mm h a i r  s egmen t s  o f  s i n g l e  h a i r s .  Such e x p e r i m e n t s  s h o u l d  

make p o s s i b l e  t h e  d i s t i n c t i o n  o f  f e a t u r e s  s u c h  a s  l o c a l  c o n c e n t r a t i o n  

f l u c t u a t i o n s  a l o n g  t h e  h a i r  s h a f t ,  which  c o u l d  b e  o f  s i g n i f i c a n t  

i n t e r e s t  i n  f o r e n s i c  and c l i n i c a l  s t u d i e s .  
+ 

The r e s u l t s  o b t a i n e d  d u r i n g  t h i s  work t o g e t h e r  w i t h  a d i s c u s s i o n  

o f  t h e i r  s i g n i f i c a n c e  b o t h  i n  t h e  f i e l d  o f  f o r e n s i c  s c i e n c e  and f I 
b i o c h e m i s t r y  w i l l  be p r e s e n t e d  a f te r  a d e s c r i p t i o n  o f  t h e  e x p e r i m e n t a l  1 

' t e c h n i h u e  employed.  



2 )  EXPERIMENTAL TECHNIQUES 

2 . 1 )  H a i r  A c q u i s i t i o n  

I n d i v i d u a l  h a i r s  were  p lucked  from random l o c a t i o n s  o n  t h e  h e a d s  
w 

o f  e l e v e n  s u b j e c t s  i n v e s t i g a t e d  i n  t h i s  s t u d y .  A s a p r e c a u t i o n  

a g a i n s t  c o n t a m i n a t i o n ,  t h e  e x p e r i m e n t e r  wore  d i s p o s a b l e  p r a s t i c  
e .  

S 

q l o v e s ,  and t h e  h a i r s  were s t o r e d  by e n c a p s u l a t i o n  u n d e r  r educed  
- .  

p r e s s u r e  (.. 6x10 '~  rim Hg) i n  py rex  t u b e s  p r e v i o u s l y  c l e a n e d  by  n i t r i c  

a c i d  and d i s t i l l ' e d ,  d e i o n i z e d  w a t e r .  

It was shown t h a t  i a d P l e s  s t o r e d  v i a  t h i s  , t e c h n i q u e  g a v e  d a t a  on 

* n a t u r a l  c o p p e r  c o n c e n t r a t i p n s  c o n s i s t e n t  w i t h  f r eedom from a ~ b r e c i a b l e  

c o n t a m i n a t i o n ,  w h i l e  h a i r s  which  were s t o r e d  be tween s h e e t s  o f  F i l t e r  
.A 

p a p e r  g a v e  h i g h e r  and  e r r a t i c  v a l u e s  o f  c o p p e r  c o n c e n t r a t i o n .  

Such p r e c a u t i o n s  were, however ,  u n n e c e s s a r y  f o r  h a i r s  i n t e n d e d  

f o r  r a d i o i s o t o p e  , s o a k i n g  e x p e r i m e n t s ,  s i n c e  c o n t a m i n a t i o n  by 

r a d i o n u c l i d e s .  is  v e r y  u n l i k e l y  t o  o c c u r .  A l l  s u c h  s a m p l e s  were 

- m e r e l y  s t o r e d  u n d e r  a t m o s p h e r i c  p r e s s u r e  i n  g l a s s  t u b e s  p r e v i o u s l v  

c l e a n e d  by n i t r i c  a c i d  and d i s t i l l e d ,  d e i o n i z e d  w a t e r .  

As ment ioned  e a r l i e r ,  i t  i s  i m p o r t a n t  

t h e  growing c y c l e  i n  w h i c h  t h e  h a i r s  
J 

a n a l y s i s .  In t h e  m a j o r i t y  o f  e x p e r i m e n t s ,  

t o  i d e k f v  t h e  phase  o f ,  

were  p lucked  p r i o r  t o  t h e i r  

a n a g e n  h a i r s  were  t o  b e  
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s t u d i e d  b e c a u s e  o f  t h e  p o t e n t i a l  i n t e r e s t  o f  t h e  c o r r e l a t i o n  i n  t ime, 

# 

o f  ~ a t t e r n s -  o b s e r v e d  i n .  v a r i o u s  s i n g l e  h a i r s  f r o m  "a  g i v e n  s u b j e c t  
C 

h e a d .  

M i c r o s c o p i c  e x a m i n a t i o n  o f  t h e  h a i r  r o o t  w a s  d o n e  j u s t  a f t e r  t h e  

:4. 

s a m p l i n g ,  i n  o r d e r  t o  v e r i f y  t h e  g r o w t h  c y c l e  p h a s e .  H a i r s  i n  t h e  ; 

a n a g e n  p h a s e  w e r e  t a k e n  t o  b e  t h o s e  w i t h  a  p lump a n d  p i g m e n t e d  root?,_+ 
6.' '. -+ .$. ; 

w i t h  t h e  w h i t e  r o o t  s h e a t h  a t t a c h e d ,  i n  contr$#& t o  c a t a q e n  an"& - $9 *,P 
t e l o q e n  h a i r s  w h i c h  h a v e  s h r i v e l l e d  a n d  c l u b - s h a p e d  r o o t s  w i t h  no  r o o t  

s h e a t h s  ( F l e .  5 4 ) .  

I t  is i m p o r t a n t  t o  m e n t i & ,  h o w e v e r ,  t h a t  a t  l e a s t  i n  t h e  c a s e  o f  

" o n e  s u b j e c t  s t u d i e d  ( s u b j e c t  F ) ,  p h a s e  i d e n t i f i c a t i o n  w a s  n o t  
1 

i 

. c o m p l e t e l y  p o s i t i v e ,  d u e  t o  t h e  s m a l l  p h y s i c a l  d i m e n s i o n s  o f  t h e  

r o o t s .  In a l l  o t h e r  c a s e s ,  h a i r s  w i t h o u t  a c l e a r  i n d i c a t i o n  o f  b e i n g  
+', 

i n  t h e  a n a g e n  o r  t e l o g e n  p h a s e  w e r e  r e j e c t e d .  

/ 

2.2') Washing T e c h n i q u e s  

A s  p r e v i o u s l y  d i s c u s s e d ,  t h e  w a s h i n g  o f  

a n a l y s - i s  may b e  d e s i r a b l e  i n  a f o r e n s i c  

c o n t a m i n a t i o n  m i q h t  h i d e  some o f  t h e  P e a t j u r e s  
t 

, . 

i d e n t i m a t i o n  p u r p o s e s .  m e r e f o r k ,  i t  

w e l l - s t a n d a r d i z e d  c l e w i n 3  p r o c e d u r e ,  a n d ,  o f  

l i t e r a t u r e  ( B a t .  5 5 , .  B a t .  6 4 ,  Ker. 6 4 )  o n e  

h a i r .  s a m p l e , s  p r i o r  t o  

c o n t e x t ,  s i n c e  e x t e r n a l  

w h i c h  c o u l d  b e  u s e d  f o r  

w a s  d e c i d e d  t o  u s e  a  

t h o s e  d e s c r i b e d  i n  t h e  

similar t o  t h a t  e m ~ l o v e d  



e a r l i e r  ( O b r .  7 3 )  was s e l e c t e d .  

S u c c e s s i v e  w a s h i n g s  were  e f f e c t e d  i n  d  i e t h y l  e t h e r  ( F i s h e r  
1 

a n h y d r o u s ) ,  a c e t o h e  ( F i s h e r  s p e c t r o s c o p y  g r a d e ) ,  d i s t i l l k d ,  d e i o n i z e d  

w a t e r ,  a c e t o n e ,  e t h e r ;  a c e t o n e ,  w a t e r ,  a c e t o n e ,  and f i n a l l v  e t h e r ,  f o r  

$. t i m e  p e r i o d s  o f  f i v e  m i n u t e s d p e r  s t e p .  

I 

- 
In  o r d e r  t o  i n s u r e  a  good r e p r o d u c i b i l i t y  o f  t h e  wash ing  

p r o c e d u r e  for? d i f f e r e n t  -sets o f  s a m p l e s ,  . t h e  t u b e s  c o n t a f n i n q  t h e  

h a i r s  p l u s  wash ing  l i q u i d  were  m e c h a n i c a l l y  a g i t a t e d  i n  a ' ~ u r r e l l '  - 
s h a k e r .  H a i r s  were  f i n a i l y  d r i e d  i n  open  a t m o ~ p h e r e .  I t ,  was found 

n e c e s s a r y  t o  s t r e t c h  t h e  s ample  s l i g h , t l y  ov.er  3 p i e c e  o f  f i l t e r  pape r  

d u r i n g  t h i s  l a s t  . s t e p ,  i n  o r d e r  t o  o b t a i n ,  a s t r a i q h t  f i b e r ,  wh ich  was 
J., 

a  n e c e s s a r y  c o a i t i k  f o r  t h e  a c c u r a t e  measurement  and c u t t i n g  o f  

s a m p l e s  o f  known l e n g t h .  The s t r e s s  a p p l i e d  w a s ,  howeve r ,  h 
\ 

i n s u f f i c i e n t  t o  p r o d u c e  a n  a p p r e c i a b l e  pe rmanen t  c h a n g e  i n  h a i r  I 

l e n g t h .  . 

2 . 3 )  C u t t i n g  and W e i g h i n g  o f  Ha i r  Se4ments  
?? - 

-r 

1. 

The c u t t i n g  and h a n d l i n g  o f  h a i r  s egmen t s  which  were  i n  mos t  

c a s e s  2 m m  l o n g  was a r a t h e r  d e l i c a t e  p a r t  o f  t h i s  e x p e r i m e n t ,  due t o  

t h e  c o n t i n u o u s  r i s k  o f  c o n t a m i n a t i o n .  The c u t t i n g  o p e r a t i o n  w a s  
0 

a c h i e v e d  by i n s e r t i n g  t h e  h a i r  i n  a g l a s s  c a p i l l a r y  t u b e ,  p r e v i o u s l y  
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c l e a n e d  w i t h  n i t r i c  a c i d  and  d i s t i l l e d ,  d e i o n i z e d  w a t e r ,  a t t a c h e d  t o  a  

v e r n i e r  e q u i p p e d  c a r r i a g e .  $e c u t t i n g  o p e r a t i o n  was watched  t h r o u q h  
- 

- a m i c r o s c o p e  u n d e r  a m a g n i f i c a t i o n  o f  50 ,  and  t h e  l e n g t h  t o  b e  c.ut , 
, 

which  p r o t r u d e d  f rom t h e  e n d  o f  t h e  c a p i l l a r y ,  was measu red  b o t h  by 

t h e  v e r n i e r  and by means o f  a g r a t i c u l e  i n  t h e  f i e l d  o f  v i e w  ( t o  an 
Q 2 "  

e s t i m a t e d  a c c u r a c y  o f  0.1 mm)  . 

C u t t i n g  was e f f e c t e d  by means o f  a  s t a i n l e s s  s t e e l  s u r g i c a l  

s c a l p e l  mounted on t h e  m i c r o s c o p e  s t a g e ,  b e a r i n g  on a q u a r t z  o l a t e ,  
' I  

o r e v i o u s  y  c l e a n e d  by n i t r i c  a c i d  and d i s t i l l e d ,  d e i o n i z e d  w a t e r .  t 
T h i s  p r o c e d u r e  and a p p a r a t u s  p r e v e n t e d  c o n t a c t  betweet l  t h e  h a i r  s ample  

.L1 
3hd a n y  p a r t  o f  t h e  m i c r o s c o ~ e  s t a g e ,  s i n c e  t h e  h a i r  r ema ined  e n c l o s e d  

i n  t h e  c a p i l l a r y  t u b e  unt i , l  t h e  p a r t i c u l a r  segment  was c u t .  

-- 
Because  o f  c o n t a m i n a t i o n  p rob lems ,  t h e  2-mm segmen t s  were n o t  

weighed i n d i v i d u a l l y ,  and t h e  a n a l y t i c a l  d a t a  are g e n e r a l l y  r e p o r t e d  

i n - t e r m s  o f  w e i g h t  o f  m e t a l  p e r  2-mm l e n g t h  o f  h a i r .  I n  a d d i t i o n ,  

t 
t h i s  av$Srds a n y  p rob lem& due  t o  w e i g h t  c h a n q e  by water e v a p o r a t i o n  

. d u r i n g  s t o r a g e .  

p r d e r  t o  o b t a i n  an a p p r o x i m a t e  v a l u e  o f  t h e  m e t a l  
L * 

c o n c e n t r a t i o n  b y  w e i g h t ,  howeve r ,  a  1-cm segment  was c u t  and  weighed 

p e r i o d i c a l l y  a l o n g  the l e n g t h  o f  t h e  h a i r .  It was assumed t h a t  t h e  

v a r i a t i o n  o f  w e i g h t  a l o n q  t h e  h a i r  s h a f t  was p r o p o r t i o n a l  t o  t h e  

d i s t a n c e  from t h e  r o o t ,  and t h a t  t h e  w e i g h t  o f  a 1-cm segment  would 



r e p r e s e n t  c 6 r r e c t l y  t h e  a v e r a g e  o v e r  f i v e  2-mm ~ i e c e s .  More d e t a i l e d  
? >  

5 . .  .. s t u d i e s  o f  w e i g h t  f l u c t u a t i o n  from 2-mm segment  t o  2-mm segmen t s  LAqJ.A,  

showed,  however ,  t h a t  such '  a s s u m p t i o n s  a r e  n o t  e n t i r e l y  v a l i d .  T h i s  

p o i n t  w i l l  b e  examined  l a t e r  o n .  r - p. 

Hand l inq  h a i r  s e g m e n t s  whose l e n g t h  c a n  v a r y  f rom 0 . 5  mm t o  5 m m  

was i n  any  c a s e  d i f f i c u l t  w i t h  f o r c e p s ,  and c o u l d  h a v e  been  a  m a j o r  

c a u s e  o f  c o n t a m i n a t i o n  i f  t h e  p r o p e r  p r e c a u t i o n s  were n o t  t a k e n .  F o r  
i 

t h e s e  r e a s o n s ,  h a i r  s egmen t s  were p i cked  u p  b y  a  s m a l l  c a p i l l a r y  t u b e  ', 
i 

c o n n e c t e d  t o  an a s p i r a t o r . .  The d iame%er  o f  t h e  t u b e  was small enough 
/\ 

' d  

t o  p r e v e n t  t h e  e n t r y  o f  t h e  s ample .  T h i s  d e v i c e  p e r m i t t e d  t h e  
- 

h a n d l i n g  of v e r y  small h a i r  s a m p l e s  (down t o  0 . 5  m m ) .  

. 2 . 4 )  Atomic A b s o r p t i o n  Measurements  

The n a t u r a l  c o p p e r  and  z i n c  con ' te r i t s  o f  i n d i v i d u a l  s egmen t s  were 

measured  by means o f  a model 305 Perk in-Elmer  Atomic A b s o r n t i o n  J 

S p e c t r o p h o t o m e t e r  equ ipped  w i t h  a n  HGA 70 c a r b o n  t u b e  f u r n a c e .  A ' 

t h r e e - c y c l e  a n a l y t i c a l  p r o c e d u r e  was 'used as recommended b t h e  

m a n u f a c t u r e r  : , F i r s t ,  t h e  g p y i n g  s t e p ,  which.  l a s t e d  10  s e c o n d s ,  and i n  

s t e ~  where  t h e  h a i r  s ample  was c h a r r e d  a t  a t empera t ' u r e  o f  1100 OC; 

a n d - t h e  f i n a l  s t e p ,  where  t h e  t e m p e r a t u r e  was ~ a i s e d  t o  2600 O C  f o r  5 

s e c o n d s ,  d u r i n g  which  t i m e  t h e  Cu and  Zn c o n t a i n e d  i n  t h e  s ample  were  a 

a t o m i z e d .  Dur ing  t h e  e n t i r e  o p e r a t i o n  t h e  c a r b o n  t u b e  was f l u s h e d  
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w i t h  a r g o n  a t  a  c o n s t a n t  f l o w  r a t e  o f  100  l i t e r d m i n u t e  t o  i n h i b i t  

a i r - o x f d a ' t i o n  o f  t h e  c a r b o n  a t  h i g h  t e m p e r a t u r e .  T h i s  equ ipmen t  

p e r m i t t e d  , t h e  a n a l y s i s  o f  s o l i d  h a i r  s a m p l e s  w i t h o u t  p r i o r  

d i s s o l u t i h ,  wh&h 'improved t h e  d e t e c t i o n  l i m i t  f o r  dl t h e  t r a c e  
0 

e l e m e n t s  b y  p e r h a p s  a f a c t o r  o f  100 ,  c a n p a r e d  t o  t h e  c o n v e n t i o n a l  

f l a m e  method . ' 

Another  s t r i k i n g  a d v a n t a g e  o f  t h i s  t e c h n i q u e  i s  t h e  s i m p l i c i t y  

and r a p i d i t y  o f  e a c h  a n a l y s i s ,  s i n c e  a f te r  t h e  h a i r  s a m p l e  had been.  

c u t ,  i t  j u s t  had t o  b e  t r a n s f ~ r r e d  t o  t h e  c e n t r e  o f  t h e  g r a p h i t e  
* I 

f u r n a c e ,  which  was a c h i e v e d  by means o f  a s p e c i d l y  d e s i g n e d  
'a 

t a n t a l u m  spoon..  The ve ry '  few &eps d u r i n g  wfi$ch e a c h  h a i r  s ample  
. 

had t o  b e  m a n i p u l a t e d  may have  been  i m p o r t a n t  i n  c o n t r o l  o f  

c o n t a m i n a t i o n ,  since f u r t h e r  e x p e r i m e n t s ,  whe re  e a c h  sample  was 

d i s s o l v e d  i n  u l t r a - p u r e  n i t r i c  a c i d ,  s u f f e r e d  s o m e -  d i f f i c u l t y  i n  

p r o d u c i n g  c o n s i s t e n t  r e s u l t s .  T h i s  p o i n t  w i l l  be  d i s c u s s e d  l a t e r .  

D e s p i t e  t h e  s i m p l i c i t y  o f  e a c h  a n a l y s i s ,  c e r t a i n  p r e c a u t i o n s  

s t i l l  had t o  b e  t a k e n  i n  o r d e r  t o  g e t  c o n s i s t e n t  i e a s w e k e n t s .  F o r  

e x a m p l e ,  t h e  c e n t e r i n g S o f  t h e  h a i r  s am~le  w i t h i n  the f u r n a c e  was 

e x p e c t e d  t o  b e  i m p o r t a n t ,  s i n c e  t h e  f u r n a c e  ' t e m p e r a t u r e  must  v a r y  from 

t h e  c e n t e r  t o  t h e  e n d s .  The p o s i t i o n  o f  t h e  #ample a f te r  e a c h  

i n s e r t i o n  was  t h e r k f o r e  checked  by v i s u a l  i n s p e c t i o n  from t h e  s i d e  

o r i f i c e  o f  t h e  f u r ~ a c e ,  b e f d r e  and d u r i n g  t h e  . d r y i h g  and  a s h i n g  s t e p s  - 

of  e a c h  a n a l y s i s .  It was  found t h a t ,  e s p e c i a l l y  d u r i n q  t h e  a s h i n q  



s t e p ,  t h e  v e r y  l i g h t '  h a i r  segmen'ts t ended  t o  be.  blown away from t h e  - 
c e n t e r  of  t h e  f u r n a c e  by t h e  s t r e a m  o f  a rgon  g a s .  T h i s  $roblea  was 

t 

' a l l e v i a t e d  by i n t e r r u p t i n g  t h e  a gon g a s  f low d u r i n g  t h e  two f i r s t  w' 
s t a g e s  o f  t h e  a n a l y s i s ,  and by u s i n g  g r a p h i t e  tubes ,  f e a t u r i n g  a  

' 

c e n t r a l  r e g i o n  o f  i n c r e a s e d  q i a n e t e r  . 

C a l i b r a t i o n  o f  t h e  a n a l y s i s  was ach ieved  by means o f  a l i q u o t s  o f  
'I 

s t a n d a r d  s o l u t i o n s  o f  c u p r i c  o r  z i n c  i o n s ,  p repared  from a  known 

weight  o f  p u r e  copper  o r  z i n c  meta l  d i s s o l v e d  i n  n i t r i c  a c i d .  

2 . 5 )  Exper imenta l  T r a c e r  Technique 
\ 

R e s u l t s  o b t a i n e d  on t h e  n a t u r a l  c ~ n t e n t  o f  copper  and z i n c  i n  - 

hunan h a i r  ( d i s c u s s e d  l a t e r )  g u g g e s t e d  t h e  p o s s i b i l i t y  t h a t  t h e s e  two 

e l e m e n t s  (and perhaps  o t h e r s )  cou ld  e n t e r  t h e  h a i r  e n t i r e l y  from 

e x t e r n a l  c o n t a m i n a t i o n ,  r a t h e r  than  b e i n g  i n c o r p o r a t e d  i n t o  t h e  h a i r  

s t r u c t u r e  d u r i n g  g rowth .  

Exper iments  were t h e r e f o r e  conducted t o  measure t h e  r e s p o n s e  o f  

h a i r s  t o  soak ing  i n  s o l u t i o n s  o f  t h e s e  two m e t a l s .  

2 .5 .1  ) I n a c t i v e  T r a c e r  , 

\ P 

Solu ' t ions  o f  c u p r i c  i o n  were prepared from weighed q u a n t i t i e s  o f  

pure  copper  meta l  d i s s o l v e d  i n  n i t r i c  a c i d .  The s o l u t i o n s  were 
* 

I 



d i l u t e d  t o  a  c o n c e n t r a t i o n  e i t h e r  o f  0.1 o r  1 a n d  t h e  pH was 

a d j u s t e d  t o  4  .'9 by  a d d i t i o n  o f  sodium .p repa red  from 

r e a g e n t  g r a d e  NaOH p e l l e t s .  ?his p H  v a l u e  h a s  been  shown ( B a t .  466) 

t o  b e  c l o s e  t o  t h a t  a t  which  maximum c o p p e r  a b s o r p t i o n  by  human h a i r  
'b ,I 

t a k e s  p l a c e .  Human ha i r s  were p lucked  a n d  washed by t h e  procedur ;  3:. 

s C 
b 

q 

o u t l i n e d  a b o v e .  They were  t h e n  soaked  i n  t h e  a b o v e  c u p r i c  i o n  

s o l u t i o n s  f o r  a  s p e c i f i e d  l e n g t h  o f  time, and t h e n  washed a g a i n  f o r  

f i v e  m i n u t e s  in d i s t i l l e d ,  d e i o n i z e d  w a t e r ,  f i v e  m i h u t e s  i n  a c e t o n e ,  ' 

and f i v e  m i n u t e s  i n  e t h e r ,  i n  o r d e r  t o  remove c o p p e r  s o l u t i o n  w e t t i n g  

t h e  e x t e r n a l  h a i r  s u r f a c e .  ' h e  h a i r s  were n e x t  s u b j e c t a d  t o  t h e  

, c u t t i n g  and  Atomic A b s o r p t i o n  A n a l y s i s  p r o c e d u r e  d e s c r i b e d  e a r l i e r  . 

2 . 5 . 2 )  R a d i o a c t i v e  T r a c e r s  - 

2.5.2.11 S o l u t i o n s  C o n t a i n i n g  b e -  T r a c e r  

Soak ing  h a i r  s a m p l e s  i n  s o l u t i o n s  c o n t a i n i n g  r a d i o a c t i v e  i o n s  i s  

a n o t h e r  way t o  measu re  t h e  amount o f  t h e  e l e m e n t  a b s o r b e d  f rom 

s o l u t i o n .  The Cu r a d i o t r a c e r  s o l u t i o n s  were p r e p a r e d  from c o p p e r  
I -  

m e t a l  p r e v i o u s 1  y  i r r a d i a t e d  w i t h  c t h e r m a l  n e u t r o n s  i n  t h e  n u c l e a r  

r e a c t o r  o f  t h e  l h i v e r s i t y  o f  S e a t t l e ,  W a s h i n g t o n ,  u n t i l  a 

4 6 4 ~ u  s p e c i f i c  a c t i v i t y  o f  0 .1  mci/mg was o b t a i n e d .  The i r r a d i a t e d  - . 

L '  

c o p p e r  m e t a l  was d i s s o l v e d  i n  n i t r i c  a c i d  and  t h e  s o l u t i o n  d i l u t e d  

- w i t h  d i s t i l l e d ,  d e i o n i z e d  w a t e r ,  t o  p r o d u c e  a c o p p e r  c o n c e n t r a t i o n  o f  

0 . 6  m g / m l .  A f t e r  a d j u s t m e n t  o f  t h e  pH t o  4 .9  a s  b e f o r e ,  p r e v i o u s l y  



washed h a i r  s a m p l e s  were soaked i n  t h i s  s o l u t i o n  f o r  known p e r i o d s  o f  

r t i m e .  
\ 

A f t e r  s o a k i n g ,  t h e  h a i r s  were again r i n s e d  a s  d e s c r i b e d  i n  t h e  

p r e v i o u s  s e c t i o n  ( b u t  f o r  1 m i n u t e  pe r  s t e p ,  i n s t e a d  o f  5 m i n u t e s  v n  
W 

o r d e r  t o  a v o i d  a n  ' e x t r a c t i o n '  o f  t h e  s o r b e d  r a d i o a c t i v e  c o p p e r  from 

t h e  h a i r ) ,  c u t  i n t o  2-mm segmen t s  b y  q r e v i o u s l y  d e s c r i b e d  t e c h n i q u e s ,  
a b 

and e a c h  i n d i v i d u a l  segment was mounted on an  a luminium p l a n c h e t t e  f o r  

r a d i o a c t i v i t y  a s s a y .  d 

'I 
P 

' The t o t a l  b e t a  r a d i o a c t i v i t y  was measured  by mean? o f  a  S i ( L i )  

d e t e c t o r  m u t l e d  t o  c o n v e n t i o n a l  e l e c t r o n i c  a p p a r a t u s ,  t h e  d e t e c t o r  

background b e i n g  f r e q u e n t l y  m o n i t o r e d  d u r i n g  t h e  e x p e r i m e n t .  In  o r d e r  

t o  c o n v e r t  t h e  r a d i o a c t i v i t y  measurements  t o  mass o f  c o p p e r  t a k e n  up  

p e r  segment during t h e  s o a k i n g  o p e r a t i o n ,  s t a n d a r d  64Cu r e f e r e n c e  
7 

s o u r c e s  were p e r i o d  i c a l l y  a s sayed  d u r i n g  t h 8  e x p e r i m e n t .  F u r t h e r m o r e ,  

t h i s  p e r m i t t e d  t h e  v e r i f i c a t i o n  o f  t h e  c o n s t a n c y  o f  t h e  d e t e c t o r ' s  

d S i m i l a r  x p e r i m e n t s  were  c a r r i e d  o u t  w i t h  

6 5 ~ n ,  6 0 ~ o ,  and 76~s. The r a d i o a c t i v e  z i n c  

o b t a i n e d  f rom New England Nuc lea r  Co . , and had 

a c t i v i t y  o f  3 .68  mci/mg. The c o n c e n t r a t i o n  

s o l u t i o n s  c o n t a i n i n g  

( a s  z i n c  n i t r a t e )  was 
! 

a  r e p o r t e d  s p e c i f i c  

and t h e  pH were  b o t h  

* a d j u s t e d  t o  r e s p e c t i v e  v a l u e s  o f  0 . 1  mq/ml and 5 .5 .  The r a d i o a c t i v e  

c o b a l t  ( a s  c o b a l t  c h l o r i d e )  was a l s o  o b t a i n e d  from New England Nuc lea r  



Co., and had a  r e p b r t e d  s p e c i f i c  a c t i v i t y  ' o f  ' 0.1  mci/mg; t h e  

c o n c e n t r a t i o n  and pH were a d j u s t e d  t o  0 .29  mg/ml and 8.5 r e s p e c t i v e l y .  
2 

A p r e c i p i t a t i o n  o f  c o b a l t  hydrox ide  was observed t o  b e  formed a t  t h i s  

pH v a l u e .  However; t h e  ab ' so rp t ion  o f  c o b a l t  * from t h e  r e s i d u a l  - 
' s o l u t i o n  o n t o  t h e  h a i r  sample  was found t o  b e  s t r o n g e r  than  from 

4 

s o l u t i o n s  o f  -a pH v a l u e  o f  3.5, where no p r e c i p i t a t i o n  was o b s e r v e d .  , 

The c a d i o a c t i v e  a r s e n i c  was p repared  from A s  0 i r r a d i a t e d  a t  t h e  
2 3 

U n i v e r s i t y  o f  Washington r e a c t o r ,  t o  a s o e c i ' f i c  a c t i v i t y  o f  , 

0.206 mci/mg. S h o r t l y  a f t e r  t h e  i r r a d i a t i o n ,  t h e  a r s e n i c  t r i o x i d e  was 

d i s s o l v e d  i n  15 m l .  o f  1 M N a O H ,  and t h e  f i n a l  c o n c e n t r a t i o n  o f  

m s e n i c  was a d j u s t e d  t o  n.58 m g / m l  and t h e  pH t o  5.5.  

