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O r g a n o c h l o r i n e ,  o r g a n o p h o s p h o r o u s  a n d  c a r b a m a t e  
c o m p o u n d s  a r e  w i d e l y  u s e d  p e s t i c i d e s  i n  I n d i a  f o r  
c o n t r o l l i n g  d i s e a s e  c a r r y i n g  v e c t o r s  a n d  a g r i c u l t u r a l  
p e s t s .  O r g a n o c h l o r i n e  c o m p o u n d s  b e i n g  p e r s i s t e n t  a n d  
l i p o p h i l i c  i n  n a t u r e ,  a c c u m u l a t e  i n  t h e  human b o d y  
t h r o u g h  f o o d  c h a i n  a n d  e n v i r o n m e n t a l  e x p o s u r e  
( S i d d i q u i  e t  a l . ,  1 9 8 1 ;  B i d d i n g e r  a n d  G l o s s ,  1 9 8 4 ) .  
A c c u m u l a t i o n  o f  DDT, BHC a n d  e n d o s u l f a n  h a s  b e e n  
i m p l i c a t e d  i n  t h e  p a t h o g e n e s i s  o f  c a r d i o v a s c u l a r  
d i s o r d e r s ,  h y p e r t e n s i o n  a n d  o t h e r  h e a l t h  r e l a t e d  
p r o b l e m s  ( M o r g a n  e t  a l . ,  1 9 8 0 ;  R e g i s t e r  a n d  US P u b l i c  
H e a l t h  S e r v i c e ,  1 9 8 9 ) .  E a r l i e r ,  we h a v e  o b s e r v e d  
r e s p i r a t o r y  i m p a i r m e n t  ( 3 6 . 5 % )  among  w o r k e r s  e n g a g e d  
i n  s p r a y i n g  o f  o r g a n o c h l o r i n e  p e s t i c i d e s  on  mango  
t r e e s  a t  M a l i h a b a d  ( R a s t o g i  e t  a l . ,  1 9 8 9 ) .  I n  t h e  
p r e s e n t  i n v e s t i g a t i o n ,  t h e  l e v e l s  o f  c h l o r i n a t e d  
p e s t i c i d e s  among  e x p o s e d  w o r k e r s  h a v e  b e e n  m o n i t o r e d  
t o  s t u d y  t h e  d i s t r i b u t i o n  p a t t e r n  i n  b l o o d  a n d  t h e i r  
e x c r e t i o n  i n  u r i n e  o f  human s u b j e c t s .  

MATERIALS AND METHODS 

F i f t y  two w o r k e r s  e n g a g e d  i n  s p r a y i n g  o f  p e s t i c i d e s  i n  
mango  o r c h a r d s  a t  M a l i h a b a d ,  a p p r o x i m a t e l y  10 Kms w e s t  
o f  L u c k n o w  c i t y  ( I n d i a ) ,  w e r e  s e l e c t e d  f o r  s e r u m  a n d  
u r i n a r y  p e s t i c i d e  m e a s u r e m e n t .  T h e i r  a g e s  a n d  e x p o s u r e  
d u r a t i o n  w e r e  1 7 - 5 0  (mean  • SD = 3 3 . 8 •  a n d  4 - 2 5  
y e a r s  ( m e a n  ~ SD = 1 0 . 1 •  r e s p e c t i v e l y .  T w e n t y  
f o u r  u n e x p o s e d  w o r k e r s  w e r e  a l s o  s e l e c t e d  f o r  
c o m p a r i s o n  w i t h  e x p o s e d  w o r k e r s .  I n c i d e n c e  o f  s m o k i n g  
i n  b o t h  t h e  g r o u p s  ( u n e x p o s e d  a n d  e x p o s e d )  w e r e  n o t  
d i f f e r e n t .  The  e x p o s e d  w o r k e r s  w e r e  n o t  u s i n g  a n y  
p r o t e c t i v e  r e s p i r a t o r ,  g l o v e s  o r  c o v e r a l l s .  The 
p e s t i c i d e  l e v e l s  a t  w o r k i n g  a t m o s p h e r e  w e r e  a l s o  
d e t e r m i n e d  r e g u l a r l y  f o r  two c o n s e c u t i v e  y e a r s .  

