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C o n c e r n  o v e r  t h e  h e a l t h  h a z a r d s  c a u s e d  b y  l e a d  and  
c a d m i u m  i n  t h e  e n v i r o n m e n t  h a s  b e e n  e m p h a s i z e d  by  
s e v e r a l  i n v e s t i g a t o r s  ( s e e  f o r  e . g .  B r y c e - S m i t h  and  
S t e p h e n s  1 9 8 0 ;  N r i a g u  1 9 8 4 ) .  I t  h a s  b e e n  s u g g e s t e d  
t h a t  due  t o  a n t h r o p o g e n i c  i n p u t  in  a c t i v e  p o o l s  i n  
t h e  e n v i r o n m e n t ,  t h e r e  i s  a n e t  b u i l t  up o f  m e t a l s  i n  
t h e  l i v i n g  b i o m a s s  i n c l u d i n g  man ( E l i a s  1 9 7 5 ) .  H e a v y  
m e t a l  c o n t e n t  o f  human h a i r  h a s  b e e n  u s e d  f o r  some 
t i m e  as  an i n d e x  t o  a s s e s s  e n v i r o n m e n t a l  and  
o c c u p a t i o n a l  e x p o s u r e  t o  t o x i c  m e t a l s  ( H J l d e r b a n d  and  
w h i t e  1974 ;  T a k a g i  e t  a l .  1 9 8 6 ) .  K a p i t o  e t  a l .  ( 1 9 6 7 )  
p r o p o s e d  h a i r  l e a d  a n a l y s i s  f o r  d i a g n o s i s  o f  
p l u m b i s m .  

U n l i k e  o t h e r  b i o l o g i c a l  s p e c i m e n s  ( e . g .  t h e  b l o o d  and  
u r i n e )  w h i c h  i n d i c a t e  r e c e n t  e x p o s u r e ,  t r a c e  m e t a l  
c o n t e n t  o f  h a i r  c o r r e l a t e s  w i t h  b o d y  s t o r e s ,  
e s p e c i a l l y  o f  b o n e s ,  and  r e f l e c t s  f o r  e a c h  
i n d i v i d u a l ,  s p e c i f i c  f a c t o r s  o f  g e n e t i c a l  and  
environmental origins (Valkovic 1977; Limic and 
Valkovic 1986). Moreover, human hair samples are 
readily donated, easily sampled and stored, and more 
remarkably they tend to accumulate trace metals to a 
relatively greater extent than many other body 
tissue, thus rendering chemical analyses much easier 
(Lenihan 1978). It has been estimated that in a 
healthy person, the concentration of lead in scalp 
hair may be 2-5 times higher than in bone, 10-50 
times greater than in blood and from 100-500 times 
higher than in urine (Valkovic 1977; Hansen 1981). 

Hair growth begins in the hair follicle where it is 
formed from the circulating blood and other body 
fluids. This is the period of time where lead, 
cadmium and other contaminants in human fluids enter 
the hair structure endogenously. As a result of 
continuous abstraction and growth in the follicle, 
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t h e  h a i r  i s  f i n a l l y  e x t r u d e d  a s  a f i b e r  a b o v e  t h e  
s k i n  w h e r e  i t  i s  c o m p l e t e l y  i s o l a t e d  f r o m  t h e  
m e t a b o l i c  e v e n t s  i n s i d e  t h e  b o d y :  t h u s  p r o v i d i n g  a 
u n i q u e  t e s t i m o n y  f o r  t h e  p r e v a l e n t  l e v e l s  o f  
c o n t a m i n a n t s  i n  t h e  b o d y  f l u i d s  a t  t h e  t i m e  o f  i t s  
g e n e s i s .  M o r e o v e r ,  e n v i r o n m e n t a l  a s  w e l l  a s  m e t a b o l i c  
t e m p o r a l  c h a n g e s  o f  many  e l e m e n t s  a r e  p e r m a n e n t l y  
r e c o r d e d  a l o n g  t h e  l o n g i t u d i n a l  a x i s  o f  t h e  h a i r  
f i b e r .  