2.5.202) S o l u t i o n s  Conta in ing  Two T r a c e r  M a t e r i a l s  

The wide ly  J d i f f e r e n  t q u a n t i t i e s  o f  v a r i o u s  t r a c e  m e t a l s  ~ b s e r v e d  

t o  b e  so rbed  o n t o  h a i r s  sugges ted  t t s t u d i e s  o f  s i m u l t a n e o u s  
1 % 

a b s o r p t i o n  o f  two ( o r  mo-re) e l ements  would b e  o f  i n t e r e s t .  Such 

exper iments  would p o s s i b l v  r e ~ e a l  t h e  , e x i s t e n c e  o f  ,-a c o m p e t i t i o n  

p r o c e s s .  P a i r s  o f  e l e m e n t s  such as copper  and mercury were f i r s t  

s t u d i e d .  Rad ioac t ive  c o p p e r  s o l u t i o n  ( a s  c o p p e r  n i t r a t e ) ,  which was --3 

s u p p l i e d  by New England Nuclear  C o r p o r a t i o n ,  w i t h  a r e p o r t e d  s p e c i f i c  

a c t i v i t y  o f  0.25 mci/mg, was d i l u t e d  t o  a  c o n c e n t r a t i o n  o f  3.33 mq/ml. 

S ix  hundred p l  o f  a  r a d i o a c t i v e  mercury s o l u t i o n  ( a s  mercury n i t r a t e ,  - 
from New England Nuclear  C o r p o r a t i o n )  w i t h  a s p e c i f i c  a c t i v i t y  o f  



5.13 mci/mg were added t o  t h e  copper  s o l u t i o n  i n  o r d e r  t o  o b t a i n  a  
I 

c o n c e n t r a t i o n  o f  mercury of 9.91 mg/ml. F i n a l l v  t h e  p H  o f  t h e  mixed i 
4 

s o l u t i o n  was a d j u  \ t e d  t o  a v a l u e  o f  6.5. 

/ 

I h e  expch imenta l  p r o c e d u r e  was m o s t l y  t h e  same a s  d e s c r i b e d  

above.  The t o t a l  amount o f  b e t a  r a d i o a c t i v i t y  (Cu and Hg) sorbed on 
4 

each  h a i r  segment was s e p a r a t e d  i n t o  t h a t  due t o  1;.8h 64Cu and t h a t  

due t o  46.6d 2 0 3 ~ g  by a s s a y  a t  d i f f e r e n t  times, f i rs t  immediate ly  
C_I 

a f t e r  each  2-mm sample was c u t ,  and a g a i n  6  d a y s  l a t e r  when t h e  copper  

a c t i v i t y  would have c o m p l e t e l y  decayed and t h e  measured a c t i v i t y  was 

due t o  Hg a l o n e .  The Cu a c t i v i t y  was c a l c u l a t e d  by s u b t r a c t i o n .  

2 .5 .2 .3)  S o l u t i o n s  Conta in ing  F ive  R a d i o t r a c e r s  

Hair samples  were soaked i n  a '  s o l u t i o n  c o n t a i n i n g  r a d i o i s o t o p e s  

o f  Zn, Co, Hg, and Sb f o r  v a r i o u s  p e r i o d s  o f  t i m e .  The 
p, t 

c o n c e n t r a t i o n s  and s p e c i f i c  a c t i v i t i e s  were as  f o l l o v s  : 

i Table I1 2 

C o n c e n t r a t i o n  and s p e c i f i c  a c t i v i  A t h e  i s o t o p e s  
used i n  t h e  m u l t i - t r a c e r  s o a k  

a sot ope Element 
/ S p e c i f i c  A c t i v i t y  

Concen t ra t ion  



Each o f  t h e s e  f i v e  r a d i o i s o t o p e s  were s u p p l i e d  by  New England 

N u c l e a r  C o r p o r a t i o n  a s  n i t r a t e s  f o r  mercu ry  and s i l v e r ,  and as 

c h l o r i d e s  f o r  a n t i m o n y ,  z i n c ,  and  c o b a l t .  Adjus tment  o f  t h e  pH t o  t h e -  

v a l u e  o f  4 .5  w q s  a c h i e v e d  by a d d i n g ,  1 M sodium h y d r o x i d e  and 0 .1  M . - 
n i t r i c  a c i d  s o l u t i o n s .  A t  t h i s  pH v a l u e ,  a s l i g h t  p r e c i p i t a t i o n  o f  

c o b a l t  h y d r o x i d e  was o b s e r v e d ,  b u t  i t  h a s  been  shown t h a t  optimum 

a b s o r p t i o n  o f  t h e s e  elemehts i n t o  h a 4 r s  o c c u r s  a t  pH 4 . 5  and h i g h e r .  

I n  o r d e r  t o  b e  s u r e  t h a t  t h e  measurements  o f  a b s o r p t i o n  were v a l i d ,  
- 

t h e  p r e c i p i t a t e  was a l l o w e d  t o  s e d i m e n t  s o  t h a t  t h e  h a i r  s ample  was 
I < * 

o n l y  i n  c o n t a c t  w i t h  t h e  c l e a r  s u p e r n a t a n t  s o l u t i o n ;  

The e x p e r i m e n t a l  p r o c e d u r e  f o l l o w e d  was t h e n  i d e n t i c a r *  t o  what 

h a s  been  p r e v i o u s l y  d e s c r i  tred , e x c e p t  f o r  t h e  a c t i v i t y  measurements  

fQr which Y - s p e c t r o s c o p y  t e c h n i q u e s  were ' a p l o y e d  . A Ge( L i )  d e t e c t o r ,  

w i t h  a j . 5  t o  3 . 0  kev r e s o l u t i o n  f o r  t h e  1332 kev ray from 6 0 ~ o ,  was 
L 

ernbloye:. The d e t e c t o r  was c a l i b r a t e d  i n  e n e r g y  by means o f  a  

s t a n d a r d  s o u r c e  c o n t a i n i n g  a l l  f i v e  r a d i o i s o t o p e s  i n v e s t i g a t e d .  

N C o n v e n t i a n a l  e l e c t r o n i c  a p p a r a t u s  was employed and t h e  d a t a  were  
\ 

s t o r e d  i n  t h e  form o f  800-channel  s p e c t r a .  - 

S p e c t r a  from h a i r  s a m p l e s  and  $om a s o u r c e  o f  known i n t e n s i t y ,  

which  was p r e p a r e d  from known i n i t i a l  q u a n t i t i e s  o f  t h e  f i v e  

r a d i o n u c l e i d e s  , were  t a k e n  c o n s e c u t i v e l y ,  i n  o r d e r  t o  s i m p l i f y  

c o r r e c t i o n s  f o r  r a d i o a c t i v e  d e c a y .  Due t o  t h e ' l o w  e f f i c i e n c y  o f  t h e  

Ge-Li d i t e c t o r ,  and t h e  small amounts  o f  r a d i o a c t i v i t y  a b s o r b e d ,  i t  



was n e c e s s a r y  t o  c u t  t h e  h a i r  samples  i n t o  p i e c e s  o f  5-am l e n g t h  and 
i 

t o  measure f o r  p e r i o d s  o f  t i m e  o f  30 m i n u t e s .  

The s p e c t r a  were ana lyzed  f o r  peak . i n t e n s i t i e s  . on a n  IBM 370 

n w p u t e r  by means o f  t h e  computer prggg"ramme ~ a & o  (Rou. 6 9 )  . F i n a l l y ,  

t h e  v a l u e s  o b t a i n e d  were conver ted  t o  mass o f  e l ement  a b i o r b e d  by 

o f  s p e c t r a  means o f  compar ison w i t h  t h e  r e s u l t g  o f  computer a n a l y s i s  

from t h e  s t a n d a r d  s o u r c e .  d 

2.6)  I n g e s t i o n  ~ x ~ e r i h e n t  

L 
I n g e s t i o n  o f  copper  ( u n d e r  m e d i c a l  c o n t r o  1 11 ) was under taken  by 

b 

two s u b j e c t s  t o  d e t e r m i n e  whether  any d e t e c t a b l e  q u a n t i t y  o f  d i e t a r y  

'< 

copper  e n t e r s  t h a  h a i r  s t r u c t u r e  v i a  t h e  r o o t  d u r i n g  h a i r  g rowth ,  o r  

whether such  m e t a l s  e n t k r  h a i r  , e x c l u s i v e l y  b y , b e i n g  c a r r i e d  o u t  from - -re 

t n e  human body by sweat  and absorbed  by t h e  proximal p a r t  o f  t h e  h a i r  

s h a f t  ( B a t .  866,  Lim. 6 6 ) .  Q u a n t i t i e s  o f  20 and 40 mg o f  copper  
b 

.or (7" 
copper  s u l f a t e )  were weighed o u t ,  d i s s o l v e d  i n  d i s t i l l e d  w a t e r ,  and 

i n g e s t e d  r e s p e c t i v e l y  b y  s u b j e c t s  F  ,and E o v e r  a  p e r i o d  o f  24 h o u r s  as  
* 

f o u r  e q u a l  6-hour ly  d o s e s .  The c o n c q t r a t i o n s  o f  t h e  s o l u t i o n s  used 

f o r  i n g e s t i o n  were 0.101 $/a1 (or s u b j e c t  E and 0.05 m g / m l  f o r  

s u b j e c t  F. \ 1 

1 .  The e x p e r A e n t  o f  copper  i n g e s t i o n  by two v o l u n t e e r  s u b j e c t s  was 
first  approved by t h e  U n i v e r s i t y  Committee f o r  Human E x p e r i m e n t a t i o n ,  
and supervjzsed by D r .  L i p i n s k i .  Medicfh exams were performed on both  
s u b j e c t s  by D r .  ,Lawton b e f o r e  and a f t e r  t h e  copper  i n g e s t i o n ,  a s  were 
a n a l y s i s  o f  blood copper  l e v e l s .  / *  

/ 
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h a i r  samples  were plucked i n d i v i d u a l l y  from t h e  two s u b j e c t s  

i n  t h i s  e x p e r i m e n t ,  and t o ,  t h e  washin3 and 
a .I 

Atmi; A b s o r p t i o n  A n a l y s i s  

The t i m e s  w i t h  r e s p e c t  t o  t h e  i n q e s t i o n  a t  which t h e  h a i r s  were \ = 

t a k e n  a r e  g i v e n  ( t o g e t h e r  w i t h  t h e  d a t e s  o n  which t h e  s u b j e c t s  washed 
, 

t h e i r  h a i r )  i n  T a b l e s  I X  and X , s i n c e  t h i s  l a s t  f a c t o r  appeared  t o  
C '  

b e  h i g h l y  r e l e v a n t  i n  c o n n e c t i o n  w i t h  r % d \ s t r i b u t i o n  o f  t h e  copper  
\. 

absorbed i n  h a i r s .  

1n o r d e r  t o  f i n d  p o s s i b l e  c o r r e l a t i o n s  between t h e  i n g e s t i o n  o f  

cobper  and t h e  c o n c e n t r a t i o n  o f  t h i s  e l ement  i n  t h e  b lood serum a s  a  

p o s s i b l e  i n t e r m e d i a r y  i n  t r a n s p o r t  t o  t h e  h a i r ,  s amples  o f  b lood were 

/l - i n g e s t i o n  a t  t i m e s  g i v e n  i n  t a b l e s  IX and X r e s p e c t i v e l v .  P n d l y s i s  

f o r  c o p p e r  c o n c e n t r a t i o n  i n  blood serum was done a t  Simon F r a s e r  

Unkvers i ty  by e n e r g y  d i s p e r s i v e  X-Ray F l u o r e s c e n c e  S p e c t r o m e t r y ,  and 

- '  , b y  ~ t o m i c '  Absorpt ion i n  an independen t  l a b o r a t o r y  ( B . C .  Bio-medical  

~ a b o r a t o r ' i e s  L i m i t e d ) .  The X-ray measurements were done by Mr. I. 

G .  Stump, u n d e r  t h e  s u p e r v i s i o n  o f  Ik.. J .  D - ~ u r i a ,  t o  whom we a r e  most 

g r a t e f u l .  
? 



3) RESULTS 

3.1) E x p e r i m e n t s  o n  Copper 
L 

L 

f. 1 . 1 )  R e s u l t s  fbr I n d i g e n o u s  Copper i n  Hair - 
I -- 

F i g u r e  2 shows t h e  mass  of  copDer found ( a n g  t h e  c o r r e s p o n d i n g  
% 

c a l c u l a t e d  c o p p e r  c o n c e n t r a t i o n )  i n  2- o r  5-mm segmen t s  o f  i n d i v i d u a l  
,F 
I 

human h a i r s ,  a s  a  f u n c t i o n  o f  t h e  d i s t a n c e  o f  t h e  segment from t h e  
4 

h a i r  r o o t .  Data  i n  e a c h  p a r t  o f  t h e  f i q u r e  are f o r  s e v e r a l  h a i r s  

p lucked  from randomly l o c a t e d  s i t e s  o n  t h e  head o f  a s i n g l e  s u b j e c t ,  

\ ,  
and all v e r i f i e d  a s  b e i n g  i n  t h e  anagen phase  o f  t h e  g rowth  c y c l e   at^ 

t h e  moment o f  5 l u c k i n q .  The s e v e n  S U ~ J ~ C ~ S  c o n c e r n e d  i n  t h e  s e v e r a l  

p a r t s  o f  t h i s  f i g u r e  a r e  d e s c r i b e d  i n  T a b l e  111. It i s  s e e n  i n .  7 

i ' 

F i g u r e s  2a t o  2g t h a t  h a i r s  from a s i n g l e  i n d i v i d u a l  e x h i b i t  g e n e r a ' l l y  

similar c o p p e r  p a t t e r n s  w i t h  

h a s  been s u b m i t t e d  t o  a 

s u b j e c t s  s u c h  as B ,  C ,  D ,  El 

i n  F i g .  2  a r e  t y p i c a l  o f  

The r e m a i n d e r  are n o t  shown, 

- 
t h e  e x c e p t i o n  o f  s u b j e c t  H ,  whose h a i r  

b l e a c h i n g  t r e d t p e n t .  In  t h e  c a s e  o f  some 
e 

and F ,  t h e  c o n c e n t r a t i o n  p a t t e r n s  shoyn . 

. " 
t h e  much g r e a t e r  volume o f  d a t a  o b t a i k e d .  

, o  ' "  . c  

t o  a v o i d  crowding t h e  f i g u r e .  

In  o r d e r  t o  d e t e r m i n e  q u a n t i t a t i v e l y  t h e  s i g n i f i c a n c e  o f  - t h e  B 
s i m i l a r i t y  bet wee^ t h e  cop* c o n c e n t r a t i o n  p a t t e r n  o f  h a i - r s  t a k e n  , " 

from a  s i n g l e  i n d i v i d u a l ,  c o e E f i c i e n t s  o f  c o r r e l a t i o n 2  have  been 

c a l c u l a t e d  f o r  p a i r s  o f  p a t t e r n s  among t h o s e  measured  f o r  t h e  s e v e n  
, " 

s u b j e c t s  c o n c e r n e d  i n  F i g .  2.  

. . . 
2 .  See  Appendix A .  j 
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S u b j e c t  

S u b j e c t s  f rom whom h a i r  samples were a n a l y s e d  

Sex  

f e m a l e  

f e m a l e  

female 

f e m a l  e 

ma1 e 

m a 1  e 

f e m a l e  

f e m a l e  

f e m a l e  
T 

female 

Domic i l e  

Vancouve r ,  9. C .  

Vancouve r ,  B .  C .  

P a r i s ,  F r a n c e  

Vancguve r ,  B.  C .  

Vanc u v e r ,  B. C .  "\ 

Vancouve r ,  B. C.  

Vancouve r ,  B. C .  
\ 

Vancouve r ,  B. C .  

I 

Hair Colo-ur - 

L i g h t  brown 

Dark brown o r  

b l a c k  c hang  i n g  
7 

t o  w h i t e  o r  g r e y  

Blond 

Medium brown 

L i g h t  b r o  r .  n 

Dark b l o n d  

Brown , 
J 

p a r t i a l l y  b l e a c h e d  

Brown , 

p a r t i a l l y  b l e a c h e d  

Dark  brown 

L i g h t  b r o w n ,  

p a r t i a l l y  b l e a c h e d  



The means  o f  t h e  d i s t r i b u t i o n  o f  t h e  c o r r e l a t i o n  c o e f f i c i e n t  

v a l u e s  o b t a i n e d  f o r  e a c h  s u b j e c t  a r e  ~ i v e n  i n  T a b l e  I V , ' t o q e t h e r  w i t h  
) .  

t h e  s t a n d a r d  d e v i a t i o n  o f  t h e  d i s t r i b u t i o n ,  and  a l s o  t h e  number  o f  

s a m p l e s  o f  w h i c h  t h e  c o n c e n t , r a t i o n  p a t t e r n s  h a v e  b e e n  u s e d  i n  t h e  

c a l c u l a t i o n .  
', 

The c o n s i s t e n t l y  h i g h  v a l u e s  o b t a i n e d  f o r  t h o s e  c o e f f i c i e n t s  o f  

c o r r e l a t i o n  r e i n f o r c e  t h e  i m p r e s s i o n  ( o b t a i n e d  bv v i s u a l  i n s p e c  t i o n )  

o f  s i m i l a r i t y  w h i c h  i s  c o n v e y e d  bv t h e  c o p p e r  c o n c e n t r a t i o n  

f o r  h a i r s  t a k e n  f r o m  a  s i n g l e  i n d i v i d u a l  ( e x c e p t  f o r  s u w r o m  

whom t h e  l o w e r  c o r r W a t i o n  c o e f f i c i e n t  r e f l e c t s  t h ~  d i s s i m i l a r i t y  
c: 

b e t w e e n  H I  a n d  Hz, 
H 3  

. I n '  c o n t r a s t  w i t h  t h i s  r e s e m b l a n c e  it  c a n  b e  

_ s e e n  t h a t  h a i r s  t a k e n  f r o m  d i f f e r e n t  i n d i v i d u a l s  d i f f e r  i n  a v e r a g e  C; --  - 

c o n t e n t  ( a s  e x p e c t e d  f r o m  p r e v i o u s  d a t a  on t h e  d i s t r i b u t i o n  o f  a v e r a g e  

Cu c o n t e n t s  o f  h a i r s  f r o m  a  g e n e r a 1 , p o p u l a t i o n  ( P e r .  6 5 ) )  a n d  a l s o  i n  

t h e  m a g n i t u d e  o f  f e a t u r e s  s u c h  a s  s l o p e s  a n d  l o c a l  c o n c e n t r a t i o n  

f l u c t u a t i o n s .  A c a p a r i s o n  o f  t h e  c o p p e r  p a t t e r n s  f o u n d  i n  h a i r s  

t a k e n  f r o m  t h r e e  d i f f e r e n t  s u b j e c t s  i s  t o  b e  f o u n d  i n  F i g .  3 .  

T h i s  d i f f e r e n c e  b e t w e e n  t h e  c h a r a c t e r i s t i c  p a t t e r n s  o f  t h e  

s e v e r a l  s u b j e c t s  i n v o l v e d  i n  t h i s  e x p e r . i m e n t  c a n  b e  a q a i n  m e a s u r e d  
4' 

q u a n t i t a t i v e 1  y by t h e  c o e f f i c i e n t  o f  c o r r e l a t i o n ,  whose  v a l u e s  are 

d e s c r i b e d  i n  T a b l e  V .  These we+e c a l c u l a t e d  f rom c o n c e n t r a t i o n  

p a t t e r n s  f o r  p a i r s  o f  h a i r s  t a k e n  from two d i f f e r e n t  s u b j e c t s .  
e 

However ,  b e c a u s e  h a i r s  o f  s u b j e c t  C w e r e  a n a l y z e d  v i a  s e g m e n t s  5 rnrn 
/ 

i 
I\ 



Subjec t  

Cor re l a t ion  c o e f f i c i e n t  between the  n a t u r a l  

. copper concen t r a t ion  p a t t e r n s  o f  ea* s u b j e c t  

Number of  Samples 

2 

3 

3 

3 

5 

3 

3 

Mean of Cor re l a t ion  

c o e f f i c i e n t  

''.931 

0.935 

0.882 

0.879 

0.914 

0.949 

0.412 

Standard 

Deviat ion 
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TABLE '( 

C o r r e l a t i o n  c o e f f i c i e n t s  b e t w e e n  t h e  n a t u r a l  c o p p e r  

c o n c e n t r a t i o n  a t t e r n s  o f  d i f f e r e n t  subf 'ec  ts k 
S u b j e c t s  Whose 

P a t t e r n s  Aye %ompare(  

A and  B 

A and D 

A and E 

A and  F 
Y 

B and D 

> ,  
C B and  E 

B and  F 

D.and E 

D and  F 

E a n d  F ' 

Number o f  S a m p l e s  

Compared 

Mean o f  C o r r e l a t i o n  

C o e f f i c i e n t  

S t a n d a r d  

D e v i a t i o n  



l o n g  ( i n s t e a V  o f  t h e  u s u a l  2 mm) it was n o t  ~ o s s i b l e  v i a  t h e  f o r m a l i s m  

d e v e l o p e d  i n  t h i s  work to compare  t h e  c o n c e n t r a t i o n  p a t t e r n s  D b t a i n e d ,  

f o r  t h i s  s u b j e c t  w i t h  a n y o t h e r  p a t t e r n s  shown s o  f a r .  The r e s u l t s  

o b ' t a i n e d  a r e  g e n e r a l l y  l o w e r  Mpn t h e  m e a n s  o f  t h e  c o r r e l a t i o n  

c o e f  f i c - i e n  ts  f o r  h a i r s  f r o m  a  s i n g l e  i n d i v i d u a l .  

The ~ i g n i f i c a n c e ~ o f  t h e  d i f f e r e n c e  b e t w e e n  t h e  two  sets o f  d a t a  

c a n  b e  a s s e s s e d  by t h e  s t u d e n t ' s  t - t e s t .  T a b l e  V I  shows  t h e  t - v a l u e s  

o b t a i n e d  f o r  a l l  p o s s i b l e  m b i n a t i o n s  o f  c o r r e l a t i o n  c o e f f i c i e n t s  9 
8 t a k e n  f r o m  T a b l e s  I V  a n d  V ,  a n d  i n d i c a t e s  t h a t ,  t h e  p r o b a b i l i t y  o f  

, . 
r e c o g n i s i n g ,  f o r  e x a m p l e ,  & o  h a i r s  a s  c o m i n g  f r o m  t w o  d i f f e r e n t  Y 
s u b j e c t s  w h i c h  i n  f a c t  come from t h e  same i n d i v i d u a l ,  i s  less  t h a n  ? # .  

I n  some c a s e s ,  t h i s  p r o b a b i l i t y  d r o p s  down t o  less  t h a n  1 0 ' ~  ( a s  

f o r  t h e  c o m p a r i s o n  b e t w e e n  t h e  c o r r e l a t i o n  c o e f f i c i e n t  o f  s u b j e c t  E 

C '  
p a t t e r n s  w i t h '  t h e  - c o r r e l a t i o n  c o e f f i c i e n t s  c a l c u l a t e d  b e t w e e n  t h e  

p a t t e r n s  o f  s u b j e c t s  E a n d  R )  , which  makes  an i d e n t i f i c a t i o n  b y  t h i s  
- d  -+. 

r n e ; t h o p r e l a t i v e l  l e s s  a m b i g u o u s .  

I n  o n e  c a s e ,  h o w e v e r ,  t h e  p a t t e r n s  i n  h a i r s  f r o m  s u b j e c t s  B a n d  D 

a r e  more c o r r e l a t e d  t h a n  t h e  p a t t e r n s  i n  h a i r s - i r o m  s u b j e c t  D a l o n e .  

T h i s  c i r c u m s t a n c e  ( w h i c h  o c c u r s  i n  o n l y  o n e  case i n  t w e n t y )  i s  d u e  t o  '7 
t h e  l o w  c o r r e l a t i o n  b e t w e e n  t h e  p a t t e r n s  o f  s u b j e c t  D combined  w i t h  a 

9 
g e n e r a l  s i m i l a r i t y  b e t w e e n  t h e  p a t t e r n s  o f  s u b j e c t s  B and  D. 



s t u d e n t ' s  t - test  on t h e  c o r r e l a t i o n  c o e f f i c i e n t s  

9, 
TABLE VI 

'9 

S e t  o f  C o r r e l a t i o n  
) C o e f f i c i e n t s  Being  Compared 

A-tB 'and A 
A+B and B 

A+D and A 
A+D and  D 

A+E and A 
A+E, and E . .  

* 
A+F a ' n d ' ~ .  
A+F and - F  

. , '. 
B+D and- B 
B+D and D 

B+E and B 
B+E and E 

B+F and B 
B+F and F  

'D+E and D 
D+E and E . . 

D+F and D 
D+F and F  

E+F and E 
E+F and F  

Degree o f  Freedom 
( n  +n2-2 



'2 Bowever, t h e  a v a i l a b i l i t y  ( say v i a  multi-element A A )  p f  p a t t e r n  

;data f o r  s e v e r a l  .elements i n  t he  same h a i r  would be expected t p  al low 
, ,~ / 

zpmpounding of p r o b a b i l i t i e s  such a s  t h e *  above, t o  p&mit a  more 
, - *  

c e r t a i n  ha t ch ing  o f  h a i r s  from the  same source .  

3: 1 .2 ) ,  Origin of  -Pa t t e rn  Fea tures  -+- Q 
"a 

* -  - t $  

A l l  t h e  copper. patt-ern3 measured, f o r  t hese  s u b j e c t s  and o t h e r s ,  

- - *  . 
- e r e  i s  a  f l u c t u a t i o n  of , the  copper con ten t  between 

i 

. . 
ad jacen t  s e b e n t s  by a s  much a s  9 f a c t o r  o f  2. 

b 

d - - - ' there is a a i n i m h  copper concen t r a t ion  a t  about 1-2 
', - 

cul from the  r o o t , ,  and t h e r e  i s  a  g e n e r a l l y  * i nc reas ing  
% C - 

-1 - - 
concent rh t ion  of  copper with inc reas ing  d i s t a n c e  from the  r o o t .  

Cl i 

- e r e  are', &geCiaposed on t h i s  ' gene ra l  t r e n d ,  

reg*ions o f  t he  h a i r  extending f o r  several. cen t imeters  where the  
L. 

