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ABSTRACT

Present study assess the presence of endosulfan and other pesticide residues in 33 surface soil samples (1-

15 cm) of 17 wards of Enmakaje Panchayath, Kasaragod, Kerala. Various physicochemical parameters

such as moisture content, pH, organic carbon, available phosphate and Kjeldahl nitrogen were determined

using standard procedures.  Soil samples were generally acidic in nature. Moisture content varied from 2 to

20%. Organic content varied from 1 to 10%. Kjeldahl nitrogen varied from 69 mg/Kg to 1500 mg/Kg.

Available phosphorus in the soil was in the range from 44 mg/Kg to 18 mg/Kg. Out of the 33 samples

collected, 18 samples were analyzed based on the chance of exposure to pesticides. Endosulfan residues

were detected in all the samples. Both the isomers of endosulfan (alpha, beta) and its major metabolite

endosulfate were detected at different locations. The concentration of alpha endosulfan ranged from 0.04

µg/mg to 3.8 µg/mg, beta endosulfan from 0.0006 µg/mg to 5.2 µg/mg and endosulfate from 0.03 µg/mg to

2.5 µg/mg. The study reveals that endosulfan residues still persist in the Enmakajae Panchayath which was

one of the sites where endosulfan was sprayed on plantation crops. The presence of endosulfate in the soil

also indicates that the endosulfan isomers have undergone biodegradation.
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INTRODUCTION

Endosulfan is a pesticide belonging to the organochlorine

group of pesticides, under the Cyclodiene subgroup and

belongs to the class of organochlorine insecticides. It was

introduced in 1950 and emerged as a leading chemical used

against a broad spectrum of insects and mites in agriculture

and allied sectors (Harikrishnan & Usha 2004). Endosulfan

is a broad spectrum contact insecticide and acaricide

registered for use on a wide variety of vegetables, fruits,

cereal grains, and cotton, as well as ornamental shrubs, trees,

vines, and ornamentals in agriculture. Commercially it is

available in two different formulations- 35% EC and wettable

powder in the name of endosulfan, Thiodan, Thionex,

Endosan, Farmoz, Nufarmetc. Chemically endosulfan

(1,2,3,4,7,7 hexachlorobicyclo- 2,2,1-heptene–2,3-

bishydroxy  methane-5,6-sulfite) is a mixture of stereo

isomers  of α and β endosulfan in the ratio 7:3. Physically it

is a cream to brown coloured solid that may appear crystalline

or in flakes. It has a distinct odour similar to turpentine. Its

water solubility is 0.33 mg/L and hence its half-life is more

than hundred years. Harikumar et al. (2014) reported the

persistence of  endosulfan in selected areas of Kasargod

district, Kerala. The persistence of organochlorine pesticides

in different environmental matrices is a matter of concern as

the complete environmental fate of these chemicals is still an

unexplored field.

The cashew plantation estate owned by the Plantation

Corporation of Kerala lies in almost fifteen panchayaths of

Kasargod district. In order to resists the attack of tea

mosquitoes; the Plantation Corporation Kerala began to spray

endosulfan from 1980 onwards. The people living in these

areas are affected by physical and genetical problems. The

disease seems to be uniform in nature in almost all these

villages. The spraying of endosulfan is banned from 2000

onwards by the influence of organizations, media, research

groups etc. Enmakaje panchayath is the worst affected area

according to recent studies. Hence, the present study has

been initiated in Enmakaje panchayath.

STUDY AREA

Enmakajegrama panchayath is situated in Manjesharam block

in Kasargod district, Kerala state with geographical

coordinates 12.6450N and 75.10840E. The grama

panchayath consists of 17 wards with an area of 3468

hectares. The total population of this panchayath is 12,697.
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MATERIALS AND METHODS

Water samples were collected from 17 wards of

Enmakajegrama panchayath. They are Saya, Charvakad,

Balamoole, Kattukukke, Shivagiri, Swarga, Vani Nagar,

Kanjampady, Perla-East, Perla-West, Badrampalla,

Bampathaadka, Gunaje, Cheni, Enmakaje, Bajakudlu,

Adkathala.

Collection of Soil Samples

A ‘V’ shaped cut to a depth of 15 cm was made at each

sampling spot. About 1-5 cm thick slices of soil from top to

bottom of exposed face of the ‘V’ shaped cut was removed

and placed in a clean polythene bag. The collected soil

samples were meticulously mixed and foreign materials were

removed. The soil samples were further processed as per

Jayashree and Vasudevan (2007a).

Physiochemical Characterization of Soil

The soil samples were analysed for basic soil characteristics:

organic carbon by Walkley and Black method (Walkley &

Black 1934), total nitrogen by Kjeldahl method (Bremner

& Mulvaney 1982), total phosphorus by stannous chloride

method (Chopra & Kanwar 1982, Jackson 1958),

potassium by using flame photometer (Stanford 1949), pH,

moisture content, soil texture (Chopra & Kanwar 1982).

