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Organochlorine insecticides, the use of which has been 
severely curtailed in the western countries, are sri11 
used extensively in several developing nations in 
agriculture as well as vector control programs. In 
India, current consumption of technical BHC (mixed 
stereoisomers of 1,2,3,4,5,6 hexachlorocyclohexane) 
and DDT is approximately 36 and 14 million kilograms 
per year, respectively. Out of this, about 15% of BHC 
and 85% of DDT use is for indoor spraying of rural 
dwellings for mosquito control at the rates of 
technical BHC equivalent to 0.2g ~ isomer m-2 thrice 
a year or lg DDT m-2 twice a year. However, the role 
of such intensive intradomicillary usage of these 
persistent compounds towards the contamination of 
stored food and feed is yet virtually unknown (Farvar 
1 9 7 9 ) .  

In India, Punjab state is the major producer and 
supplier of wheat in the country. Though BHC and DDT 
are hot recommended For use on wheat crop or stored 
grains at any stage, monitoring studies conducted in 
this region have shown widespread occurrence of BHC 
and DDT residues in wheat grain and flour at levels 
generally less than I mg kg-1 (Joia et al. 1978; Kalra 
et ai. 1986). Such levels of residues are too low to 
result from admixture of the insecticides with the 
grains to get protection against storage pests and 
could be arising from routes other than direct 
treatment. So this study was carried out to 
investigate the possible role of public health usage 
of insecticides towards the conta mination of wheat 
grains and straw. 

MATERIALS AND METHODS 

Two adjoining districts of Punjab state of India riz. 
5angrur which is sprayed with BHC under malaria control 
Send reprint requests to P.P.Singh at the above address 
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IEA SPRAYED WITH DDT 
~R MALARIA CONTROL 
~EA SPRAYED WlTH BHC 
)R MALARIA CON]'ROL 

Figure I. Location of the sampling sites. 

program, and L u d h J a n a  where DDT is u s e d  for this 
purpose, were chosen for this study (Figure I). At 
three intervals, twenty wheat grain samples, having no 
history of direct insectiiide use, were collected 
randomly from fields or houses of the villages 
belonging to each district (Table I). At harvest time, 
samples were taken from fields while wheat crop was 
being harvested. During later samplings, wheat grains 
stored in houses for home consumption were obtained. 
The enquiries revealed that selected houses had been 
treated with insecticides under malaria contro] 
program in varying manners. While there had been 
complete coverage or some dwellings, others were 
partially or not treated with the insecticides during 
the sampling year. Simi]arly mode of storing wheat 
grains also ranged from stocking in metal bins to 
storage in gunny bags or even as uncovered heaps. 

The samples were ground, extracted with acetonitrile: 
water (2:1, v/v), partitioned into n-hexane and 
cleaned up by treatment with concentrated sulphuric 
acid (Singh and Chawla 1982). The residues were 
estimated on Packard Becker GLC Model 417 fitted with 
tritium source electron capture detector and glass 
column (lm x 2mm i.d.) packed with 1.5Z or - 
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17+1.95% OV 210 on Gas Chrom Q. The iden™ of 
residues were confirmed by micro-alkali derivaLizaLion 
(EPA 1980). The recoveries deLermined by fortifying 
low background samples wiLh compounds of inLeresL 
were greaLer Lhan 80% and residue levels reporLed 
have noL been correcLed for recovery. 

In addition 20 samples of wheat sLraw of crop 
harvesLed in April, 1985 were also collecLed from 
rural houses of each disLricL during April, 1986. 
The residues were esLimaLed by Lhe meLhod described 
as above for wheaL grains. 

RESULTS AND DISCUSSION 

AIl Lhe 120 samples of wheaL grains collecLed from BHC 
as well as DDT sprayed disLricLs conLained residues of 
boLh Lhese insecLicides. The nature and amounts of 
various compounds comprising LoLal BHC and LoLal DDT 
are given in Table I. AL harvesL Lime, wheaL grains 
from BHC and DDT sprayed dreas had similar low levels 
of Lhese residues. As Lhere had been no direcL use of 
Lhese chemicals in Lhe wheaL fields, Lhis represenLs 
background conLaminaLion due Lo ubiquiLousness of 
t h e s e  compounds .  Cha lwa and K a l r a  ( 1 9 8 3 )  h a i e  a l s o  
o b s e r v e d  LhaL l e v e l s  o f  0 . 0 4  mg kg-1  BHC and 0 . 0 3  mg 
kg-1  DDT in  wheaL g r a i n s  c o u l d  r e s u l L  f rom 
e n v i r o n m e n L a l  c o n L a m i n a L i o n .  