-- copper ' "c^oncentration i,s much higher ( o r  lbyer )  than i n  ad j acen t  ' 

reg ions ,  and appear t o  be ~ h a r a c t e > i s t i c  of a  given i n d i v i d u a l .  ' 

c k - " .  
P ' n  

These f e a t u r e s  zould perhaps - be  r a t i o n a l i z e d  i n  the  following 
* 



-66- * 
i 

6 

1 ) The observed segment-to-segment f l u c t u a t i o n s  might 

be due' t o  f a u l t y  a n a l y t i c a l  ' technique or  t o  vary ing  ex te rna l  

*. 
contamihatibn which was not  completely removed by t h e  washing 

procedure employed. 

. - 
J 3 

, 2) '  The - increas ing  conc,entrat ion fr'om the  r o o t  . t o  t h e  
t .  . 

d i s t a l  end might be due' t o  . abso rp t ion  of copper from the . 

environment, which had proceeded t o  a  g r e a t e r  ' e x t e n t  with t h e  
, 

longer  t o t a l  exposure t ime t o  which t h e  d i s t a l  .end had been 

t h a t  t h i s  f e a t u r e  i s  not  

t h e  a r e  shown i n  
-a 

C show 'no eviaence 

of sukh an i n c r e a s e  o f  copper concen t r a t ion ,  which a l r eady  r a i s e s  

"some ques t ion  regard ing  w e  above i n t e r p r e t a t i o n .  

3 )  The reg ion  of  l o c a l l y  increased  o r  decreased,  coppkr 
' B. , 

c o n c w t r a t i o n s  might r e f i e c t  changes i n  the  kiietary copper 

c o n t e n t ,  which might i n  t u r n  evidence *corresponding changes i n  

t he  blood copper l e v e l ,  and hence the  extenbeof i nco rpora t ion  of  , 
7 ,, 

I ,  . 
copper i n t o  t h e  h a i r  groning from ~ t h e  s u b j e c t ' s  f o l l i c l e s .  '' 

- T'. 1 . 3 )  V a l i d i t y  of t h e  A ~ l y s i s  

Ques t ion  1 above, on the  v a l i d i t y  of  t h e  present  a n a l y t i c a l  

t echnique ,  i s  c l e a r l y  of  utmost importance t o  t h e  s i g n i f i c a n c e  o f  the  

7 

t 

- .  
- 



\ 

p r e s e n t  r e s e a r c h  work a s  a  who le .  It seemed c r i t i c a l ,  t h e r e f o r e ,  t o  

s c r $ , i n i s e  t h e  t e c h n i q u e s  employed .  

L. I 

The q u e s t i o n  f i r s t  a r i s e s  a s  t o  whe the r  t h e  v a l u e s  o b t a i n e d  by 

Atomic A b s o r p t i o n  A n a l y s i s  a r e  a c c u r a t e ,  s i n c e  d u p l i c a t e  a n a l y s e s  o f  

t h e  same a r e , ' i m p o s s i b l e  b e c a u s e  o f  t h e  d e s t r u c t i v e  c h a r a c t e r  o f  t h e  

f 

method ,  and b e c a u s e  we have  s e e n  p r e v i o u s l y  t h a t  t h i s  method is  n o t  

f r e e  from i n t e r f e r e n c e s .  I n  p a r t i c u l a r ,  t h e  c a l i b r a t i o n  o f  t h e  

a b s o r p t i o n  s i g n a l  measured  d u r i n g  t h e  ' a t o i u i z a t i o n  o f  a s o l i d  h a i r  
f 

s a m p l e  by ?ompar i son  w i t h  t h e  s i g n a l  o b t a i n e d  from a n  a l i q u o t  o f  . a  

s t a n d a r d  s o l u t i o n  c o u l d  be  a s o u r c e  o f  e r r o r .  * 

, F i r s t  t h e r e f o r e ,  a  c o m p a r i s o n  was, . a t t e m p t e d  be tween h a i r  

s e g m e n t s  a n a l y s e d  i n  t h e  s o l i d  p h a s e  as d e s c r i b e d  a b o v e ,  a n d  l a r g e r  

s e g m e n t s  o f  a n o t h e r  h a i r  from t h e  same s u b j e c t  wh ich  were  s u b j e c t e d  t o  

a . p ~ i o r  d i s s o l u t i o n  i n  c o n c e n t r a t e d  n i t r i c  a c i d ,  a l i q u o t s  o f  t h e  

r e s y l  t i n g  s o l u t i o n  b e i n g  p i p e t t e d  i n t o  t h e  f u r n a c e .  
/'- 

___/ 

S e v e r a l  p r o b l e m s  a f f e c t  s u c h  a  c o m p a r i s o n .  It would h a v e  been  

; p r e f e r a b l e '  to compare  h a i r  s e g m e n t s  o f  i d e n t i c a l  c o m p o s i t i o n .  S i n c e  

t h e s e  e v i d e n t l y  d o  n o t  e x i s t ,  t h e  measured  a v e r a g e  c o p p e r  v a l u e s  and 

t h e  p a t t e r n s  from two h a i r s  from t h e  same s u b j e c t  were compared .  
h, 

F i y e  4 shows t h e  r e s u l t s  t h a t  were  o b t a i x e d  w i t h  h a i r s  from 

s u b j e c t a -  D .  The c l o s e  s i m i l a r i t i e s  o f  t h e  g e n e r a l  p a t t e r n s  a r e  t o  be 
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n o t e d ,  and t h e  d a t a  on t h e  a v e r a g e  c o n c e n t a r a t i o n  v a l u e s  measured  a l o n g  

t h e s e  two ha ' i rs  i n d i c a t e  t h a t  a n a l y s i s  o f  s a m p l e s  i n  t h e  s o l i d  phase  

b 

and  a f t e r  d i s s o l u t i o n  g i v e  t h e  same c o p p e r  c o n c e n t r a t i o n  v a l u e  t o  

w i t h i n  10%. The t e n d e n c y  f o r  t h e  d i s s o l v e d  s a m p l e s  t o  Have a  s l i q h t l y  
\ 

h i g h e r  c o n c e n t r a t i o n  may r e f l e c t  c o n t a m i n a t i o n '  w i t h  c o p p e r  from t h e  
\ 

v e r y  purk., n i t r i c  a c i d  employed.  I n  t h e  d i s s o l v e d  s a m p l e s ,  t h e  copDer  
? 

is  e x p e c t e d  t o  have  g e n e r a l l y  t h e  same c h e m i c a l  form and env i ronmen t  
1 

a s  i n  t h e  s t a n d a r d  s o l u t i o n ,  which  i s  made up from c o p p e r  m e t a l  

d i s s o l v e d  i n  n i t r i c  a c i d .  T h u s ,  t h e  s i m i l a r i t i e s  o f  v a l u e s  found 

be tween  s o l i d  and d i s s o l v e d  s a m p l e s  is a good i n d i c a t i o n  t h a t  n e a r l y  
1 

t h e  same p r o p o r t i o n  o f  c o p p e r  a t o m s  ( p r e s u m a b l y  c l o s k  t o  100%)  a r e  
" * 

l i b e r a t e d  from t h e  s o l i d  s a m p l e s  and from t h e  s t a n d a r d  s o l u t i o n .  

F u r t h e r  v e r i f i c a t i o n  o f  - t h e  a c c u r a c y  o f  t h e  r e s u l t s  was  a t t e m p t e d  

b y , c h e c k i n g  t h e  i n f l u e n c e  on t h e  a n a l y t i c a l  r e s u l t s  o f  p r o t e l n a c e o u s  

"I m a t e r i a l  p r e s e n t  i n  t h e  f u r q a c e  durin,g a n a l y s i s .  - T h i s  was a c h i e v e d  by 
r 

a n a l  y s i n g  a  s a m p l e  o f  t y r o s i n a s e  ( Sigma L a b o r a t o r i e s )  , which had a  
-3 

r e p o r t e d  c o p p e r  c o n c e n t r a t i o n  o f  about- 300 ppm , s u c e s s i v e l  y  by Atomic 

Absorption--- s o l i d  and a  d i s s o l v e d  s a m p l e ,  and s e c o n d l ?  by 
'&#c -'% 

X-Ray F l u o r e s c e n c e  ~ n a l  y s i ' s b p r  t h e  e v a p o r a t e d  r e s i d u e  o f  t h e  s o l u t i o n  
L-, - 

+ and  on a  s o l i d  s a m p l e .  The l a t t e r  method o f  a n a l y s i s  2;s p resumab ly  . 

A b s o r p t i o n  may b e  s u b j e c t .  C a l i b r a t i o n  

f r e e  o f  any i n t e r f e r e n c e s  due  t o  p r o t e i n  a t e r i a l  to, which  Atomic ' t 
- c a s e s  w a s  a c h i e v e d  by 4 

c o m p a r i s o n  w i t h  a l - i q u o t s  o f  a s t a n d a r d  

s d d a r d  N .  B.S. o r c h a r d  l e a v e s  ma r i a l  k 
c o p p e r  s o l u t i o n  o r  w i t h  a  6 

o f  known Cu c o n t e n t  ( S t a .  7 2 )  
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? r I 

where t h e  u n d i s s o l v e d  t y  o s i n a s e  was a n a l y s e d  by X-Ray F l u o r e s c e n c e .  

The r e s u l t s  a r e  shown in T a b l e  V I I  and i n d i c a t e  an  ag reemen t  

c o n s i s t e n t  w i t h  t h e  e s t i m a t e d  10% e r r o r  o f  t h e  Atomic A b s o r p t i o n  
' t  

T e c h n i q u e ,  g i v e n  p o s s i b l e  i nhomogene i ty  o f  t h e  p r o t e i n  m a t e r i a l ,  when 

a n a l  ysed u n d i s s o l v e d  by X-Ray F l u o r e s c e n c e .  
t 

I t  seems, i n  v i e w  o f  t h e  c o n s i s t e n c y  o f  t h e  r e s u l t s  o b t a i n e d  s o  -. 
f a r ,  t h a t  t h e  measured  v a l u e s  and t h e  v a r i a t i o n s  o f  c o p p e r  

c o n c e n t r a t i o n s  a l o n g  the h a i r  s a m p l e s  a n a l y s e d  a r e  r e a s o n a b l y  L 
a c c u r a t e .  

9 '-- 

Next ,  t o  c h e c k  whe the r*  t h e  s egmen t - to - se  ment v a r i a t i o n s ,  wh ich  9 I > 
7eem t o  b e  a  common c h a r a c t e r i s t i c  o f  e v e r y  h a i r  s a m p l e  a n a l y s e d  by 

- this me thod ,  were  due  t o  v a r i a b l e  c o n t a m i n a t i o n  o f  e a c h  .segme t d u r i n g  1 
\ 

t h e  a n a l y s i s  due  t o  poor  h a n d l i n q  t e c h n ~ u e ,  i t  was d e c i d e d  t o  

& 
a n a l y s e ,  b y  t h e , s a m e  p r o c e d u r e ,  2-mm segmen t s  o f  a n y l o n  monof i l amen t  

f i s h i n g  l i n e ,  whfch i s  known t o  have  a f a i r l y  homogeneous and 
< 

amorphous s t r u c t u r e .  T h i s  f e a t u r e  m i g h t  b e  e x p e c t e d  t o  l e a d  t o  t h e  - 

c o p p e s  c o n t e n t  o f  e a c h  segment  a n a l y s e d  b e i n g  f a i r l y  c o n s t a n t ,  unf"E%s sp 

4 

t h e  method o f  h a n d l i n g  and a n a l y s i s  a d o p t e d  s o  f m  is t h e  r e a l  c a u s e  
i 

f o r  a  segment - to-segment  v a r i a t i o n .  

Y 

h 
The r e s u l t s  shown i n  F i g .  5 c l e a r l y  show a  v e r y  much f e d u c e d  Cu 

, . - ..'. 
c o n c e n t r a t i o n  from t h a t  o b s e r v e d  i n  h a i r ,  and d e m o n s t r a t e  t h a t  t h e  

segment -  to -segment  c o p p e r  c o n t e n t  v a r i a t i o n s  a r e  s m a l l e r  ( f 18%) t h a n  
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t h o s e  g e n e r a l l y  o b s e r v e d  w i t h  h a i r .  Thus ,  i f  t h e .  a n a l y s i s  o f  a  

f i l a m e n t ,  whose homogeneous s t r u c t u r e  i s  n o t  e x p e c t e d  t o  l e a d  t o  a  

v a r i a t i o n  o f  c o p p e r  c o n c e n t r a t i o n  from segment-  to-segment  , h a s  

produced more c o n s t a n t  r e s u l t s  t h a n  h a s  been o b t a i n e d  w i t h  h a i r  f i be r s  

w i t h  known s t r u c t u r a l  i n h o m o g e n e i t y ,  i t  i s  p o s s i b l e  t o  c o n c l u d e  t h a t  

t h e  p i e c e - t o - p i e c e  v a r i a t i o n  o b s e r v e d  w i t h  h a i r s  was n o t  d u e  t o  

contam% on d u r i n g  t h e  a n a l y s i s  t o  a s i g n i f i c a n t  e x t e n t .  Thus it 

was presumably  due  e i t h e r  t o  t h e  n a t u r a l  i nhomogene i ty  o f  t h e  c o p p e r  
d 

c o n t e n t  o f  t h e  hair s h a f t ,  o r  p e r h a p s  t o  s u p e r f i c i a l  c o n t a m i n a t i o n  
4'- -=% 

p r e s e n $  b e f d r e  t h e  a n a l y s i s  b e g a n .  

3.-1.4) E f f e c t s  o f  Hair Mashing b - 
J 

The i m p o r t a n c e  o f  h a i r  washing  as a means g  s u c h  

c o n t a m i n a t i o n  has b e e 6  emphas ized  e a r l i e r .  It was e v i d  n t l y  n e c e s s a r y  

t o  s e l e c t  a washing  t e c h n i q u e ,  and  t o  d e t e r m i n e  a n  

t i m e  s u f f i c i e n t  t o  remove t h e  s u p e r f i c , i a l  
I 

n o t  t h e  t r a c e  e l e m e n t s  bound t o  t h e  h a i r  s t r u c t u r - e  p r o p e r .  It was 

d e c i d e d  t o  employ o n e  o f  t h e  p r e v i o u s l y  d e s c r i b e d  washing  p r o c e d u r e s  

( O b r .  7 2 ) ,  r a t h e r  t h a n  t o  i n t r o d u c e  a n o t h e r .  

. . 
Three  h a i r s  drawn from t h e  head  o f  a s i n g l e  s u b j e c t  ( s u b j e c t  ~ 1 3  

were  s e p a r a t e l y  s u b j e c t e d  t o  t h e  washing s e q u e n c e  d e s c r i b e d  e a r l i e r  

3. The . t h r e e  h a i r s  used i n  t h i s  e x p e r i m e n t  were  t a k e n  9 months  b e f o r e  
t h e  t h r e e  h a i r s  whose p a t t e r n s  a r e  r e p r e s e n t e d  d n  ~ i g . '  2*, which  
e x p l a i n s  t h e  d i s s i m i l a r i t y  between t h e  two s e r i e s  o f  p a t t e r n s .  

B 

- 



( s e e  s e c t i o n  2 . 2 1 ,  b u t  w i t h  t'imes o f  5 ,  1 0 ,  and 15  m i n u t e s  pe r  s t e p  o f  

. t h e  p r o c e d u r e .  The p a t t e r n s  measured  a f t e r  s u c h  washing  p r o c e s s  a r e  
7 

shown i n  F i g .  6 .  

It is 'seen t h a t  t h e  l e n g t h  o f  t h e  washing time i n f l u e n c e s  t h e  

magn i tude  o f  t%e f e a t u r e s  o f  t h e  o b s e r v e d  c o p p e r  c o n c e n t r a t i o n  

p a t t e r n ,  b u t  t h a t  e v e n  a f t e r  ' &  m i n u t e s  o f  wash ing  p e r  s t e p ,  s u c h  h 

f e a t u r e s  are s t i l l  v i s L b l e .  The h i g h l y  e r r a t i c  c o n c e n t r a t i o n  

v a r i a t i o n s  o b t a i n e d  w i t h  h a i r s  which were  n o t  s u b j e c t e d  t o  any  

wash ing ,  h a d ,  howeveF, d i s a p p e a r e d  a f t e r  a washing  time o f  f i v e  

m i n u t e s  p e r  s t e p .  Thus ,  t h i s  d u r a t i o n  a p p e a r e d  ' t o  b e  a r ' e a sonab le  

compromise tqetween removing c o n t a m i n a t i o n p  o n  t h e  one  hand ,  and 

a v o i d i n g  t h e  washing  o u t  o f  a p o t e n t i a l l y  s i g n i f i c a n t  c o n c e n t r a t i o n  
B 

p a t t e r n  on t h e  o t h e r .  
'0 

The p e r s i s t e n c e  o f  p a t t e r n  f e a t u r e s  even  a f ter  t h e  m i n u t e s  per  

s t e p  wash ing ,  p l u s  t h e  a p p a r e n t  v a l i d i t y  o f  t h e  a n a l y t i c a l  method,  

s u g g e s t  t h a t  t h e  c o n c e n t r a t i o n  f l u c t u a t i o n s  are  real  ( and  n o t  a n  
, . 

a n a l y t i a a l  a r t i f a c t )  and may b e  a s s o c i a t e d  w i t h  v a r i a t i o n s  i n  t h e  h a i r  
I . . 

s t ~ u # r e  ( r a t h e r  t h a n  w i t h  s u r f a c e  c o n t a m i n a t i o n )  . 

Another  s u c h  q u a n t i t y  may b e  t h e  d e n s i t y  o f  t h e  h a i r  m a t e r i a l ,  

4 I 
s i n c e  t h e  segment-  to-segment f l u c t u a t i o n  o f  c o p p e r  c o n t e n t  o b s e r v e d  

, may have  r e s u l t e d  from w i a t i o n  o f  segment  w e i g h t .  F i g u r e  7 shows 

t h e  r e p u l t s  o f  we igh ing  s u c e s s i v e  2- and 5-nfm segmen t s  o f  a h a i r  ?ram 
====z. 



HAIR WASHED 
10 MINUTES EACH STEP 
90 MINUTES TOTAL 

HAIR WASHED 
15 MINUTES EACH STEP 
135 MINUTES TOTAL 

DISTANCE FROM SCALP (cm) FIC~ITRE 6, 
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f P 
i/ It c a n  b e  s e e n  t h a t  segment - to-segment  w e i g h t  f l u c t u a t i o n s  a r e  

fa r  s m a l l e r  in m g n i t u d e  t h a n  t h e  o b s e r v e d  v a r i a t i o n  ' o f  coppeE 
4 - 

c o n t e n t ,  s i n c e  t h e  maximum f l u c t u a t i o n  i n  w e i g h t  measu red  between two 

a d j a c e o t  2-mm segmen t s  was o n l y  17% o f  t h e  a v e r a g e  mass  ( a t  a  

d i s t a n c e  o f  4  cm from t h e  r o o t ) .  +'v 

. s u b j e c t  A ,  t o g g t h e r  w i t h  t h e  e s t i m a t e d   recision o f  s u c h  measu remen t s  
\ 

,Ano the r  f e a t u r e  which  m i g h t  b e  l i n k e d  t o  t h e  o b s e r v e d  v a r i a t i o n  

o'f c o p p e r  c o n t e n t  i s  t h e  f l u c t u a t i o n  o f  h a i r  c r o s s - o e c t i o n ,  and hence  

i n t e r n a l  s u r f a c e  a r e a  a v a i l a b l e  f o r  i o n  a b s o r p t i o n .  

t 
The diame' ter  o f  a  h a i r  f rom s u b j e c t  A was measured  

m i c r o s c o p i c a l l y  a t  i n t e r v a l s  a l o n g  t h e  h a i r  much s h o r t e r  ( 0 . 2 5  m m )  

t h a n  t h e  2 mm i o t h e r w i s e  b y  t h e  n e c e s s i t y  o f  a n a l y s i n g  t h e  

c o p p e r  c o n t e n t .  The r e s u l t s  ar,e shown' i n  F i g .  8 ' w i t h  t h e  e s t i m a t e d  

p r e c i s i o n  b e i n g  1.5%) , t o g e t h e r  w i t h  t h e  w e i g h t  o f  t h e  c a r r e s p o n d i n g  , 

2-mrn s e g m e n t s .  The c y c l i c  d i a m e t e r  v a r i a t i o n s  o b s e r v e d  a r e  p re sumab ly  
\ 

a  r e f l e c t i o n  o f  t h e  h e l A c a l  form q f  t h e  h a i r  aqd a n  e l i p t i c a l  

c r o s s - s e c t i o n  ( P r i .  7 4 ) ,  and  a re  n o t  r e f l e c t e d  i n  a  c o r r e s p o n d i n g  

c y c l i c  v a r i a t i o n  o f  h a i r  w e i g h t .  Beyond s u c h  v a q i a t i o n s ,  howeve r ,  
L 

t h e r e  a r e  l o c a l  p o i n t s  o f  s i g n i f i c a n t l y  r e a u c e d  and i n c r e a s e d  

d i a m e t e r ,  b u t  which are t o o  s m a l l  i n  magn i tude  t o  b e  t h e  c a u s e  o f  t h e  

Cu c o n t e n y a r i a t i o n  . - .  3 





It seems ,  t h e n ,  t h a t  n o n e  of  t h e  p o s s i b l e  c a u s e s  04' Cu c o n t e n t  , - 
f l u c t u a t i o n  i n v e s t i g a t e d  so far  a re  i n .  f a c t  r e s p o n s i b l i  f o r  i t  a l o n e ,  . 

. $  P 

a1 though  t h e y  may b e  p a r t i a l  c o n t r i b u $ o r s  . P b 

3.1.5) T r a c e r  E x p e r i m e n t s  

C e r t a i n  f e a t u r e s  o f  the c o p p e r  m t t e r n s  o b s e r v e d  i n  h a i r s ,  s u c h  
- 

a s  t h e  i n c r e a s e  o f  c o n c e n t r a t i o n  from t h e  r o o t  t o  t h e  d i s t a l  e n d ,  maye 
*. / 

4 
p e r h a p s ,  a s  s u g g e s t e d  e a d ~ ,  b e  r a t i o n a l i z e d  i n  t e r n s  o f  l o n g e r  

I F e x p o s u r e  times t o  c o n t a m i n a t i o n .  T h i s  was d i r e c t l y  ' v e r i f i e d  by 
'r 

s g a k i n g  a h a i r  i n  a c o p p e r  s d l u t i o n  u n d e r  c o n d i t i o n s  s u c h  t h a t  t h e  

added m e t a l ,  was v e r y  much g r e a t e r  i n  q u a n t i t y  t h a n  the i n d i g e n o u s  
,. . . 

c o p p e r .  T h i s  s h o u l d  r e s u l t  i n  a f a i r l y  c o n s t a n t  c o p p e r  c o n c e n t r a t i o n  

from one  end o f  thed1hair t o  t h e  o t h e r ,  f o l l o w i n g  from t h e  e x p o s u r e  

t i m e  now b e i n g  &he same?  f o r  a l l  l o c a t i o n s  o n  t h e  h a i r .  

, . -. 
L i k e w i s e ,  if t h e  r e g i o n s  o f  l o c a l l y  i n c r e a s e d  and d e c r e a s e d  

c d p p e r  c o n c e n t r a t i o n  are , i n d e e d ,  as s u g g e s t e d ,  d u e  t o  d i e t a r y  

. i n f l u e n c e s ,  t h e n  f o l l o w i n g  s u c h  a$ i n t e n s i v e  s o a k i n g  o p e r a t i p n  " s u c h  
* 

features s h o u l d  ' be  submerged.  Such e x p e c t a t i o n s  were s u b j e c t e d  t o  

\ d i r e c t  tes t .  

3.1.5.1) I n a c t i v e  T r a c e r  

Two se ts  o f  h a i r s  p lucked  from t h b  head o f  s h b j e c t  A were 



6 
s u b j e c t e d  t o  a s o a k i n g  i n  a O.lmg/ml coppe r  s o l u t i o n ,  a d j u s t e d  t o  pH - 

4.5, . f o r 1  1 and 26  h o u r s  r e s p e c t i v e l y .  The r e s u l t s  a re  shown i n  

F i g .  9 ,  t h e  con cant ratio^ and time o f  s o a k i n g  b e i n g  i n d i c a t e d  f o r  e a c h ,  

h a i r .  Ag-ain, t h e  p a t t e r n s  shown i n  t h i s  f i g u r e  h a v e  been  selected 

from a much larger' c o l l e c t i o n  o f  d a t a ,  a l l  d i s p l a y i n g  s t r i c t l y  s i m i l a r  
I 

f e a t u r e s .  Thus t h e  f o l l o w i n g  d i s c u s s i o n  i s  b a s e d  on much more d a t a  

t h a n  j u s t  t h a t  shown i n  t h e ; f i g u r e .  

? t  
I S  

, . 

There  i s  s t r o n g  e v i d e n c e  t h a t  t h e  c o p p e r  t a k e n  up by  t h e  h a i r  1 
4 : 

d u r i n g  t h e  s o a k i n g  i s  n o t  a b s o r b e d  u n i f o r m l y  a l o n g  t h e  l e n g t h  o f  t h e  

h a i r ,  whe the r  t h e  amoun t -added  i s  10 o r  100 times t h e  c o n t e n t  p r i o r  ' t o  
t 

s o a k i n g .  F u r t h e r m o r e ,  t h e  f ac t  t h a t  a f t e r  2 6  h o u r s '  o f  . s o a k i n g  t h e  
1 I I 

h a i r  sample  a b s o r b e d  a l m o s t  5 +imes more c o p p e r  *than d u r i n g  1 h o u r  o f  . 
F 

. 

c o n t a c t  w i t h  t h e  same s o l u t i o n ,  c o u l d  i n d i c a t e  t h a t  t h e  a b s o r p t i o n  ' 

p r o c e s s  c o u l d  be p a r t i a l l y  gove rned-  by a phenomenon o f  d i f f u s i o n  whose / 
r* 

- 4" P 
s l o w  r a t e  may l i m i t  t h e  &mount o f  metal a b s o r b e d  i n t o  t h e  k e r a t i n .  

