
Bull. Environ. Contam. Toxicol. (1992) 48:302-307 
�9 1992 Springer-Vedag New York Inc. iS n v i r o n r n e r C a l  

Conlcaminar162  
~and Toxicology 

Levels of Organochlorine Insecticides in Human Blood 
from Ahmedabad (Rural), India 

V. K. Bhatnagar, J. S. Patel, M R. Variya, K. Venkaiah, M. P. Shah, and 
S. K. Kashyap 

National Institute of Occupational Health, Meghani Nagar, Ahmedabad-380016, 
Gujarat, India 

Assessmen t  of human e x p o s u r e  to p e r s i s t e n t  o r g a n o c h l o r i n e  
i n s e c t i c i d e s  (OCI) t h r o u g h  b i o l o g i c a l  moni to r ing  o f f e r s  a 
p ro found  c r i t e r i a  to e v a l u a t e  t he  magni tude  of p o t e n t i a l  h e a l t h  
r i s k ,  i f  a n y ,  due to use of t h e s e  c h e m i c a l s .  Res idues  of t h e s e  
c h e m i c a l s  e s p e c i a l l y  DDT and HCH h a v e  been i d e n t i f i e d  and 
r e v i e w e d  in man and h i s  env i ronmen t  f rom d i f f e r e n t  p a r t s  of the  
w o r l d  (Hayes  1982; Jensen  1983) ,  h o w e v e r ,  b y  c o m p a r i s o n  v e r y  
h i g h  l e v e l s  of DDT and i t s  m e t a b o l i t e s  h a v e  been r e p o r t e d  in 
human b o d y  f a t ,  b l o o d  and m i l k  s a m p l e s  in Ind i a  ( K a p h a l i a  and 
Se th  1983; Ramachandran  e t  a l .  1984; Zaid i  e t  a l .  1989) .  Since 
t h e r e  i s  a d e f i n i t e  r e l a t i o n s h i p  be tween  the  amount of DDT and 
i t s  r e s i d u e s  in b lood  and t h o s e  p r e s e n t  in human fa t  d e p o t ,  
b lood  can be  e a s i l y  be  used  f o r  a s s e s s i n g  the  t o t a l  b o d y  bu rden  
of p e r s i s t e n t  OCI in v a r i o u s  p o p u l a t i o n s  (Brown and Chow 1975).  
In v i ew  of f r a g m e n t a r y  r e p o r t s  on the  l e v e l s  of DDT and HCH in 
human b lood  s a m p l e s  f rom Ind i a  w h i c h  c a t e g o r i c a l l y  p e r t a i n  t o  
the  gene ra l  p o p u l a t i o n  of u rban  a r e a s  l i k e  Delhi  (Agarwal  e t  a l .  
1976; Ramachandran  e t  a l .  1984) and Lucknow ( K a p h a l i a  and Se th  
1983),  we a t t e m p t e d  to p r o v i d e  a d a t a b a s e  on r e s i d u e s  of DDT 
and HCH inc lud ing  o t h e r  c y c l o d i e n e  compounds ,  e . g .  h e p t a c h l o r ,  
h e p t a c h l o r  e p o x i d e ,  a l d r i n ,  o x y c h l o r d a n e ,  HCB and d i e l d r i n  in 
b l o o d  s a m p l e s  c o l l e c t e d  f rom gene ra l  popu la t i on  of Ahmedabad  
( r u r a l )  a r e a .  

MATERIALS AND METHODS 

DDT and i t s  m e t a b o l i t e s  ( p p ' - D D T ,  o p ' - D D T ,  p p ' - D D E ,  p p ' -  
DDD), HCH (o<-HCH, /~-HCH, • - H C H ) ,  h e p t a c h l o r ,  h e p t a c h l o r  
e p o x i d e ,  a l d r i n ,  o x y c h l o r d a n e ,  HCB and d i e l d r i n  we re  o b t a i n e d  
as g i f t  f rom U . S . E . P . A . ,  A n a l y t i c a l  C h e m i s t r y  Branch ,  R e s e a r c h  
T r i ang le  P a r k ,  N.C.  27711, U.S .A.  All s o l v e n t s  of a n a l y t i c a l  
g r a d e  were  p r e d i s t i l l e d  and c h e c k e d  fo r  any p e s t i c i d e  
con tamina t ion .  G l a s s w a r e s  used  in t he  s t u d y  were  f r e e  f rom 
r e s i d u e  con tamina t ion .  