S e n d  r e p r i n t  r e q u e s t  t o  Dr .  H a r i s h  C h a n d r a  a t  t h e  
a b o v e  a d d r e s s .  
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T h e  e x t r a c t i o n  o f  p e s t i c i d e s  o f  b l o o d  s a m p l e s  a n d  f o r  
a i r  s a m p l e s  w e r e  d o n e  b y  s t a n d a r d  m e t h o d s  d e s c r i b e d  
( A g a r w a l  e t  a l . ,  1 9 7 6 )  a n d  ( C l e s c e r i  e t  a l . ,  1 9 8 4 1 .  
U r i n e  s a m p l e s  w e r e  a n a l y z e d  a s  p e r  s t a n d a r d  m e t h o d  
w i t h  t h e  f o l l o w i n g  m o d i f i c a t i o n ,  M e a s u r e d  v o l u m e  o f  
u r i n e  s a m p l e s  c a  200  mL was  e x t r a c t e d  w i t h  30 mL o f  n -  
hexane (GLC grade) thrice. The extract was dried 
over anhydrous soclium sulphate. Cleaning of the dried 
extract (hexane fraction) was done by liquid-liquid 
partition with 25 mL of acetonitrile each time thrice. 
A e e t o n i t r i l e  f r a c t i o n s  w e r e  c o l l e c t e d  i n  a 2 5 0  mL 
s e p a r a t o r y  f u n n e l  a n d  h e x a n e  l a y e r  d i s c a r d e d .  100 mL 
o f  s a t u r a t e d  s o d i u m  s u l p h a t e  w a s  a d d e d  to t h e  
a c e t o n i t r i l e  p h a s e  a n d  e x t r a c t e d  w i t h  25 mE o f  h e x a n e  
each Lime thrice. A c e t o n i t r i l e  fraction was discarded 
and hexane fraction was dried over anhydrous sodium 
sulphate, evaporated to 1 mL using three stage Snyder 
condenser followed by a Kuderna Danish condenser and 
f i n a l  v o l u m e  m a d e  up  t o  5 mL a n d  r e f r i g e r a t e d  
i m m e d i a t e l y .  R e s i d u e  m e a s u r e m e n t  was  d o n e  i n  ANTEK, 
GLC, M o d e l  3 0 0 0  w i t h  e l e c t r o n  c a p t u r e  d e t e c t o r  u s i n g  a 
two m e t e r  c o l u m n  c o n t a i n i n g  t . 5 %  OV-17  a n d  1 . 9 5 %  OV- 
210  i n  c h r o m e  WHP. G a s  c h r o m a t o g r a p h i c  c o n d i t i o n  u s e d  
w e r e  N c a r r i e r  g a s ,  60 p s i ;  i n j e c t o r  t e m p e r a t u r e ,  250  
C; d e t e c t o r  t e m p e r a t u r e  250  C, c o l u m n  t e m p e r a t u r e  190 
C; and running time 45 m i n u l ; e s .  Pesticide residue 
standards w e r e  m o r e  t h a n  99% p u r e .  Recoveries o f  
r e s i d u e  u n d e r g o i n g  the analytical r e g i m e  w e r e  g r e a t e r  
than 90 per cent and relible sensitivity of detection 
was I ppb for pp'DDE and~-BHC and 2 ppb for ~-BHC, 
Lindane, Aldrine, Endosulfa.n, op'DDT and pp'DDT. Data 
obtained for various pesticides in this investigation 
w e r e  c o r r e c t e d  a c c o r d i n g l y .  A l l  s a m p l e s  w e r e  r u n  i n  
d u p l i c a t e .  L e v e l s  o f  a l l  c o m p o u n d s  w e r e  w e l l  a b o v e  t h e  
d e t e c t i o n  l i m i t s .  

