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E x p o s u r e  to p e s t i c i d e s  in the  r ecen t  y e a r s  has  i n c r e a s e d  mani -  
fo ld  due to t h e i r ,  i n t ense  a p p l i c a t i o n  and as such  the  r i s k s  of 
o c c u p a t i o n a l  h a z a r d s  h a v e  a l so  m u l t i p l i e d  t r e m e n d o u s l y .  I n t e r e s -  
t i n g l y  the  g r e a t e r  p a r t  of the  da ta  r e g a r d i n g  the  e f f e c t  of 
p e s t i c i d e s  c o n c e n t r a t e d  on a q u a t i c  o r g a n i s m s  ( R e d d y  and Rao, 
1989 ), b i r d s  ( P e r r y ,  1990 ) and o t h e r  l a b o r a t o r y  mammals 
( D i k s h i t h  et  a l . ,  1978) .  C o m p a r a t i v e l y  t h e r e  a r e  few hema to -  
l o g i c a l ,  b i o c h e m i c a l  or  r i s k  a s s e s s m e n t  s t u d i e s  of p e s t i c i d e  on 
e x p o s e d  human be ings  (WHO, 1986; Ingermann ,  1989; Nair et a l . ,  
1992) .  Most of t h e s e  e n v i r o n m e n t a l  h a z a r d  s t u d i e s  wh ich  h a v e  
been done on human be ings ,  dea l  wi th  r e s i d u e  l e v e l s  of p e s t i -  
c i d e s  e i t h e r  in b l o o d ,  serum or  a d i p o s e  t i s s u e  fo l lowing  occu -  
pa t iona l  o r  a c c i d e n t a l  e x p o s u r e s .  As f a c t o r y  w o r k e r s  who work 
in p e s t i c i d e  p l an t s  w h e r e  p e s t i c i d e s  of d i f f e r e n t  na tu re  a r e  
m a n u f a c t u r e d ,  f o r m u l a t e d  or  p a c k e d ,  run a g r e a t  r i s k  of d i r e c t  
e x p o s u r e ,  a s s e s s m e n t  of t h e i r  o c c u p a t i o n a l  r i s k s  i n v o l v i n g  the  
damage to h e m a t o l o g i c a l  or  b i o c h e m i c a l  f a c t o r s  is of paramount  
i m p o r t a n c e .  

The p r e s e n t  s t u d y  was u n d e r t a k e n  to e x p l o r e  the  e f f e c t s  of 
p e s t i c i d e s  on the  h e m a t o l o g i c a l  r e s p o n s e s  of w o r k e r s  e x p o s e d  l o t  
v a r y i n g  d u r a t i o n s  in one of the  f a c t o r i e s  of Bhopa l  whe re  
o r g a n o c h l o r i n e  and o r g a n o p h o s p h o r u s  p e s t i c i d e s  a r e  manufac tu red  
and f o r m u l a t e d  on a v e r y  l a r g e  s c a l e .  N e e d l e s s  to s a y ,  p r i v a t e  
c h e m i c a l  f a c t o r i e s  in d e v e l o p i n g  c o u n t r i e s  h a v e  poor  work ing  
c o n d i t i o n s  and if  e n v i r o n m e n t a l  l e g i s l a t i o n s  and laws a r e  fo l l owed  
they are only on paper. Bhopal gas disaster is a living 
example of the extent of precautions followed in factories. It 
must be ment ioned tha t  in the  p a s t  w h a t e v e r  h e m a t o l o g i c a l  
s t u d i e s  h a v e  been done ,  p a r t i c u l a r l y  on the  human s u b j e c t s  
e x p o s e d  a c c i d e n t a l l y  or  o c c u p a t i o n a l l y  to p e s t i c i d e s  the  r e s u l t s  
a r e  at  v a r i a n c e .  Davlgnon et a l .  (1965) r e p o r t e d  tha t  t h e r e  was 
no change  in r ed  b lood  c e l l s  and hemog lob in  c o n c e n t r a t i o n  a f t e r  
p e s t i c i d e  exposu re ,  whereas Namba et a l .  (1971),  Sand i fe r  et at .  
(1972) and Morgan and Ltn (1978) r e p o r t e d  s i g n i f i c a n t l y  l o w e r e d  
v a l u e s  va lue s  of hemog lob in  in w o r k e r s  fo l lowing  p e s t i c i d e  
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e x p o s u r e .  S i m i l a r l y  Desi  et a l .  (1986) a l so  r e p o r t e d  some 
changes  in h e m a t o l o g i c a l  f a c t o r s  of p e s t i c i d e  e x p o s e d  w o r k e r s ,  
h o w e v e r ,  a l l  such  s t u d i e s  r e g a r d i n g  the  e f f e c t s  of p e s t i c i d e  
e x p o s u r e  on f a c t o r y  w o r k e r s  a r e  of European  c o u n t r i e s  and 
r e p o r t s  on the  s t a t u s  of  Ind ian  p e s t i c i d e  f a c t o r y  w o r k e r s  a r e  
want ing ,  who work in more r i g o r o u s  e n v i r o n m e n t a l  c o n d i t i o n s  and 
h a v e  c o m p a r a t i v e  low s o c i o - e c o n o m i c  and h e a l t h  s t a t u s .  