R e p o r t s  i n  t h e  l i t e r a t u r e  on l e a d  a n d  c a d m i u m  i n  h a i r  
i n  t h e  g e n e r a l  p o p u l a t i o n  a r e  e x t e n s i v e  ( s e e  f o r  e . g .  
E a d s  a n d  L a m b d i n  1 9 7 3 ;  B a t e s  a n d  D o y e r  1 9 6 5 :  Hammer 
e t  a l .  1971 a n d  L e n i h a n  1 9 7 8 ) .  F e r g u s s o n  e t  a l .  
( 1 9 8 1 )  r e p o r t e d  l e a d  i n  h a i r  l e v e l s  among  
o c c u p a t i o n a l l y  e x p o s e d  p e r s o n s  a n d  t h e i r  f a m i l i e s .  
P e t e r i n g  e t  a l .  ( 1 9 7 3 )  s u g g e s t e d  t h e  n o r m a l  l e v e l s  o f  
lead and cadmium in hair for normal non toxic 
exposure. Takagi et al. ( 1 9 8 6 )  made a comperative 
study between North American, European and Asian 
levels. 

I n  t h i s  p a p e r  we p r e s e n t  r e s u l t s  o f  a s u r v e y  o f  l e a d  
and cadmium in human hair among four suburban 
university communities from four countries, two 
European (England & West Germany), one Asian (Saudi 
Arabia) and one African (Sudan). Hair samples were 
analyzed for lead and cadmium in order to compare 
levels and distribution between populations of 
different ethnic background and geographical 
l o c a t i o n .  An a t t e m p t  was  made  t o  s t u d y  c o r r e l a t i o n s ,  
i f  a n y ,  b e t w e e n  l e v e l s  o f  l e a d  o r  c a d m i u m  a n d  s m o k i n g  
h a b i t s  o r  s e x .  

MATERIALS AND METHODS 

The n u m b e r  o f  s a m p l e s  a n d  s a m p l i n g  l o c a t i o n s  f o r  e a c h  
o f  t h e  s t u d y  g r o u p s  a n d  t h e  d i s t r i b u t i o n  o f  s a m p l e s  
a c c o r d i n g  t o  s e x  a n d  s m o k i n g  h a b i t s  f o r  t h e  E n g l i s h  
a n d  G e r m a n  g r o u p s  a r e  s h o w n  i n  T a b l e  1. The  E n g l i s h  
h a i r  s a m p l e s  w e r e  o b t a i n e d  i n  H i ] ] i n g d o n  b o r o u g h ,  i n  
t h e  s u b u r b  o f  L o n d o n  a n d  m o s t l y  came  f r o m  s t u d e n t s  
a n d  s t a f f  a t  B r u n e l  U n i v e r s i t y ,  U x b r i d g e .  The  S a u d i  
A r a b i a n  s a m p l e s  w e r e  c o l l e c t e d  a t  t h e  c a m p u s  o f  KFUPM 
i n  D h a h r a n .  The S u d a n e s e  s a m p l e s  w e r e  m o s t l y  f r o m  t h e  
U n i v e r s i t y  o f  K h a r t o u m  c a m p u s  a n d  t h e  G e r m a n  s a m p l e s  
w e r e  o b t a i n e d  f r o m  a u n i v e r s i t y  c o m m u n i t y  i n  B u c h e m .  
The  m a j o r i t y  o f  s a m p l e s  s t u d i e d  r e p r e s e n t  a d u l t s  i n  
2 0 - 5 0  y e a r s  a g e  g r o u p  a n d  w e r e  o b t a i n e d  f r o m  a n o r m a l  
h a i r  c u t  w i t h  t h e  a s s i s t a n c e  o f  a n u m b e r  o f  
h a i r d r e s s e r s  a n d  b a r b e r s .  C a r e  was  t a k e n  t o  a v o i d  a n y  
e x t e r n a l  c o n t a m i n a t i o n  d u r i n g  c o l l e c t i o n .  I n f o r m a t i o n  
w i t h  r e g a r d  t o  s e x ,  a g e  a n d  s m o k i n g  h a b i t s  w e r e  
p r o v i d e d  b y  t h e  d o n o r s .  S a m p l e s  w e r e  s t o r e d  i n  c l e a n  
p l a s t i c  b a g s  p r i o r  t o  a n a l y s i s .  
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Table I. Distribution o f  h a i r  samples a c c o r d i n g  to 
country, sex and smoking habit. 

