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Abstract As part of a larger study assessing contamina-

tion status of inland wetlands of India, we evaluated the

organochlorine pesticide (OCP) residues in fishes collected

from different inland wetlands in Karnataka, India and their

suitability for human consumption. Among the OCPs tes-

ted, isomers of hexachlorocyclohexane (HCH) were the

most frequently detected with b- and c-HCH as the main

pollutants. Average concentration of
P

HCH and
P

DDT

ranged from 2.1 to 51.7 lg/kg and below detection level to

12.3 lg/kg respectively. Other organochlorine pesticides

such as heptachlor epoxide, dieldrin and endosulphan were

found at lower levels. Among various fish species tested,

the higher pesticide burden was recorded in Anguilla

bicolor bicolour (77.9 lg/kg) and the lower was in

Heteropneustes fossilis (2.1 lg/kg). OCPs detected in the

present study were well below the tolerance limits rec-

ommended for fishes. The calculated daily dietary intake of

OCPs in all the species examined was lower than the

maximum acceptable dietary intake (ADI) limits pre-

scribed for human consumption. However, continuous

monitoring is recommended to facilitate the early identi-

fication of risks.

Keywords Fish � Human � Daily dietary intake �
Organochlorine pesticides � India

Organochlorine pesticides are still in use in developing

countries despite their ban in many countries due to their

associated problems of indiscriminate potency and persis-

tency. The chemical stability of these compounds, their

high lipid solubility and toxicity to human and animals

(Aulakh et al. 2006), has led government and researchers to

be concerned with their presence in the environment.

Organochlorines continue to be the potential group of

chemicals used in control of agricultural pests and vectors

of diseases like malaria (David et al. 2003), even though

many new broad spectrum pesticides have been developed

in recent years. The pesticides applied on land eventually

find their way to the aquatic environment, thus contami-

nating soil and water for several years and subsequently get

accumulated in aquatic organisms (Singh et al. 2005). The

aquatic organisms like fish are able to accumulate several

fold higher concentration of pesticide residues than the

surrounding water (Siddiqui et al. 2005). It has been found

that greater than 80% of the total intake of pesticide resi-

dues in human beings is through the food chain (Martinez

et al. 1997) and considerable amount of residues find their

way into humans through consumption of contaminated

fishes (Mwevura et al. 2002). Studies have also related the

presence of organochlorine residues in breast milk and

consumption of contaminated fish, and their role in alter-

ation of thyroid function (Hagmar et al. 2001).

India is now both the largest manufacturer and consumer

of pesticides in South Asia. Despite the proliferation of

different types of pesticides, organochlorines such as hex-

achlorocyclohexane (HCH) and DDT still account for two-

thirds of the total consumption in the country (Kumari et al.

2001) for agriculture and public health purposes respec-

tively. In India as most of the rivers pass through agricul-

tural fields, they are subjected to contamination with

different pesticides used for crop protection. Detectable
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levels of organochlorine pesticides are being reported to

occur in Indian environment and it is estimated that about

25 tonnes of organochlorines produced have been already

transported to the sea (Mohapatra and Saha 2000).

Fish are valuable source of high-grade protein and

occupy an important position in the socio-economic con-

ditions of South Asian countries. India is the third largest

producer of fish and second in inland fish production (Feroz

and Panikkar 2006) with annual production of 7.75 million

tonnes. In India there are many studies on the presence of

organochlorine residues in aquatic system; water and fishes

(Sarkar et al. 2003) freshwater fish (Kaur et al. 2008) and

marine fish (Muralidharan et al. 2009). Studies done by

Kole et al. (2001) reported the presence of endosulfan and

HCH residues in fishes sold at Calcutta market. But

information available on the dietary intake of persistent

organochlorine pesticide residues through consumption of

wetland fishes to human beings is scarce in literature. As

part of a larger study assessing contamination status of

inland wetlands of India, the present study was aimed at

assessment of OCPs in select species of fishes in inland

wetlands of Karnataka; and evaluation of the potential

exposure to human through the consumption of these

fishes. Karnataka is south western state of India which has

great potential for integration of inland wetland fishes.

Although more than 15 species reported in this state, nine

species of fish which are commonly available in all the

wetlands were chosen for the study.

Materials and Methods

During 2002–2003, 156 fishes were collected from ten

different inland wetlands (1. Tumkur Ammani Kere, 2.

Bannur Heggere, 3. Karigala Kere, 4. Cauvery river stretch,

5. Krishnaraj Sagar Reservoir, 6. Mandhakhalli Kere, 7.

Marchalli Kere, 8. Ravanduru Kere, 9. Samunder Talab and

10. Tailur Tank) in Karnataka. All samples were cleaned off

external dirt, labelled and packed in clean polythene bags,

transported on ice to the laboratory at Sálim Ali Centre for

Ornithology and Natural History, Coimbatore and stored in

deep freezer at -20�C till the dissection was carried out.

