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Lead (Pb) i s  among the most t o x i c  heavy elements in  the 
atmosphere (Fergusson 1990). Aerosol lead enters  the 
human blood stream by way of the r e s p i r a t o r y  t r a c t  and 
i n d i r e c t l y ,  by sur face d i s p o s i t i o n  in  the a l imen ta r y  
t r a c t  fo l l owed  by absorp t ion  (Fergusson 1990). Lead 
p o l l u t i o n  i s  a lso  known to occur through i t s  presence 
in  p e t r o l ,  p a i n t ,  glazed vessels  and so l de r .  
Atmospheric lead p o l l u t i o n  may be predominant ly  h igh 
around f a c t o r i e s  manufactur ing Pb a l l o y s  (Schwartz and 
Levin 1991). Lead t o x i c i t y  i s  associated w i t h  
i n h i b i t i o n  of ~ - a m i n o l e v u l i n i c  acid dehydrase (ALAD) 
a c t i v i t y ,  r i s e  in  the blood po rphy r i n ,  i n h i b i t i o n  of 
ATPase in  e r y t h r o c y t e s ,  decreased blood haemoglobin and 
anemia. Elevated lead concen t ra t i ons  i n  pregnant women 
have been shown to cause hyper tens ion  and b i r t h  de fec ts  
(Rabinowi tz  1988). Lead i s  a lso  known to i n t e r a c t  w i t h  
o ther  elements such as Fe, Zn, Ca and Cu in  b i o l o g i c a l  
systems (Abdu l la  e t  a l .  1979; Sandstead 1977). Cadmium 
(Cd) i s  not e s s e n t i a l  f o r  human body. I t  en te rs  the 
human environment as a contaminant .  Human i n t ake  of Cd 
i s  c h i e f l y  through the food chain (about 400-500 pg/wk) 
(Fergusson 1990). Ana l ys i s  of  neuropsy ma te r i a l  shows 
t h a t  smokers accumulate much more Cd than nonsmokers 
(WHO Report,  1972). Chronic Cd po ison ing produces 
p ro te inu rea  and a f f e c t s  the proximal  tubu les  of k idney,  
causing the fo rmat ion  of k idney stones (WHO Report,  
1972). The repor ted hype r tens i ve  e f f e c t  of Cd in  man 
has been associated w i t h  h igh Cd/Zn r a t i o  in  kidney 
(St reh low and B a r l t r o p  1988). Stud ies on a i r  p o l l u t i o n  
have shown t h a t  Cd concen t ra t i on  in  a i r  could be 
p o s i t i v e l y  c o r r e l a t e d  w i t h  hear t  d isease,  hyper tens ion  
and a r t e r i o s c l e r o s i s  (Fergusson 1990). The present  
i n v e s t i g a t i o n  was aimed at  assessing the use fu lness  of  
human lymphocyt ic  d e t o x i c a t i n g  enzyme a c t i v i t i e s  and 
t h e i r  pa t i os  in  an assessment of  human h e a l t h - r i s k s  
dur ing  envi ronmenta l  exposures to Pb and Cd. The human 
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subjects  i n v e s t i g a t e d  comprised those exposed to h i gh l y  
contaminated lead and cadmium areas in the s t a t e  of 
Maharashtra, I nd ia .  

MATERIALS AND METHODS. 

Histopaque I077~ 1-ch lo ro-2~4-d in i t robenzene (CDNB)~ 
g l u t a t h i o n e  (reduced form)~ NADPH, cytochrome c and 
aminopyrine were purchased from S i g m a  Chemical Co.~ 
St.  Louis,  USA. 

Blood samples 5 - I0  ml each~ were withdrawn by vein 
puncture of human subjects  from the s i t e s  of 
environmental exposures to Pb in a v i l l a g e  near an 
a l l o y  f a c t o r y .  For Cd exposure, blood of those 
i n d i v i d u a l s  conta in ing high Cd l e v e l s  were provided by 
Dr. R.N. Khandekar of the Environmental Assessment 
D iv is ion~ BARC. Blood samples were co l l ec ted  in tubes 
conta in ing  EDTA ( i  mg/ml). Lymphocytes were i s o l a t e d  
from whole blood by the method of 8oyum (1968). NADPH 
cytochrome c reductase a c t i v i t y  was determined as per 
Wi l l i am and Kamin (1962). Aminopyrine demethylase (AD) 
a c t i v i t y  was assayed c o l o r i m e t r i c a l l y  by the method of 
Mukkassa and Yang (1981). G lu ta th ione S- t rans fe rase  
(GST) a c t i v i t y  was assayed according to Habig e t  a l .  
(1974). Pro te in  was q u a n t i f i e d  according to Lowry e t  
a l .  (1951) using bovine serum albumin as the standard. 

RESULTS AND DISCUSSION. 