AL Lhe Lime of second and Lhird samplings made aller 
8 and 12 monLhs of sLorage of wheaL in rural houses, 
median BHC residues in grains from BHC sprayed 
disLricL were 10 and 14 Limes higher Lhan in Lhe 
corresponding samples from DDT sprayed villages 
(Table 2). Simi~arly, median levels of DDT residues 
round in samples from DDT sprayed disLricL were 
greaLer than Lhose in samples from BHC sprayed area 
by factors of 2 and 16. During Lhis Lime BHC leve]s 
in samples from DDT sprayed disLricL and DDT ]eve]s 
in samples from BHC sprayed disLricL remained similar 
Lo b a c k g r o u n d  l e v e l s  o b s e r v e d  aL h a r v e s L  L ime.  

Therefore, Lhis sLudy reveals a relaLionship beLween 
in™ use of BHC and DDT for malaria 
contro] and conLaminaLion of wheaL grains sLored in 
Lreated houses. As iL has been reported LhaL 
processing of wheaL flour inLo chapaLis (loaves) does 
noL lead Lo lowering of BHC and DDT residue leve]s 
(Chawla et al. 1979), Lhere is a possibiliLy of 
subsLanLial dieLary intake of Lhese insecLicide 
residues by consumpLion of wheaL conLaminaLed aL 
leve]s encounLered in Lhis sLudy. 
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Table 3. Residues of BHC and DDT (mg kg -I) in 
samples of wheat straw stored in 
premises treated with these insecticides 
for mosquito control. 

Insecticide BHC sprayed area DDT sprayed area 
residue Mean• Median Mean• Median 

(Range) (Range) 

~-BHC 0.11• 0.05 0.02~0.02 0.01 
(0.01-1.00) (0.01-0.09) 

~-BHC 0.07• 0.06 0.01~0.01 Trace 
(Trace-O.31) (Trace-O.05) 

-BHC 0.05• 0.03 0.01• 0.01 
(0.01-0.33) (Trace-O.04) 

cs 0.01• 0.01 0.01• 0.01 
(Trace-O.06) (Trace-O.05) 

T o t a l  BHC 0.24• 0.13 0.05• 0.03 
(0.02• (0.02-0.18) 

o,p'-DDT 0.01• Trace 0.20• 0.10 
(Trace-O.08) (ND-I.80) 

p,p'-DDE 0.01• 0.01 0.07• 0.03 
(Trace-O.07) (ND-0.67) 

p,p'-TDE Trace ND 0.09• 0.04 
(ND-O.02) (ND-0.42) 

p ,p ' -DDT  0.04• 0.03 0.99• 0.26 
(Trace-O.13) (0.05-8.05) 

T o t a l  DDT 0.06e0.07 0.03 1.35• 0.46 
(Trace-O.28) (0.05-10.94) 

ND = NotDetec ted  ( l e s s  than 0.005 mg kg4 ) ;  Trace = 
between 0.005 and 0.009 mg k g - l .  

The analysis of 40 wheat straw samples also showed the 
presence of BHC and DDT residues in all the samples 
(Table 3). The straw from BHC sprayed area had about 
4 rimes higher BHC residues (median value 0.13 mg kg-l) 
as compared to samples from DDT sprayed area (median 
value 0.03 mg kg-l). In contrast, DDT residues in 
straw from DDT sprayed area were 15 times higher than 
those in samples from BHC sprayed area. The mean 
environmental contamination leve]s of freshly harvested 
wheat straw in the region of this study have been 
reported fo be 0.060 mg kg-1 BHC and 0.048 mg kg -1 DDT 
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(Chawla and Kalra 1983), which are similar to residue 
levels observed in this study for straw samples from 
areas treated with contrary insecticides for mosquito 
control (Table 3). Thus the higher level of residues 
of an insecticide in straw samples from the area where 
that insecticide had been used for malaria control 
indieates the role of public health usage of insectici- 
des towards the contamination of wheat straw. As this 
commodity is used as cattle feed, insecticide residues 
in straw are likely to get bioconcentrated and there- 
fore might be contributing to the high levels of BHC 
and DDT residues observed in milk and milk products 
of this region (Kalra et al 1983). 

Mosquito control programs are generally evaluated in 
terms of malaria control and public health. As the 
present study reveals that BHC and DDT use in houses 
for vector control can lead to considerable intake of 
their residues via contamination of the stored wheat 
and straw, it seems imperative that the assessment of 
malaria control programs should also be made in terms 
of their insecticide residue implications. Moreover, 
there is also a need for investigations to define 
precisely the mechanism of contamination of food and 
feed stored in premises sprayed with insecticides. 
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