0 f 

The i n c y e a g e  t h  a i s t a n c e  i n  t h e  n a t w l  c o p p e r  c o n t e n t  o b s e r v e d  C ' 

i n  F i g .  2 i s  a g a i n  n o t i c e d  f o r  h a i r  s a m p l e s  o{ s u b j e c t  A w h i c h  have  
br 

been soakeQ 1 hour  as well as 26 h&s i n  t h e  c o p p e r  s o l u t i o n . .  The 

- e x t e n t  ozf t h i s  v a r i a t i o n  cm b e  compared w i t h  t h e  i n c r e a s e  *of n a t u r a l '  
B 

c o p p e r  O o n c e n t r a t i o n .  i n  P i g .  1 0 ,  where two h a i r s  from s u b j e c t  8, which  

have  been soaked i n  0 . I  mg/ml Cu++ s o l u t i o n  f o r  3 h o u r s ,  h a v e  t h e i r .  , 

. '  
p a t t e r n s  r e p r o d u c e d ,  a l o n g  . w i t h  a n  u n t r e a t e d  h a i r .  
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It i s  t h e r e f o r e  r e a s o n a b l e  t o  assume t i a t  t h e  i n c r e a s e  w i t h  

d i s t a n c e  f rom t h e  r o o t  i n  t h e  n a t u r a l  c o p p e r  c o n t e n t j r n a y  i n  l a r g e  

p a r t ,  o r  e n t i r e l y ,  b e  due t o  an i n c r e a s i n g  c a p a c i t y  f o r  a b s o r p t i o n  ( o r  
1 

B d e c r e a s i n g  i t h i b i  t i o n  o f  a b s o r p t i o n ) /  o f  c o p p e r  from tQe e n v i r t h e n t .  
I I d 

w i t h  d i s t a n c e  from t h e  r o o t ,  r a t h e r  t h a n  t o  t h e  i n c r e a s e d  e x p o s u r e  

time, a s  p r 6 v i o u s l y  s p e c u l a t e d .  T h i s  v a r i a t i o n  i n  t h e  a b s o r p t i o n  
- - 

-- 

c a p a c i t y  a l o n g  t h e  h a i r  shaf t  i s  p re sumab ly  l i n k e d  t r c h a n g e s  i n  h a i r  r 
s V r u c t u r e  ( d u e  e . g .  t o  p r o t e i n  oxid i t t ion)  d d r i n g  m a t u r a t i o n  o r  

P e x p o s u r e  t o  t h e  a t m o s p h e r e .  2 

3 

I n  a d d i t i o n ,  i n  t h e  c a s e  o f  s u b j e c t  A ,  where  t h e  i n d i p e n o u s  

c o p p e r  c o n c e n t r a t i o n  was found t o  g o  t h r o u g h  a maximum a t  p a r t i c u l a r  

s i t e s  a l o n g  t h e  h a i r  ( ~ b .  61 ,  i t  c a n  b e  s e e n  t h a t  t h e  amount o f  
I a' 

c o p p e r  t a k e n  u p  d u r i n g  s o a k i n g  o f  h a i r s  f rom t h e  same s u b j e c t  and 

p l u c k e d  a t  t h e  same time i s  maxinlum a t  similar l o c a t i o n s  a l o n q  t h e  

h a i r .  T h i s  i n d i c a t e s  t h a t  b s u c h  r e g i o n s  o f  i n c r e a s e d  ' c o p p e r  
J 

b 

c o n c e n t r a t i o n  a r e  n o t  j u s t  i n d i c a t i v e  o f  a  d i e t a r y  Cu f l u c t u a t i o n  , b u t  - 
1" 

may b e  p a r t l y  o r  c o m p l e t e l y  t h e  r d p u l t  o f  a  v a r i a t i o n  i n  t h e  
#' 

a b s o r p t i o n  c a p a c i t y  o f  t h e  h a i r  f o r  c o p p e r  a t  p a r t i c u l a r  sites a l o n g  

t h e  h a i r  which  may b e  s p e c i f i c  f o r  a g i v e n  i n d i v i d u a l .  

3.1.5.2)  R a d i o a c t i v e  T r a c e r  
0 

The u s e  o f  r a d i o a c t i v e  c o p p e r  s o l u t i o n s  f o r  a s o a k i n g  e x p e r i m e n t  

seemed a n  i n t e r e s t i n g  o p p o r t u q f ~  t o  v e r i f y  t h e  somewhat s u r p r i s i n g  

i . I \  

s 
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4 
. I t s  o f  t h e  p r e v i o u s  s e c t i o n ,  b u t '  by  a n  a l t e r n a t i v e  measurement . 

t e c h n i q u e .  

I n  F i g .  11 d a t a  a r e  shown o n  f o u r  h a i r s  t a k e n  from s u b j e c t  A .  In 

t h e  t o p  p a r t  o f  t h e  f i g u r e  a r e  shown t h e  p a t t e r n s  i n  two h a i r s  p lucked 
4 1 - a t  ' t h e  same time f o r  i n d r q e n o u s  c o p p e r  and f o r  c o p p e r  added a s  

i n a c t i v e  t r a c e r  : t h e s e  d a t a  were drawn from F i g .  2 and  9 .  The bo t tom 

"I 

p a r t  o f  F i g .  11 shows t h e  p a t t e r n s  o b t a i n e d  f o r  two h a i r ' s  p lucked a t  a 

d a t e  months  later  and t r e a t e d  w i t h  r a d i o a c t i v e  c o p p e r  t r a c e r .  In 

e a c h  case a r e g i o n  o f  i n c r e a s e d  c o p p e r  c o n c e n t r a t i o n  i s  f o u n d ,  f o r  t h e  

f i r s t  two h a i r s ,  a t  a b o u t  6 cm from-the r o  and i n  t h e  c a s e  o f  t h e  

I F 
l a t t e r  two h a i r s ,  a t  a b o u t  10 cm. T h i s  d i f f e r e n c e  i n  t h e  p o s i t i o n  o f  

t h e  r e g i o n  o f  i n c r e a s e d  c o p p e r -  u p t a k e  i s  c o n s i s t e n t  w i t h  t h e  l e n g t h  o f  

h a i r  which would have  grown d u r i n g  t h e  4 month p e r i o d  s e p a r a t i n g  t h e  

d a t e s  of  a c q u i s i t i o n  o f  t h e  two q i r s  o f  h a i r s ,  g i v e n  t h e  
1 J k 

g r o w t h  ra te  q u o t e d  i n  t h e  1 i t e r a L r e  (0 .35 mm/day) ( F l e .  5 4 ) .  

< 
P 

1 

m i s  r e s u l t  c o n f i r m s  t h e  - 6 e  c o n c l u b i o n s  r e g a r d i n q  t h 6  . 

e x i s t e n c e  o f  r e g i o n s ' o f  d i f f e r e n t  a b s o r p t i o n  c a p a c i t y  fpr c o p p e r  a 8 n g  - 
t h e  h a i r  ' s h a f t .  M i c r o s c o p i c  e x a m i n a t i o n  u s i n g  a  s c a n n i n g  e l e c t r o n '  

m i c r o s c o p e  f a i l e d ,  however ,  t o  r e v e a l  any  m o r p h o l o g i c a l  f e a t u r e s  which  

c o u l d  be  c o r r e l a t e d  w i t h  such  r e g i o n s .  

T h i s  s e r i e s  o f  e x p e r i m e n t s  was e x t e n d e d  t o  h a i r s  f rom 

beca.use o f  v e r y  p a r t i c u l a r  f e a t u r e s  which  were o b s e r v e d  

s u b j e c t  E \ 
d u r i n g  t h e  
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e x p e r i m e n t  o n  c o p p e r  i n g e s t i o n ,  d i s c u s s e d  It was obse rved  , 

, 

- 
p a r t i c u l a r l y  -- that - s o m e t i m e s ,  s h o r t l y  , some o f  t h e  

- - 

I " h a i r s  t a k e n  from t h i s  s u b j e c t  d i d  n o t  t h e n  e x h i b i t  t h e  

p a t t e r n  & o r  i n d i g e n o u s  s u b j e c t  i n  F i q .  2 ,  b"t 

i n s t e a d  showed a r a t h e r  c o p p e r  c o n t e n t  a l o n g  t h e  

h a i r .  T h i s  s u g g e s t e d  - a -- d s i b l e  p a r t i a l  wash ing  f t h e  n a t u r a l  
- 

c o p p e r  from. t h e  d i s t a l  p a r t  o f  t h e  h a i r ,  a phenorne n o t  observed 

* $  
. J w i t h  a n y  o t h e r  g u b j e c t  examined.  

1 I 
7 

The r e s u l t s  o f  a  r a d J o - t r a c e r  e x p e r i m e n t  shown i n  F i q .  1 4 ,  f b r  
b 

f i v e  h a i r s  4 which were  t a k e n  from s u b j e c t  E o v e r  a ~ e r i o d  o f  1 mon th ,  

1 
seem i n c o n s i s t e n t  w i t h  t h e  n a t u r a l  c o p p e r  c o n t e n t   att terns o f  Fig. ,  2  . - - c .  

However, thBgR+a c o r r e s p o n d  w i t h  t h e  w t t e r n s  b f  h a i r s  t a k e n  

s h o r t l y  a f t e r  shampooing ( F i g .  16 and 20) ,  *which s u g g e s t s  t h a t ,  f o r  , % 

L - t h i s ,  s u b j e c t  a t  l e a s t ,  some p a r t  o f  t h e  c o p p e r  c o n t e n t  i s  n o t  a s  
- B 2 

s t r o i g l y  b o m d  t o  t h e  h a i r  s t r u c t u r e '  a s  f o r  o t h e r  s u b j e c t s ,  and as  
b 

. such can  b e  e a s i l y  removed from t h e  k e r a t i n  e i t h e r  b y  shampoo ing ,  i n  , G I 

'.R 
I - 

t h e  c a s e  o f  t h e  n a t u r a l  c o p p e r ,  o r  by r i n s i n g  f o l l o w i n g  t h e  s o a k i n g  i n  

t h e  r a d i o t r a c e r  s o l u t i o n .  
\ 

* 
3 . 1 . 6 )  E f f e c t s  o f  Hair Trea tmen t  

Z 

1 

i Two s u b j e c t s  i n v o l v e d  i n  t h i s  s t u d y ,  s u b j e c t s  G and  H ,  h a v e  used  

a b l e a c h i n g  a g e n t  on  t h e i r  h a i r ,  r e s u l t i n g  i n  b l e a c h e d  and  unb leached  
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\ 

o n s  w i t h  a  

> 

-88- , / 
d 

r 
/ 

rel' t i v e l y  a r p  c o l o u r  c h a n g e  be tween t h e  two.  t h e  9 sh . L 

r e s u l t s  o f  a s u r e m e n t s  are shown i n  t h e  l e f t  p a r t  

d '. o f  F i g .  13 f o r  s u b j ' d t  G (pe r fo rmed  i n  an u n d e r g r a d u a t e  e x e ~ c i s e  by 

t h e  s u b j e c t  c o n c e r n e d )  and i n  t h e  l o w e r  F ig .  2 f o r  s u b j e c t  H.  
\ 
d 

It is $ee&t ,  i n  b o t h  c a s e s ,  t h e  r e g i o n  o f  t h e  h d i r  t r e a t e d  
/ I 

w i t h  t h e  b l e a c h d K  s o l u t i o n  e x h i b i t s  a n  i;crea&d i n d i g e n o i s  c o p a e r  

c o r i c e n t r a t i o n .  In a d d i t i o n  t o  t h e  b l e a c h i n g  t r e a t m e n t ,  f o r  s u b j e c t  H 

t h e  h a i r s  were r e d y e d  s h o r t l y  a f te r  t h e  e x p e r i m e n t  s o  t h a t  no  s h a r p  
1 

c o l o u r  c h a n g e  was t h e n  v i s i b l e  a l o n g  t h e  h a i r  s h a f t .  It seemed 
r , 

i n t e r e s t i n g  ' to  see i f ,  [in s u c h  a case,  t h e  P e g i o n  which  used  t o  
x 

e x h i b i < %  i n b r e a s / b '  c o p p e r  concen tk -a t ion ,  ( a t  app rox ima  tyly-0 crn 

f rom t h e  r o o t  'to t h e  d i s t a l  end )  would s t i l l  d o  s o .  Two s u c h  h a i r s  
A 

( s a m p l e s  HZ and Hg) w e r e ' a n a l y z e d ,  and t h e  r e s u l t i n g  p a t t e r n s  a r e  

shown i n  Fig .= 2g. It i s  s e e n  t h a t  f o r  b o t h  s a m p l e s ,  t h e a  p r e v i o u s l y  

1 , b l e a c h e d  r e g i o n  no  l o n g e r  showed t h e  s t r o n g l y  i n c r e a s e d  Cu 

e 

c o n c e n t r a t i o n .  Thus ,  t h e  d y e  employed e v i d e n t l y  made l e ss  a v a i l a $ l e  
1 f 
i 

t h e  s i t e s  i n  ,the b l e a c h e d  h a i r  s t r u c t u r e  t o  which  c o p p e r  had t 

C 

p r e v i o u s l y  been bound.  The i m p o r t a n c e  o f  t h e  o b s e r v e d  phenomenon i n  

f o r e n s i c  a p p l i c a t i o n s  o f  t h e  p r e s e n t  a n a l y s i s  t e c h n i q u e  is obv- ious .  

F u r t h e r  e x p e r i m e n t s  were' conduc t& w i t h  on& h a i r  drawn from 
- 

s u b j e c t  G ,  who had used  a b l e a c h i n g  a g e n t ,  r e s u l t i n g  i n  a  3 e r y  
- ,  

c h a r a c t e r  i s t i c  p a t t e r n  for !  t h e  n a t u r a l  c o p p d  c o n t e n t  we discusse@- 

p r e v i o u s l y  ( shown i n  Fig. 1 3 ) .  '&is h a i r  was s u b - j e c t e d  t o  t h e  64Cu 
I 





r a d i o t r a c e r  t r e a t m e n t ,  and t h e  r e s u l  t , ing v a r i a t i o n  o f  c o p p e r  @ t a k e  * 

$ / -  I 4 -  
from t h e  r a d i o t r a c e r  s o l u t i o n  i s  shown o n  t h e  r i g h t  s i d e  o f  F i g .  13. 

-b 

It c a n  b e  s e e n  t h a t  t h e  r e g i o n  o f  t h e  h a i r  t r e a t e d  w i t h  t h e  b l e a c h i n g  

s o l u t i o n  e x h i b i t s  an i n c r e a s e d  c a p a c i t y  t o  t a k e  up c o p p e r  from 

r a d i o  t r a E e r  s o i u t i o n ,  p r o d u c i n g  a p a t t e r n  similar t o  t h a t  f o r  t h e  

n a t u r a l  coppe r  c o n t e n t  v a r i a t i o n  i n  t h e  h a i r  from t h e  same s u b j e c t .  

I n  v i e w  OF t h i s  r e s u l t ,  i t  seemed i n t e ~ e s t i n g  t o  see i f  t h e  h a i r s  
-- 

4 

# 
o f  s u b j e c t  H., which  wer'e dyed a f t e r  h a v i n g  been p a r t l y  b l e a c h e d  ,. would 

/ 
. . 

show a  c o n s t a n t  u b t a k e  o f  r a d i o a c t i y e  c o p p e r  a l o n g  t h e  h a i r  s h a f t  

y2 c o r r e s p o n  i n g  t o  t h e  f l a t  p a t t e r n  f o r  t h e  n a t u a l  coppe r  c o n t e n t ,  a s  
g b 4 

pr ' ev ious ly .  The r e s u l t  o b t a i n e d  i s  shown i n  F i g .  12, and 

7 c l e a r l y  d e m o n s t r a t e s  t h e  p r e s e n c e  d f  an i n c r e a s e  i n  t h e  c o p p e r  u p t a k e  

i n  t h e  r e g i o n  where  t h e  h a i r s  were p r e v i o u s l y  b l e a c h e d  ( a l t h o u g h  t h e  

v a r i a t i o n  c o p p e r  u p t a k e  n o t  
- 

s w i m p o r t a n t  a s  i n  t h e  c a g e  o f  

.'+ s u b j e c t  G ,  whose h a i r s  were n o t  . s u b j e c t e d  t o  d i p t ~ ~ )  . T h i s  r e s u l t  - 

7 .  
s ' u g g e s t s  t h a t  t h e  s o a k i n g  o f  ( a d i o a c t i v e  coppe r  i n t o  h a i r  c a n  b e  used  

. * t o  r e v e a l  t h e  e x i s t e n c e  o f  n a t u r a l  as  well as a r t i f i c i a l  r e g i o n s  o f  
X # 

i n c r e a s e d  o r  d e c r e a s e d  c o p p e r  a b s o r p t i v i t y ;  e v e n  a f t e r  a d y e i n g .  , 

t r e a t m e n t  
- 

h a s  mad,e i m p o s s i b l e  t h e  v i s u a l  r e c o g n i t i o n  o f ,  f o r  example ,  

a c o r r e s p o n d i n g  a r t i f i c i a l  c o l o u r  change .  T h e r e f o r e ,  s imi la r i t i e s  o f  

t h e  r a d i o - c o p p e r  u p t a k e  p a t t e r n s  c o u l h  b e ,  u n d e r  c e r t a i n  
4 

c i r c u m s t a n c e s ,  a  b e t t e r  means o f  i d e n t i f i c a t i o n  t h a n  t h e  n a t u r a l  =. 

c o p p e r  c o n t e n t  p a t t e r n  a l r e a d y  i n d i c a t e d  t o  be  s p e c i f i c  o f  a g i v e n  
/' b 

i n d i v i d u a l  . 
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' 6  3 . 1 . 7  ingestionm E x p e r i m e n t s  

I C 

The r e s u l t s  o f  t h e  f o r e g o i n g  e x p e r i m e n t s ,  namely  t h a t  t h e  

p a t t e 4 n s  f o r  n a t u r a l  c o p p e r  c o n t e n t  and t h o s e  f o r  c d p p e r  added from 
& 

s o l u t i o n  were v e r y  similar,  were c o n s i s t e n t  w i t h  t h e  i n t e r p r e t a t i o n  
1 A- 

t h a t  t h e  n a t u r a l  c o d p e r  c o n t e n t  o f  h a i r  arises e n t i r e l y  f rom e x t e r n a l  
i 

s o u r c e s  s u c h  as sweat o r  e n v i r o n m e n t a l  c o n t a m i n a t i o n .  

It seemed d e s i r a b l e ,  t h e r e f o r e ,  t o  d e t e r m i n e  w h e t h e r  A N Y  f e a t u r e s  

of  t h e  i n d i g e n o u s  Cu p a t t e r n  a r o s e  from c o p p e r  i n c o r p o r a t e d  v i a  t h e  

f o l l i c l e  as t h e  h a i r  g r o w s .  

' 1  

A h a l y s i s  o f  h a i r s  from two s u b j e c t s ,  whose d i e t s  were  m o d i f i e d  by 

i n g e s t i o n  o f '  e l e _ W d  q u a n t i t i e s  - o f  c o p p e r  a t  known times, was 
- - 

0 
- 

expec  j e d  t o  i l l u m i n a t e  t h i s  q u e s t i o n .  The e x p e r i m e n t a l  t e c h n i q u e s  
I 

employed were d e s c r i b e d  i n  s e c t i o n  2 .6 .  
* 

t 
" .r /' 

The r e s u l t s  o f  t h e  b lood  serum a n a l y s i s  f o r  c o p p e r ,  u n d e r t a k e n  

s i m u l t a n e o u s l y  w i t h  t h e  h a i r  a n a l y s i s ,  are  g i v e n  i n  T a b l e  VIII, 

3 

t o g e t h e r  w i t h  t h e  t i m e  a t  which t h e  b l o o d  was t a k e n .  

It c a n  b e  s e e n  t h a t  v e r y  l i t t l e  c o r r e l a t i o n  e x i s t s  be tween t h e  

blood "eopper c o n c e n t g a t i o n  and t h e  time o f  t h e  i n q e s t i o n .  It seems,  . 
f u r t h e r m o r e  , t h a t  r e s u l t s  o b t a i n e d  by t h e  X-Ray F l u o r e s c e n c e  Techn ique  

are c o n s i s t e n t l y  l o # r  t han  t h e  v a l u e s  g i v e n  b y  t h e  Atomic A b s o r ~ t i o n  
, -- 



TABLE VIII 

, Copper c o n c e n t c a t i o n  i n  b lood  serum 

1 R 

Time o P  Sampl ing  Cu c o n c e n t r a t i o n  g /  100ml Serum 

2 d a y s  b e f o r e  i n g e s t i o n  

1 d a y  . b e f o r e  i n g e s t i o n  

1 day  a f t e r  i n g e s t i o n  

3 d a y s  a f t e r  i n g e s t i o n  

C 1 2  d a y s  a f t e r  i n g e s t i o n  

S u b j e c t  F 

9 d a y s  b e f o r e  i n g e s t i o n  

5 d a y s  b e f o r e  i n g e s t i o n  

1 day  b e f o r e  i n g e s t i o n  

7 d a v s  a f ter  i n g e s t i o n  

5 d a y s  a f t e r  i n g e s t i o n  

21 d a y s  a f t e r  i n g e s t i o n  

INGESTION 

l j 6 #  I ' 140 

INGESTION 



I t  A n a l y s i s .  , Thus i t  i s  d i f f i c u l t  t o  d r a w .  a n y  c o n c l u s i o n s  o n  t h e  
4 ' 

i n f l u e n c e  o f  t h e  c o p p e r  i n g e s t i o n  o n  t h e .  c o n c e n t r a t 5 o n -  of, t h i s  metal 

i n  b l o @  'serum. 

- r i .  

I n G  o r d e r  'tqattempt d e t e c t i o n  o f  ' a  p o s s i b l e  c h a n g e  i n  

p a t t e r n  i n  t h e  h a i r  o f  3 u b j e c t . F  f o l l o w i n g  , %  i q e s t ' i o n ,  t h r e e  samQes 

4 t a k e n  f rom t h i ~ ~ s u b j e c t  p r i o r  t o  ' t h e  Cu i n g e s t i o n  wefe f i rat  a n a l 4 e d  

- f o l l o w e d  by h a i r s  t a k e n  a t  v a r i o u s  times a f t e r  t h e  i n g e s t i o n .  J 
h t i m e s  a t  which o t h e r  h a i r  s a m p l e s  were t a k e n  f rom  subject,'^ a r e  g i v e n  

1 
i 

i n  Tab le  I X  t o g e t h e r  w i t h  the-'number. o f  h a i r s  a n a l y ~ e d  i n  e a c h  e a s e .  

I 

6 
./ 

No s i g n i f i c a n t  i n c r e a s e  o f  c o p p e r  c o n t e n t  was e v e r  o b s e r v e d  a l o n g  

any o f  t h e  h a i r s  a n a l y s e d  as l o n g  , as, 18 d a y s  a f t e r  t h e  c o p p e r  0 

i n g e s t i o n .  E s p e c i a l l y ,  t h e  c o p p e r  c o n t e n t  i n  t h e  f i rs t  2 cm of t h e  

h a i r s  r ema ined  a t  t h e  same low l e v e l '  which  was c h a r a c t e r i s t i c  o f  

. s a m p l e s  t a k e n  from t h e  s u b j e c t  t h e  d a y  b e f o r e  t h e  i n g e s t i o n .  T h i s  

a b s e n c e  o f  r e s p o n s e  o f  t h e  h a i r  c o p p e r  l e v e l  t o  t h e  q u a n t i t y  o f  c o p p e r  

# 
i n g e s t e d  by s u b j e c t  F was  a t t r i b u t e d  t o  a p o s s i b i e  i n s u f f i c i e n c y  i r ) ,  

.- 
t h e  amount o f  c o p p e r  a d m i n i s t e r e d .  It was t h e n  d e c i d e d  t o  rewat t h e  

i 

same e x p e r i m e n t  w i t h  a n o t h e r  s u b j e c t  (E), who i n g e s t e d  4 0  mg o f  c o p p e r  

i n s t e a d  o f  20 mg. Blood a n a l y s e s  were a g a i n  per formed w i t h  
1 - 

i n c o n c l u s i  e r e s u l t s ,  a s  shown i n  T a b l e  VIII. i . 
s e v e n  h a i r  s a m p l e s  t a k e n  from t h i s  s u b j e c t  p r i o r  t o  i n g e s t i o n  

-3 were  a n a l y s e d  a s  d e s c r i b e d  i n  s e c t i o n  2.6.' T h r e e  o f  t h e s e  s mples  . 



TABLE I X  
I 

Times when) h a i r  and b lood were t a k e n  d u r i n g  - 

t h e  c o p p e r  i n g e s t i o n  e x p e r i m e n t  on S u b j e c t  F 

Time o f  Blood Sampl ing  

9 d a y s  b e f o r e  i n g e s t i o n  

5 d a y s  b e f o r e  i n g e s t i o n  

1 day b e f o r e  i n g e s t i o n  

2 d a y s  a f t e r  i n g e s t i o n  

5 d a y s  a f t e r  i n g e s t i o n  

21 d a y s  a f t e r  i n g e s t i o n  

Time o f  Hair Sampl ing  

1 day  b e f o r e  i n g e s t i o n  

D A Y  OF INGESTION 

1 day  a f t e r  i n g e s t i o n  

4 d a y s  a f t e r  i n g e s t i o n  

5 d a y s  a f t e r  i n g e s t i o n  

1 4  d a y s  a f t e r  i n g e s t i o n  

18 d a y s  a f ter  i n g e s t i o n  

Number o f  Hairs 

Anal ysed  
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TABLE X 

Times when h a i r  and blood were  t a k e n  d u r i n g  

t h e  c o p p e r  i n g e s t i o n  e x p e r i m e n t  o f  S u b j e c t  E  

Time o f  Blood Sampl ing  

2 d a y s  b e f o r e  i n g e s t i o n  

2 1 day  b e f o r e  i n g e s t i o n  

1 day  a f t e r  i n g e s t i o n  

3 days. a f t e r  i n g e s t i o n  ' 
B 

, , 

Time o f  Hair Sampl ing  

4 

1 day  b e f o r e  i n g e s t i o n  

I N G E S T I O N  

\ * 

1 day  a f t e r  i n g e s t i o n  

head shampoo 

3 dayd a f t e r  i n g e s t i o n  

6 d a y s  a f t e r  i n g e s t i o n  

head s h a m p o p  

7 d a y s  a f t e r  i 

11 d a y s  a f t e r  i n g e s t i o n  

head shampoo 

12 d a y s  a f ter  - i n g e s t i o n  

'21 d a y s  af ter  i n g e s t i o n  

Number o f  H a i r s  

Analyzed 



h a v e  t h e i r  n a t u r a l  c o p p e r  c o n t e n t  p a t t e r n s  r e p r o d u c e d  i n  F i g .  2 ,  and 

a r e  c h a r a c t e r i z e d  p a r t i c u l a r l y  b y  t h e  l ow c o p p e r  c o n t e n t  ( a b o u t  0.45 

nanogram) o f  e a c h  2-mm segment  a n a l y s e d  between 0.4  cm and 2 . 6  cm from 

t h e  r o o t .  

R e s u l t s  o f  t n e  a n a l y s i s  f o r  t h r e e  h a i r s  t a k e n  t h e  d a y  a f t e r  t h e  
-- 

i n g e s t i o n  < F i g .  1 5 )  wt show any  a p p r e c i a b l e  m o d i f i c a t i o n  o f  t h e  

p a t t e r n s  compared t o  t h o s e  f o r  t h e  s a m p l e s  t a k e n  up j u s t  b e f o r e  t h e  

i n g e s t i o n ,  and t h e  c o p p e r  l e v e l  i n  t h e  r e g i o n  i n  t h e  v i c i n i t y  o f  t h e  * . 

s c a l p  r e m a i n s  c l o s e  t o  0.4 nanogram p e r  2-mm segmen t .  

A t  s u c c e s s i v e l y  3 and 6 d a y s  a f t e r  t h e  i n g e s t i o n  ( F i g .  16 and 

1 7 ) ,  a  small i n c r e a s e  o f  t h e  c o p p e r  l e v e l  t o  0.5 n&cnogram Pe r  Z - ~ I  
I 

segment  may b e  n o t i c e d  i; t h e  same r e g i o n o f  t h e  h a i r  s h a f t .  ~t 7 
9 

d a y s  a f t e r  t h e  i n g e s t i o n  ( F i g .  18) t h e  c o p p e r  c o n t e n t ' o f  e a c h  2-rnm 

seginent  h a s  a n  a v e r a g e  v a l u e  o f  0.78 nanogram f o r  ' t h e  two h a i r s  ~ 

a n a l y s e d  , which  i s  s i g n i f i c a n t l y  h i g h e r  t h a n  t h e  v a l u e s  measu red  f o r  
I 

p e r i o d s  o f  t i m e  c l o s e r  t o  t h e  i n g e s t i o n .  
' > 

For  1 1 ,  1 2 ,  and 21 d a y s  a f t e r  t h e  i n g e s t i o n ,  t h e  c o p p e r  l e v e l  i n  
0 

t h e  r e g i o n  o f  t n e , h a i r  c l o s e  t o  t h e  r o o t  r e t u r n s  t o  i t s  o r i g i n a l  v a l u e  
R 

if' 

\ 

(0 .4  nanogram p e r  2-mm s e g m e n t ) .  The p a t t e r n s  c o r r e s p o n d i n g  

t a k e n  a t  t h e s e  s p e c i f i c  d a t e s  a r e  shown r e s p e c t i v e l y  i n  F i g .  

t o  h a i r s  

19,  20,  
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I 

I n  ' o r d e r  t o  f a c i l i t a t e  t h e  o f  t h e  r e s u l t s  

, d i s c u s s e d  i n  t h i s  s e c t i o n ,  t h e  a v e r  e c o p p e r  c o n t e n t  h a s  b e e  

1 4 4 '  
c a l c u l a t e d  f o r  h a i r  s e g m e n t s  o f  v a r i o u s  l e n g t h  i n  t h e  immedia te  

T 
v i c i n i t y  o f  t h e  r o o t .  These  v a l u e s  are g i v e n  i n  T a b l e - X I .  