RESULTS AND DISCUSSION 

~lean  a n d  r a n g e  v a l u e s  o f  c h l o r i n a t e d  p e s t i c i d e  i n  a i r  
s a m p l e s  c o l l e c t e d  d u r i n g  t h e  l a s t  t w o  y e a r s  h a v e  b e e n  
s h o w n  i n  T a b l e  1. T o t a l  D D T , t o t a l  BHC, e n d o s u l f a n  a n d  
a l d r i n  l e v e l s  r a n g e d  b e t w e e n  0 . 0 7 6 - 5 2 8 . 3 ,  1 4 . 0 - 2 8 9 7 . 0 ,  
N . D . - 2 1 6 . 2  a n d  1 . 0 - 2 4 0 . 4  n g / m  ~ r e s p e c t i v e l y  w h i c h  w e r e  
significantly higher (p < 0.05) than the ambient air 
sample. Furthermore, the DDT level in the atmosphere 
of Malihabad is higher than the value reported for 
Gulf of Mexico (Bidleman et al., 1981) and Mississippi 
delta (Arthur et al., 1977) in between 0.034-33.0 and 
7.5 ng/m~respectively, whereas total BHC level as 
reported by Baumann et al., (1980) at work place of 
pesticide industry ranged between 0.007 and 2.52 mg/m 3 

T h e  l e v e l s  o f  d i f f e r e n t  p e s t i c i d e s  i n  t h e  s e r a  o f  
e x p o s e d  w o r k e r ' s  w e r e  s i g n i f i c a n t l y  h i g h  ( p  < 0 . 0 5 )  i n  
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Table I.  Chlor ina ted  p e s t i c i d e s  level  in a i r  samples 
at  Malihabad (No. of samples = 45) 

P e s t i c i d e  M e a n  R a n g e  +SD 
( n g / m  ~ ) ( n g / m  ~ ) ( n ~ / m  ~ ) 

-BHC 
V - B H C  
~-BHC 
Total BHC 
Aldr in  
Endosulfan 
pp'DDE 
pp'DDD 
pp'DDT 
op'DDT 
Total DDT 

1 6 3 . 0  
2 8 2 . 7  

6 7 . 2  
511 8 

27 I 0  
7 74  

12 
0 
0 

22 
31 

95 
53 
001 
65 
16 

10.01-780.0 
11.0-1583.8 
2.33-595.8 
14.0-2897.0 
1.0-240.4 
ND-216.2 
ND-58.7 
ND-6.9 
ND-O.035 
ND-528.3 
0.076-528.3 

256 8 
540 0 
123 6 
806 3 

37 1 
33 2 
40 4 

1 23 
0.005 

96.57 
99.95 

180" 
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~ 80 
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Figure I.  Showing the average values  of organochlor ine  
p e s t i c i d e s  serum and u r i n e  of s u b j e c t s .  

comparison to tha t  found in unexposed workers (Table 2 
and Figure I ) .  Total sera BHC level  as reported by 
Mossing et a l . ,  (1985) among the persons from Texas 
ranged between 0-16.5 ng/mL with a mean value of 2.5 
ng/mL. Two other  s t ud i e s  on t o t a l  sera DDT level  were 
to vary from 7,2 ng/mL found in Netherland workers to 
20.2 ng /mL reported from workers in  Ind ia  (S iddiqui  
et a l . ,  1981). The level  of most of the p e s t i c i d e s  in 
sera of exposed workers was found to be higher than 
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T a b l e  2 .  P e s t i c i d e s  l e v e l s  ( p p b )  i n  s e r a  o f  e x p o s e d  
a n d  u n e x p o s e d  w o r k e r s  

E x p o s e d  W o r k e r s  

P a r a m e t e r s  M e a n  R a n g e  

U n e x p o s e d  W o r k e r s  

M e a n  R a n g e  

~-."-BHC 6 . 1 2 1 7  

~2 BHC 2 . 1 2 7 2  
BHC 7 . 7 8 0 6  

T o t a l  BHC 1 5 . 9 3 7 4  
A l d r i n  1 . 3 7 0 8  
E n d o s u l f a n  5 . 6 3 8 3  
pp'DDE 3 . 7 1 3 6  
pp'DDD 0.5827 
pp'DDT ND 
op'DDT 0.2712 
Total DDT 4.4106 