Country Location Males Females Smokers Total 

E n g l a n d  H i l l i n g d o n /  39 27 20 66 
L o n d o n  

S . A r a b i a  D h a h r a n  22 - - 22 

S u d a n  K h a r t o u m  59 - 30 59 

W . G e r m a n y  Buchem 20 11 14 3]  

T o t a l  ] 4 0  38 64 178 

A l l  t h e  g l a s s w a r e  and  p l a s t i c - w a r e  u s e d  f o r  s t o r a g e  
w a s h i n g  and  a n a l y s i s  o f  h a i r  s a m p l e s  i n  t h i s  
i n v e s t i g a t i o n  h a d  b e e n  a c i d  c l e a n e d  by  s o a k i n g  f o r  a t  
l e a s t  24 h o u r s  i n  c o n c e n t r a t e d  HN03 a n d  r i n s e d  
t w i c e  w i t h  d o u b l e  d i s t i l l e d  w a t e r .  

H a i r  s a m p l e s  ( 1 - 5 g )  w e r e  c l e a n e d  b e f o r e  a n a l y s i s  w i t h  
s u c c e s s i v e  p o r t i o n s  o f  a c e t o n e  and  d i s t i l l e d  w a t e r  
a c c o r d i n g  t o  t h e  p r o c e d u r e  o f  B a g l i a n o  ( 1 9 8 1 ) .  The 
samples were then dried at room temperature or, ~ 
clean bench for one day and subsequently dryed in an 
oven at llO~ for 2 hours in order to determine the 
moisture content of hair which was subsequently used 
to refer all concentrations to a dryed sample basis. 
The mean hair moisture content was found to be 
13!0.3%. Approximately ]-2g sub-samples were digested 
for analysis. 

F o u r  
in h a i r  
( F e r g u s s o n  
m e t h o d s  
m i x t u r e ,  
HNOs/H2S04 
HNO3/HClO4. 

d i f f e r e n t  m e t h o d s  f o r  t h e  e x t r a c t i o n  o f  m e t a l s  
h a v e  b e e n  r e p o r t e d  i n  t h e  l i t e r a t u r e  
e t  a 1 . 1 9 8 1 ;  B a g l i a n o  e t  a l .  1 9 8 1 ) .  T h e s e  

are: wet ashing using HNO3/H202 
dry ashing at 450~ wet ashing using 

mixture and wet ashing using 
I n  t h e  p r e s e n t  s t u d y  we h a v e  

s c r u t i n i z e d  t h e  f o u r  p r o c e d u r e s  b e f o r e  a d o p t i n g  a 
s t a n d a r d  m e t h o d  f o r  d i g e s t i o n .  F o u r  s e t s  o f  h a i r  
s u b s a m p l e s  w e r e  t r e a t e d  by  t h e  d i f f e r e n t  d i g e s t i o n  
t e c h n i q u e s  and  a n a l y z e d  f o r  Pb and  Cd. F v a r i a n c e  
t e s t s  s h o w e d  t h a t  t h e  4 m e t h o d s  g a v e  s i g n i f i c a n t l y  
d i f f e r e n t  r e s u l t s  f o r  Pb ( F : 6 . 4 ,  p = O . O 0 5 )  a n d  no 
d i f f e r e n c e s  f o r  Cd. The HNO3/HzOz m e t h o d  and  
t h e  h i g h  t e m p e r a t u r e  a s h i n g  p r o c e d u r e s  a p p e a r  t o  g i v e  
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c o m p a r a b l e  r e s u l t s  f o r  Pb w h i c h  a r e  c o n s t a n t l y  h i g h e r  
t h a n  t h e  r e s u l t s  o b t a i n e d  by  t h e  o t h e r  two m e t h o d s .  
The HNO3/HzS04 extraction technique was found 
to be relatively the poorest of the 4 methods of 
extraction for Pb. 

The E n g l i s h ,  German and  S u d a n e s e  s a m p l e s  w e r e  
a n a l y z e d  by  a c e t y l e n e  a i r  f l a m e  a t o m i c  a b s o r p t i o n  
(FAA) p r o c e d u r e s  u s i n g  P e r k i n  E l m e r  a t o m i c  
a b s o r p t i o n  s p e c t r o p h o t o m e t e r  m o d e l  303 & a c c o r d i n g  t o  
manual instructions supplied by manufacturer. The 
Saudi samples were analyzed by both heated graphite 
furnace atomic absorbtion procedure (HGFAA) using 
perkin Elmer atomic absorbtion spectrophotometer 
model 560 & by using Inductively Coupled Argon Plasma 
emission spectroscopy (ICAPES) using Jarrell Ash ICAP 
9000. The instrumental parameters used for analysis 
have been described in the instrument manuals 
supplied by  the respective manufacturer. In all 
procedures used, spiked and replicate subsamples were 
analyzed in order to determine recovery and overall 
uncertainty in the analysis of Pb and Cd. 