/ 

It seems, t h e r e f o r e ,  t h a t  onky h a i r s  t a k e n  7 d a y s  a f t e r  t h e  
'-v 

i n g e s t i o n  s h o y ' a n  i n c r e a s e  o f  c o p p e r  l e v e l  i n  t h e  r e g i o n  o f  tke h a i r  
/ - 

e x t e n d i n g  from 3 . 4  t o  2 . 6  cm, a s  w e l l  as  i n  n a r r o w e r  zone,s s u c h  as  1 . 0  
Y - t o  2 . 0  cm f'rom' t h e  r o o t .  It seems impoi?tan.t,  t h e n ,  b test i f  t h e  

c o p p e r  l e v e l  W h e d  a t  t h i s  d a t e  i s  s & n i f i c a n t l y  d i f f e r e n t  from t h e  

a v e r a g e d  value '  c a l c u l a t e d  on  t h e . s e v e n  h a i r s  t a k e n  t h e  d a y  b e f o r e  t h e  

i n g e s t i o n .  The - c a l c u l a t e d  v a l u e s  o f  t h e  t-test show t h a t  t h e s e  
J -I 

a v e r d e  c o p p e r  c o n c e n t s  'of t h e  h a i r  e x t e n d i n g  from 0 . 4  t o ,  2 . 6  cm o r  

1 from '1,O t o  2 . 0  cm from t h e  r o o t ,  are  d i f f e r e n t  a t  t h e  96% l e v e l  o f  
J 

c o n f i d e n c e .  It seems, t h e n ,  t h a t  a t t r i b u t i o n  o f  i h e  -pneSence o f  
8 

c o p p e r  i n  t h i s  p a r t  o f  t h e  h a i r  t o  a  mechan6m which  would i n v o l v e  

/ w e n  p a r t i a l l y  i k s  i n c o r p o r a t i o n  i n t o  t h e  k e r a t i n  found i n  t h e  

e , , f o l l i c l e  is  u n r e a s o n a b l e  b e c a u s e  : 
\ 

The h i g h  c o p p e r  c o n t e n t  r e g i o n  produced by' t h  
Y 

mechanism w x l d  p r o b a b l y  n o t  r e a c h  d i s t a n c e s  a s  f a r  a s  1 . 0  t o  2 . 0  

cm from t h e  -. . .- 
.-.g 4 

t ime  o f  &he  

1 

1: 
r o o t  i n  .a 7 day  p e r i o d  of ,ha i r  g r o w t h .  - 

\ 

After 21 .'days, t h e  r e g i o n  o f  t h e  h a i r  p r o d u c e d ' a t  t h e  

i n g e s t i o n ,  ( where t h e  i n c o r p o r a t j o n  -. o f  c o p p e r  would 
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have  happened)  s h o u l d  have  grown t o  a  d f s t a n a e  o f  7 
J 

5 mm from t h e  

r o o t ,  where  no  maximum i n  t h e  c o p p e r  c o n t e n t  h a s  been  d e t e c t e d  i n  
) 

t h i s  p o s - i t i o n  o n  e i t h e r  h a i r  t a k e n  a t -  t h a t  time after,  t h e  

i n g e s t i o n .  

It is t h e r e f o r e  r e a s o n a b l e  t o  assume t h a t  t h e  c o p p e r  which 

a p p e a r e d  on t h e  h a i r  s h a f t  7 d a y s  a f t e r  t h e  i n g e s t i o n - m a y  have  been 

* t r a n s p o r t e d  t h e r e  v i a  t h e  sweat, a l thou 'kh  s u c h  a mechanism would be 
d 

e x p e c t e d  t o  , r e s p o n d  t o  t h e  i n g e s t i o n  o f  h i g h  q u a n t i t i e s  o f  c o p p e r  i n  a 

much s h ~ r t e r  time . 
J 

I n d p n d e n t l y  o f  t h e  r e s u l t s  p r e v i o u s l y  d e s c r i b e d ,  some o f  t h e  
I 

p a t t e r n s  o b t a i n e d  i n  t h e  c o u r s e  o f  t h i s  e x p e r i m e n t  were d i s s i m i l a r  t o  

t h e  c u r v e s  wh ich  were c h a r a c t e r i s t i c  o f  s u b j e c t  E p r i o r  t o  i n g e s t i o n  
\ 

(Fig. 2 ) .  I n  p a r t i c u l a r ,  3 ,  1 1 ,  and  17 d a y s  a f t e r  t h e  i n g e s t i o n ,  w e  

o f  t h e  h a i r s  t a k e n  f rom t h i s  s u b j e c t  showed a  r a t h e r  c b n s t a n t  n a t u r a l  

c o p p e r  c o n t e n t  a l l  a l o n g  tiie h a i r ,  which i s  r e m i n i s c e n t  o f  t h e  

b e h a v i o u r  o b s e r v e d  d u r i n g  t h e  e x p e r i m e n t  w i t h  r a d i o a c t i v e  t r a c e r  \ 

( s e c t i o n  3 . 1 . 5 . 2 )  w i t h  t h e  h a i r s  f rom t h e  same s u b j e c t .  

- x I ' 

< 
Because  two o f  t h e  t h r e e  sets  o f  h a i r  which  d i s p l a y e d  s u c h  a P 

a. 

f e a t u r e  were  t a k e n  s h o r t l y  a f t e r  t h e  s u b j e c t  had washed h i s  h e a a ,  i t  
-4 

-- - - 

i s  t e m p t i n g  t o  assume a p a r t i a l  washing  o u t  o f  t h e  n a t u r a l  c o p p e r  from 

t h e  d i s t a l  p a r t  o f  t h e  h a i r  by t h e  d e t e r g e n t  e I U ~ l 0 y e d .  However, t h i s  

d o e s  n o t  e x p l a i n  why s u c h  a f l a t  p a t t e r n  h a s  n o t  been  found f o r  h a i r s  
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B B 
t a k e n  7 d a y s  a f t e r  t h e  i n g e s t i o n ,  s i n c e  t h e  s u b j e c t  washed h i s .  head  

a g a i n  s h o r - t l y  b e f o r e  t h a t  time, and  why, 11 d a y s  a f t e r  t h e  i n g e s t i o n ,  

o n e  o f  t h e  h a i r s  a n a l y s e d  showed no < i n c r e a s e  o f  " c o p p e r  c o n t e n t  a l o n g  

i t s  l e n g t h  a l t h o u g h  no  shampooing had o c c u r r e d  i n  t e p r e c e e d i n g  3 
* .  

d a y s .  
J 

r 

It seems, t h e n ,  tha t  a marked i n c o n s i s t e n c y  p r e v a i l s  f o r  t h e  

r e s u l t s  o b t a i n e d  w i t h  t h e  h a i r s  o f  s u b j e c t  E ,  a l t h o u g h  i t  u s t  be  P 
L 

n o t e d  t h a t  a l l  t h e  h a i r s  t a k e n  p r i o r  t o  i n g e s t i o n  showed a similar 
Q 

c o n c e n t r a t i o n  p a t t e r n  ( F i g .  2)  ( w i t h  a c o r r e l a t i o n  c o e f f i c i e n t  o f  
0 _I 

0 .914)  . Likewise, s o a k i n g  o f  c o p p e r  i n t o p  h a i r s  t a k e n  from t h e  d a y  

b e f o r e  t h e  i n g e s t i o n  t i .  t h e  ?lst d a y  af ter  t h e  i n g e s t i o n  ( F i g .  1 4 )  ( 

produced p a t t e r n s  c o n s i s t e n t  among t h e m s e l v e s  , a n d  similar t o  t h e  

c o n c e n t r a t i o n  p a t t e r n s  o f  h a i r s  o f  which  ' t h e  n a t u r a l  c o n t e n t  may haveE  

been  washed o u t  by  shampgoing . 
r 

I n  c o n c l u s i o n ,  it seems i m p o s * s i b l e  t o  d i s r e g a r d  c o m p l e t e l y  t h e  

p o s s i b i l i t y  f o r  a t  least  a f r a c t i o n  o f  t h e  c o p p e r  o b s e r v e d  i n  h a i r s  t o  

o r i g i n a t e  from i n c o r p o r a t i o n  v i a  t h e  r o o t  t h r o u g h  t h e  g r o w t h  p r o c e s s .  
e 

However, a l a r g e r  amount o f  t h i s  metal would p r o b a b l y  h a v e  t o  b e  

i n g e s t e d  by t h e  s u b j e c t  t o  c l e a r l y  r e v e a l  this mechanism, a p r o c e  8 
- 

which  i s  e v i d e n t l y  i m p o s s i b l e  f o r  m e U  i ca l  r e a s o n s .  - 

3.2)  E x p e r i m e n t s  o n  Z inc  

Some s i m i l w i t y  between c o n c e n t r a t i o n  p a t t e r n s  fo r .  z i n c  and' 
& 



Q 
c o p p e r  was t o  b e  e x p e c t . e d ,  p e r h a p s  s i n c e  b o t h  a r e  e s s e n t B 1  e l e m e n t s  

t o ,  a n i r n a l  b i o c h e m i s t r y ,  a n d  i n  a d d i t i o n  b o t h  e x i s t  i n  s o l u t i o r i  a s  

h y d r a t e d  d i v a l e n t  i o n s .  

r 

However ,  z i n c  was r e p o r t e d  t o  b e  t h e  o n l y  e l e m e n t  whose n a t u r a l  

c o n c e n t r a t i o n  d o e s  n o t  v a r y  a p p r e c i a b l y  a l o n g  t h e  h a i r  l e n g t h  

( O b r . # 7 2 ) ,  and  u n l i k e  c o p p e r ,  w h i c h  s e e m s  t o  b e  s t r o n g l y  bonded  t o  t h e  

h a i r  s t . r u c t u r e ,  z i n c  h a s  b e e n  shown t o  b e  e a s i l y  e x t r a c t a b l e  f r o m  the ,  

kera$i,n ( H i n . I j 7 4 ) .  

3 .2 .1  ) # R e s u l t s  f o r  I n d i g e n o u s  Z i n c  i n  H a i r  

1 B e c a u s e  o f  t h e  h i g h  c o n c e n t r a t i o n  o f  

r e m a r k a b l e  s e n s i t i v i t y  o f  Atomic A b s o r p t i o n  

i t  was n o t  p o s s i b l e  t o  a n a l y s e  t h e  u s u a l  

/ 
z i n c  i n  h a i r s ,  a n d  t h e  

A n a l y s i s  f o r  t h i s  e l e m e n t ,  
f 

2-mm s e g m e n t s ,  b u t  i n s t e a d  

s m a l l e r  s e g m e n t s  o f  1.0- or.0.5-mm l e n g t h  h a d  t o  b e  u s e d ,  w h i c h  i s  t h e  

s in i inum s i z e  t h a t  c a n  b e  h a n d l e d  by t h e  t e c h n i q u e  d e s c r i b e d  i n  s e c t i o n  

P r e l i m i n a r y  a n a l y s i s  o f  a  few h a i r s ,  h o w e v e r ,  i n d i c a t e d  t h a t  

f 
l a r g e  s e g m e n t - t o - s e g m e n t  v a r i a t i o n  i n  t n e  z i n c  c o n t e n t  c o u l d  h i d e  some 

r a e v a n t  f e a t u r e s  o f  t h e  c o n c e n t r a t i o n  p a t t e r n .  ~ It ~ was t h e r e f o r e  

d e c i d e d  t o  i n c r e a s e  t h e  l e n g t h  o f  t h e  w a s h i n g  time f r o m  5 to 13 

m i n u t e s  p e r  s t e p  o f  t h e  c l e a n i n g  p r o c e d u r e  p r e v i o u s l y  e m p l o y e d  f o r  t h e  

a n a l y s i s  o f  c o p p e r ,  a n d . d e q c r i b e d  i n  s e c t i o n  2 .2 .  



The v a l i d i t y  o f  t h e  measu remen t s  o f  t h e  n a t u r a l  z i n c  c o n t e n t  o f  

h a i r  was c h e c k e d  from t i m e  t o  t i m e  by a d d i n g  i n t o  t h e  f u r n a c e  10 p1 o f  

u l t r a  p u r e  HN03 a f t e r t  t h e  s ample  was a s h e d .  Then ,  t h e  d r y i n g  and  

a s h i n g  p r o c e s s e s  were  r e s t a r t e d  and fo l lowed  by t h e  u s u a l  a t o m i z a t i o n  

and  measu remen t .  Under s u c h  c o n d i t i b n s ,  t h e  z i n c  is e x p e c t e d  t o  

d i s s o l v e  i n  t h e  n i t c i c  a c i d  d u r i n g  t h e  " d r y i n g v  s t e p  ( w h i c h  l a s t e d  30 

s e c o n d s )  , and hence+  t h e  r e s i d u e  t o -  have  t h e  same c h e m i c a l  form and 
a 

e n v i r o n m e n t  a s  i n  t-he case o f  c a l i b r a t i o n  w i t h  a n  a l i q u o t  o f  a 

s t a n d a r d  s o l u t i o n ,  w h i c h  was made up f rom z i n c  metal d i s s o l v e d  i n  
- & 

n i t r i c  a c i d .  -z 

It was found t h a t  a f t e r  such '  t r e a t m e n t ,  t h e  amount  o f  z i n c  
e 

m e F d  was similar t o  t h e  v a l u e  o b t a i n e d  v i a  normal  a n a l y s i s  o f  a 

h a i r  s a m p l e .  A p e r f e c t  a g r e e m e n t  i s ,  of c o u r s e ,  n o t  e x p e c t e d ,  d u e  t o  f l  

t h e  i m p o r t a n t  segment-  to -segment  c o n c e n t r a t i o n  v a r i a t i o n  o b s e r v e d  f o r  

t h i s  m e t a l .  

Two h a i r s  t a k e n  frdm the head  o f  s u b j e c t  B were  a n a l y s e d  f o r  
==? , 

t h e i r  n a t u r a l  z i n c  c o n t e n t o  t h e  p a t t e r n s  o b t a i n e d  a re  shown i n  

F i g .  2 2 ,  where  no  i n c r e a s e  i n  t h e  z i n c  c o n c e n t r a t i o n  c a n  b e  o b s e r v e d  

a l o n g  t h e  length o f  t h e  h a i r .  
1 PC 

T h i s  r e s d t  i s  similar t o  t h e  c o n c l u s i o n  o f  O b r u s n i k  e t  a 1 . J  

@ b r .  7 2 )  % ( f o r  h a i r s  from s u b j e c t  A )  o b t a i n e d  v i a  Neu t ron  A c t i v a t i o n  

J -; . 
b 

v- 
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A n a l y s i s  o f  s u c c e s s i v e  10 cm o f  t h e  h a i r .  ' 

Thcise two p a t t e r n s  c a n  b e  c o n t r a s t e d  t o  t h e  c o p p e r  c o n c $ l t r a t i o n  

p a t t e r n s  (shown i n  F i g .  21, o b t a i n e d  f o r  s i t n i l a r  h a i r s  t a k e n  from t h e  

same s u b j e c t ,  which  were c h a r a c t e r i z e d  (by a large i n c r e a s e  of  t h e  

1 

n a t u r a l  Cu c o n t e n t  a l o n g  t h e  h a i r  l e n g t h .  

S i m i l a r l y ,  two hairs from s u b j e c t  I were  a n a l y s e d  by  Atomic 

A b s o r p t i o n  S p e c t r o s c o p y  f o r  z i n c  c o n c e n t r a t i o n .  It c a n  b e  s e e n  a g a i n  

i n  F i g .  23 t h a t  t h e  Zn o f  e a c h  1-ma ( o r  0.5-mm) segment ' 

/ 

a n a l y s e d  remains a l o n g  t h e  whole h a i r  l e n g t h .  

It  is  p o s s i b l e  t o  i n t e r p r e t  t h e s e  r e s u l t s  i n  t h r e e  d i f f e r e n t  

ways : 
2 

The f l a t  p a t t e r n s  o b t a i n e d  f o r  t h e s e  two s u b j e c t s  may 

s u g g e s t  we are  l o o k i n g  a t  t h e  r e s u l t  o f  t h e  i n c o r p o r a t i o n  o f  z i n c  

i n t o  t h e  h a i r s  t h r o u g h  t h e  f o l l i c l e ,  a s  t h e  h a i r s  g rew a t  r o u g h l y  

a c o n s t a n t  r a t e .  

- The a b s e n c e  o f  z o n e s  o f  p r e f e r e n t i a l  a b s o r p t i o n  f o r  

z i n c  ( s u c h  as  t h e  o n e s  found f o r  Cu) ,may h a v e  r e s u l t e d  in'a 

c o n s t a n t  u p t a k e  o f  z i n c  from e x t e r n a l  c o n h a i n a t i o n  ( i n c l u d i n g  
* 

swea t  and f a l l o u t )  a l o n g  t h e  e n t i r e  h a i r  l e n g t h .  ' , 
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- The z i n c ,  w h i c h  may have  been  a b s o r b e d  p r e f e r e n t i a l l y  

i n  c e r t a i n  r e g i o n s  o f  t h e  h a i r  ( i . e .  t h e  more d i s t a l  p a r t  o f  t h e  

s h a f t ) ,  i s  more i n t e n s i v e l y  washed o u t  from t h o s e  r e g i o n s  t h a n  - 
'z 

from a n y  o t h e r  zone  o f  t h e  h a i r  by  t h e  - r a t h e r  l o n g  washing  

[ p r o c e d u r e  t h e  s a m p l e s  were Bubrni t ted  t o  ( 9 0  m i n u t e s )  . 

However, t h e  r e s u l t s  o b t a i n e d  s o  f a r  d o  n o t  p r e s e n t  s u f f i c i e n t  

e v i d e n c e  t o  r e j e c t  a n y  o f  t h e s e  h y p o t h e s e s .  It was t h e r e f o r e  d e c i d e d  

t o  examine  t h e  a b s o r p t i o n  o f  z i n c  i n  h a i r  by means, o f  a  t r a c e r  - 
e x p e r i m e n t .  

4 

3 . 2 . 2 )  T r a c e r  Expe r imen t  

Two h a i r s  p lucked  from t h e  head o f  s u b j e c t  B wera s u b j e c t e d  t o  a  
4 2 

s o a k i n g  i n  a s o l u t i o n  o f  6 5 ~ n  r a d i o a c t i v i t y  w i t h  a c o n c e n k r a $ i o n  o f  
t 

0.1  mg/ml and 3 - 6  mci /ml ,  t h e  pH o f  w h i c h  was a d j u s t e d  t o  5.5. The 

r e s u l t s  are shown i n  F i g .  2 4 ,  t o g e t h e r  w i t h  t h e  l e n g t h  o f  time e a c h  

h a i r  was s o a k e d  i n  t h e  s o l u t i o n .  

A g e n e r a l  i n c r e a s e  o f  c o n G e n t r a t i o n  w i t h  d i s t a n c e  from t h e  r o o t ,  

t o g e t h e r  w i t h  l o c a l  r e g i o n s  o f  i n c r e a s e d  o r  d e c r e a s e d  z i n c  u p t a k e ,  a re  
, 

t o b s e r v e d .  These  p a t t e r n s  are r e m i n i s c e n t  o f  t h o s e  o b s e r v e d  i n  t h e  
yt - 

c a s e  of  b o t h  added  and  n a t u r a l  c o p p e r ,  w h i c h  s u g g e s t s  t h e s e  r e s u l t s  
7 + 

c o u l d  b e  i n t e r p r e t e d  o n c e  more i n  terms o f  a  v a r i a t i o n  i n  a b s o r p t i o n  

c a p a c i t y  o f  t h e  h a i r  s t r u c t u r e  f o r  t h e  z i n c  i o n s .  
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However, t h e  i m p o r t a n t  d i s s i i n i l a r i t y  obse rved  \between t h e  

p a t t e r n s  o f  n a t u r a l  and added z i n c  f o r  t h e  h a i r s ' o f  t h i s  s u b j e c t  ( B j  , 

may i n d q a t e  t h a t  t h e  n a t u r a l  z i n c  may n o t  b e  c a r r i e d  i n t o  t h e  h a i r  
1 

s t r u c t u r e  by t h e  same mechanisms d e s c r i b e d  p r e v i o u s l y  f o r  c o p p e r ;  t h e  
< -  

r e g i o n s  o f  i n c r e a s e d  z i n c  a 'bsorpt ion,  o f  which t h e  e x i s t e n c e  was . 
r e v q a l e d  by t h e  t r a c e r  e x p e r ' h e n t  e v i d e n t l y  d i d  n o t  produce any . . 

f l u c t u a t i o n  i n  t h e  n a t u r a l  c o n c e n t r a t i o n  o f  t h i s  m e t a l  a l o k  t h e  h a i r .  

i 
T h e r e f o r e ,  t h e  z i n c  may o+gina , te  e n t i r e l y  from - i n c o r p o r a t i o n  v i a  t h e  

% 

f o l l i c l e  d u r i n g  h a i r . g r o w t h ,  o r  may r e p r e s e n t  a  r e s i d u e  from a  washing 

o u t  p r o c e s s .  j p  
a' 

@ .  
The amount o f  z i n c  absorbed  by e a c h  2-mm segment i s  s e e n  t o  b e  

t w i c e  a s  l a r g e  f o r  t h e  h a i r  soaked f o r  42 h o u r s  a s  f o r  t h e  sample 
r- 

which r a a a i n e d  i n  t h e  s o l u t i o n -  f o r  o n l y  4 h o u r s .  The r a t e  o f '  

d i f f u s i o n  o f  z i n c  i o n s  i n t o  h a i r s ,  a s  i t  may b e  r e v e a l e d  by t h e s e  

d a t a ,  i s  e v i d e n t l y  much s l o w e r  t h a n  t h e  p e n e t r a t i o n  o f  water i n i o  t h e '  

same s t r u c t u r e ,  which p r o c e s s  h a s  been shown t o  be complete%n l e s s  

t h a n  1 hour ( B e r .  6 7 ) .  

a 

A s i m i l a r  exper iment  was r e p e a t e d  wi th  t h e  h a i r s  o f  s u b j e c t  A ,  

w i c h  were p r e v i o u s l y  shown t o  p o s s e s s  a  v e r y  c h a r a c t e r i s t i c  p a t t e r n  4 
en a n a l y s e d  f o r  t h e  n a t u r a l  OF added copper  c o n t e n t .  

f' 
C=. 

However, because  o f  t h e  c o n s i d e r a b l e  change obse rved  i n ,  t h e  

c o n c e n t r a t i o n  p a t t e r n s  o f  s u b j e c t  B when t h e  t i m e  of  s o a k i n g  i n  t h e  



/ 
\ 

z i n d s o l u t i o n  was i n c r e a s e d ,  i t  was d e c i d e d  now t o  m a i n t a i n  t h e  

s o a k i n g  Pae  c o n s t a n t  t o  v e r i f y  i f  a  s i m i l a r i t y  o f  a b s o k p t i o n  p a t t e r n s  
r - 

would b e  o b s e r v e d  be tween t h e  h a i r s  t a k e n  f rom a  h n g l e  i n d i v g d u a l .  
i * 

6 
It seem t h a t  some s imilaqi t ies  e x i s t  b e k e e n  t h e  c o n c e n t r a t i o n  r" 0 

p a t t e r n s  s h o k  in F i g .  25 f o r  t h r e e  h a i r s  t a k e n  f rom s u b j e c t  A ,  

e s p e c k d l y  a round 2 and  10 cm from t h e  r o o t  where  t h e  p r e s e n c e  o f  
I 

z o n e s  o f  i n c r e a s e d  and  d e c r e a s e d  a b s d r p t i o n  canebe 

t ' 

b ?- 

It m u s t  b e  n o t i c e d ,  however ,  t h a t  : 

* 
- /I'$e c o r r e l a t i o n  e x i s t i n g  be tween . t h e s e  t h r e e  p a t t e r n s  

i s  perhaps .  l e s s  o b v i o u s '  th.& i n  t h e  c a s e  o f  added  c o p p e r  

/ 
( F i g .  11) f o r  t h e  h a i r s  o f  t h e  same s u b j e c t .  

7 .  

-7 e- 

(9 
1 4 - These  p a t t e r n s ,  and t h e  one  shown f o r  n a t u r a l  c o p p e r  

' % 6. 

i n  F i g .  2 ,  ar(e%rnuch less c o r r e l a t e d ,  a l t h o u g h  b o t h  sets  o f  h a i r  

were t a k e n  f rom s u b j e c t  A a t  t h e  same time. That i s  t o  s a y ,  t h e  ' 

2 1 z o n e 3  o f  a p p a r e n t  a b s o r p t i o n  o f  Zn and  o f  Cu a r e  l o c a t e d  a t  
& 

\ '--. d i f f e r e n t  d i s t a n c e s  from t h e  r o o t .  - 
4% a 1 B 
t 

t 

S i m i l a r  c o n c l u s i o n s  are t o  b e  drawn from t h e ,  d a t a  i n  F i g .  26 from 

two h a g s  f rom the same sGjec t  soaked  f o r  d i f f e r e n t  l e n g t h s  o f  time. 
Y 

It c a n  b e  s e e n  t h a t  t h e  l e v e l  o&Zn a b s o r b e d  i n  t h e s e  h a i r s  i n c r e a s e d  

- b y  a  f a c t o r  o f  1 Oarhen he d u r a t i o n  o f  t h e  s o a k i n g  time was i n c r e a s e d  
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from 2 t o  78 h o u r s .  

Furthermore, ,  i t  can  b e  n o t i c e d  t h a t  t h e  e x i s t e n c e ,  a t  6 cm from 
t 

r 
t h e  r o o t  on b o t h  samples ,  o f  an i n ~ r e a s e  fo l lowed  by a d e c r e a s e  o f  

1 i 

z i n c  c o n c e n t r a t i o n .  T h i s  i s  s e e n  more c l e a r l y  a f t e r  a  l o n g  s o a k i n g  

time,. and c o r r e s p o n d s  t o  t h e  Sam6 f e a t y e  obse rved  a t  10 cm from t h e  

r o o t  f o r  h a i r s  p lucked 4 months a t e r  ( s e e  F i g .  2 5 ) .  T h i s  d i f f e r e n c e  t '\ 
i n  t h e  p o s i t i o n  o f  t h e  r e g i o n  o f  i n c r e a s e d  z i n c  u p t a k e  i s  c o n s i s t e n t  

once  more ( as  i n  t h e  c a s e  o f  c o p p e r )  w i t h  t h e  l e n g t h  o f  h a i r  which ' 
i 

would have grown d u r i n g  t h e  4 month p e r i o d  s e p a r a t i n g  t h e  h a i r  

a c q u i ' s i t i o n  o f  t h e  two p a i r s  o f  h a i r s ,  g i v e n  t h e  a v e r a g e  growth r a t e  

A T quoted i n  t h e  l i t e r a t u r e  (0 .35  &day)  (Fie<. 5 4 ) .  
* 

Again, t h e  p o s i t i o n s  o f  t h e  r e g i o n s  o f  rhaximum m e t a l  u p t a k e  a r e  
# 

d i f f e r e n t  f o r  z i n c  and c o p p e r ,  as  is  c l e a r l y  s e e n  i n  F i g .  27, where 

t h e  c o n c e n t r a t i o n  p a t t e r n s  o f  t h e s e  two e l e m e n t s  a r e  compared f o r  

h a i r s  t a k e n  s i m u l t a n e o u s l y  from s u b j e c t  A .  