0 . 0 0 - 1 8 . 8 6 7 8  2 . 1 5 9 1  0 1 1 2 - 6 . 9 2 3 1  
0 . 0 4 1 - 8 . 5 5 8  0 . 7 6 0 0  0 0 0 - 1 . 9 8 9 0  
0 . 0 0 - 3 7 . 5 1 2  3 . 0 0 6 2  0 7 2 1 - 8 . 0 5 5  
2 . 6 8 1 8 - 4 9 . 4 8 3 4  5 . 9 4 4 8  1 3 7 9 9 - 1 4 . 1 6 9  
0 . 0 0 - 6 , 2 3 4 5  0 , 2 8 0 0  0 0 0 - 1 . 8 0 0  
0 . 0 0 - 2 6 . 6 6 3 5  1 . 7 0 2 9  0 0 0 - 6 . 6 6 6  
0 . 0 0 - 1 5 . 9 1 5 5  1 . 4 3 6 4  0 . 0 0 - 5 . 6 8 0 5  
0 . 0 0 - 6 . 6 9 5  0 . 2 8 1 0  0 . 0 0 - 2 . 1 0 0 5  

ND ND ND 
0 . 0 0 - 4 . 8 5 0  ND ND 
0 . 0 0 - 2 1 . 1 3 4 1  1 . 5 8 7 7  0 . 0 0 - 8 . 7 8 0 5  

t h o s e  r e p o r t e d  i n  t h e  l i t e r a t u r e  a n d  t h e  c o n t r o l  
v a l u e s .  A l t h o u g h  t h e  u s e  o f  DDT h a s  now b e e n  
r e s t r i c t e d ,  p e o p l e  a r e  s t i l l  u s i n g  i t  p r o b a b l y  b e c a u s e  
i t  i s  e c o n o m i c a l .  May b e  f o r  t h i s  r e a s o n  h i g h e r  l e v e l s  
o f  DDT i n  s e r a  o f  e x p o s e d  w o r k e r s  h a v e  b e e n  d e t e c t e d .  
T h e  d i f f e r e n t  p e s t i c i d e  l e v e l s  i n  t h e  s e r u m  o f  e x p o s e d  
w o r k e r s  a t  N a l i h a b a d  was  f o u n d  i n  [ h e  o r d e r  o f  BHC 
( 1 0 . 9 4  n g / m L )  < e n d o s u l f a n  ( 5 . 6 4  n g / m L )  < DDT ( 4 . 4  
n g / m L )  < a l d r i n  ( 1 . 3 7  n g / m L )  ( T a b l e  2 ) .  S u c h  h i g h  
l e v e l s  o f  BHC, a r e  p o s s i b l y  b e c a u s e  o f  e x t e n s i v e  u s e  
o f  BHC o n  m a n g o  t r e e s .  Among t h e  i s o m e r s  o f  BHC Q ~  
a n d Y ) ,  ~ - i s o m e r  was  f o u n d  m o r e  t h a n ~  a n d  ) ' - i s o m e r  
p o s s i b l y  b e c a u s e  o f  t h e  h i g h e r  s t a b i l i t y  o f  t h i s  
i s o m e r  i n  c o m p a r i s o n  toot~  a n d  ~" B a u m a n  e t  a l .  
( 1 9 8 0 )  s h o w e d  t h a t  t h e  a i r  c o n c e n t r a t i o n  o f  BHC 
( 0 . 0 0 7 - 2 . 5 2  mg/m ~ )  was  a s s o c i a t e d  w i t h  t h e  c o n c u r r e n t  
b l o o d  s e r u m  l e v e l  i n  w o r k e r s  o f  2 . 1  u g / L .  B e s i d e s  
DDT, DDE o n e  o f  i t s  m a j o r  m e t a b o l i t e  was  d e t e c t e d  i n  
a p p r e c i a b l e  a m o u n t  ( 0 . 0 - 1 5 . 9  u g / L ) i n  s e r a  o f  t h e  
e x p o s e d  w o r k e r s  o f  M a l i h a b a d .  T h i s  o b s e r v a t i o n  i s  i n  
a g r e e m e n t  w i t h  o t h e r  s t u d i e s  ( W a s t o n  e t  a l . ,  1 9 7 0 ;  
B u r n s ,  1 9 7 4 . ;  R e g i s t e r  a n d  US P u b l i c  H e a l t h  S e r v i c e ,  
1 9 8 9 )  a n d  s u p p o r t  t h e  p o s s i b l e  p a t h w a y  o f  b i o t r a n s f o r -  
m a t i o n  o f  DDT i n  h u m a n  b o d y .  