Extraction of Pesticides from Soil

Air dried soil sample (1g) was extracted with 50 mL of hexane

acetone (80:20) in a conical flask in an orbital shaker for 1h

and extracted sample was purified according to Greeshma

and Vasudevan (2016).  The pesticides in the extracted

sample was then quantified by using a Gas Chromatograph

(Themofisher Scientific -Trace GC- 1000, Trace GC- 600).

RESULTS AND DISCUSSION

Physico-chemical characteristics of the soil

The soil collected from different wards of the Enmakaje

panchayath was of sandy clay loam in texture. The pH was

generally acidic in nature and it was in the range of 4 to 5.

Moisture content varied from 2 to 20 %. Higher moisture

content in some samples can be attributed to the fall of rainy

season during the sampling period. Organic content varied

from 1 to 10% (Fig. 1). The high organic content in some

samples can be due to the organic contaminants in the soil.

Kjeldahl nitrogen varied from 69 mg/Kg to 1500 mg/Kg.

Higher nitrogen content indicated inorganic nutrient load in

the soil. Available phosphorus in the soil was in the range 18

mg/Kg to 44 mg/Kg (Fig. 2). Variation in the physiochemical

parameters of soil samples can be attributed to the land use

pattern and fertility of the soil.

Fig. 1. Physico-chemical characteristics of soil samples S22

to S33

Fig. 2. Available phosphorus in the soil samples.

Endosulfan and other pesticide residues in soil

Soil samples collected from different locations of Enmakaje

Panchayath showed the presence of different types of

pesticides along with endosulfan. Many banned pesticides

other than endosulfan were also present in the soil sample.

Among the 33 samples collected, 18 samples were analyzed

based on the chance of exposure to pesticides. Endosulfan



 ENDOSULFAN AND OTHER PESTICIDE RESIDUES IN SOIL 97

residues were detected in soil samples collected from Saya,

Shivagiri, Swarga, Kajampadi, Bajakudalu, Adkasthala,

Balamoole, Bampathadka, Gunaje, and Perla-West. Both

the isomers of endosulfan alpha, beta and its major metabolite

endosulfate were detected among these different locations.

The concentration of alpha endosulfan ranged from 0.04 µg/

mg to 3.8 µg/mg, beta endosulfan from 0.0006 µg/mg to 5.2

µg/mg and endosulfate from 0.03 µg/mg to 2.5 µg/mg (Table

1).  The study revealed that endosulfan residues still persist

in the Enmakajae Panchayath which was one of the places

where endosulfan was sprayed. The presence of endosulfate

in the soil also indicates that the endosulfan isomers have

undergone biodegradation. Endosulfate is the major and most

persistent metabolite of endosulfan in he soil. The study also

revealed presence of other persistent pesticides like DDT,

DDE and BHC in the soil samples (Table 2). GC analysis

showed presence of peak of high response which can be

other persistent pesticides in soil. The other pesticides

reported in the study need to be confirmed by latest technique

it need still to be confirmed with standards.

Residues of the organochlorine pesticides contamination

reported in the present study were previously reported in

soil of many villages in Thiruvallur district in an earlier study

of this Centre (Jayashree and Vasudevan 2007b,c, Greeshma

and Vasudevan 2016). The present study establishes the

presence of endosulfan residues in the soils from

Enmakajegrama panchayath, Kerala which may be due to

the extensive use of this pesticide over these years owing to

the ban of many organochlorine pesticides like DDT, Lindane,

HCH etc. Residues of organochlorine pesticides reported in

the present study were also detected in soil and sediments

of many agriculture dependent States in India and other

neighbouring countries (Puneeta et al. 2011, Singh 2001,

Kumari et al. 2007, Prakash et al. 2004, Kaushik et al. 2008,

Syed et al. 2013, Malik et al. 2011). Higher concentration

of endosulfan in the surface soil can be attributed to the fresh

usage of this pesticide whereas the endosulfan residues in

the subsurface layer may be due to the persistence and

leaching of this pesticide to subsurface layer.