MA'FF.RIAL AND METHODS 

The p r e s e n t  s t u d y  was c o n d u c t e d  in one of the  major  p e s t i c i d e  
manufac tu r ing  and fo rmu la t i ng  f a c t o r i e s  of B h o p a l ,  w h e r e  the  
work ing  c o n d i t i o n s  were  c o n s i d e r a b l y  s u b s t a n d a r d  and the  
w o r k e r s  d id  not use  m a s k s ,  g l o v e s ,  gumboots  o r  any p r o t e c t i v e  
a p p a r e l .  I t  was o b s e r v e d  t h a t  t h e y  w o r k e d  in s t u f f y  rooms 
w i thou t  p r o p e r  v e n t i l a t i o n ,  and on ly  t i ed  a c l o t h  a round  t h e i r  
mouth ,  work ing  on an a v e r a g e  fo r  10 to 12 h o u r s  in hot  and 
humid  c o n d i t i o n s .  The t e m p e r a t u r e  of  t h e i r  work ing  p l a c e  
r anged  from 24-40~  The p r o d u c t s  manu fac tu r ed  by  the  f a c t o r y  
were  benzene  h e x a c h l o r i d e ,  m a l a t h i o n ,  p a r a t h i o n  and c a r b a r y l .  
The w o r k e r s  h a n d l e d  the  p e s t i c i d e s  by  way of manual mixing and 
p a c k i n g  them in p l a s t i c  bags  and a l so  s t a c k i n g  the  p e s t i c i d e  
bags  for  l o a d i n g .  Almost  a l l  the  w o r k e r s  were  e x p o s e d  to the  
p e s t i c i d e s  t h r o u g h  sk in  as well  as  by  i n h a l a t i o n .  Af t e r  t h e i r  
work  v e r y  few p e s t i c i d e  w o r k e r s  (10-15%) used  to t ake  s h o w e r  
and change  t h e i r  c l o t h e s ,  w h e r e a s  o t h e r s  used  to change  t h e i r  
c l o t h e s  a f t e r  3-4 d a y s .  I n fo rm a t ion  r e g a r d i n g  the  c o n c e n t r a t i o n  
of p e s t i c i d e s  in a i r  o r  on s k i n  could  not be o b t a i n e d .  A to ta l  
number  of 41 human s u b j e c t s  were  s t u d i e d  for  a p e r i o d  of two 
y e a r s .  The s u b j e c t s  were  s t u d i e d  a f t e r  t h r e e ,  s i x  and nine to 
t w e l v e  months  of p e s t i c i d e  e x p o s u r e .  A g roup  c o m p r i s i n g  e l e v e n  
w o r k e r s  who l e f t  t h e i r  job  were  a l so  s t u d i e d  as w i t h d r a w a l  
g r o u p .  All  the  w o r k e r s  were  males  and r anged  be tween  25-40 
y e a r s  of age and be longed  to low income g r o u p .  The s u b j e c t s  in 
each group were compared w i t h  an e x t e r n a l  group of cont ro l  
sub jec ts  of the same age and socio-economic status having no 
p rev ious  h i s t o r y  of occupat iona l  contact w i t h  p e s t i c i d e s .  