3 An exper iment  where t h r e e  h a i r s  from s u b j e c t  I were  soaked f o r  
I 

G 

136 hours  i n  t h e  s a n e  e o l u t i o n  was conduc ted  n e x t ,  t o  s e e  i f  such  a 

l o n g  pe r iod  o f  s o a k i n g  w i l l  a t t e n u a t e  t h e  wee-t~-~iece and t h e  

o v e r a l l  v a r i a t i o n  i n  t h e  amount o f t z i n c  absorbed .  The r e s u l t s  shown 

i n  F i g .  28 p r o i e  t h a t  no such  a t t e n u a t i o n  o c c u r s ,  b u t  i n s t e a d  t h a t  t h e  

d i s t a l  end o f  t h e s e  t h r e e  h a i r s  a b s o r b  2 to 3  t i m e s  more z i n c  than  t h e  
L 

r e g i o n  c l o s e  t o  t h e  r o o t .  



S8AKlNG EXPERI HENS SUBJECT ( = ,  

-. 

. - 

P 

yr Z 1 NC WRKP EXPER-I-BENT t -  
T 

q . 0 ~ ~ 1 1 m ~ ~ 1 ~ ~ ~ ~ w ~ ~ 1 ~ ~ 1 1 ~ v ~ 7  U,75 9,50 14,25 19.00 23.75 28.50- 
ROOT DlSTANCE IN  CM 



Z I N C  RADIOTRACER EXPERIMFNT S U 6 J E C T : I  

HRIR SORKED 1 3 6  HOURS 

m 
4- 
A 

HRIR SORKED 1 3 6  HOURS 

' 4  
0 

% . O d " , i " ' i " " ' " i " ' i ' "  5 .00  10.00 15 .00  20 .00  25 .00  
R O O T  DISTRNCE I N  CM 



-123- 

T h i s  c o u l d  b e  i n t e r p r e t e d  as a c o n s e q u e n c e  o f  t h e  v a r i a t i d  i n  

t h e  number o f  " b i n d i n g  sitesn a v a i l a b l e  f o r  z i n c  alo 'ng t h e  h a i r ,  o r  as  

b e i n g  d u e  t o  an i n c r e a s e  o f  t h e  ra te  o f  d i f f u s i o n  o f  z i n c  i n t q  t h e  
4 .  

k e r a t i n  i n  some s p e c i f i c  r e g i o n s  o f  t h e  h a i r  f i b e r .  

As f o r  s u b j e c t  B,  no  s i m i l a r i t i e s  c a n  b e  found be tween t h e  

c o n c e n t r a t i o n  p a t t e r n s  o f  n a t u r a l  and added z i n c ,  w h i c h  seems t o  b e  a 

s i g n i f i c a n t  feature o f  t h e  b e h a v i o u r  o f  t h i s  metal i n  h a i r s .  
r .  

c o p p e r  c o n c e n t r a t i o n  p a t t e r n s  o b t a i n e d  w i t h  

who'had h e r  h a i r  p a r t i a l l y  b l e a c h e d ,  s u g g e s t e d  

a n  e x p e r i m e n t  t o  , test  i f  s u c h  a f e a t u r e  would b e  o b s e r v e d  w i t h  z i n c .  

One h a i r .  from t h i s  - s u b J e c t  was t h e r e f o r e  soaked  i n  t h e  

r a d i o a c t i v e  z i n c  s o l u t i o n  f o r  1 h o u r ,  and i t  c a n  b e  s e e n  i n  F i g .  29 

t h a t  t h i s  metal i s  a b s o r b e d  p r e f e r e n t i a l l y  i n  t h e  r e g i o n  where  t h e  
* 

h a i r  was b l e a c h e d ,  which  i s  a r e s u l t  similar t o  t h e  p a t t e r n s  o b t a i n e d  

f o r  b o t h  n a t u r a l  and added c o p p e r .  Such a b e h a v i o u r  c o u l d  b e  

e x p l a G e d  a g a i n  by t h e  same two mechanisms we p r & i o u s l y  d e s c r i b e d ,  

and i t  i s  n o t  p o s s J b l e  a t  , ,  t h i s  p o i n t  t o  d e c i d e  i f  t h e  i n c r e a s e d  

a b s o r p t i o n  o b s e r v e d  i n  t h e  b l e a c h e d  r e g i o n  c o u l d  b e  d u e  t o  a n o r e  o p e n  

s t r u c t u r e  o f  t h e  k e r a t i n  i n  t h i s  r e g i o n ,  w h i c h  may f a v o u r  a faster 

d i f f u s i o n ,  o r  t o  t h e  p r e s e n c e  o f  an i n c r e a s e d  number o f  b i n d i n g  s i tes  

f o r  z i n c .  
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A similar e x p e r i m e n t  was f i n a l l y  cofiducted w i t h  o n e  h a i r  o f  

s u b j e c t  J ,  which  showed e v i d e n c e  o f  two zon-es o f  d i s c o l o r a t i o n  due  t o  

b l e a c h i n g '  between 5 and 10 &I *om t h e  r o o t ,  and a g a i n  from 1.2 cm t o  
a 

t h e  d i s t a l  end o f  t h e  h a i r .  The r e s u l t  o b t a i n e d  i n  F i g .  30 i s  v e r y  

s i m i l a r  t o  t h a t  d e s c r i b e d  p r e v i o u s l y  f o r  s u b j e c t  G .  

It seemed i n t e r e s t i n g ,  f o r  t h e  pu rpose  o f  c o m p a r s i o n ,  t o  s e e  i f  

s u c h  h a i r s  w i l l  h ave  t h e  c h a r a c t e r i s t i c ,  f l a t  c o n c e n t r a t i o n  p a t t e r n  f o r  

n a t u r a l  z i n c  o b t a i n e d  w i t h  s u b j e c t s  B and I .  It i s  s e e n  i n  t h e  t o p  o f  

F i g .  3 1  t h a t  t h e  i n d i g e n o u s  z i n c  c o n t e n t  o f  s u c h  h a i r  d e c r e a s e s  

m a r k e d l y  i n  t h e  b l e a c h e d  r e g i o n  i n  c o n t r a s t  t o  t h e  enhanced '  a b s o r p t i o n  

o p e r v e d  from r a d i o t r a c e r  Zn s o l u t i o n .  T h i s  o b s e r v a t i o n  seems t o  

a r g u e  a g a i n s t  t h e  e x i s t e n c e  o f  more b i n d i n g  s i t e s  i n  s u c h  r e g i o n s ,  b u t  

a r g u e s  , f o r  t h e  e x i s t e n c e  o f  a more open  s t r u c t u r e  i n  t h e  b l e a c h e d  
r 

a r e a ,  wh ich  c o u l d  i n c r e a s e  t h e  r a t e  o f  d i f f u s i o n  o f  t h e  m e t a l l i c -  i o n s  

i n t o  and o u t  from t h e  k e r a t i n  s t r u c t u r e .  

It i s  now p o s s i b l e  t o  i n t e r p r e t  t h e  d i f f e r e n c e  o b s e r v e d  be tween 
-. 

t h e  c o n c e n t r a t i o n  p a t t e r n s  o f  n a t u r a l  and added z i n c  f o r  t h e  h a i r s  o f  

s u b j e c t s  B and I .  

The r e s u l t s  o b t a i n e d  w i t h  s u b j e c t  J seem . t o  d e m o n s t r a t e  t h a t  t h e  

n a t u r a l  z i n c  c a n  b e  h a s h e d  o u t  from a r e g i o n  where t h i s  metal h a s  been  

shown t o  be -  a b s o r b e d  p r e f e r e n t i a l l y  d u r i n g  t h e  s o a k i n g  e x p e r i m e n t .  
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Although t h e  r e g i o n  o f  t h e  h a i r  where t h i s  phenomenon has been 

obse rved  was e s p e c i a l l a y  ndamagedn by t h e  b l e a c h i n g  t r e a t m e n t ,  i t  i s  

r e a s o n a b l e  t o  -assume t h a t  s u c h  a washing o u t  o f  t h e  n a t u r a l  z i n c  would 

o c c u r  g e n e r a l l y  i n  t h e  r e g i o n s  o f  t h e  h a i r  where t h i s  metal is  

p r e  e r e n t i a l l y  a b s o r b e d  as, f o r  example ,  i n  t h e  c a s e  o f  s u b j e c t s  B and \ 
I d u r  ng t h e  soaking ' .$xper iment .  1 

I---' The i n c r e a s e d  removal o f  t h e  n a t u r a l  z i n c  from such  z o n e s  may b e  
/ 

due t o  a more open s t r u c t u r e  o f  t h e  k e r a t i n  ( a s  compared t o  r e g i o n s  

1. c l o s e  t o  t h e  r o o t ) ,  w*is t h e  r e s u l t  o f  t h e  a g e i n g  and d r y i n g  of  
i 

t h i s  p r o t e i n a c e o u s  m a t e H a l  . However, i n c o r p o r a t i o n  o f  t h e  i n d i g e n o u s  

Zn v i a  t h e  f 0 l l i E l e  i s  n o t  r u l e d  o u t .  

Exper iments  o n  C o b a l t  

\i 

T h e  c h a r a c t e r i s t i c s  p r e v i o u s l y  d e s q i b e d  o f  t h e  behav iour  o f  
% 

absorbed  z i n c  and copper  i n  h a i r s  prompted s i m i l a r  e x p e r i m e n t s  wi th  a 

f u r t h e r  t r a n s i t i o n  metal, namely, c o b a l t .  me long  h a l f - l i f e  c$ 6 0 ~ o  

(5 .27  y e a r s )  made t h i s  a c o n v e n i e n t  r a d i o t r a c e r  ., 

3.3.1) T r a c e r  Experiment 
\ r' 

One hair fom s u b j e c t  G and one  from s u b j e c t  J ,  b o t h  o f  whom had 

used a b l e a c h i n g  a g e n t  which r e s u l t e d  i n  v e r y  c h a r a c t e r i s t i c  inc . reases  

o f  a b s o r p t i o n  f o r  b o t h  z i n d a n d  copper  i n  t h e  d i s c o l o r e d  r e g i o n  o f  . the  

... /' 'I 



h a i r ,  were soaked i n  a 0 2 8 1  m g / m l  c o b a l t  s o l u t i o n  f o r  3 .5  &d 2.5  

h o u r s  r e s p e c t i v e l y  , and then  s u c c e s s i v e l y  r i n s e d  i n  w a t e r ,  

and e t h e r  f o r  15 s e c o n d s  e a c h  s t e p .  

wQ 
67 1 

~ h e j r e s u l t i n g  r a d i o a c t i v i t y  p a t t e r n s  shown i n  F i g .  32 and 34 seem 

t o  s u s t a i n  t h e  c o n c l u s i o n  r e a c h e d  d u r i n g  t h e  z i n c  and copper  t r a c e r  

e x p e r i m e n t .  Again,  i n  t k e  b l e a c h e d  r e g i o n s  o f  t h e  h a i r s ,  2  t o  3  t i m e s  

? 
as m u c h  c o b a l h  t h e h a g e  h a s  been absorbed  a s i n  t h e  u n t r e a t e d  

\ 
a r e a .  However, t h e  p a t t e r n  o b t a i n e d  now is  c h a r a c t e r i z e d  by l a r g e  - r- 
segment- to-segment xvaria tion 

i n  t h e  q u a n t i t y  o f  metal absorbed  

( e s p e c i a l l y  i n  t h e  b leached  r e g i o n ) ,  r e s u l t i n g  i n  a ' less c l e a r - c u t  . 
d i f f e r e n c e  i n  b e h a v i o u r  o f  t h e  b leached  e c t i o n  from t h a t  o f  t h e  4 

. 
remain ing  p a r t  o f  t h e  h a i r .  

P 
Z C 

-. 

It c a n  a l b  be n o t i c e d  tha t  w h i l e  a s o a k i n g  o f  I . hour  in a 
\ 

0.1 m g / m l  s o l u t i o n  o f  z i n c  r e s u l t e d  i n  t h e  b l e a c h e d  r e g i o n  a b s o r b i n g  6 
2 

times more Zn t h a n  t h e  unbleached h a i r ,  a  3.5 hour  s o a k i n g  i n  a  

0.28 m g / m l  c o b a l t  s o l u t i o n  produced a  f a c t o r  o f  o n l y  7 i n  t h e  r e l a t i v e  
C 

Co c o n c e n t r a t i o n s .  B 

J' R l r t h e r m o r e ,  t h e  a v e r a g e  et o f  c o b a l t  a b s o r b e d  by e a c h  2-mn L f 
3 

h a i r  segment %s less t h a n  t h e  &orresponding q u a n t i t y  for  z i n c  and $ 
C& 

c o p p e r .  T h i s  c o n c l u s i o n  is  i n  agreement  w i t h  t h e  f i n d i n g  o f  ;Bate 
$ 
7 

+ *  
( B a t .  651, who found 10 times r e  z i n c  t b a n  c o b a l t  was a b s o r b e d  i n  g 
h a i r s  a t  a@$% o f  5 .5 .  
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The i n f l u e n c e  of* i n c r e a s e d - s o a k i n g  t ime  on &e amount o f  Co 
x 

J absorbed ,  and t h e  p f f e c t  o f  subsequen t  r i n s i n g  on t h e  c o n c e n t r a t i o n  

p a t t e r n ,  were  i n v e s t i g a t e d  i n  an exper iment ,  t h e  r e s u l t s  o f  which are 
ir 

shown i n  F i g .  33. 

- ' Ihree h a i r s  t a k e n  from s u b j e c t  G were soaked f o r  91 h o u r s  i n  t h e  

above c o b a l t  s o l u t i o n ,  and r i n s e d  s u c c e s s i v e l y  i n  w a t e r ,  a c e t o n e ,  and 

e t h e r  f o r  t h e  d i f f e r e n t  p e r i o d s  of t ime  g i v e n  i n  t h e  f i g u r e .  It can 
0 f 

b e  seen! t h a t  no s i g n i f i c a n t  i n c r e a s e  i n  t h e  l e v e l  o f  c o b a l t  absorbed  

c a n  b e  n o t i c e d ,  even when t h e  s o a k i n g  time i s  i n c r e a s e d  t o  91 h o u r s .  

In this ,  t h e  behav iour  o f  c o b a l t  seems t o  b e  d i f f e r e n t  from t h a t  

observed f o r  z i n c  and c o p p e r ,  f o r  which a b , s o r p t i o n  was s e e n  t o  
- 

i n c r e a s e  f o r  prolonged s o a k i n g  t i m e s .  Th is  c o u l d  be  a t t r i - b u t e d '  t o  a - . ,,' 
p o s s i b l e  l i m i t a t i o n  i n  t h e  d i f f u s i o n  o f  c o b h t  t o  t h e  o u t s i d e  r e g i o n  

o f  t h e  h a i r  ( k . e .  t h e  c u t i c l e ) ,  w i t h  an accompanying s a t u r a t i o n  o f  

t h e  k e r a t i n  i n  t h i s  r e g i o n  a f t e r  a  s h o r t  soak ing  time, b e i a u s e  o f  t h e  

p r e c i p i t a t i o n  o f  c a l l o i d a l  c o b a l t  hydrox ide  whose m o l e c u l a r  dimension 

p reven ted  p e n e t r a t i o n  f u r t h e r  i n  t h e  h a i r  s t r u c t u r e .  The h f l u e n c e  o f  

t h e  time o f  r i n s i n g  i s  seen  t o  b e  s i m i l a r  t o  t h a t  observed f o r  c o p p e r ,  

a  d i m i n u t i o n  q f  t h e  q u a n t i t y  of Co absorbed and a l s o  t h e  . 
0 

, segment-to-segment f l u c t u a t i o n s ,  t o g e t h e r  wiJh a s m a l l e ~  d i f f e r e n c e  

between t h e  c o b a l t  c o n t e n t  o f  t h e  b leached  r e  i o n  o f  h e h a i r  and -  7 
e l sewhere .  It can be n o t i c e d  t h a t ,  f o r  t h e  t h r e e  ha,lirs wpse p a t t e r n s  
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a r e  shown i n  Fig. 33,  t h e  p o s i t i o n  o f  t h e  r e g i o n  o f  i n c r e a s e d  
? n 

c o n c e n t r a t i o n  seems  t o  v a r y  marked ly  f rom sample  t o  s a m p l e .  T h i s  w& 
e 

e v i d e n t l y  d u e  t o  t h e  b l e a c h e d  r e g i o n s  o c c u r r i n g  i n  d i f f e r e n t  p o s i t i o n s  

o n  d i f f e r e n t  h a i r s ,  a c i r c u m s t a n c e  v e r i f i e d  v i a  o t h e r  h a i r  s p e c i m e n s  

t a k e n  from t h e  same s u b j e c t .  

3.42 Exper imen t  on A r s e n i c  

P 

% 

The a n a l y s i s  o f  t h e  a r s e n i c  c o n t e n t  o f  human h a i r s  h a s  a l w a y s  
-, 

a t t r a c t e d  f o r e n s i c  s c i e n t i s t s  b e c a u s e  o f  i t s  a p p l i c a b i l i t y  t o  t h e  - 
ae t e c  t i o n  o f  p o i s o n i n g .  

I 

S t r o n g l y  d i v e r g i n g  t h e o r i e s  e x i s t  a s  t o  w h e t h e r  t h e  a r s e n i c  s e e n  , 9 & 

in t h e  h a i r  o r i g i n a t e d  from i n c o r p o r a t i o n  v i a  t h e  f o l l i c l e  d u r i n g  t h e  

g r o w t h  p r o c e s s  ( i n  which  case it would b e  p o s s i b l e  t o  a s c e r t a i n  a d a t e  0 

o f  a c u t e  p o i s o n i n g  ( P e a .  7111 ,  o r  is  d e p o s i t e d  a l o n g  t h e  h a i r  s h a f t  - 

by t h e  sweat and t h e  s p r e a d i n g  a c t i o n  o f  w a s h i n g h a b i t s  (Lim. 6 6 ) .  I n  

t h e  l a t t e r  c a s e ,  i t  would  be. e v i d e n t l y  i m p o s s i b l e  t o  i n t e r p r e t  any  

v a r i a t i o n  o f  a r s e n i c  c o n c e n t r a t i o n  a l o n g  t h e  l e n g t h  o f  t h e  h a i r  as  

a b e i n g  due t o  a p o s s i b l e  c h r o n i c  p o i s o n i n g ,  s i n c e  a f te r  a l o n g  p e r i o d  

- o f  time, t h e  a r s e n i c  would h a v e  m i g r a t e d  o v e r  t h e  whole  l e n g t h  d f  t h e  
CI 

h a i r .  

?he i n t e r e s t i n g  r e s u l t s  d e s c r i b e d  by  Lima (Lim.  6 6 )  on t h e  . 

movement by  c a p i l l a r y  ac t Jon  o f  a r s e n i c  a l o n g  t h e  s u r f a c e  o f  t h e  h a i r  



, emons t ra te  such  a  m i g r a t i o n .  I n  t h e  l i g h t  o f ,  - t h e  c o n c e n t r a  
k 

p a t t e r n s  cjbserved i n  t h e  p r e s e n t  'work f o r  o t h e r  e l e m e n t s ,  i t  seemed 
i 

n e c e s s a r y  t o  v e r i f y  if t h e  o f  r e g i o n s  o f  h i g h  a r s e n i c  

c o n c e n t r a t i o n  (which were r e p o r t e d  a long  h a i r s  a n a l y s e d  by Neutron 

A c t i v a t i o n  A n a l y s i s   mi. 64)) may have o r i g i n a t e d  from t h e  a b s o r p t i o n  A. 

of  As from e x t e r n a l  s o u r c e s  o n t o  zones  o f  h i g h  a b s o r p t i o n  c a p a c i t y  
ii 

A 

a l o n g  t h e  h a i r  lengt/h.  . 

3.4 .1  ) T r a c e r  Experiment 
& 

A s  f o r  z i n c ,  c o p p e r ,  and c o b a l t ,  t h e  d e t e c t i o n  o f  r e g i o n s  o f  h i g h  

a b s o r p t i o n  c a p a c i t y  was e f f e c t e d  by soak ing  d i f f e r e n t  h a i r  samples  f o r  

v a r i a b l e  amounts o f  time, i n  a 0.58 mg/ml and 0 . 2  mci/ml r a d i o a c t i v e  
i 

a r s e n i c  s o l u t i o n  w i t h  t h e  pH a d j u s t e d  t o  5.5. 

One h a i r  from s u b j e c t  A was soaked f o r  22 h o u r s  and t h e  a r s e n i c  

r a d i o a c t i v i t y  was assayed  by t h e  u s u a l  method. The r e s u l t s  are shown 

i n  F i g .  3 j ,  where t h e  p a t t e r n  d e s c r i b e d  i s  r k g d l y  d i f f e r e n t  from 
,4 

t h a t  o b t a i n e d ,  p r e v i o u s l y  when metals su as  copper  and z i n c  were 
7 

absorbed on h a i r s  t a k e n  a t  t h e  same t i m e  from t h e  same s u b j e c t .  

\ 3 . 1 - la  
I n  p a r t i c u l a r ,  t h e  amount o f  arsenic a b s o r b e d  on e a c h  2-am 

segment i s -  s e e n  t o  d e c r e a s e  wi th  t h e  d i s t a n c e  from t h e  r o o t ,  whereas  - 
t h e  n a t u r a l  copper c o n t e n t  o f  t h i s  s u b j e c t ' s  h a i r s .  " 

a t  20 an from t h e  r o o t  ( F i g .  2 ) .  
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Fur fhermore ,  from F i g .  36 where t h e  added c o n c e n t r a t i o n  p a t t e r n s  

o f  z i n c  and a r s e n i c  o f  s u c h  h a i r s  are shown, i t  is  . s e e n  t h a t  one  

r e g i o n  o f  maximum z i n c  a b s o r p t i o n ,  which was s i t u a t e d  around 10 cm 
*- 

from t h e  r o o t ,  c o r r e s p o n d s  t o  a zone o f  somewhat r educed  a r s e n f c  

a b s o r p t i o n .  
i 

. T h i s  phenomenon may b e  r e l a t e d  . t o  t h e  r e s u l t s  o f  Ba te  ( B a t .  66;;) 

who showed t h a t  e l e m e n t s  such  as A s ,  Se, and P were  a b s o r b e d  i n  h a i r s  
i 

t o  a  lesser e x t e n t  when t h e  pH o f  t h e  s o a k i n g  s o l u t i o n  was r a i s e d  from 

3 . 5  t o  5 . 5 ,  , in  c o n t r a s t  t o  Cu, Zn; and Co, which were a b s o r b e d  more 

s t r o n g l y .  T h e r e f o r e ,  i t  seems t h a t  a c o r r e l a t i o n  may e x i s t  between 

.r, t h e  a b s o r p t i o n  of  e l e m e n t s  such  a s  C u ,  Zn, and Co (and  As) i n  h a i r s  

and t h e i r  chemica l  p r o p e r t i e s ,  which i s  a p o i n t  we w i l l  d i c u s s  l a t e r .  
-I 

/ 

I n  v iew o f  s u c h  a p a r t i c u l a r  b e h a v i o u r ,  i t  was d e c i d e d  t o  ex tend  

this exper iment  w i t h  a r s e n i c  t o  h a i r s  o f  s u b j e c t  B, which were soaked 

i n  t h e  a r s e n i c  s o l u t i o n  f o r  14  h o u r s .  I 

It c a n  b e  s e e n  i n  F i g .  37 t h a t  v e r y  unusua l  f e a t u r e s  c h a r a c h r i z e  

t h e  p a t t e r n s  now o b s e r v a .  I n  p a r t i c u l a r ,  e a c h  sample  p o s s e s s e s  t h r e e  

d i s t i n c t  r q g i o n s  where t h e  a r s e n i c  is s<rong ly  a b s o r b e d  from t h e  
L 

$. 

s q l u t i o n ,  whose p o s i t i o n  a l o n g  t h e  hair l e n g t h  seems t o  c o i n c i d e  

r e l a t i v e l y  w e l l  from h a i r  t o  h a i r .  P a t t e r n s  s u c h  as t h i s  obse rved  f o r  
1 

i n d i g e n o u s  a r s e n i c  i n  h a i r  might  b e  e r r o n e o u s l y  i n t e r p r e t e d  as 
* 

i n d i c a t i n g  a  d a t e  when p o i s o n i n g  o f  t h e  s u b j e c t  had o c b u r r e d .  
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These p a t t e r n s  d o  n o t  show c o r r e l a t i o n  w i t h  t h e  \ n e s  shown i n  

F i g .  22 f o r  z i n c  on t h e  same s u b j e c t ,  c o n f i r m i n g  t h e  above r e s u l t  $or 

h a i r s  o f  s u b j e c t  A .  

A similar exper iment  was conduc ted  w i t h  one  h a i r  drawn. from 

s u b j e c t  I .  F i g u r e  38 shows t h e  r e s u l t  o f  t h e  v a r i a t i o n  o f  t h e  amount 

o f  a r s e n i c  a b s o r b e d  p e r  2-ma l e n g t h  a r t e r  a  s o a k i n g  o f  1 4  h o u r s ,  

namely a  p a t t e r n  similar t o  t h o s e  f o r  s u b j e c t  B. Again no c o r r e l a t i o n  

can b e  found between t h i s  r e s u l t  and t h e  c o n c e n t r a t i o n  p a t t e r n s  o f  

added z i n c  on t h e  h a i r s  from t h e  same s u b j e c t  we a l r e a d y .  d e s c r i b e d  i n  

F i g .  38. 
1 

The o b s e r v a t i o n  f o r  t h e  h a i r s  o f  s u b j e c t  A o f  a  d e c r e a s e  i n  t h e  

amount o f  a r s e n i c  absorbed  i n  e a c h  2-am segment ,  when f o r  b o t h  z i n c  

and copper  t h e  a b s o r p t i o n  was shown t o  i n c r e a s e  a l o n g  t h e  l e n g t h  o f  
4 

t h e  sample ,  s u g g e s t e d  a sirnil& te'st on h a i r s  from a s u b j e c t  who 

e x h i b i t e d  a  c o n s t a n t  a b s o r h o n  p a t t e r n  f o r  t h e s e  two m e t a l s .  The 
\ 

.A h a i r s  from s u b j e c t  E were chosen  because  o f  t h i s  p a r t i c u l a r i t y ,  a s  we 

have a l r e a d y  s e e n  i n  F i g .  14. Two o f  t h e s e  h a i r s  were soaked f o r  14 

h o u r s  i n  t h e  above a r s e n i c  s o l u t i o n ,  and t h e  p a t t e r n s  o b t a i n e d  a r e  

P shown i n  F i g .  39.  It c a n  b e  s e e n  t h a t  they  a r e  similar, and o t h e r  

than  a  s l i g h t  d e c r e a s e  i n  t h e  amoudlt o f  a r s e n i c  a b s o r b e d  i n  t h e  

v i c i n i t y  o f  t h e  r o o t ,  t h e  two p a t t e r n s  shown can be  c o n s i d e r e d  a s  

p r a c t i c a l l y  f l a t .  The hairs o f  t h i s  s u b j e c t  a r e  t h e r e f o r e  

c h a r a c t e r i z e d  by t h e  a b s e n c e  o f  zones  o f  i n c r e a s e d  o r  d e c r e a s e d  
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' a b s o r p t i o n  e i t h e r  o f  m e t a l l i c  i o n s  such  a s  Cu, o r  o f  non-metals ' such ' 

a a s  A s .  

-9 
A d d i t i o n a l  exper iments  were conducted w i t h  o q e  h a i r  o f  s u b j e c t  H i  

who had u s e q a  b l e a c h i n g  a g e n t  on  h e r  h a i r ;  r e s u l t i n g  i n  a  b leached  

r e g i o n  from 13 cm from t h e  r o o t  ou twards .  