The overall average uncertainity in Pb and Cd 
analysis estimated from the mean coefficient of 
variation of 20 duplicate analysis were 5% for Pb and 
12~ for Cd. No significant differences for Pb or Cd 
were observed between the results obtained by ICAP 
and HGFAA. Recovery for Pb and Cd for the 3 
procedures employed were generally very good and 
average about 95~ for both metals. 

RESULTS AND DISCUSSION 

I n  a l l  178 h a i r  s a m p l e s  w e r e  a n a l y z e d  f o r  Pb a n d  Cd. 
The r a n g e s  and  mean c o n c e n t r a t i o n s  f o r  m a l e s ,  
f e m a l e s ,  s m o k e r s ,  n o n - s m o k e r s  and  t h e  o v e r a l l  mean 
c o n c e n t r a t i o n  f o r  e a c h  p o p u l a t i o n  a r e  shown in  T a b l e  
2.  F r e q u e n c y  d i s t r i b u t i o n  h i s t o g r a m s  o f  Pb i n  h a i r  
f o r  e a c h  c o u n t r y  & t h e  a c c u m u l a t e d  f r e q u e n c i e s  f o r  
the 4 populations are shown in Fig.l. Similar 
illustrations for Cd in hair are shown in Fig.2. 
F-variance and 'Student t' statistics were used to 
determine if the overall mean levels of Pb or Cd in 
hair in the 4 populations are significantly different 
and whether concentrations are affected by sexuality 
or smoking habits. Least square linear regression 
analysis between hair Pb and hair Cd were also 
carried out in order to determine if there is any 
association between the metals. 

The frequency distributions of Pb and Cd in hair 
(Fig. l and 2 [Top]) follow a logarithmic normal 
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T a b l e  2. Ranges and a r i t h m a t i c  mean c o n c e n t r a t i o n s  and 
s t a n d a r d  e r r o r s  ( i n  ug /g )  o f  Pb and Cd in  h a i r  from 
England,  Saudi  A r a b i a ,  Sudan and West Germany 

Metal England S. Arabia Sudan W. Germany 

Range Pb 1 . 1 - 4 8 . 4  1 . 5 - 1 6 . 0  2.4--59.7 0 -30 .1  
" Cd 0 - 2 . 9  0 - 0 . 7 7  0 - 2 . 6  0 - 2 . 1  

Males Pb 
" Cd 

9 .2+8 .5  6 .3 •  14. i+I0.7 7 .6 •  
0 .51+0 .89  0 .19•  0.18~O.43 0 .37+0 .56  

Females  Pb 11 .8•  - - 10 .6•  
" Cd 0 .45•  -- - 0 .56•  

Smokers Pb 11.3+11.3  - 14 .7+10.9  9 .2+7 .4  
" Cd 0 .30+0 .28  - 0 .10+0 .22  0 .37+0 .32  

Non-Smokers Pb 9 .6+7 .0  - 13.4•  7 .3+5 .5  
" Cd 0 .5~•  - 0 .24•  0.47-+_0.6(} 

O v e r a l l  Pb ] 0 . 2 + 8 . 4  6 .3+3 .9  14 .1+10.7  8 . 2 ~ 6 . 4  
Cd 0 .47•  0 .19•  0 .18•  0 .42•  

p a t t e r n  f o r  t h e  4 p o p u l a t i o n s  s t u d i e d .  The 
a c c u m u l a t e d  f r e q u e n c i e s  o f  Pb a n d  Cd i n  h a i r  ( F i g . ]  
a n d  2 [ B o t t o m ] )  show c l e a r l y  t h e  d i f f e r e n c e s  b e t w e e n  
t h e  4 p o p u l a t i o n s  i n v e s t i g a t e d .  The  E n g l i s h  a n d  
G e r m a n  Pb o r  Cd c u m u l a t i v e  d i s t r i b u t i o n s  a r e  s i m i l a r  
a n d  o v e r l a p  e a c h  o t h e r  f o r  up t o  60% i n  c a s e  o f  Pb 
a n d  f o r  a s  much a s  85% f o r  Cd.  The  c u m u l a t i v e  
d i s t r i b u t i o n s  a l s o  i n d i c a t e  t h a t ,  o u t  o f  t h e  4 
p o p u l a t i o n s  s t u d i e d ,  t h e  S u d a n e s e  h a v e  t h e  h i g h e s t  Pb 
l e v e l s  a n d  t h e  S a u d i  A r a b i a n  c o n t a i n e d  t h e  l o w e s t .  
The Cd c u m u l a t i v e  f r e q u e n c y  d i s t r i b u t i o n s  
( F i g . 2 [ B o t t o m ] )  show t h a t  E n g l i s h  a n d  G e r m a n  s u b j e c t s  
c o n t a i n  s i g n i f i c a n t l y  h i g h e r  Cd i n  h a i r  l e v e l s  t h a n  
S a u d i  A r a b i a n  a n d  S u d a n e s e .  