Var ious b lood samples from a l l  the sub jec ts ,  exposed as we l l  as 
con t ro l s ,  were taken in v i a l s  conta in ing d r i e d  e thy lene  d iamine 
te t ra  acet ic  ac id  as ant icoagulant  and brought  to l a b o r a t o r y  fo r  
ana lyz ing  the hemoglob in  (Hb ) ,  to ta l  leucocy te  count ( T L C ) ,  
d i f f e r e n t i a l  l eucocy te  count (DLC) and e r y t h r o c y t e  sed imenta t ion  
ra te  (ESR). The equipment  used fo r  es t imat ion  was SEAC compu- 
t e r l s o d  a n a l y s e r  (Miles  Ind ia  L t d . ) .  Tota l  whi te  b lood  ce l l  
count was done us ing  WBC d i l u t i n g  f lu id  and the  enumera t ion  was 
done us ing Neubauer  count ing c h a m b e r .  DLC was done us ing 
L e i s h m a n ' s  s t a i n e d  b lood  f i lms  whi l e  ESR was measured  us ing  
Wes te rng reeu  .tot h o d .  

RESULTS AND DISCUSSION 

Fig.  1 shows the changes in l eve l s  of Hb and ESR in the f ac to r y  
wo rke rs  occupa t i ona l l y  exposed to o rganoch lo r ine  and organophos-  
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p h o r u s  p e s t i c i d e s  along wi th  well  ma tched  con t ro l  human s u b j e c t s  
wi thou t  any p e s t i c i d e  e x p o s u r e .  In the  3 months e x p o s e d  
w o r k e r s  i t  was o b s e r v e d  tha t  t h e r e  was a s i g n i f i c a n t  d e c r e a s e  in 
the  a v e r a g e  Hb v a l u e s ,  the  l e v e l  d e c r e a s e d  from a con t ro l  va lue  
of 15.9 g / d l  to 12.46 g / d l  (F ig .  1 ) .  The 6 and 9-12 months  
e x p o s e d  g r o u p s  a l so  e x h i b i t e d  c o n s i d e r a b l e  l ower  va lues  of Hb 
from tha t  of u n e x p o s e d  c o n t r o l s ,  the  d e v i a t i o n  being 26.64 and 
34.4% r e s p e c t i v e l y .  Thus t h e r e  was a c l e a r  cut e x p o s u r e  d e p e n -  
dent  d e c r e a s e  of Hb va lue s  in the  p e s t i c i d e s  e x p o s e d  f a c t o r y  
w o r k e r s  wh ich  was s t a t i s t i c a l l y  significant (P< 0.001). 

ESR was a l so  found to be s i g n i f i c a n t l y  a f f e c t e d ,  t he  r e s p o n s e  
i n c r e a s i n g  e x p o s u r e  d e p e n d e n t l y  being minimum in the  3 months  
e x p o s e d  group  and maximum in the  9-12 months  g r o u p .  P e r c e n -  
t a g e w i s e  the  3 months  e x p o s e d  g roup  e x h i b i t e d  an i n c r e a s e  of 
21.424 from the  c o n t r o l s ,  w h e r e a s  the  6 and 9-12 months  p e s t i -  
c i d e  e x p o s e d  g roups  r e g i s t e r e d  f u r t h e r  e l e v a t i o n  in the  ESR 
v a l u e s .  P e r c e n t a g e w i s e  the  i n c r e a s e  being 109.74 and 217.24 
r e s p e c t i v e l y  (P < 0 . 0 0 1 ) .  I n t e r e s t i n g l y ,  s t u d i e s  of Hb and ESR 
from w i t h d r a w a l  g roup  i n d i c a t e d  tha t  w i th in  3 months  of the  
c e s s a t i o n  of e x p o s u r e ,  ESR va lues  in a l l  the  f a c t o r y  w o r k e r s  
became normal  w h e r e a s  Hb l e v e l s  f e l l  s l i g h t l y  s h o r t  to tha t  of 
normal  and were  found to be qu i t e  s i m i l a r  to t ha t  of 3 months  
e x p o s e d  g roup  ( F i g .  I h 2; P <  0 . 0 0 1 ) .  