Blood s a m p l e s  (4-6 mL) f rom 31 male h e a l t h y  s u b j e c t s  of 
Ahmedabad  ( r u r a l )  a r e a  du r ing  1989-90 were  c o l l e c t e d  b y  
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v e n i p u n c t u r e  and t h e  se rum was s e p a r a t e d .  Serum s a m p l e s  w e r e  
s t o r e d  a t  4~ un t i l  a n a l y s i s .  T h e s e  s u b j e c t s  aged  be tween  18-57 
y r  (mean 28.38 y r ) ,  we re  not o c c u p a t i o n a l l y  e x p o s e d  to 
o r g a n o c h l o r i n e  i n s e c t i c i d e s .  Blood se rum (0 .5  mL) was e x t r a c t e d  
w i t h  6 mL hexane  in round  bo t t om  tube  f o r  2 h r  on s low  s p e e d  
r o t a t i n g  mach ine  a c c o r d i n g  to t h e  p r o c e d u r e  as d e s c r i b e d  b y  
Dale e t  a l .  (1966) �9 5 mL a l i q u o t  of hexane  l a y e r  was 
q u a n t i t a t i v e l y  t r a n s f e r r e d  to an e v a p o r a t i v e  c o n c e n t r a t o r  tube  to 
w h i c h  was a f f i x e d  m o d i f i e d  m i c r o - s n y d e r  co lumn.  The  e x t r a c t  
was c o n c e n t r a t e d  in a w a t e r b a t h  and the  f i na l  volume was 
a d j u s t e d  to c o r r e s p o n d  to t he  e x p e c t e d  concen t r a t i on  of t h e  
p e s t i c i d e  r e s i d u e .  

A s u i t a b l e  a l i q u o t  was i n j e c t e d  into  Ga~ C h r o m a t o g r a p h  (GC, 
P e r k i n  E lmer  8700 ) e q u i p p e d  w i t h  - ~ N i  e l e c t r o n  c a p t u r e  
d e t e c t o r .  The  a s s a y  cond i t i ons  we re :  P e r k i n  E l m e r ,  VIT s i l i c a  
c a p i l l a r y  column conta in ing  25 QCZ/OV 1701, l e n g t h - 2 5 m ,  i d -  
0.2ram; c a r r i e r  ga s ,  a r g o n / m e t h a n e  (90 /10 /  at  15 PSIG; i n j ec t i on  
p o r t  t e m p  220~ d e t e c t o r  t e m p  275~ column temp 215~ c h a r t  
s p e e d ,  2 c m / m i n .  Q u a n t i t a t i v e  a n a l y s i s  of t h e s e  c h e m i c a l s  were  
e f f e c t e d  b y  c o m p a r i n g  t h e  p e a k  h e i g h t  / a r e a  of unknown 
c o n c e n t r a t i o n  to t h a t  of e x t e r n a l  s t a n d a r d s  of known 
concen t r a t i on  (Gaul  1966) .  The minimum d e t e c t i o n  l i m i t s  fo r  HGB, 

WHOH, ~ ' -HCH,  h e p t a c h l o r ,  a l d r i n ,  /5 -HGH, o x y c h l o r d a n e ,  
h e p t a c h l o r  e p o x i d e ,  p p ' - D D E ,  d i e l d r i n ,  o p ' - D D T ,  p p ' - D D D  and 
p p ' - D D T  a c c o r d i n g  to r e s p e c t i v e  r e t e n t i o n  t ime  were  0 .5 ,  1 .25 ,  
1 .75 ,  2 . 0 ,  1 .8 ,  10 .0 ,  2 .8 ,  3 .0 ,  5 .0 ,  6 .8 ,  16 .0 ,  8.0 and 60.0  
pg /uL  r e s p e c t i v e l y .  