The added a r s e n i c  c o n c e n t r a t i o n  p a t t e r n  i s  shown i n  t h e  bottom o f  I 

F i g .  40,  where a s h a r p  d e c r e a s e  i n  t h e  amount. o f  a r s e n i c  a b s o r b e d  can 

be  n o t i c e d  i n  t h e  b leached  r e g i o n ,  which was o n  t h e  o t h e r  hand 

observed t o  a b s o r b  c o p p e r ,  z i n c ,  and c o b a l t  more s t r o n g l y  t h a n  
r 

e l s e w h e r e .  T h i s  behav iour  is i n  agreement  w i t h  what h a s  been observed  

so  f a r  a s  t h e  d i f f e r e n c e  between t h e  b e h a v i o u r  o f  a r s e n i c  and t h e  

o  t n e r  e lements  i n v e s t i g a t e d  i s  concerned .  

To conc lude  t h i s  s e r i e s  o f  e x p e r i m e n t s ,  one h a i r  from t h e  same 

subJ ec \ 
b u t  t a k e n  a f t e r  t h i s  i n d i v i d u a l  had h e r  h a i r  r e d y e d ,  was 

submi t t ed  t o  a  s o a k i n g  i n  t h e  same a r s e n i c  s o l u t i o n .  The r e s u l t  shown 

i n  t h e  t o p  p a r t  o f  F ig .  40 i n d i c a t e s  a g a i n  a  s h a r p  d e c r e a s e  i n  t h e  
r- 

amount 3 f  a r s e n i c  absorbed  a t  approx imate ly  t h e  same d i s t a n c e  from t h e  

r o o t  a s  f o r  t h e  undyed h a i r .  However, t h e  s h a r p  i n c r e a s e  o f  a r s e n i c  
0 

c o n t e n t  observed a t  4 cm from t h e  r o o t  i s  u n e x p l a i n e d .  

I n  view o f  t h e  p a t t e r n s  o b t a i n e d  f o r  a t  least two o f  t h e  s u b j e c t s  

( B  and I )  whose h a i r s  were submi t t ed  t o  soak ing  i n  an a r s e n i c  



A R S E N I C  SBf lUING EXPERIMENT SUBJECT:H -* 

H F I I R  OYEO RFTER BLEACHING 

1 PRRT I A L L Y  BLERCHEO H R l  R 

. I 
~ I ~ , i - , .  
0.00 3.25 6.50 9.75 13.00 .16.25 ' 1 K S O  

- ROOT,  DISTQNCE I N  CM 
b 

F I G U R E  40  



s o l u t i o n ,  i t  can b e  co'ncluded t h a t  t h e  i n t e r p r e t a t i o n  o f  x ix ima  i n  t h e  

c o n c e n t r a t i o n  p a t t e r n  o f  n a t u r a l  a r s e n i c  as b e i n g  caused  by p o s s i b l e  

I poison inq  on a p a r t i c u l a r  d a t e  i s  s u b j e c t  t o  s u s p i c i o n ,  s i n c e  t h i s  

t r a c e r  exper iment  h a s  r e v e a l e d  t h e  e x i s t e n c e  o f  z o n e s  o f  p r e f e r e n t i a l  

a r s e n i c  u p t a k e .  Thbse would undoubted ly  a b s o r b  more a r s e n i c  h o r n  t h e  

environment  o r  from sweat  ( p e r h a p s  w i t h  a n  e l e v a t e d  A s  c o n t e n t  

f o l l o w i n g  p o i s o n i n g )  c r e a t i n g  maxima i n  t h e  n a t u r a l  c o n c e n t r a t i o n  o f  
/' 

' ,  

t h i s  e l ement ,  a t  l o c a t i o n s  on t h e  h a i r  unconnected w i t h  t h e  t i i e  o f  A s  

a d m i n i s t r a t i o n .  

Fur the rmore ,  t h e  c o n s i s t e n t  d e c r e a s e  o f  a r s e n i c  u p t a k e  where t h e  
,J 

a b s o r p t i o n  o f  z i n c  was s e e n  t o  i ' nc rease  may b e  caused  by t h e  p o s s i b l e  

-- washing o u t  o f  a r s e n i c  from t h e s e  r e g i o n s  because  o f  t h e i r  ,more open 

s t r u c t u r e ,  o r  by a d i f f e r e n t  c h a r a c t e r  o f  t h e  a v a i l a b l e  b i n d i n g  sites. 

.& 3.5.) h l t i - e l e m & t  soakin: E x p r i m e n t s  

' i  

The i n t e r p r e t a t i o n  o f  t r a c e r  a b s o r p t i o n  p a t t e r n s  i n  terms ' o f  

v a r y i n g  c o n c e n t r a t i o n s  o f  c h e m i c a l l y  s p e c i f i c  s i t e s  pe rhaps  c o u l d  be  

s u b j e c t e d  t o  a d d i t i o n a l  test by means o f  e x p e r i m e n t s  i n  which h a i r s  k 

were s u b j e c t e d  t o  s o a k i n g  i n  more t h a n  one  t r a c e r  a t  a  time, s o  t h a t  

c a n p e t i t i o n  f o r  s i tes  might  o c c u r .  

\ 
~ u c ' h  e x p e r i m e n t s ,  however,  posed t h e  problems o f  s e p a r a t e  a s s a y  

I 

o f  t h e  t r a c e r s  used ( e i t h e d v i a  d k f e r e n t i a l  d e c a y  o r  T - s p e c t r o s c o p y ) ,  
/ 

I 



and o f  a c c o m p l i s h i n g  such  measuremends i n  t h e  f a c e  o f  t h e  h a l f - l i v e s  
7 , '1 

o f  t h e  a v a i l a b l e  t r a c e r  n u c l i d e s .  - 
L 

t 

3.5.1 ) Soaking Exper iments  With Two T r a c e r s  

\ 
$ 

Because o f  t h e  i n t e r e s t i n g  and e x t e n s i v e  r e s u l t s  a l r e a d y  o b t a i n e d  

from t h e  c o p p e r  s o a k i n g  e x p e r i m e n t s ,  i t  was d e s i r a b l e  t o  i n c l u d e  t h i s  

e lement  i n  a m u l t i p l e  t r a c e r  exper iment .  However, due  t o  t h e  s h o r t  

h a l f - l i f e  of  t h e  most  c o n v e n i e n t  t r a c e r  (12.8-hours ,  6 4 ~ ~ ) ,  i t  was n o t  

p o s s i b l e  t o  accompf i sh  t h e  n e c e s s a r y  e x t e n s i v e  program o f  

I - s p e c t r o s c o p y  needed to d e f i n e  a h a i r  a b s o r p t i o n  p a t t e r n  w i t h  a 

t r a c e r  m i x t u r e  c o n t a i n i n g  t h i s  n u c l e i d e ,  which f u r t h e r m o r e  d o e s  n o t  

p o s s e s s  a n y  s t r o n g  $-rays .  

Thus, a  d i f f e r e n t i a l  d e c a y  exper imqnt  was t h e  remain ing  
qw 

p o s s i b i l i t y ,  which ' d i c t a t e d  t h e  u s e  o f  a  b i A a r y  m i x t u r e  o f  64Cu and 

. b one o t h e r  n u c l i d e  w i t h  a v e r y  d i f f e r e n t  h a l f - l i f e  s o  t h a t  t h e  two 

a c t i v i t i e s  c o u l d  b e  e a s i l y  s e p a r a t e d .  

The second  component chosen  was 203~g, s i n c e  t h i s  e l ement  was 
L 

known t o  b e  s t r o n g l y  s o r b e d  on h a i r  and t h u s  may a c t  a s  a s t r o n g  

c o m p e t i t o r  f o r  copper .  Indeed ,  mercury a b s o r p t i o n  was found t o  b e  

r e l a t i v e l y  s t r o n g ,  s o  t h a t  some d i f f i c u l t y  was e x p e r i e n c e d  i n  making 

meanin f u l  c o p p e r  measurements a g a i n s t  t h e  background r e p r e s e n t e d  by 5 
t h e  mercury a c t i v i t y .  Chly i n  t h e  c a s e  o f  one h a i r  from s u b j e c t  A 
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(soaked f o r  23  h o u r s  i n  a s o l u t i o n  a t  pr 4 .5 )  b a s  t h i s  r e a l l y  
J 

' p o s s i b l e ,  and t h e  r e s u l t s  are shown i n  F i g .  41 .  

It w i l l  be r e c a l l e d  t h a t  f o r  t h i s  s u b j e c t ,  t h e  c o p p e r  a b s o r p t i o n  
u # 

., 
p a t t e r n  ( s e e n  i n  F i g .  11)  i s  h i g h l y  s t a u r e d .  The copper  p a t t e r n  i n  

.i 

F i g .  41 i s  muoh l e s s  s t r u c t u r e d ;  some inqir&se i n - c o p p e r  * c o n c e n t r a t i o n  
> 

from t h e  r o o t  t o  t h e  d i s t a l  end is  still o b s e r v e d .  S i m i l a r l y ,  t h e  
\. 9 

amount o f  mercury a b s o r b e d  i n c r e a s e s  v e r y  s l i g h t l y  a l o n g  t h e  h a i r ,  b u t  

t o  a f a r  l e s s e r  e x t e n t  t h a n  e i t h e r  copper  o r ,  f o r  example ,  z i n c  on 
1 

h a i r  samples  t a k e n  a t  t h e  same time from t h e  same s u b j e c t .  

Cr/ 

It seems, t l i e n ,  t h a t  t h e  p r e s e n c e  o f  mercury  i n  t h e  soak ing  

s o l u t i o n  may have i n t e r f e r e d  w i t h  t h e  a b s o r p t i o n  o f  c o p p e r  i n t o  t h e  

k e r a t i n ,  s i n c e  t h e  p a t t e r n  c h a r a c t e r i s t i c  o f  t h i s  e l e m e n t  ( ~ i g .  2 )  i n  

t h e s e  s p e c i f i c  h a i r s  seems t o  have been markedly  m o d i f i e d .  
i 

T h i s  point '  was conf i rmed d u r i n g  t h e  f ive -e lement  s o a k i n g  ' 
p' 

exper iment .  
.- 

3.5.2 ) Five-e l  ement Soaking E x p e r i q e n t  

Fol lowing this o b s e r v a t l g n ,  and to  c o n c l u d e  t h i s  whole s e r i e s  o f  

exper iments  on t r a c e  e lement  c o n c e n t r a t i o n  p a t t e r n s L i n  human hairs, 

c a n p e t i t i o n  e x p e r i m e n t s  were conducted wi th  f i v e  t r a c e r s  m u t u a l l y  

c o m p a t i b l e  f o r  t h e  purposes  o f  I - s p e c t r o s c o p i c  a s s a y ,  namely 2 0 3 ~ g ,  
r 
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. D e s p i t e  t h e  i n t e r e s t i n g  e s u l t s  9 
o b t a i n e d  w i t h  a r s e n i c ,  i t  was n o t  p o s s i b l e  t o  i n c l u d e  t h i s  e lement  

because  a$' i ts  s h o r t  h a l f - l i f e  (26.3 hours )  . It was d e c i d e d ,  however, 

t o  r e p l a c e  a r s e n i c  by ant imony,  whi-ch , h a s  t o  2ome e x t e n t  S i m i l a r  

chemica l  properties,7and copper  by s i l v e r  f o r  similar r e a s o n s .  , 

I < 
One h a i r  from s u b j e c t  A was soaked i n  t h e  mixed s o l t i t i o n  f o r  23 

/" 
J C 

h o u r s ,  and t h e  d i f f e r e n t  p a t t e r n s  o b t a i n e d  f o i  e a c h  e lement  a r e  show? , 

i n  F i g .  42. The p a t t e r n s  f o r  a l l  f i v e  e l e m e n t s r a r e  s e e n  t o  be r a t h e r  

f l a t  and f e a t u r e l e s s ,  a l t h o u g h  a s l i g h t  i n c r e a s e  . i n  t h e  amount o f  
P 

antimony absorbed  on e a c h  5-mm segment can 'be observed  as  a  f u n c t i o n  

o f  d i s t a n c e  from t h e  r o o t .  L 
It i s  i n t e r e s t i n g  t o  compare t h e  c o n c e n t r a t i o n  p a t t e r n  o f  z i n c  

p a r t i c u l a r l y  w i t h  t h e  one shown i n  F ig .  25 f o r  z i n c  absorbed  by i t s e l f  
f 

f l t o  a  h a i r  t a k e n  from t h e  same s u b J e c t . a t  t h e  same time./ 
, 

/' 

It i s  c l e a r  t h a t ,  as i n  t h e  c a s e  o f  tWe i n f l k n c e d f  merc4y on  

t h e  copper  p a t t q n  d i s c u s s e d  above ,  t h e  p r e s e n c e  o f  t h e  o t h e r  e l e m e n t s  

now 'wrbed on t h e  h a i n  a t  t h e  same t i m e  a s  z i &  is r e s p o n s i b l e  f o r  
d - 

s u p p r e s s i o n  o f  t h e  h i g h l y  s t r u c t u r e d  z i n c  p a t t e r n  p r e v i o u s l y  o b s e r v e d ,  

e v i d e n t l y  by competing f o r ,  o r  s a t u r a t i n g ,  t h e  b i n d i n g  s i t e s  

r e s p o n s i b l e .  It s e e h  & t e r e s t i n g  t o  v e r i f y  t h i s  c o n c l u s i o n  wi th  
* 

h a i r s  from a n o t h e r  s u b j e c t  ( , s u b j e c t  I?) whose copper  c o n c e n t r a t i o n ,  
f 

p a t t e r n s  were a l s o  known t o  f e a t u r e s  such  as a.  
) 
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p a r t i c u l a r l y  s h a r p  i n c r e a s e  o f  m e t a l  c o n t e n t  a l o n g  t h e  l e n g t h  o f  t h e  
\ 

h a i r .  

, 
r t h e r m o r e ,  t o  check  whether  t h e  d u r a t i o n  o f  t h e  c s o a k i n g  t i m e  B 

may influence t h e  "shape o f  t h e  p a t t e r n s  obse rved  ( s a y  v i a .  d i f f u s i o n  o r  

s a t u r a t i o n  e f f e c t s )  i t  seemed i n t e r e s t i n g  t o  , s o a k  t h e  h a i r  samples  f o r  
m 9 
v a r i o u s  l e n g t h s  o f  time. FO& h a i r s  from s u b j e c t  F  were soaked 

r e s p e c t i v e l y  f o r  30 m i n u t e s ,  76  h o u r s ,  216 h o u r s ,  and 216 h o u r s  a g a i n  k. 
- 

/' 
i n  Zathe  same r n u l t i t r a c e r  s o l u t i o n .  I n  F i g .  43 a r e  shown t h e  p a t t e r n s  

o b t a i n e d  a f t e r  30 mfnutes  o f  s o a k i n g  i n  t h e  s o l u t i o n .  Due t o  t h e  low 
8 

a c t i v i t y  =of c o b a l t  and ant imony absorbed  on t h e  sample  f o r  such  a  

s h o r t  pe r iod  o f  s o a k i n g ,  t h e  p a t t e r n s  o f  t h e s e  two e l e m e n t s  were n o t  

de te rmined  t o  u s e f u l  s t a t i s t i c a l  p r e c i s i o n y n d  a r e  n o t  shown i n  t h e  .( 
f i g u r e .  

A s  b e f o r e ,  i n  t h e  c a s e  o f  h a i r s  from s u b j e c t  A ,  t h e  . p a t t e r n '  f o r  

mercury i s  e s s e n t h h l l y  f l a t  from one  end o f  t h e  h a i r  t o  t h e  o t h e r ,  and 

t h e  mass o f  mercury absorbed  i s  t h e  l a r g e s t  o f  t h e  t h r e e  e l e m e n t s  

measured.  The s i l v e r  and z i n c  p a t t e r n s  d o  e x h i b i t  ( w i t h i n  t h e  
b 

4 

s t i t i s t i c a l  l i m i t s  avai+l%ble)  some i n c r e a s e  w i t h  d i s t a n c e  down t h e  * * 

h a i r  s h a f t ,  'Pu t  much l e s s  t h a n  s e e n  inpig* f o r  ' t h p  p a t t e r n s  

o b t a i n e d  w i t h  c o p p e r  a l o n e .  . \ 

-1, , ~ f t ; r  24 h o u r s  o f  s o a k i n g  i n  t h e  same s o l u t i o n ,  a n o t h e r  h a i r  from 

t h e  sample s u b j e c t  t a k e n  a t  t h e  same t i m e  shows ( i n  F i g .  44)  s i m i l a r  
J 

9 
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p a t t e ' r n s  t o  t h o s e  i n  t h e  p r e v i o u s  f i g u r e ;  some small s l o p e  i n  t h e  
E 

3 
m e r c u r y  p a t t e r n  and some s t r u c t u r e  i n  t h e .  z i n c  p t t ) e r n  are now 

v i s i b l e ,  b u t  no  e v i d e n c e  o f  p a t t e r n  " s a t u r a t i o n n .  

' : I n  v i e w  o f  s u c h  results ,  i t  was d e c i d e d  t o  u s e  a v e r y  l o n g  time i, 
o f  s o a k i n g ,  w i t h  t h e  a d d i t i o n a l  e x p e c t a t i o n  t h a t  c o b a l t  and  an t imony  

m i g h t  be d e t e c t e d  i n  t h e  h a i r  f i b e r .  i 

" ~ f t e r  216 h o u r s  ofi  s o a k i n g  i n  t h e  m u l t i - e l e m e n t  s o l u t i o n  ( F ~ B .  45 

a n d b 4 6 ) ,  i t  is  p o s s i b l e  t o  m e a s u r e  t h e  amount o f  e a c h  0% t h e  f i v e  

e l e m e n t s  a b s o r b e d  i n  t h e  two h a i r  

c a n  b e  s e e n  t h a t  m e r c u r y  a n d  

i 
z i n c  f k t t e r n s  are l e s s  s t r u c t u r e d  

- 
compi? t i t ion  from t h e  i n c r e a s e d  

.j. 

p a t t e r n s  f o r  c o b a l t  and  a n t i m d n y ,  

-, 

s a m p l e s  used  i n  t h i s  e x p e r i m e n t .  It 

s i l v e r  p a t t e r n s  are sti l l  f l a t .  The 

t h a n  b e f o r e ,  p e r h a p s  r e f l e c t i n g  t h e  

mercu ry  o r  s i l v e r  a b s o r b e d . >  The 

however ,  showed a b road  minimum 

c e n t r z a  n e a r  2 cm from t h e  r . o o t ,  and r i s e  t o  h i g h e r  c o n c e n t r a t i o n s  

9 
s t a r t i n g  a t  4 cm from t h e  r o o t .  

It was somewhat s u r p r i s i n g  t o  f i n d  similar p a t t e r n s  f o r  e l e m e n t s  

! 
o f  such. d i s s i m i l a r  c h e m i c a l  c h a r a c t e r .  It was t h e r e f o r e  d e c i d e d  t o  v 
v e r i f y  this r e s u l t  w i t h  h a i r s  f r om  a n o t h e r  s u b j e c t .  

The v e r y  s t r o n g  v a r i a t i o n  o f )  t h e  q u a n t i t y  o f  metal a b s o r b e d  

d u r i n g  t h e  s i n g l e  t r a c e r  e x p e r i m e n t s  a l o n g  h a i r s  which  had been - 
p r e v i o u s l y  b l e a c h e d  s u g g e s t e d  t h e  u s e  o f .  h a i r s  f r o m  s u c h  a s u b j e c t  i n  

b 
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a  m u l t i t r a c e r  e x p e r i m e n t .  

One h a i r  from s p b j e c t  J was -chosen f o r  t h i s  e x p e r i m e n t ,  

e x h i b i t i n g  t h e  h h a r a c t e r i s t i c  b leached  zones  d e s c r i b e d  e a r l s r  a t  

r o u g h l y  4 cm to 1 1 cm from t h e  r o o t  and from 13 cm to t h e  d i s t a l  end 

o f  t h e  h a i r .  1 The r e s u l t i n g  p a t t e r n s  a r e  shown i n  F i g .  4 7 ,  where a g a i n  

t h e  amount o f  s i l v e r ,  mercury ,  and z i n c  absorbed  on e a c h  5-mm s e c t i o n  

i s  c o n s t a n t  a l o n g  t h e  h a i r  l e n g t h ,  t h r o u g h o u t  t h e  b leached  and 

unbleached r e g i o n s .  The p a t t e r n  o b t a i n e d  f o r  z i n c ,  i n  p a r t i c u l a r ,  can  

b e  canpared  t o  t h e  r e s u l t  o f  a  s i n g l e  trwer z i n c  a b s q r p t i o q  

exper iment  on t h e  h a i r  from t h e  same s u b j e c t  ( F i g .  301, where l a r g e  

v a r i a t i o n s  i n  t h e  amount .of z i n c  absorbed  were s e e n .  P 

I n  c o n t r a s t  t o  t h e  f l a t  p a t t e r n s  o b t a i n e d  f o r  mercurPy, s i l v e r . ,  

and z i n c ,  t h e  a b s o r p t i o n  p a t t e r n s  o f  c o b a l t  and ant imony i n  t h e  same 

h a i r  a r e  b o t h  s e e n  t o  e x h i b i t  s h a r p l y  i n c r e a s e d  a b s o r p t i o n  i n  t h e  same 

l o c a t i o n ,  namely 4 t o  1 1  cm @om t h e  r o o t  and pe rhaps  from 13 cm t o  

t h e  d i s t a l  end o f  t h e  h a i r ,  r e g i o n s  where c o b a l t  a l o n e  h a s  a l s o  been 

shown t o  b e  absorbed  p r e f e r e n t i a l l y  ( F i g .  3 4 ) .  Thus w h i l e  t h e  

p r e s e n c e  o f  o t h e r  e l e m e n t s  i n  t h e  s o l u t i o n  d o e s  a p p a r e n t l y  modify  t h e  

. p a t t e r n s  o f  z i n c  a b s o r p t i o n  i n t o  t h e  h a i r  s t r u c t u r e , ,  c o b a l t  pa t tef ins  
, . 

are e v i d e n t l y  less i n f l u e n c e d  by t h e  p r e s e n c e  o f  o t h e r  e l e m e n t s  s i n c e  
/=' 

v e r y  similar p a t t e r n s  ( a l t h o u g h  i n  reduced i n t e n s i t y )  a r e  o b t a i n e d ,  

whether t h i s  m e t a l  i s  a l o n e  o r  t o g e t h e r  w i t h  o t h e r  e l e m e n t s  i n  c o n t a c t  

w i t h  t h e  h a i r .  i 
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Antimony,  wh ich  was e x p e c t e d  t o  ' b e h a v e  l i k e  a r s e n i c ,  a n d  as s u c h  

c- t o  b e  less s t r o n g l y  a b s o r b e d  i n  t h e  b l e a c h e d  r e g i o n  ( s e e  F i g .  40) is ,  

on t7$. c o n t r a r y ,  c h a r a c t e r i z e d   by an i n c r e a  e d  a b s o r p t i o n  t h e r e .  2 "  

. T h i s  b e h a v i o u r  couJd  b e  e x p l a i n e d  i f ,  a t  t h i s  pH v a l u e  ( 4 . 5 )  , 
, i 

1 

an t imony  i n  s o l u t i o n  e x i s t s "  a s  SbO+ o r  s ~ ( o H ) ~ + ,  w h i c h  c a n  b e  r e g a r d e d  

as h y d r o l y z e d  fo rms  o f  ~ b 3 + .  Under s u c h  c o n d i t i o n s ,  a n t i m o n y  may b e  

prefereP a l l y  a t t r a c t e d  t o  r e g i o n s  known t o  a b s o r b  c a t i o n s  s u c h  a s  

C"\ 
cu2+ or zn2+. A r s e n i c ,  however ,  w h i c h  i n  a c i d i c  s o l u t i o n  e x i s t s  a s  

HASO,, i s  c e r t a i n l y  e x p e c t e d  t o  b e  l e s s  a t t r a c t e d  t o  s u c h  ' zones .  

It i s  d i f f i c u l t  t o  u n d e r s t a n d -  why t h e  a b s o r p t i o n  o f  z i n c  o r  - 
s i l v e r  d o e s  n o t  i n w e a s e  w i t h  d i s t a n c e  from t h e  r o o t  i n  s u c h  r e g i o n s ,  

> 

e x c e p t  i n  terms o f  a ; o m p e t i t i o n  be tween t h e s e  metals and m e r c u r y  f o r  

' ' t h e  a v a i l a b l e  b f n d i n g  s i t e s  i n  t h e  T k e r a t i n ,  s i n c e  m e r c u r y  h a s  *been  

shown t o  be a b s o r b e d  r e a d i l y  i n  h a i r  ( B a t .  66b) and to i n f l u e n c e  t h e  

c o n c e n t r a t i o n  p a t t e r n  . . o f  c o p p e r  as  shown above .  

From t h e  d a t a  i n  F i g .  47 it a p p e a r s  t h a t  s u c h  c ? x u p e t i t i v e  a c t i o n  

i s  less  i m p o r t a n t  be tween m e r c u r y  and  c o b a l t  ( o r  a n t i m a y )  i n  a h i g h l y  

h e t e r o g e n e o u s  medium s u c h  as  t h e  h a i r  s t r u c t u r e .  A p o s s i b l e  mechanism 

f o r  s u c h  a g i f f e ' r e n c e  i n  b e h a v i o u r  w i l l  be g i v e n  l a t e r .  
k 



e x c r e t i o n  i n  sweat and s e b a c e o u s  s e c r e t i o n  w i t h  wh ich  t h e  h a i r .  comes 
b 

i n t o  c o n t a c t .  

, 

. The r e s u l t s  p r e s e n t e d  s o  far  s u g g e s t  t h e  p r e s e n c e  a l o n g  t h e  h a i r  
I 

o f  s i tes  where  e l e m e n t s  s u c h  a s  c o p p e r ,  z i n c ,  c o b a l t ,  and  a r s e n i c  

( s z e c i f i c  t o  a g i v e n  r e g i o n )  a r e  s o r b e d  p r e f e r e n t i a l l y .  The 
-% 

e x i s t e n c e  o f  t h e s e  r e g i o n s  c o u l d  be t h e  o r i g i n  o f  t h e  s u b s t a n t i a i  

9 
v a r i a t i o n s  o f  n a t u r a l  metal c o n t e  a l o n g  t h e  h a i r ,  r e p o r t e d  i n - t h i s  

work f o r  c o p g e r ,  and by Smi th  (Smi. 6 4 )  f o r  a r s e n i c .  T r a c e r  

e x p e r i m e n t s  showed t h a t  t h e  o b s e r v e d  c o n c e n t r a t i o n  p a t t e r n s  o f  t h e s e  

\ e l e m e n t s  -may have  a r i s e n  e n t i r e l ~ f r o r n  t h e  e l e m e n t  added  t o  t h e  h a i r  

* 
from e x t e r n a l  sauces. These  s o u r c e s  would n o t  o n l y  i n c l u d e  - 
e n v i r b n m e n t a l  c o n t a m i n a t i o n  b u t  a l s o  d i e t a r y  i n t a k e ,  f o l l o w e d  by  

The r e s u l t s  o b t a i n e d  s o  f a r ,  e s p e c i a l l y  d u r i n g  t h e  c o p p e r  

i n g e s t i o n  e x p e r i m e n t ,  do  n o t  c o n t a i n  e v i d e n c e  t h a t  d , i e t a r y  c o p p e r  _, may 
% 

L 
1 , e n t e r  t h e  h a i r  d u r i n g  t h e  g rowth  p r o c e s s  o c c u r r i n g  i n  t h e  f o l l i c l e  

i t s e l f .  