S t a t i s t i c a l  a n a l y s i s  o f  t h e  d a t a  s h o w e d  t h a t  t h e  
o v e r a l l  mean  c o n c e n t r a t i o n s  o f  Pb o r  Cd i n  h a i r  f o r  
t h e  4 p o p u l a t i o n s  a r e  s i g n i f i c a n t l y  d i f f e r e n t  
( F = 5 . 4 3 ,  p = . 0 0 1  f o r  Pb ;  F = 4 . 1 2 ,  p = . 0 0 7  f o r  C d ) .  The 
S u d a n e s e  p o p u l a t i o n  h a s  s i g n i f i c a n t l y  h i g h e r  mean  Pb 
i n  h a i r  l e v e l  t h a n  t h e  S a u d i  A r a b i a n  ( t = 4 . 6 ,  
p = 0 . 0 0 0 1 ) ,  G e r m a n  ( t = 2 . 9 7 ,  p = 0 . 0 0 0 4 ) ,  a n d  E n g l i s h  
p o p u l a t i o n s  ( t = 2 . 1 ,  p = 0 . 0 4 ) .  S a u d i  A r a b i a n  mean  Pb i n  
h a i r  l e v e l ,  on t h e  o t h e r  h a n d  i s  s i g n i f i c a n t l y  l o w e r  
t h a n  t h e  o t h e r  3 p o p u l a t i o n s  ( t  b e t w e e n  2 . 1 - 4 . 6 ,  

143 



t+Hmt.AIm 

O0 

20 

0 
O 5 15 25 95 

LEAD CI~C, (th~CG) 

$UI~ 

8O 

20 

0 
0 5 15 15 35 45 

 !LL 
0 5 15 25 35 45 

LEAD CONC.[WC) 

LBO coec.fu~c) 

$.~ABIA 

Og 

i:l i 
~ J l J l ~  

0 5 15 25 35 45 

LOft COllC.fllrJC) 

C 
U 100-] 
M 
�9 80 

I 60 

~ 40 

1 - ~  . . . . . . .  I . . . . . . . . .  I . . . . . . . . .  I . . . . . . . . .  1 '  . . . . . . . .  i . . . . .  r r r q ' -  

0 10 20 30 40 50 60 

Pb  c o n c .  (~g/g) 

COUNTRY = = = ENGLAND 
+--; ~ SUDAN 

c ~ S. ARAB 
~-,'..', W, GERM 
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p = O . 0 4 - O . O 0 0 1 ) .  No s i g n i f i c a n t  d i f f e r e n c e s  w e r e  
o b s e r v e d  b e t w e e n  t h e  E n g l i s h  & German mean Pb i n  h a i r  
l e v e l s .  L i k e  Pb ,  t h e  mean Cd in  h a i r  l e v e l s  o f  
E n g l i s h  and  German  s u b j e c t s  a r e  n o t  s i g n i f i c a n t l y  
d i f f e r e n t .  B o t h  p o p u l a t i o n s ,  m o r e o v e r ,  s h o w e d  
s i g n i f i c a n t l y  h i g h e r  Cd i n  h a i r  l e v e l s  c o m p a r e d  t o  
S a u d i  A r a b i a n  o r  S u d a n e s e  p o p u l a t i o n s  ( t  b e t w e e n  
2 . 4 2 - 3 . 1 ,  p = 0 . 0 2 - 0 . 0 0 3 ) .  No s i g n i f i c a n t  d i f f e r e n c e s  
w e r e  o b s e r v e d  b e t w e e n  t h e  S a u d i  and  S u d a n e s e  l e v e l s .  
R e s u l t s  o f  F - v a r i a n c e  and  ' S t u d e n t  t '  s t a t i s t i c s  a l s o  
s h o w e d  t h a t  t h e r e  a r e  no s i g n i f i c a n t  d i f f e r e n c e s  i n  
the Pb or Cd mean hair levels between males and 
females and between smokers and non-smokers. 