Morphometric measurements such as body length and

weight were recorded at the collection spot. The common

name, size and weight of species included in the study are

given in Table 1. Although the vital organs such as gill,

kidney and liver are sensitive to pesticide accumulation,

muscle forms the major edible portion in the fish. Therefore,

muscle tissue alone was analyzed as the objective is to

determine the dietary intake to human body.

The fish samples were thawed, cleaned in ultra pure

water, and scales sloughed off. Muscle tissue was dissected

between the pectoral fin and vent of the fish, minced into

smaller pieces and a subsample was taken from the

homogenate. About 10 g of muscle tissue was weighed,

ground with anhydrous sodium sulphate and the mixture

was packed in a thimble (Whatman) and desiccated over-

night prior to extraction. The desiccated thimble was loa-

ded and extracted in Soxhlet apparatus with 250 mL of

pesticide grade hexane (Merck) for 6 h. The extract was

condensed in a rotary flask evaporator to a specific aliquot

(5 mL). The aliquot was then subjected to acid treatment

by adding 2 ml of concentrated sulphuric acid then neu-

tralized with saturated sodium hydroxide solution. Further

the sample was cleaned by placing on a glass column

packed with silica gel (60–120 mesh) and eluted with

250 ml of hexane. The eluate was again condensed in a

rotary flask evaporator to near dryness and residues of

OCPs were reconstituted in 2 mL of hexane. Processed

samples were stored in deep freezer at -20�C till the gas

chromatography analysis.

The solvents (Merck) used were glass distilled before

use and they did not yield any interfering gas chromato-

graphic peak when concentrated from 10 mL to 100 lL.

Samples were analysed with Hewlett-Packard 5890 Series

II gas chromatograph equipped with Ni63 electron capture

detector and DB-608 fused silica capillary column

(30 m 9 0.32 mm 9 0.5 lm) coated with 35% phenyl-

methyl polysiloxane. Chromatographic conditions were as

follow: detector 300�C; injector 250�C; oven temperature

was programmed as 180�C 3 min; 4�C/min to 260�C

15 min. All the samples were analysed for alpha-hexa-

chlorocyclohexane (a-HCH), b-HCH, d-HCH, lindane

(c-HCH), heptachlor epoxide (HE), dieldrin, p,p0-DDT,

p,p0-DDE, p,p0-DDD, a-endosulfan, b-endosulfan and

endosulfan sulphate. An equivalent mixture provided by

Dr. Ehrenstorfer Laboratories (Germany) was used as the

standard. The concentrations of the individual compounds

were quantified from the peak area of the sample to that of

the corresponding external standard. Recoveries of the

compounds from fortified samples (50 ppb) ranged from 94

to 103% and the results were not corrected for percent

recovery. All the results were expressed in wet weight

basis. Analyses were run in batches of 10 samples plus four

quality controls (QCs) including one reagent blank, one

matrix blank, one QC check sample and one random

sample in duplicate. The minimum instrument detection

limit for all the compounds analysed was 1 lg/kg.

Results and Discussion

The concentrations of OCPs and their frequency of detec-

tion in the nine species of wetland fishes analyzed are

summarized in Table 2. Among the organochlorines ana-

lyzed, HCH was the most frequently detected (100%) and
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one or more derivatives of DDT were detected in 67.9% of

fishes. Among the cyclodiene pesticides, HE, total endo-

sulfan and dieldrin were detected in 41, 22.4 and 21.8% of the

samples analyzed respectively. The maximum levels of total

HCH (51.7 lg/kg) and total DDT (12.3 lg/kg) were detec-

ted in Anguilla bicolor bicolor. The present study indicates

that contamination of all fish species by one or metabolites of

HCH or DDT. As far as the total pesticide residue burden

is considered in different species, Anguilla bicolor bicolor

had the maximum levels of OCPs (77.9 lg/kg) followed by

Labeo rohita (44.5 lg/kg) and Clarias batrachus (42.1 lg/kg)

(Fig. 1). The lowest pesticide burden was detected in Hete-

ropneustes fossilis (2.1 lg/kg). Species-specific differences

and lipid content of the fishes also influence the variation in

accumulation pattern of organochlorine residues among the

species.

The concentrations of b- and c-HCH were the most

dominated among isomers of HCHs. The predominance of

occurrence of b-HCH, the most persistent form is due to the

isomerisation of a- and c-HCH into b-HCH and also due to

its high stability. Presence of high concentrations of b-HCH

has been reported in various biological components (Ku-

mari et al. 2001; Kole et al. 2001). Although the production

of technical HCH is being phased out, the annual production

of c-HCH in India increased from 40 metric tonnes in

1996–1997 to 250 metric tonnes in 1997–1998. The HCH

levels in this study higher than the concentrations reported

in freshwater fishes of Andhra Pradesh (2 lg/kg; Amaran-

eni and Pillala 2001) and Punjab (7 lg/kg; Kaur et al.

2008). Earlier study conducted by Kumari et al. (2001) also

reported high concentration of HCH in fish and food

products and possibilities of higher dietary intake of pesti-

cides through fishes. Although no major ill effects in man

have been correlated with the levels of HCH, altered thyroid

function was reported in women (Hagmar et al. 2001).