One  o f  t h e  m a j o r  r o u t e  o f  e x c r e t i o n  o f  c h l o r i n a t e d  
p e s t i c i d e s  i s  t h r o u g h  f e c e s  ( G o l d  a n d  B r u n k ,  1 9 8 2 ,  
1 9 8 3  & 1 9 8 4 ;  F a w c e t t  e t  a l .  , 1 9 8 7 ) .  H o w e v e r ,  we h a v e  
n o t  a n a l y s e d  t h e  p e s t i c i d e  l e v e l  i n  f e c e s .  I n  t h i s  
s t u d y  we h a v e  f o u n d  c o n s i d e r a b l e  a m o u n t  o f  c h l o r i n a t e d  
pesticides in the urine (Table 3 and Figure I), 
thereby suggesting other route of exereation could be 
through urine which is in agreement with other studies 
(Register and US Public Health Service, 1989). 
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T a b l e  3 .  P e s t i c i d e s  l e v e l s  ( p p b )  i n  u r i n e  o f  e x p o s e d  
a n d  u n e x p o s e d  w o r k e r s  

E x p o s e d  N o r k e r s  U n e x p o s e d  N o r k e r s  

P a r a m e t e r s  H e a n  R a n g e  H e a n  R a n g e  

-BHC 0 . 8 3 4 7  
P -BHC 0 . 9 7 2 1  
fl -BHC 3 . 3 4 7 5  
T o t a l  BHC 5 . 1 5 4 4  
A l d r i n  0 . 5 7 3 3  
E n d o s u l f a n  0 . 5 4 4 1  
p p ' D D E  0 . 9 7 3 0  
p p ' D D D  0 . 0 5 9 7  
p p ' D D T  0 . 5 3 0 4  
o p ' D D T  0 . 1 0 9 5  
T o t a l  DDT 0 . 1 0 9 5  

0 . 0 2 2 - 6 , 4 7 2 8  
0 . 0 0 1 5 - 9 . 4 1 0  
0 . 0 0 - 5 2 , 8 7 5 7  
0 . 0 0 1 - 5 9 . 7 8 4 7  
0 . 0 0 - 4 . 5 8 9  
0 . 0 0 - 2 . 8 5 9 0  
0 . 0 0 - 1 2 . 2 2 1 8  
0 . 0 0 - 0 . 3 8 4 9  
0 . 0 0 - 1 3 . 4 7 9 6  
0 . 0 0 - 1 . 0 0 5  
0 . 0 0 - 1 3 . 5 1 8 0  

0 . 1 1 5 2  0 . 0 0 6 - 0 . 3 9 5  
0 . 6 7 9 8  0 , 0 0 3 - 2 . 3 8 9 5  
1 . 0 1 2 6  0 . 0 0 3 - 4 . 5 2 5  
1 . 8 0 7 8  0 . 0 3 6 7 - 5 . 2 1 9 1  
0 . 3 9 2 1  0 . 0 0 - 1 . 0 9 5  
0 . 3 2 7 6  0 . 0 0 - 2 , 0 0 5  
0 . 1 8 9 4  0 . 0 0 - 1 . 0 0 8  

ND ND 
ND ND 

0 . 1 5 9 3  0 . 0 0 - 0 . 9 8 5 2  
0 . 3 4 8 8  0 . 0 0 - 1 . 0 8 4  

6-0 

•E•5. 0 
Z 
O L..0. 
t Y  
p -  
Z 

30- 
Z 
O 
L.) 