The sample s i ze  in Pb contaminated areas i s  small  
because of f requent  v i s i t s  of medical teams to these 
areas f o r  blood samples and consequent unw i l l i ngness  on 
the par t  of uneducated v i l l a g e r s  to par t  w i th  t h e i r  
blood. Blood lead l e v e l s  in the po l l u ted  area var ied  
from 13.17 to 75.83 pg /d l .  F ive of the seven 
i n d i v i d u a l s  showed s i g n i f i c a n t l y  higher values (ranging 
from 38.58-75.83 wg/dl - mean 48.26 • 9.18) than normal 
found in  Bombay populat ion whose general Pb l e v e l  
v a r i e s  from 10.7 to 14.1 ~g/dl  - mean 12.4 • 1.5 (Table 
I ) .  As ev iden t  from tab le  2, the d e t o x i c a t i n g  enzyme 
a c t i v i t i e s  e x h i b i t e d  by the Pb-exposed i n d i v i d u a l s  
showed very low l e v e l s  of NADPH c y t . c  reductase 
a c t i v i t y  ranging from 0.79 to 3.3 nmoles/min/mg p ro te in  
(mean 2.18 • 0.33) as compared to normal range of 4.1 
to 12.25 nmoles/min/mg proteinp (mean 6.76 • 0.59) in 
heal thy i n d i v i d u a l s .  On the other  hand~ aminopyrine 
demethylase a c t i v i t y  was found to be cons iderab ly  
higher than the normal average in these i nd i v i dua l s~  
the range being 4.78 to 29.24 (mean l i . & 7  • 3.15) 
nmoles/min/mg protein~ as aga ins t  the normal average of 
6.73 • 0.75 nmoles/min/mg p r o t e i n .  The phase I I  GST 
a c t i v i t y  was ext remely  low in these i n d i v i d u a l s  and 
ranged from 13-26 (mean 20.12 • 1.5) nmoles per min per 
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Table i .  Leve ls  o f  lead and cadmium in  human whole 
b lood w 

Group Lead Cadmium 

Normal 12.4 • 1.5 0.22 • O.OOb 
(n = 24) (n = 30) 

Exposed 48.26 • 9 . 1 8 "  0 . 4 2  • 0.007* 
(n = 5) (n = 30) 

40 A n a l y s i s  o f  Pb and Cd in  human b lood samples was 
c a r r i e d  ou t  by Dr. R.N. Khandekar o f  the 
Env i ronmenta l  Assessment D i v i s i o n ,  B A R C .  Values 
expressed as ~g/ lO0 ml b lood .  

(n) = Number o f  i n d i v i d u a l s .  

S i g n i f i c a n t l y  d i f f e r e n t  from c o n t r o l  va lue  a t  
P < 0 .001.  

Table 2. Lymphocytic detoxicating enzyme ac t i v i t i es  in human 
subjects during environmental exposure to lead and cadmium 

Enzyme ac t i v i t i es  # 
Exposure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Ratio of 

NADPH c y t . c  AD GST AD/GST 
r e d u c t a s e  

Nil  6.76 6.73 62.4 0.112 
Controls (n=24) • 0.59 • 0.75 • 3.7 • 0.009 

Lead (n=7)  2 .1B 11 .67  20 .12  0 .629  
• 0 . 3 3 "  • 3 . 1 5 "  • 0 . 5 * *  • 0 . 1 9 " *  

Cadmium (n=20)  Not  done 110.22  24 .35  6 .065  
• 10 .09  s • 3 . 2 *  • 1 . 2 * *  

Unit of ac t i v i t y  expressed as nmoles product/min/mg protein 
mean • SEM. 

(n )  = Number of individuals. 

Signi f icant ly  d i f ferent  from control value at P < 0.01"; 
P < 0 . 0 0 1 " * .  
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mg p r o t e i n  which was much lower than the normal average 
of  62.4 • 3.7 u n i t s  (Table 2 ) ,  and even lesser  than the 
lowest normal range of 30-50 u n i t s  - mean 40.35 • 2.9 
(Narurkar e t  a l .  1988). 