RESULTS AND DISCUSSION 

S t a n d a r d  c h r o m a t o g r a m  w i t h  ma jo r  p e a k s  of d i f f e r e n t  OGI as  p e r  
t h e i r  r e t e n t i o n  t ime  i s  shown in F igu re  1. T h i r t y o n e  se rum 
s a m p l e s  w e r e  a n a l y s e d  b y  GC f o r  OCI and the  r e s u l t s  a r e  shown 
in T a b l e  1. Serum l e v e l  of p p ' - D D E ,  o p ' - D D T ,  p p ' - D D D  and 
p p ' - D D T  r a n g e d  f rom 8 .642-137 .263 ,  0 -3 .254 ,  0 -3 .134  and 0- 
27.84 ; lglL w i t h  a mean of 37 .25,  0 .335,  1.33 and 8.828 pglL 
r e s p e c t i v e l y .  H o w e v e r ,  t he  t o t a l  DDT ( e q u i v a l e n t  sum of p p ' -  
DDE, o p ' - D D T ,  p p ' - D D D  and p p ' - D D T )  content  in se rum s a m p l e s  
had  a mean of 47.745 p g / L  in r ange  of 10 .348-164.209 ~ g / L .  
p p ' - D D E  was the  ma jo r  m e t a b o l i t e  and i t  a lone c o n t r i b u t e d  abou t  
78% of t o t a l  DDT. All se rum s a m p l e s  were  con t amina t ed  b y  HCH 
( e q u i v a l e n t  sum of c(-HCH, 2/-HCH, /~-HGH) w i t h  an a v e r a g e  of 
147.935 ~g /L  w h i c h  r a n g e d  f rom 34 .664-231 .474  p g / L .  The  d a t a  
on t o t a l  DDT and HCH is  l o w e r  than  e a r l i e r  r e p o r t s  f rom D e l h i ' s  
p o p u l a t i o n  (Agarwal  e t  a l .  1976; Ramachandran  e t  a l .  19841 but  
c o m p a r a b l e  to t he  d a t a  on L u c k n o w ' s  p o p u l a t i o n  ( K a p h a l i a  and 
Seth  1983) and o t h e r  c o u n t r i e s  (Hayes  1975) .  T h i s  cou ld  be  
e x p l a i n e d  e i t h e r  as a d e s c e n d i n g  t r e n d  in t he  b i o - a c c u m u l a t i o n  
of DDT and HCH in t he  b o d y  or  migh t  be  a r e g i o n a l  v a r i a t i o n .  

T h i r t y  se rum s a m p l e s  we re  con t amina t ed  b y  h e p t a c h l o r  w h i c h  
r a n g e d  f rom 0-1 .936  p g / L  w i t h  an a v e r a g e  of 0.819 ~ g / L .  
H e p t a c h l o r  i s  r e a d i l y  a b s o r b e d  v i a  a l l  r o u t e s  of e x p o s u r e  and 
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Figure I. Standard chromatogram with major peaks of different 
OCl as per their retention time. Perkin Elmer VIT 
silica capillary column containing 25 QCZ/OV I?01, 
length-25 m, id-0.2 ram; carrier gas, argon/methane 
(90/10) at 15 PSIG; injection port temp, 220~ 
detector temp, 275~ column temp, 215~ chart 
speed, 2 cm/min. 

i s  m e t a b o l i z e d  to  h e p t a c h l o r  e p o x i d e  b y  m a m m a l s  ( H a y e s  1 9 8 2 ) .  
H e p t a c h l o r  e p o x i d e  was  no t  d e t e c t e d  in  t h e s e  s a m p l e s .  
F u r t h e r m o r e ,  t h e r e  i s  l i m i t e d  i n f o r m a t i o n  a v a i l a b l e  on b l o o d  
l e v e l s  of  h e p t a c h l o r  e p o x i d e ,  b u t  i t  h a s  b e e n  c o n f i r m e d  t h a t  
l e v e l s  in  b l o o d  a r e  s e v e r a l  o r d e r s  of  m a g n i t u d e  l o w e r  t h a n  
t h o s e  f o u n d  in a d i p o s e  t i s s u e s  (WHO 1984a ) .  

Oxychlordane was detected in all serum samples ranging from 
0.6?2-2.52 pg/L with a mean of 1.465 pg/L. It is the common 
metabolite derived from both ~,- and )/-chlordane via the 
intermediate 1,2-dichlorochlordene (WHO 1984b). Occurrence of 
this compound in blood samples may reflect previous exposure 
to chlordane and/or oxychlordane. HCB was not detected in 
these samples. 

