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The organochlorine insecticides DDT and HCH have 
been extensively used in India in agriculture and 
public health programme (Gupta 1986). These two 
compounds account for about 77% of the total pesticides 
used for public health, out of which HCH contributes 
about 55% (Pesticide information 1984). The annual 
consumption of HCH is about 8250 metric tons. The 
use of these insecticides results in their release 
into atmosphere and aerial transport is the major 
route of contamination (Woodwell et al. 1972). 
Several studies from India have shown the occurrence 
of DDT and HCH in soil (Pillai 1986), water (Bakre 
et al. 1990), air (Kaushik et al. 1987), whole blood 
(Bhatanagar et ai.1992) and bovine milk (Battu et al. 
1989; Verma 1990). We report the occurrence of HCH 
in rain water collected from Hardwar. This insecticide 
was extensively used during "Ardh Kumbh" congregation 
(January to April 1992), an important festival of 
Hindus, in district Hardwar to control house flies 
and mosquitoes. About 6 metric tons of HCH (50% W.P.) 
was used in this congregation covering an area of 130 
sq km besides its regular use of 5.6 metric tons for 
an area of 1962 sq km in antimalaria programme during 
monsoon season (July to September). 

MATERIALS AND METHODS 

Rain water samples were collected from Bharat Heavy 
Electricals Limited (BHEL) Township, Ranipur area 
adjoining Hardwar city, during 1992 whenever rain- 
fall had occurred. All glassware were rinsed with 
acetone and dried before use. Samples were collected in 
wide mouth glass bottles equipped with 20 cm (i.d.) 
funnel. After each rainfall, water was collected, 
measured and brought to the laboratory for the 
analysis of organochlorine insecticide residues. The 
pH of rain water samples were about 6.5. 
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n-Hexane (AR grade) was used for the extraction of 
organochlorine insecticide residues from rain water. 
One litre of rain water was exracted thrice with 50 
ml n-hexane using separatory funnel. The hexane portion 
were pooled and concentrated to 5 ml by vortex evapo- 
rator. The concentrated sample was cleaned up using 
anhydrous sodium sulphate and silica column eluted 
with n-hexane : benzene (40:60). The eluant was evapo~ 
rated to dryness using vortex evaporator and kept at 4 
C till analysis. 

The samples were analysed for organochlorine 
insecticide residues on Hewlett- Packard 5890A gas 
chromatograph fitted with Ni electron capture detec- 
tor on 5% Silicone OV-17 coated on Gas Chrom Q. 
(80-100 mesh) packed glass column. Nitrogen (flow @ 120 
ml/min) was used as carrier gas with injector 210~ 
oven 190~C and detector 220~ temperatures. 

The identification of HCH residue peaks were cross 
checked on another column 5% DEGS coated on Gas Chrom 
Q. (100-120 mesh) glass column (Kaushik et al. 1987). 
Samples were also fortified with HCH isomers to confirm 
their identity. The identity of HCH residues in 
rain water was further confirmed by Gas Chromatogra- 
phy - Mass spectrometry (GCuMS) on Shimadzu 34 QP-2000 
instrument at 70 eV at 250~C using fused silica 
capillary column (0.25 mm x 50 m) ULBON (equivalent to 
ov-z). 

RESULTS AND DISCUSSION 

The percentage recoveries (mean ~ SD) of ~, B, T 
and 6 isomers of HCH and Aldrin (internal standard) 
were 93.6• 92.0• 98.2• 91.8• and 
94.2• respectively. The retention times of ~ , B 
T , 6 isomers and aldrin are 3.51, 5.74, 4.73, 6.83 
and 7.63 min. respectively on 5% OV-17 column using 
nitrogen gas (flow 120 ml/min) as carrier gas. An 
analysis of technical sample of HCH used in 
district Hardwar contained 38% of ~, 37% of T and 
24% of 6 isomers. No B isomer was detected in 
technical sample. Rain water samples were analysed for 
organochlorine insecticide residues and it was found 
that HCH isomers were present in all rain water samples 
while DDT and its metabolites were absent from all 
rain water samples from this area. GC-MS analysis of 
rain water sample showed a prominent m/e 282 molecular 
ion for HBC (hexachlorobenzene) which confirms the 
presence of HCH residue (Ryan 1976). 

Table 1 shows concentration profile of total HCH 
and its isomers determined in rain water during 
January to September 1992. Average HCH concentration 
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Month 

Table i. Concentration of HCH in rain 

HCH Concentration (~g/L) 

~-HCH ~C-HCH 6-HCH Total HCH 

January 0.036 0.030 0.047 0.113 
February 0.013 0.012 0.035 0.060 
June 0.045 0.092 0.015 0.152 
July 0.009 0.078 0.008 0.095 
August 0.022 0.010 ND 0.032 
September 0.002 0.002 0.004 0.008 

Average 0.021 0.037 0.018 0.077 

ND : Not detectable 

was 0.077 ~g/L (range 0.008 to 0.152) while average 
, ~" , and ~ isomers were OO21, 0.037 and 0.018 

~g/L respectively. No B HCH isomer was found in any 
rain water sample. The level of HCH isomers in 
rain water correspond to their proportion in technical 
HCH used. Figure 1 shows correlation of HCH with 
rainfall. It was noted that the first few showers 
contained higher HCH concentrations than subsequent 
ones and concentrations decreased when the interval 
between the two rainfall was less. Maximum HCH residues 
were found from the samples taken in the month of 
January and June. 

Total HCH consumption during 1992 was 11.6 metric 
tons for district Hardwar out of which 52% HCH was 
used to control breeding of house flies and mosquitoes 
during the "Ardh Kumbh" congregation from January to 
April 1992. The remainder was used in the antimalaria 
programme. Therefore, it is clear that maximum HCH 
residues detected in rain water during January to June 
was accounted for the use in "Ardh Kumbh" congregation 
and that observed during July to September, was mainly 
due to its use in antimalaria programme. It is worth to 
noting that the amount of HCH /sq km in Ardh Kumbh was 
many fold greater than that used in malaria con- 
trol. This resulted in higher HCH concentrations during 
January to June as compared to July to September. 
However, Agarwal et el. (1987) have reported maximum 
DDT and HCH residues in rain water samples in the 
month of September to December from Delhi and related 
it to their extensive use in antimalaria programme 
during monsoon season. Heavy rainfall in August and 
September diluted the atmospheric contamination and 
resulted lowest HCH value. 
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Figure i. Total HCH residues and rainfall in Hardwar. 

The q- HCH isomer which is effective and safe, 
contibuted 48% of the total HCH present in the rain 
water samples whereas ~ and 6 isomers which are harm 
ful due to their mammalian toxicity and not insectici- 
dal, are of the level of 52%. The HCH was sprayed onto 
surfaces, plants, building, hutments,and soil etc. 
Therefore, the residues observed in rain water result 
from volatilization from the surfaces under the high 
ambient temperatures, movement through the air and 
washing out of the aerial residues by rain. If there 
were no rain the residues would presumably stay in the 
air moving with the wind. The present study clearly 
showes that the extensive use of HCH contaminate the 
whole environment. Although small amounts have been 
found in rain water, considering the total volume 
of rain water, a large quantity of HCH is comming back 
to the ground and contaminating almost every thing on 
the earth. Moreover HCH is not very effective insecti- 
cide as it results in rapid insect resistance. There- 
fore, there is an urgent need to minimize the use of 
insecticides like HCH and adopt an alternate strategy 
that would be environmentally sound for the mosquito 
control programme (Sharma 1991). 
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