Exposure to  Pb has been shown to  reduce r e s i s t a n c e  and 
aggravate b a c t e r i a l  and v i r a l  i n f e c t i o n  i n  animals 
(Nakaguwa 1991). Pb as a m e t a l l i c  p o l l u t a n t  i n  
environment has been recognized to a f f e c t  microsomal 
mixed f u n c t i o n  oxidase system through d e p l e t i o n  of  
cytochrome P-450 ( B o r e l l a  and G ia rd ino  1991). In 
a d d i t i o n ,  the phase I I  GST i s  a lso  adverse ly  a f f ec ted  
probably  because of  the low con ten t  of  GSH (Nakaguwa 
1991). A gene t i c  d i f f e r e n c e  in  s u s c e p t i b i l i t y  to 
immunomodulation by lead exp la ined  the v a r i a b i l i t y  of  
i t s  immuno tox i c i t y  i n  animal species ( B o r e l l a  & 
G ia rd ino  1991). In the present  study a t  l e a s t  two out  
of the seven i n d i v i d u a l s  were found to  be s u f f e r i n g  
from leprosy  and the r e s t  were i n  poor h e a l t h  needing 
medical check up f o r  r e s p i r a t o r y  a i lmen t s .  I t  may be 
i n t e r e s t i n g  to  note t h a t  a very  low a c t i v i t y  o f  GST was 
a lso  observed in  the un t rea ted  leprosy p a t i e n t s  i n  an 
e a r l i e r  s tudy (Narurkar e t  a l .  1988). High l e v e l s  of  
demethylase a c t i v i t y  are l i k e l y  to increase the 
ca rc inogen i c  p o t e n t i a l  of  env i ronmenta l  carc inogens,  i f  
not  conjugated and d e t o x i f i e d  by the app rop r i a te  l e v e l s  
of  phase I I  enzymes. The imbalance i n  the r a t i o  of  
AD/GST enzyme a c t i v i t i e s  due to  env i ronmenta l  p o l l u t i o n  
may have impor tan t  i m p l i c a t i o n s  i n  the h e a l t h  d i so rde rs  
i n c l u d i n g  s u s c e p t i b i l i t y  to  env i ronmenta l  carc inogens.  
The r e s u l t s  i n  t h i s  s tudy d id  not  appear to  be due to  
lead po ison ing  though there  were d e f i n i t e  i n d i c a t i o n s  
of  a i r ,  s o i l  and grass con tamina t ion  w i t h  lead 
(Khandekar et a l .  BARC Report 1991). The imbalance of  
AD/GST r a t i o  could be due to heavy metal exposure from 
among severa l  o the r  parameters. 

The Cd l e v e l s  i n  blood samples of  the Cd-exposed human 
sub jec ts  were i n  the range of  0 .38-0 .46  pg /d l  - mean 
0.42 • 0.007 which was double the normal range of  
0 .19-0 .25  ~g /d l  - mean 0.22 • 0.006 i n  Bombay (Table 
i ) .  I t  i s  ev i den t  from t ab l e  2 t h a t  AD a c t i v i t y  i s  6-7 
t imes more in  the Cd-exposed sub jec ts  i n  comparison 
w i t h  the c o n t r o l  sub jec t s .  On the o the r  hand, the GST 
a c t i v i t y  i s  about 3 t imes less than t h a t  i n  the 
c o n t r o l s  r e s u l t i n g  in  a tremendous increase i n  the 
AD/GST r a t i o  (6 .065) ,  the normal r a t i o  being O . l i 2 .  
The ca rc inogen i c  e f f e c t  of  Cd has been es tab l i shed  in  
animals.  A l though the s i t u a t i o n  i s  less  c l e a r  i n  human 
beings,  a r e l a t i o n s h i p  has been shown between Cd 
exposure i n  i n d u s t r y  and the inc idence  of  p r o s t a t i c  
cancer (Sunderman 1977). C a d m i u m  su lph i de  was 
suggested to be mutagenic by F r i be rg  e t  a l .  (1974).  
Even i f  Cd i s  not  d i r e c t l y  i n v o l v e d  i n  ca rc inogenes is  
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i n  human sub jec t s ,  the h i g h l y  increased AD/GST r a t i o  
suggests t h a t  Cd-exposed persons could be more 
s u s c e p t i b l e  to o ther  env i ronmenta l  carc inogens.  One of  
the t o x i c  e f f e c t s  of  Cd has been shown to be the 
development of I t a i - I t a i  disease which i s  marked by 
s o f t e n i n g  of  bones (osteomalac ia)  produced by a 
d e f i c i e n c y  of v i t am in  D (Fergusson 1990). Cd has been 
imp l i ca ted  in  adverse ly  a f f e c t i n g  the metabolism of  Ca, 
P04 and v i t am in  D in  the body. Cadmium i s  a lso  known 
to create  d e f i c i e n c y  of copper and i r on  as we l l  as to 
compete w i t h  z inc  f o r  the b ind ing  s i t e  on the enzyme 
causing i t s  i n a c t i v a t i o n  (Fergusson 1990). I t  i s  
apparent ,  t h e r e f o r e ,  t h a t  a l though cadmium i s  not  
d i r e c t l y  imp l i ca ted  in  the changes in  d e t o x i c a t i n g  
enzymes, the r e s u l t a n t  metabol ic  a l t e r a t i o n s  probably 
are respons ib le  f o r  the lymphocyt ic  enzyme changes and 
r a t i o s  i n d i c a t i v e  of se r ious  hea l t h  hazards to the 
exposed sub jec ts .  
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