Ano the r  i m p o r t a n t  h e m a t o l o g i c a l  f a c t o r  TLC was a l so  s e r i o u s l y  
a f f e c t e d  by  the  p e s t i c i d e  e x p o s u r e  in a lmos t  a l l  t he  g roups  of 
w o r k e r s  s t u d i e d .  In the  3 months  e x p o s e d  w o r k e r s ,  TLC i n c r e a -  
sed  by  15.664 w h e r e a s  in the  6 and 9 to 12 months  g roup  the  
p e r c e n t w i s e  i n c r e a s e  was 30.294 and 44.24 r e s p e c t i v e l y  (F ig .  4 ) .  
DLC of the  o c c u p a t i o n a l l y  e x p o s e d  w o r k e r s  a l so  e x h i b i t e d  s i g n i -  
f i can t  d e v i a t i o n s  from the  normal  v a l u e s ,  t he  changes  being non-  
s p e c i f i c .  The p e r c e n t a g e s  of p o l y m o r p h  and e o s i n o p h i l  were  
found to be m a r k e d l y  e l e v a t e d  in a lmos t  a l l  the  t h r e e  e x p o s e d  
g r o u p s  from con t ro l  v a l u e s .  P e r c e n t a g e w i s e  the  i n c r e a s e  in 
p o l y m o r p h  was found to be 3.144 a f t e r  t h r e e  months  e x p o s u r e ,  
15.6& a f t e r  s ix  months  and 37.364 in 9 to 12 months  e x p o s e d  
g r o u p ,  e o s i n o p h i l s  s h o w e d  an e l e v a t i o n  of 5.104 in the  g roup  
s t u d i e d  a f t e r  t h r e e  months  of e x p o s u r e ,  87.1696 in s ix  months  
e x p o s e d  g roup  and the  maximum e x p o s e d  g roup  showed  an e l e v a -  
t ion of 110.24~ (F ig .  3, 5 ) .  

On the  o t h e r  hand  l y m p h o c y t e s  d e c r e a s e d  in a l l  t he  t h r e e  d i f f e -  
r e n t l y  e x p o s e d  g r o u p s ,  t he  p e r c e n t a g e  of l y m p h o c y t e s  in t h r e e  
months  e x p o s e d  g roup  dec reased  f rom c o n t r o l  v a l u e s  of  41.26& • 
0 .9402 to 38.654 + t . 3 3 8 8  in  the  e x p o s e d  human s u b j e c t s ,  e x h i -  
b i t i n g  a deviation of 6.444. In the six and nine to twelve 
months  e x p o s u r e  g roups  the  l y m p h o c y t e  pe rcen tage  f u r t h e r  
s lmwod  a f a l l  of 29.48'b and 66.'72'~ r e s p e c t i v e l y  ( F i g .  6 ) .  The 
pe rcen tages  of  b a s o p h i t s  and monocy tes  were  found  to be u n a f f e -  
c ted  in a l l  the  t h r e e  g r o u p s .  A n a l y s i s  of b lood  from w o r k e r s  
who had  le f t  t h e i r  j o b s  f u r t h e r  c o n f i r m e d  the  fac t  t ha t  the  
p e s t i c i d e  e x p o s u r e  i nduced  d e v i a t i o n s  in h e m a t o l o g i c a l  p a r a m e t e r s  
was t ime r e l a t e d  and c e s s a t i o n  of e x p o s u r e  or  i t s  w i t h d r a w a l  
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resulted tn achtevtn8 normal levels of hematolostcaI factors 
within three months. 