The p r e s e n c e  o f  s u c h  z o n e s  o f  p r e f e r e n t i a l  a b s o r p t i o n  a l o n g  t h e ,  

h a i r -  may b e  i n t e r p r e t e d  as b e i n g  due  

1 

- a n  i n c r e a s e d  n m b e r  

t o :  

T 
o f  " b i n d i n g  s i tes" i l a b l e  i n  

t h i s  s p e c i f i c  r e g i o n  o f  t h e  h a i r  which  

c h e m i c a l  t r e a t m e n t  s u c h  a s  b l e a c h i n g ,  

o r i g i n a t e  e i t h e r  from a 

o r  from t h e  n a t u r a l  



m o d i f i c a t i o n  o f  t h e  k e r a t i n  c o q s i t i o n  due t o  d e n a t u r a t i o n  w i t h  

\ 
- a deformat ion  o f  t h e  h a i r  s t r u c t u r e ,  which c o u l d  have 

been caused  by ( f o r  example) t-he o x i d a t i v e  c l e a v a g e  by b l e a c h i n g  . 

o f  t h e  d i s u l p h i d e  l i n k a g e  i n  c y s t i n e  ( F r a .  7 2 ) ,  shown t o  b e  

p a r t i a l l y  r e s p o n s i b l e  f o r  t h e  c o h e s i o n  o f  t h e  k e r a t i n  ( S p e .  4 7 ) .  

Such a  l o o s e n i n g  o f  t h e  h a i r  s t r u c t u r e  migh t  f a c i l i t a t e  t h e  

d i f f u s i o n  o f  m e t a l l i c  i o n s ,  o r  even of  b i g g e r  m o l e c u l e s ,  i n t o  and 

o u t  o f  t h e  h a i r  s t r u c t u r e .  

' - I t  is r e a s o n a b l e  t o  assume t h a t  a b s o r p t i o n  o f  t r a c e  e lement  i n  
B i 

h q i r  c o u l d  b e  in f a c t  governed by a combina t ion  o f  t h e  two p r o c e s s e s  
_-i d 

p r e v i o u s l ?  d e s c r i b e d ,  sin& t h e  o x i d a t i v e  c l  eavaqe o f  t h e  c y s t i n e  

r d i s u l p h i d e  l i n k a g e  r e s u l t s  n o t  o n l y  i n  a modification t h e  h a i r  

s t r u c t u r e ,  b u t  a l s o  in t h e  f o r m a t i o n  oT s u l f o n i c  a c i d  g r o u p s  ( S 0 3 ~ )  

a l o n g  t h e  p r o t e i n  c h a i n s ,  which may b e  a p o s s i b l e  s i t e  o f  b i n d i n g  f o r  

2+ c a t i o n s  such  a s  cu2+; zn2+, ~0 . 
4 

L 

\ 

A s i m i l a r  mechanism may b e  s p e c u l a t e d  f o r  unbleached n a t u r a l  

h a i r s ,  where a  l a r g e  v a r i a t i o n  i n  t h e  p r o p o r t i o n  o f  h i g h  s u l f u r  

p r o t e i n s  in t h e  c o r t e x  h a s  been demons t ra ted  ( F r a .  7 2 )  . Because o f  
--f 

I t h e  a f f i n i  y o f  metals such a s  copper  and z i n c  f o r  s u l p h i d e  g r o u p s ,  
L. 

such v a r i a t i o n s  s h o u l d  r e s u B  i n  f l u c t u a t i o n  o f  t h e  amount' o f  m e t a l  

absorbed  a l o n g  t h e  h a i r  s h a f t .  
\, 





i d e n t i f i c a t i o n  o f  t h e  e n t i t i e s  t hese - 'me ta l s  are  bonded w i t h ,  and i t  i s  
i :* 

l i k e l y  t h a t  b o t h  s u l f u r  g n d  ca rboxy l -  g r o u p s  are r e s p o n s i , b l e  t o  
0 

. d i f f e r e n t  e x t e n t s  f o r  t/Re b i n d i n g  o f  Cu and Zn i n  h a i r s .  
. . - 

\ * 
-? 

- .  T h e  o b s e r v a t i o d  t h a t  b l e a c h e d  h a i r ,  h a s  a 1o;er- t h a n  

- - 1  

s o l u t i o * ,  s r i g i e s t s  t h a t t h e  l o o s e n i n g  o f  t h e  h i i r  d t r u c t u r e  ment ioned 

c o n t e n t ,  b u t  d t  t h e  k a m e  - kime p r e f e r e n t i a l l y  ali 'sorbs z i n g  from 

a b o v e  i s  a l s o  r e 5 p o n s i b l e  t n  p a r t  f o r  t h e  v a r i a t i o n  i n  t h e  q u a n t i t y  o f  , 

t h i s  m e t a l  a n d  prqsumably  o t h e F s  absorbed, ' a long t h e  h a i r  1 e n g t h .  2 

- \  \ 

r 
II 

The i n f l u e n c e  time o f  s o a k i n g  on , t h e  amgunt o f  b o t h  z i n c  
I ' J 4- 4 I .  

and - c o p p e r  a b s o r b e d  i n  t h e L h a i r  _ is  i n  a n y  c a s e  a good i n d i c a t i o n  t h a t  

- metal c o & L t r a , t i o n  i s  t o  some e i t e n t  d e p e n d a n t  on  t h e  ra te  o f  ' 
Ir - .  - ,  

d i f f u s i o n  o f  t n e s e  metals i n t o  t h e  k e r a t i n .  

- 1 

9 - -  fl 
The r e a s o n  f o r  t h e  ;yerage  am6.mt o f  c o b a l t  a b s v r b e d  b e i n g  

1 
2 .  

s m a l l e r  t h a n  t h a t  r o r  z inc '  and c o p p e r  i n  h a i r ?  t a k e n  o n  t h e  same head 

and soaked n  s o l u t i o n s  o f  similar c o n c e n t r a t i o n s  must  b e  found in'  t h 6  /" 
weaker b d i n g  between t h i s  m e t a l  and s u l f u r  d d / o r  e a r b o x y l  g r o u p s .  

f ,= 
: r 

F u r t h e r m o r e ,  t h e  f a c t  t h a t  t h e  amounb o f  o b a l t  . a b s o r b e d  o n ' k i r s  was 

found t o  b e  u n r e l a t e d  t o  t h e  d u r a t i o n  o f  t h e  s o a k i n g  may b e  e x p l a i n e d '  ' 

by t h e  l i m i t a h i o n  o f  - . t h e  d i f f u s i c &  . . o f  t h i s  elkmen( t o  t h e  o u t s i d e  
1 

r e g i o n  o f  t h e  h a i r  ( c u t i c l e ) .  T h i s  phenomenon may h a v e  been  due  t o  a 
1 

l a r g e  e x t e n f  t o  t h e .  s o l u b i l i t y  p r o d u c t  - o f  c o b a l t  h y d r o x i d e  b e i n g  

approached  i n  t h e  s o l ~ t ' i o n  and a t  _ the  pH u s e d  far  t h e  e x p e r i m e n t ,  so' 



- 164- 
*/" 
t h a t  much o f  t h e  c o b a l t  may have  been  p r e s e n t  

' !  t h a n  as Co++. R i s  however was n o t  v e r i f i e d  

-7 

Such a n  i n t e r p r e t a t i o n  may a l s o  e x p l a i n  

i n  c o l l o i d a l  form r a t h e r  

e x p e r i m e n t a l v  . 
P 

t h e  small i n c r e a s e  o f  
\ 

a b s o r p t i o n  obser -ved~ i n  t h e  v i c i n i t y  o f  t h e  b l e a c h e d  r e g i o n  o f - h a i r s ,  
% 

a s  compared t o  t h e  s h a r p  v a r i a t i o n  s e e n  f o r  Cu a n d  Zn i n  i n d e n t i c a l .  
.. 
areas. . 
. .- 

b .  

The c o n c e n t r a t i o n  p a t t e r n s  o f  added arsenic,' i n  h a i r s ,  and  T- 

e s p e c i a l l y  f o r  b l e a c h e d  s a m p l e s ,  are t o  some" e x t e n t  similar t o  t h e  

p a t t e r h s  o b s e r v e d  f o r  n a t u r a l  z i n c  i n  b l e a c h e d  h a i r s .  

p r y e n c e  o f ' s h a r p  maxima i n  t h e  q u a n t i t y  of  a r s e n i c  g b s o r b e d  on bome - 
\ 

s p e c i f i c  r e g i o n s  a l o n g  s i n g l e  h a i r s  i s  d i f f i c u l t  t o  e % p l a i n ,  e x c e p t  i n  

terms o f  a  h y p 6 t h e t i c a l  b i n d i n g  between H As04 and a n  amino g r o u p  of a  
3 .  

p r o t e i n  c h a i n .  

t - 
S i m i l a r l y ,  t h e  c o m p e t i t i v e  e f f e c t  o b s e r v e d  bet&n Hg and Cu 

d & i n g  = t h e  t w o - t r a c e r '  a b s o r p t i o n  e x p e r i m e n t ,  and b e t w e e A g ,  Zn , and 
C 

Ag i n  t h e  m u l t l - t r a c e r  a b s o r p t i o n  e x p e r i m e n t ,  may' b e .  r a t i o n a l i z e d  i n  

terms o f  t h e  f o l l o w i n g ' h y p o t h e s e s .  

4 . 
One r e g i o n  o f  t h e  h a i r ,  s a y  t h e  h i g h  s u l f u r  component  o f  t h e  '* 

' ?  

o o r t e i  ( m a t r i x )  , c o ? t a i n s  most  o f  t h e  s i t e s  a t  which  Hg, Cli, :.and;Zn, 

and maybe Ag , ' a r e  bound, " However, b e c a u s e  o f  a  s t r d n g  b i n d i n g  o P  

s e r c u r y  t o  s u l ' f u r ,  and s i n c e  Zn and Cu seem t o  d i f f u s e  r e l a t i v e l y  - 
C .  



s l o w l y  i n t o  t h e 4 i r  s t r u c t u r e ,  i t  may b e  s p e c u l a t e d  t h a t  most  o f  t h e  

s u l f u r  s i tes  are o c c u p i e d  by mercu ry  b e f o r e  t h e  o t h e r  metals r e a c h  t h e  * 
P 

* 

r e g i o n i r e  t h e y  would n o r m a l l y  have  been  bound. 
1 

T h i s  s u p p o s i . t i o r r  i s  suppo'r ted by t h e  o b s e r v a t i o n  t h a t  t hk  amount 
0 

o f  m e r c u r y  a b s o r b e d  is 4 t o  8 times t h e  amount o f  Zn t a k e n  up by t h e  
8 

same h a i r ,  d e s p i t e  t h e  f a c t  t h a t  t h e  m u l t i - t r a c e r  s o l u t i o n  , was 
P' 

a s  c o n c e n t r a t e d  i n  z i n c  as i n  mercu ry .  On t h e  o t h e r  h a n d ,  t h e  

a c t i o n  be tween mercu ry  o b s e r v a t i o n  o f  t h e  a b s e n c e  o f  s u c h  c o m p e t i t i v e  

' and '  c o b a l t  ( o r  an t imony)  would b e  d i f f i c u l t  t o  P i n t e r p r e t .  
a - 

r$ - r 

It may b e ,  however ,  t h a t  c o b a l t  ( and  p o s s i b l y  3' n t imony)  is  

p r e f e r e n t i a l l y  bonded 
1 

t h e  c u t i c l e )  s i n c e  

t o  s i tes  c l o s e r  t o  t h e  s u r f a c e  o f  t h e  ' h a i r  ( i  .e. 

b 
no  d i f f u s i o n  o f  Co i n t o  t h e  *pn pro longed,  

i n  c o n t r a s t  w i t h  mercu ry  wh ich  a p p e a r s  t o  soakinq,was o b s e r v e d ,  
r/ 

s i t e s  o f  t h e  h a i r .  s a t u r a t e  t h e  i n t e r i o r  

Thus ,  s i n c e  d i f f e r e n t  r e g i o n s  are i n v o l v e d ,  d o m p e t i t i o n  be tween 

Hg and Co and Sb f o r  t h e  same si tes d o e s  n o t  o c c u r  t o  a  s i g n i f i c a n t  

e x t e n t .  . . 

Such a mechanism would n o t  by i t s e l f  e x p l a i n  t h e  f l a t  p a t t e r n  o f  

a b s o r b e d  Hg which r e p l a c e s  t h e  h i g h l y  s t r u c t u r e d  Zn  p a t t e r n s .  If t h e  - 
- Zn p a t t e ~ n s  a r e  d e t e r m i n e d  by a v a r y i n g  d e n s i t y  o f  b i n d i n g  s i t e s ,  t h e  

Hg p a t t e r n s  t h a t  r e p l a c e  them s h o u l d  be  similarly s t r u c t u r e d .  P e r h a p s  



t h e  mercu ry  o c c u p b e s  n o t  o n l y  t h e  b i n d i n g  s i t e s  a v a i l a b l e  t o  z i n c  ( a n d  

as s u c h  i n t e d r  3' w i t h  a b s o r p t i o n  o f  t h i s  e i e rnen t )  b u t  may a l s o  b e  ' \  
bonded t o  s i tes  d i s t r i b u t e d  u n i f o r m l y  i n  t h e  i n n e r  r e g i o n  o f  t h e  h a i r  

s t r u c t u r e .  
L 

1 
\ The r e s u l t s  o f  B a t e  ( B a t .  66b) on  t h e  c o m p a r a t i v e  a b s ~ r p t ~ i o n  of Zn 

'\ P 

and Hg seem t o  c o r r o b o r a t e  t h i s  h y p o t h e s i s  s i n c e  t h e  amouni o f  Hg 

/" 

a b s o r b e d  i s ,  at*pH 6 .5 ,  1 1  times @-eater  i n  mass and. h e n c e  $. 1 times 
\ 

g r e a t e r  i n  t h e  number o f  a toms  t h a n .  t h e  q u a n t i t y  o f  ~n . ! ' t aken  .up , ' . . 

e v i d e ~ t l y  i n v o l v e d  i n  Hg ;' b y  h a i r s ,  s o  t h a t  a d d i t i o n a l  s i t e s  a r e  

bonding  . 



r 
CONCL USION 

The aim o f  t h e  p r e s e n t  work was n o t  p r i m a r i l y  , t o  p r e s e n t  a - 
mechanism a b l e  t o  e x p l a i n  t h e  b i n d i n g  o f  t h e  fe"w t r a 6 e  e l e m e n t s  

8 e 
i n v e s t i g a t e d  h e r e  i n t o  t h e  h a i r  s t r u c t u r e .  ' , 

a 
A l t  housh some hypo theses  o n  s u c h  m e c h a n i s b  have  been  , p r e s e n t e d  ,, 

,' 
t h e  r a i s o n  d ' e t r e  o f  / such  work h a s  been  t h e  d e l i n e a t i o n  o f  t h e  

? 

' ' i n o r g h n i c  h i s t o p k o g y  o f  h a i r .  

J < 

6' 

I  he e x i s t e n ' c e  % o f  c h a r a c t e r i s t i c  c o n c e n t r a t i o n  p a t t e r n s  i n  

. i n d i v i d b a l  h a i r s  f o r  b o t h  i n d i g e n o u s  and added c o d p e r  h a s  been  
7 .  

1 k 
d e m o n s t r a t e d ,  and the .  f o k n s ~ c  a p d l i c a t i o n s  b f  such '  f e a t u r e s  h a s  been  

.- , , 
1 

o u t l i n e d .  It r g q a i n s  a  f a c t ,  h g w e v e r , '  t h a t  a method o f  i d e n t i f i c a t i o n  
I 

o r  h a i r  m a t c h i n g  based  * o n  s u c h  p a t t e r n  s imilari t ies is  l i m i t e d  by: 

a 

- The n e c e s s i t y  o f  i d e n t i f y i n g  t h e  h a i r  s a m p l e s  t o  b e  
9 

matched as b e i n g  b o t h  i n  t h e  anagen p e r i o d  o f  t h e  g r o w t h  phase  

and as s u c h ,  t h e  n e c e s s i t y  f o r  s u c h  sampJes t o  have  r o o t s  

a t t a c h e d  ( s i n c e  h a i r  p a t t e r n  f e a t u r e s  ark, d i s p l a c e d  as  h a i r s  

g r o w ,  and t 'hus t h e  r e l a t i v e  g rowth  "time s c - a l e s n  o f  two h a i r s  t o  

b e  matched must  b e  known).  
I , e 

b - The ~ m e t i m e s  l o y  c o r r e l a t i o n  which  e x i s t s  be tween * 
h a i r s  coming flsprn a  s i n g l e  i n d i b i d u a l ,  d h o s e  t r a c e  e l e m e n t  

i 
1 

c' 
4 



d 

- p a t t e r n s  a r e  f l a t  and f e a t u r e l e s s .  
F 

L 

L 

'I 
o f  "maskingn a  n a t u r a l  t r a c e  e l e m e n t  

p a t t e r n  b y  h a i r  t r e a t m e n t s  s u c h  as b l e a c h i n g  a n d / o r  d y i n g .  

15 

It is e v i d e n t  t h a t  amon2 a l l  t h e  e l e m e n t s  i n v e s t i g a t e d  s o  f a r ,  

c o p p e r  p a t t e r n s  may b e  t h e  mos t  u s e f u l  f o r  i d e n t i f i c a t  on p u r p o s e s .  - 
T h i s  may b e  r e l a t e d  t o  t h e  s t r o n g  b i n d i n g  o f i t h i s  e l e m e n t  w i th ,  s u l f u r ,  / 

t 
which  may p r e v e n t  a wash ing  o u t  o f  t h e  p a t t e r n  a s  a p p e a r s  t o  o c c u r  

w i t h  z i n c  and maybe c o b a l t  and  a r s e n i c .  
I 

The r a t h e r  d i s a p p o i n t i n g  and f e a t u r e l e s s  p a t t e r n s  

t he  i u l t i - t r a c e r  a b s o r p t i o n  e x p e r i m e n t  g i v e s  t h e  i m p r e s s i o n  t h a t  s u c h  

method o f  " l a b e l l i n g n  t h e  c h a r a c t e r i s t i c  a b s o r p t i o n  si tes o f  an 

i n d i v i d u a l  h a i r  i s  n o t  p r o m i s i n g  as a t e c h n i q u e  f o r  h a i r  m a t c h i n g .  

/ = 
Such e x p e r i m e n t s ,  however ,  may b e  more s u c c e s s f u l  f o r  

, H f i n g e r - p y i n t i n g n  t h e  h a i r  i f  mercu ry  i s  r e p l a c e d  by a n  e l e m e n t  whose 
Q 

a b s o r p t i o n  by t h e  ke a t f n  w i l l  b e  ' less ,strop; s o  t h a t  -mplete 8: * 
- d 

s a t u r a t i o n  o f  mos t  b i n d i n g  s i tes  a v a i l a b l e  (wh ich  a p p e a r s  t o  have  f 

o c c u r r e d )  w i l l  b e  a v o i d e d .  



,, Appendix A 

1)  The C o e f f i c i e n t w  Correlat ion 

In order t o  dztermine whether the t r a ce  element concentration 
! 

pa t te rns  measured on two ha i r s  are' s imi lar  t o  some d e g r ~ o f  
L - 

@@ 

s t a t i s t i c a l  s ign i f i cance ,  one may employ a  t e s t  of l i n e a r  cor re la t ion  

between the  concentrat ions ('say x and y )  measured a t  
4 I from the root  on each ha i r .    he s t reng th  o f  l i n e a r  re la t ionsh ip  

\ 

between qwo such var iables  may be measured by the  " l inear  co r r e l a t i ow ,  

. coe f f i c i en t  ( r )  . 

The linear+ cor re la t ion  between x  and y is expressed through the  

re la t ionsh ip  

where the slope is given i 

- .. 

5- 

(Men. 71a) 

s c- L. t. 
where N i s  the nuinber of  paips of  ,measurements (xi ,yi)  being compared. 

, I 

. , If t h e .  43 no ck r r e l a t i on  betieen the quan t i t i e s  x k d  y ,  then,  4 a. 
there  w i i l  be. nodtendency f i r  t h e  *value bf y t o  increase  o r  decrease 

r B , . 

~ I t h  kncreasing x .  i i n ce  we a re  look ing  -for an i n t e r r e l a t i onsh ip  
-d w . -  

between the  v,ariables x  and y ,  we can sqba l ly  consider x  as a function 



of ,y, and see i f  t h z  d a t a  c o r r e s p o n d  t o  a  s t r a i g h t  l i n e  o f  t h e  f6rm ' 

x  = a' + b'y 

,A 
- 

b,"is similar t o  b  and can b e  w r i t t e n  as  , . 

w i If t h e r e  is. c o m p l e t e  c o r r e l a t i o n  be tween x  and  - y ,  - %hen ' thePre 

' e x i s t s  a re1at ior : lshlp be tween ' the c o e f f i c i e n t s  a ,  b ,  and  a ' ,  b '  '' . s 1  

I f  t h e r e  i s  no c o r r q ~ a t i o n ,  b o t h  b  and b' are n u l l ,  s i n c e  t h e  
'B 

v a r i a t i o n  o P  y  i s  n o t  p r o p o r t i o n a l  t o  a v a r i a t i o n  o f  x , -  and v i c e  

u I 
v e r s a .  

1t is  p h e r e f o r e  p o s s i b l p  ' t o  employ t h e  e x p e r i m e n t a l  l i n e a r  

i o n  c o e f f i c i e n t  

r = bb' 

a s  a measu re  o f  t h e  a e g r e e  o f  l i n e a r  c o r r e l a t i o n .  

3 



The value of r ranges from 0,  when t.here i s  no co r r e l a t i on ,  t o  1 , 

whed there  i s  complete ( o r  pe r fec t )  cor re la t ion .  

a 

2)  Physical In te rpre ta t ion  of the Correlation Coefficient  

The sample cor re la t ion  c o e f f i c i e n t ,  r ,  may be u s  an e'st irnate 
I .  

- '  of a  population cor re la t ion  coef f i c ien t  p,, which would be obtained i f  ' a  

+ 

the  coef f i c ien t  of  correl-ation was using a l l  the  points  i n  
1 

the complete population. A s  such, r i s  a  measure of common phqomena, - .  
i n  the  source of the ' two populations which generated the  samples x and ' 

For example, a  coef f i c ien t  of  ,corre la t ion equal t o  0 .5  w i l l ;  i n  

the case of twu concentratiofi d i s t r i bu t i on  pa t t e rn s ,  h d i c a t e  t ha t  
\ 

about 50% of the  c h a r a c t e r i s t i c s  of  the samples being ,compared have a  x> 

d common or ig in .  
a * 

4 

3) Application of  Coefficient  of Correlation Calculat ions t o  the  
r .  

Comparison Setween.Trace Element Concentration Pat terns  

A 
' 1  

<Because or the l a rge  amount o f  data of whicl?; each concentration 

pat tern  cons i s t s ,  the  ca lcu la t ion  of a  coe f f i c i en t  of  cor re la t ion  

should yie ld  a  ' s t a t i s t i c a l l y  s i gn i f i c an t  measure of .pat tern  

s im i l a r i t y .  
t 



The c a l c u l a t i o n s  were  performed on a n  IBM 370 computer  on  t h e  
f l  

d i f f e r e n t  c v p p e r  pa t t e$ns  r e p r o d u c e d  i n  F i g .  2. C o r r e l a t i o n  WAS 

examined b e t k e e n  t h e  p a t t e r n ?  in*  h a i r s {  t a k e n  'from t h e  same s u b j e c t  , 

and i n  h a i r s  t a k e n  from d i f r e r e n t  s u b j e c t s ,  i n  o r d e r  t o  d e t e r m i n e  i f  

t h e  f o r m e r  wzre s i g n i f i c a n t l y  more c o r r e l a t e d  t h a n  t h d  l a t t e r .  . 

9 
-. 

T h e  s i g n i f i c a n c e  o f  t h e  

c o r r e l a t i o n  c o e f f i c i e n t s  were t e s t e d  by t h e  s t u d e n t ' s  

( S t u .  08)  . T h i s  tes t  i s  d e s i g n e d  t o  p l a ~ e  a c o n f i d e n c e  i n t e r v a l  on 

t h e  s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e  between t h e  means o f  smalf random 
8 

s a m p l e s  drawn from two p o p u l a t i o n s  whi$h p o s s e s s  a n o r m a l '  p r o b a b i l i t y  

d i s t r i b u t i o n .  It i s  well a d a p t e d  t o  t h e  problem o f  c a l c - u l a t i n g  t h e  
-. 

p r o b a b i l i t y  o f  e r r o n e o u s l y  r e c o g n i s i n g  two h a i r  s a m p l e s  a s  o r i g i n a t i n g  

f rom d i f f e r e n t  s u b j e c t s ,  when t h e y  

i n d i v i d u a l .  

Assuming t n a t  t h e  p o p u l a t i o n s  o f  

d i n  f a c t  come f r  m t h e  same 
L 

tf 

c o r r e l a t i o n  c o e f f i c i e n t s  p o s s e s s  

e i t h e r  a' normal p r o b a b i l i t y  . d i s t r i b u t i o n ,  o r ,  a t  least.,  c l u s t e r  a round 

some a v e r a g e  v a l u e  (Men. B71) , one  may c s x c u l a t e  t h e  n u m e r i c a l  v a l u e  

o f  t h e  tes t  s t a t i s t i c  t v i a  

where R, i s  t h e  mean o f  t h e '  c o r r e l a t i o n  c o e f f i c i e n t s  be tween 

c o n c e n t r a t i o n  p a t t e r n s  o f  ha i r s  t a k e n  from a  s i n g l e  

i n d i v i d u a l  



- * < 2 

, R2 i s  t he  m& df : the cor re la t ion  coe f f i c i en t s  betw en /& 
concentrafion . pa t te rns  o f  h a i r s  taken from d i f f e r en t  

b - 
individuals  ' . B 

S i s  t h e  pooled est imator of the commonn population variance,  
Y . \ 

P 
and is  equal t o .  

n, and n2 being the  n,umber of arbeasurements made i n  each -_,_ 

b p u l a t i o n  of data .  . 

> S12 and S22 a r e  respec t ive ly  the es t imators  of  the variances 

o r  tne two populations of cor re la t ion  coe f f i c i en t s  whose - I 

a 

means a r e  compared (Men. 71 ) . 

I f  the  numerical value of the t e s t  s t a t i s t i c  t i s  g rea te r  .than 

the c r i t i c a l  value t corresponding t o  a  given degree of freedom 

( n1+n2-2) , (Mer. 61 ) , then i t  may be concluded t ha t  the mean of t.he 

P cdr re la t ion  coe f f i c i en t s  between concentration pa t t e rns  of  h a i r s  taken 

: - . from a  s i n g l e  individual  i s  g rea te r  than the mean of the cor re la t ion  

I coe f f i c i& t s  between t cwcent ra t ion  pat terns  of  h a i r s  sampled on 
\, , a 8 .  

d i f f e r en t  ind iv idua l s ,  t the a level  of s ign i f i cance .  
9 

I f  t i s  such t h a t  t < t , the re  i s  not s u f f i c i e n t  evidence a t  the 

a Level of s ign i f i cance  t o  r e j e c t  the hypothesis t ha t  the corre la t ion 
(I 

coef f ic ien t  means a re  equal ,  and i t  i s  the re fore  impossible t o  claim 
I 



- '74- '4 
t h a t  t h e  c o n c e n t r a t i o n  p a t t e r n s  o f  h a i r s  coming from t h e  same head are 

s i g n i f i c a n t l y  more c o r r e l a t e d  t h a n  t h e  p a t t e r n s  o f  h a i r s  coming from 
"; 

d i f f e r e n t  h e a d s .  The v a l u e  of 4 c a n  b e  c h o s e n  t o  p r o d u c e  t h e  d e s i r e d  

r i g 1  i t y  o f  t h e  t e s t .  A 
r- 
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