Aldrin was identified in 16 serum samples in range of 0-0.813 
~g/L having an average of 0.2 pg/L. Twentynine serum samples 
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Table I. Organochlorine insecticides in human serum samples 
(~g/L) 

Compounds No* Range Median Mean-+SE 

pp'-DDE 31 8. 642-I 37.263 29.404 37.250+4.553 

op' -DDT 5 0-3.254 0 0 �9 335-+0.157 

pp'-DDD 30 0-3.134 1.149 1.330-+0.118 

pp'-DDT 27 0-27.840 6.720 8.828-+1.341 

Total DDT 31 10.348-164.209 38.875 47.745-+5.541 

HCH 31 34.664-231.474 149.366 147.935+7.898 

Heptachlor 30 0-I .936 0.735 0.819+0.072 

Heptachlor- 
epoxide ND@ 

Oxychlor- 31 0.672-2.520 1.406 1.465+0.088 
dane 

HCB ND@ 

Aldrin 16 0-0.813 0.145 0.200-+0.045 

Dieldrin 29 0-3.730 2.176 2.152-+0.165 

Total OCI 31 58.348-321.429 206.380 200.318-+10.215 

* Number of positive samples; N f)@ - Not detected. 

showed  a mean of 2.152 pglL of d i e l d r i n  ( r ange  0 -3 .73  p g / L ) .  
Ald r in  i s  r e a d i l y  m e t a b o l i s e d  to d i e l d r i n  in p l a n t s  and an ima l s  
t h e r e f o r e  l e s s  s e rum s a m p l e s  s h o w e d  a l d r i n  (WHO 1989) .  T h e r e  
a r e  s c a n t y  r e p o r t s  on a l d r i n  be ing  p r e s e n t  in human b l o o d ,  
p l a c e n t a ,  a d i p o s e  t i s s u e  and o t h e r  t i s s u e s  ( F e r n i c o l a  and 
Azevedo  1982; Mossing e t  a l .  1985) .  Our f i nd ings  on d i e l d r i n  
l e v e l  a r e  s l i g h t l y  h i g h e r  than  o t h e r  r e p o r t s  f rom U.S .A .  in 
w h i c h  mean se rum concen t r a t i on  of d i e l d r i n  r anged  f rom 0 . 5 - 1 . 4 6  
~glL (WHO 1989).  

Remarkably the total OCI content in all serum samples showed 
an average of 200.318 Mg/L with a range of 58.348-321.329 Mg/L. 
Amongst these chemicals, HCH and DDT were the chief 
contaminants and their order of persistency was HCH DDT 
dieldrin oxychlordane heptachlor aldrin. The concentration in 
serum samples ranged from a low of 0.2 ~glL for aldrin to a 
high of 147.935 pg/L for HCH. In fact, we could not observe 
any age-dependent trend on the accumulation of these chemicals, 
however, the factors that may influence the storage and bio- 
accumulation of these chemicals are compound intensity, 
efficiency of absorption, species, sex, nutritional status and 
integrity of organs (Hayes 1982). 

The mean l e v e l  of e a c h  con taminan t  in our  s t u d y  i s  a p p r o x i -  
m a t e l y  equa l  to t h e i r  r e s p e c t i v e  median  w h i c h  i m p l i e s  t h a t  t h e  
da t a  fo l lows  a no rma l  d i s t r i b u t i o n .  The  f r e q u e n c y  d i s t r i b u t i o n  
of t o t a l  OCI (,.<100, 101-150,  151-200,  201-250,  251-300 and ~300  
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pg/L are 2, 3, 9, 11, 5 and 1 r e s p e c t i v e l y )  appears  to be bel l  
shaped which also suppor ts  the normal i ty .  

The toxicological implications on the present level of these 
contaminants during this study could not be assessed very 
precisely as the sample size is small and the calculation of 
percentile values of each contaminant cannot be applicable for 
general population which requires a large sample size, however, 
it serves a profound standpoint of diagnostic values for 
epidemiological work in this area. Food chain is the main 
source of OCI residues in the human body. Their levels in 
various food commodities and dietry intake from different parts 
of India have well been reviewed (Dikshith, 1978; Kaphalia et 
al. 1985). However, the judicious use of these chemicals is 
warranted and preventive measures should be adopted to reduce 
the existing body burden. 
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