It has been argued that environmental levels of pesticides may 
not reflect the amount ln8ested, Inhaled or absorbed, while 
blood samples show only specif ic time levels {Davis, t980). In 
contrast to the ear l ier  reports of Davtsnon et al. (1965} and 
Christopher (t969) who reported that pesticide exposure Is 
without any hematotostcal effects In human betn8s, in the pre- 
sent study a slsntficant reversible decrease in hemoslobtn levels 
resulted In response to duration dependent pesticide exposure. 

The results of the present study are h ish ly  stsniftcant In 
relation .to the fact that few such studies have been conducted 
o n  Indian subjects which have quite dif ferent 8eo8raphical, 
racial and socto-economtc status. The only detailed study 
carr ied on Indian factory workers is of Bhatnasar [1980) who 
reported a s imi lar  decrease In hemoglobin levels in human 
subjects exposed to mixture of orsanochloctnee and or8anophos- 
phocus pesticides. These workers found that hemoslobin values 
decreased from a control level of 14.48 • 0.75 to t l . 0  • 3.05 
(P �9 0.001) In male workers. In the present study also the 
decrease is s ta t is t ica l ly  st8nlftcant, however, i t  is much 8reater 
than that reported by Bhatnasar [1980). The present ftndlnss 
also corroborate those of Horsan and Ltn (1978] and Des1 et al. 
{1986) who have reported that followln 8 pesticide exposure, Hb 
levels decrease s lsnl f lcant ly .  
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In the  p r e s e n t  s t u d y  ESR of human f a c t o r y  w o r k e r s  e x p o s e d  to 
mixed  o r g a n o c h l o r i n e  and o r g a n o p h o s p h o r u s  p e s t i c i d e s  s h o w e d  
m a r k e d  i n c r e a s e  ranging  from 21.42 to 21796.  This  i n c r e a s e  in 
ESR was found to be d i r e c t l y  p r o p o r t i o n a l  to d u r a t i o n  of e x p o -  
s u r e  and the  v a l u e s  r e t u r n e d  to normal  a f t e r  c e s s a t i o n  of p e s t i -  
c i d e  e x p o s u r e .  It  may be ment ioned tha t  t h i s  is the  f i r s t  
r e p o r t  i n d i c a t i n g  the  i n c r e a s e  in ESR on e x p o s u r e  to p e s t i c i d e s  
as  t h e r e  a r e  no s t u d i e s  r e p o r t e d  in the  l i t e r a t u r e .  These  da t a  
are h i g h l y  s i gn i f i can t  in re la t i on  to hea l th  and dlaoase cond i -  
thnls,  as nny Inc;ron,qo In I]SI{ Is a lways  associated w l th  tuber -  
cu los is ,  rheumat ic  f e v e r ,  myocard ia l  i n fa rc t i on  and o ther  i n f l a -  
mmatory and a r t h r i t i c  cond i t ions .  Thus the present data show 
that  the tremendous increase in ESR is a mat ter  of ser ious 
concern in human subjects  work ing in the pes t i c i de  f ac to r i es .  
Even a s h o r t  e x p o s u r e  of t h r e e  months  d u r a t i o n  had  i n c r e a s e d  
the  ESR by 21.4296, w h e r e a s  the  i n c r e a s e  was 217. 296 in the  
m a x i m a l l y  e x p o s e d  g r o u p .  