The English and German hair samples showed 
significant positive correlations between Pb and Cd 
which appear to be enhanced by smoking 
(p=O.O5--p=O.O05). Non-smokers showed no significant 
c o r r e l a t i o n  b e t w e e n  t h e  two m e t a l s  i n  h a i r .  A l s o  
Saudi Arabian and Sudanese samples showed no 
correlation between hair Pb and hair Cd. 

In  g e n e r a l ,  t h e  Pb a n d  Cd l e v e l s  f o u n d  in  t h i s  s t u d y  
a r e  w i t h i n  t h e  r a n g e s  r e p o r t e d  w o r l d w i d e  f o r  n o r m a l  
o c c u p a t i o n a l l y  n o n - e x p o s e d  p o p u l a t i o n s  ( S u z u k i  e t  a l .  
1 9 8 4 ,  T a k a g i  e t  a ] .  ] 9 8 6 ;  H a n s e n  1 9 8 1 ) .  T h e y  a r e  
l o w e r  t h a n  t h e  v a l u e s  r e p o r t e d  f o r  some 
i n d u s t r : i a l i z e d  c i t i e s  ~n USA ( E a d s  and  L a m b d i n  1 9 7 3 ;  
B a t e s  and  D o y e r  1 9 6 5 ;  and  L e n i h a n  1978)  and  l i e  
w i t h i n  t h e  Pb and  Cd r a n g e s  s u g g e s t e d  b y  P e t e r i n g  e t  
a l .  ( 1 9 7 3 )  f o r  n o r m a l  n o n - t o x i c  e x p o s u r e .  The E n g l i s h  
a nd  German  Cd in  h a i r  l e v e l s ,  h o w e v e r ,  e x c e e d  t h e  
n o r m a l  r a n g e  o f  0 . 2 4 - 0 . 2 7  u g / g  s u g g e s t e d  by  I y e n g a r  
e t  a l .  ( 1 9 7 8 ) .  The S a u d i  & S u d a n e s e  l e v e l s ,  on t h e  
o t h e r  h a n d ,  a r e  b e l o w  t h i s  r a n g e .  S i n c e  Cd i s  a h i g h  
t e c h n o l o g y  m e t a l  o f  l i t t l e  o r  no i n d u s t r i a l  s o u r c e s  
i n  t h e  S u d a n  and  S a u d i  A r a b i a ,  Cd in  h a i r  in  t h e s e  
two p o p u l a t i o n s  p r o b a b l y  r e f l e c t  t h e  b a c k g r o u n d  
l e v e l s .  T h e r e  i s  no s i m p l e  e x p l a n a t i o n  f o r  t h e  
r e l a t i v e l y  h i g h  h a i r  Pb o b s e r v e d  among  t h e  S u d a n e s e  
p o p u l a t i o n .  S i n c e  Pb p l u m b i n g  i s  common in  t h e  S u d a n ,  
o n e  p o s s i b l e  s o u r c e  f o r  Pb i s  d r i n k i n g  w a t e r .  The 
p o s i t i v e  c o r r e l a t i o n  b e t w e e n  h a i r  Pb and  Cd o b s e r v e d  
w i t h  E n g l i s h  and  German s a m p l e s  a n d  t h e  l a c k  o f  
c o r r e l a t i o n  i n  c a s e  o f  S u d a n e s e  and  S a u d i  A r a b i a n s  
s u g g e s t :  t h a t  t h e r e  i s  a common s o u r c e  o r ,  a t  l e a s t ,  
c o r r e l a t e d  s o u r c e s  f o r  Pb and  Cd i n  E n g l a n d  a n d  
G e r m a n y  and  s e p a r a t e  s o u r c e s  i n  S a u d i  A r a b i a  and  
S u d a n .  A s s o c i a t i o n  b e t w e e n  t h e  two m e t a l s ,  a l s o  
i m p l i e s  t h a t  e x p o s u r e  t o  e i t h e r  o f  t hem r e s u l t  i n  t h e  
u p t a k e  o f  t h e  o t h e r .  S m o k i n g  d o e s  n o t  s i g n i f i c a n t l y  
a f f e c t  t h e  l e v e l s  o f  Pb o r  Cd i n  h a i r  b u t  somehow 
i n f l u e n c e s  t h e i r  i n t e r e l e m e n t a l  r e l a t i o n s h i p .  
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