Among the metabolites p,p0-DDT, p,p0-DDE had sig-

nificantly higher burden in fishes. The high frequency of

occurrence of p,p0-DDE can be due to its past use and the

residues brought from surrounding areas. India banned

DDT for agricultural purposes in 1989, but continues to use

for malaria control. The presence of p,p0-DDT and its

metabolites in fish species indicates its recent exposure at

the minimum levels. Moreover, the conversion of p,p0-
DDT to p,p0-DDE could be due to the activity of the mixed

function oxygenase enzyme through metabolic functions.

Concentrations of p,p0-DDE found in our study are higher

with the levels reported in fishes of Ganges Estuary, Ban-

gladesh (1–2 lg/kg) (Jabber et al. 2001). Further, the total

DDT was lower than the levels reported in fishes

(72.6–1666 lg/kg) from Ganga River, India (Anupma et al.

2001) and comparable with the levels reported in fresh-

water fishes of Punjab (Kaur et al. 2008).

The cyclodiene pesticides (endosulfan, HE and dieldrin)

were found to be the minimum in all the fish. The presence

of chlorinated cyclodiene pesticide in fish is partly due to

their past use. It may be noted that endosulfan is being

widely used in India. The concentrations of endosulfan

were lower than the levels reported in Calcutta (Kole et al.

2001). These levels are also lesser than the levels that could

produce histopathological changes in exposed gills (Khare

et al. 2002). Similarly, concentrations of HE in the present

study were lower than the concentrations reported

(110 ppb) in the fishes of the Ganges Estuary, Bangladesh

(Jabber et al. 2001).

The dietary intake of organochlorine pesticides was

calculated by multiplying the pesticide concentrations

measured in each species of fish by the per capita con-

sumption. The previous study by Muralidharan et al. (2009)

reported the average per capita consumption of 47 g fishes

per day at Coimbatore, South India. In the present study,

the daily dietary intake of all the organochlorine pesticides

through consumption of these species are less than the

acceptable dietary intake (ADI) recommended by various

agencies [IARC (International Agency for Research on

Table 1 List of fish species

included in the present study
Common name Scientific name N Mean (range)

Size (cm) Weight (g)

Short-finned eel Anguilla bicolor bicolor 21 37.7 (30.0–50.5) 121.2 (70–215)

Catla Catla catla 11 27.9 (15.0–35.0) 372.7 (160–580)

Stripped snakehead Channa striatus 11 20.5 (13.9–31.0) 142.3 (40–390)

Indian major carp Cirrhinus mrigala 6 29.5 (19–37.5) 294.2 (65–500)

Walking catfish Clarias batrachus 9 25.7 (15.8–32) 175.3 (32–300)

Common carp Cyprinus carpio 22 21.0 (13–33) 191.5 (48–520)

Stinging catfish Heteropneustes fossilis 11 20.7 (16.8–26) 71.0 (29.5–230)

Rohu Labeo rohita 19 27.5 (18–45.5) 319.5 (65–1000)

Tilapia Tilapia mossambica 46 17.0 (12–24.5) 101.3 (20–215)

Total 156

Bull Environ Contam Toxicol (2010) 85:619–623 621
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Cancer) 1989; Health Canada 1996] (Table 3). The results

obtained in this study fishes were also lower than the rec-

ommended tolerance limits (HCHs 1 mg/kg; total DDT

(p,p0-DDT, p,p0-DDD and p,p0-DDE) 1 mg/kg) of the

Ministry of Health, Government of India (Mohindru 2005).

More importantly, in comparison to earlier reports in India

the present levels of the contaminants are lower which

indicate the gradual phase out of these compounds.

Although the varying levels of organochlorine pesticide

residues detected in fishes in the current investigation are

indicative of widespread occurrence in the environment,

they do not appear to be harmful to human. In India,

although studies on the levels of organic contaminants in

fishes are carried out they are sporadic and not oriented

towards assessing the impact on human health. Unfortu-

nately, chemicals like DDT are still being used in India for

specific purposes although banned for agriculture. Hence,T
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Fig. 1 Total organochlorine pesticide residues (mean and SE lg/kg,

wet wt.) in fishes collected from different inland wetlands in

Karnataka, India

Table 3 Comparison of calculated dietary intake concentration of

organochlorine pesticides with the acceptable dietary intake (ADI)

levels stipulated by various statutory agencies

Organochlorine

pesticides

The average calculated

dietary intake concentration

through consumption of

fishes in the present study

(lg/person/day)

Allowable limits by

various statutory

agencies

(lg/person/day)

P
HCH 0.61 18a

HE 0.21 –
P

Endosulfan 0.15 450b

Dieldrin 0.13 6a

P
DDT 0.27 300b

a Health Canada (1996)
b IARC (International Agency for Research on Cancer 1989)
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regular monitoring of persistent chemicals is recom-

mended. This study indicates that a large-scale investiga-

tion of OCP residues in different organisms in the food

chain should be launched in order to adequately evaluate

the potential health risk to humans.
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