In the  p r e s e n t  s t u d y ,  an i m p o r t a n t  component  of h e m a t o l o g i c a l  
f a c t o r s  was to ta l  and d i f f e r e n t i a l  wh i t e  ce l l  coun t ing .  The da ta  
c l e a r l y  d e m o n s t r a t e  t h a t  WBC i n c r e a s e d  be tween  15.56~ being 
minimum in the  t h r e e  months  e x p o s e d  group  and maximum in one 
y e a r  e x p o s e d  f a c t o r y  w o r k e r s .  The i n c r e a s e  in to ta l  WBC in a l l  
t he  t h r e e  e x p o s e d  g r o u p s  of v a r y i n g  d u r a t i o n s  is  s i m i l a r  to tha t  
repor ted  by Sandi fer  e t a l .  (1972) who found that  WBC e leva ted  
s i 8 n i f i c a n t l y  in 120 workers  exposed to pes t i c i de  for  a per iod  
averaging twe l ve  yea rs .  S i m i l a r l y  Namba et a t .  (1971) found 
that  in moderate or severe  poisoning cases of organophosphate 
pes t i c i des  l eucocy tos i s  occurred w i th  a WBC count of upto 20,000 
pe r  cu mm wittl an i n c r e a s e d  number  of n e u t r o p h i l s .  In the  
p r e s e n t  s t u d y ,  d i s t i n c t  l e u c o c y t o s i s  has  o c c u r r e d  in a l l  the  
t h r e e  g r o u p s  wi th  s i g n i f i c a n t  d e v i a t i o n  in the  wh i t e  ce l l  count .  
The da ta  of the  p r e s e n t  s t u d y  r e g a r d i n g  the  d i f f e r e n t i a l  wh i t e  
ce l l  count r e v e a l e d  tha t  maximum e l e v a t i o n  o c c u r r e d  in e o s i n o -  
phils (110.2496) followed by polymorphs (37.36~), whereas the 
lymphocytes decreased by 66.72~ in the group exposed for 
maximum period (Fig. 3,5,6). While the monocyte and basophil 
p e r c e n t a g e s  were  u n a f f e c t e d .  These  da ta  a r e  a l so  s u p p o r t e d  
by  the  o b s e r v a t i o n s  of Namba et a l .  (1971) who r e p o r t e d  tha t  
t h e r e  is a n e u t r o p h i l  i n c r e a s e  fo l l owed  by  d e c r e a s e  in l y m p h o -  
c y t e s  and monocy te s  in m o d e r a t e  or  s e v e r e  o r g a n o p h o s p h a t e  
p e s t i c i d e  po i son ing  c a s e s .  Morgan and Lin (1978) a l so  s u s p e c t e d  
h e m a t o x i c  e f f e c t s  in human s u b j e c t s  e x p o s e d  to mixed  p e s t i c i d e s  
w i th  p o s i t i v e  c o r r e l a t i o n  be tween  p e s t i c i d e s  and WBC count.  The 
data of the present s tudy  regard ing the s i gn i f i can t  e leva t ion  of 
WUC and s t a t i s t i c a l l y  s i gn i f i can t  v a r i a t i o n s  in d i f f e r e n t i a l  count 
are also suppor ted by the recent f ind ings  of Desi et a l .  (1986) 
who found green  house  w o r k e r s ,  who were  engaged in s p r a y i n g  
p e s t i c i d e s  had  t h e i r  l y m p h o c y t e s  i n c r e a s e d  s i g n i f i c a n t l y .  S imi -  
l a r l y  Ingermann (1989) r e p o r t e d  tha t  e x p o s u r e  of human r ed  
b lood  c e l l s  to ~ e s t i c i d e s  r e s u l t s  in h e m o l y s i s  and the  membrane  
t r a n s p o r t  is a f f e c t e d  c o n s i d e r a b l y .  Thus it may be c o n c l u d e d  
tha t  in the  f a c t o r y  w o r k e r s  e x p o s e d  to p e s t i c i d e s  t h e r e  a r e  
s i g n i f i c a n t  h e m a t o x i c  changes  w h i c h  need  to be f u r t h e r  e l u c i d a t e d  
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in d i f f e r e n t  g e o g r a p h i c a l  and s o c i o - e c o n o m i c  g roups  so t h a t  
s e r i o u s  a f t e r  e f f e c t s  of p e s t i c i d e  con tamina t ion  may be moni to red  
and e l i m i n a t e d .  
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