2.0' 

! " 0 '  

0.5 �84 

~ B  D 21.8. 180 

14.l. 

DT Serum 1 o DDT Urine 10-5 t/ : Dnd0sulfan Serum 
Endosulfon Urine | 
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i ! I 
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' 10'-20 ~ <10 >20 
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Figure  2. V a r i a t i o n  of c h l o r i n a t e d  p e s t i c i d e s  in serum 
and u r i n e  with r e s p e c t  to exposure p e r i o d .  

T o t a l  BHC l e v e l  i n  t h e  u r i n e  o f  e x p o s e d  w o r k e r  w a s  
s i g n i f i c a n t l y  h i g h e r  ( p  < 0 . 0 5 )  t h a n  t h e  u n e x p o s e d  
w o r k e r s .  S i m i l a r l y ,  t o t a l  m e a n  DDT l e v e l  i n  e x p o s e d  
w o r k e r  w a s  1 . 6 3  n g / m L  w h i c h  i n  c o m p a r i s o n  t o  u n e x p o s e d  
w o r k e r s  w a s  h i g h  ( 0 . 3 5  n g / m L ) .  T h e  e x c r e t i o n  o f  
a l d r i n  a n d  e n d o s u l f a n  t h r o u g h  u r i n e  w a s  m o r e  o r  l e s s  
s i m i l a r  t o  u n e x p o s e d  v a l u e s  ( F i g u r e  1 ) .  R a t e  o f  
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e x c r e t i o n  o f  t h e s e  p e s t i c i d e ,  i n c r e a s d  w i t h  t h e  
i n c r e a s e  o f  e x p o s u r e  o f  p e s t i c i d e s .  M e t a b o l i t e s  
c o m p o s i t i o n  o f  c h l o r i n a t e d  p e s t i c i d e s  i n  u r i n e  a n d  
s e r a  o f  e x p o s e d  w o r k e r s  s u g g e s t  t h e  p o s s i b l e  m e t a b o l i c  
p a t h w a y  o f  c h l o r i n a t e d  p e s t i c i d e s  i n  h u m a n .  

T o t a l  BHC l e v e l  i n  s e r a  o f  e x p o s e d  w o r k e r s  s h o w e d  a 
g r a d u a l  i n c r e a s i n g  t r e n d  w i t h  e x p o s u r e  p e r i o d .  
F u r t h e r m o r e ,  t h e  r a t e  o f  a c c u m u l a t i o n  o f  DDT i n  
w o r k e r s ,  e x p o s e d  f o r  t w e n t y  o r  m o r e  y e a r s ,  w a s  f o u n d  
e q u a l  t o  t h e  r a t e  o f  e l i m i n a t i o n  o f  DDT t h r o u g h  u r i n e ;  
w h e r e a s  w o r k e r s  e x p o s e d  f o r  l e s s  t h a n  20 y e a r s  ( 0 - 2 0  
g r o u p )  s h o w e d  h i g h e r  a c c u m u l a t i o n  o f  DDT i n  s e r a  o f  
e x p o s e d  w o r k e r s  ( F i g u r e  2 ) .  T h e r e f o r e ,  t h e  p r e s e n t  
study i n d i c a t e s  that  the body has a capaci ty  to 
a3commodate p e s t i c i d e ,  beyond which i t  t r i e s  to remove 
through major route of exc re t ion  mechanisms l ike  u r ine  
( R e g i s t e r  a n d  U . S .  P u b l i c  H e a l t h  S e r v i c e s ,  1 9 8 9 ) .  
Thus, the findings indicate that low excretion of 
pesticides occur through the urine in comparison to 
high accumulation in the serum of the exposed subjects 
which may, possibly, be the reason for health related 
problems (Rastogi et al., 1989). 
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