Table 1. Concentration of endosulfan isomers and interme-

diates in different soil samples

Sample Location Concentration µg/mg 

Endosulfan 
I 

Endosulfan 
II 

Endosulfate 

Soil-1 Saya 0.53 BDL BDL 
Soil-4 Balamoole BDL 3.95 1.3 

Soil-5 Balamoole BDL 0.02 0.12 
Soil-7 Shivagiri 0.23 BDL BDL 

Soil-8 Swarga 0.12 5.20 BDL 

Soil-9 Swarga 0.071 0.51 0.13 
Soil-10 Swarga 0.60 BDL 0.22 

Soil-11 Swarga 0.96 BDL 2.55 

Soil-12 Swarga BDL 0.03 BDL 

Soil-14 Kajampadi 0.04 0.07 BDL 

Soil-15 Kajampadi 1.52 BDL BDL 

Soil-19 Perla-West 0.06 0.002 0.30 

Soil-21 Bampathadka BDL 0.41 BDL 

Soil-23 Gunaje 1.78 2.80 BDL 

Soil-28 Bajakudalu 0.65 BDL 0.04 

Soil-29 Bajakudalu 0.013 0.31 BDL 

Soil-31 Adkasthala 3.81 1.14 1.94 

Soil-32 Adkasthala 0.03 0.45 BDL 

Soil-33 Adkasthala BDL BDL BDL 

BDL= Below detectable limit

Table 2. Other pesticides detected in the soil samples.

Sample Location Other Pesticides 

BHC Chlordane 

Isomers 

DDE DDT 

Soil-1 Saya  BDL   
Soil-4 Balamoole  BDL   
Soil-5 Balamoole  BDL  BDL 

Soil-7 Shivagiri  BDL  BDL 

Soil-8 Swarga  BDL  BDL 

Soil-9 Swarga  BDL  BDL 

Soil-10 Swarga  BDL  BDL 

Soil-11 Swarga  BDL  BDL 

Soil-12 Swarga  BDL  BDL 

Soil-14 Kajampadi  BDL  BDL 

Soil-15 Kajampadi  BDL  BDL 

Soil-19 Per la-West  BDL   
Soil-21 Bampathadka  BDL   
Soil-23 Gunaje  BDL   
Soil-28 Bajakudalu  BDL  BDL 

Soil-29 Bajakudalu  BDL  BDL 

Soil-31 Adkasthala  BDL  BDL 

Soil-32 Adkasthala  BDL   
Soil-33 Adkasthala  BDL  BDL 

Greeshma and Vasudevan (2016) reported the presence of

α endosulfan and β endosulfan in the surface and subsurface

soil of Pakkam village, Thiruvallur district, Tamil nadu, India.
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The concentration of α and β endosulfan ranged from 1.42

to 3.4 mg/g and 1.28 to 3.1 mg/g in the surface soil, 0.6-1.4

mg/g and 0.3 to 0.6mg/g in sub surface soil (15 to 30 cm )

and 0.9 to 1.5mg/g and 0.34 to 1.3 mg/g in the sub surface

soil (30 to 40 cm) respectively. The study also reported

residues of endosulfan, HCH, α BHC, OP DDE, etc. In the

present study the concentration of endosulfan isomers were;

alpha endosulfan ranged from 0.04 µg/mg to 3.8 µg/mg, beta

endosulfan from 0.0006 µg/mg to 5.2 µg/mg and endosulfate

from 0.03 µg/mg to 2.5 µg/mg. The study proved that the

half-life of endosulfan degradation is higher in soil because

of less solubility.

Harikumar et al. (2014) also reported the persistence of

endosulfan in the selected areas of Kasargod district, Kerala.

The persistence of organochlorine pesticides in different

environmental matrices is a matter of concern as the complete

environmental fate of these chemicals is still an unexplored

field. They reported that out of 13 soil samples, endosulfan

was detected in 5 samples during the second phase and during

the third phase it was detected in 3 samples. Endosulfan

was detected in 2 soil samples from Panathadi and Muliyar

panchayaths during the fourth phase.The present study

carried out in the Enmakaje Panchayath of Kasargod also

supports their findings and confirms that endosulfan residues

still persist in the soil of Kasargod district, Kerala.

Among the three forms of endosulfan residues percent

distribution of alpha endosulfan was maximum at Balamole

and Shivagiri where only alpha endosulfan was reported (Fig.

3). Perla West also recorded maximum percent distribution

of alpha endosulfan of which beta endosulfan was 10% and

in all other samples alpha endosulfan distribution was very

less. In all other locations, percent distribution of beta

endosulfan was high contributing to 50% of the residues.

Endosulfate was high at Bampathadka and some minor

percent of endosulfate was recorded at Shivagiri, Kajampadi

and Adkasthala. Presence of endosulfate indicate natural

attenuation of endosulfan by means of microbes. Even though

percentage of alpha endosulfan in commercial endosulfan is

higher, the distribution of isomers at different location reveals

occurrence of higher concentration of beta endosulfan which

show its persistence in the environment.

Fig. 3. Distribution of endosulfan isomers and endosulfate

at different study locations

According to the USEPA (2002) half-live of endosulfan in

acidic to neutral soils range from one to two months for -

endosulfan and from three to nine months for -endosulfan

under aerobic conditions. Dissipation rates observed in the

field studies, which capture a combination of degradation,

transport and uptake, suggest that endosulfan will persist in

the surface soil for weeks to months after application. The

estimated half-lives for the combined toxic residues

(endosulfan plus endosulfan sulfate) ranged from roughly 9

months to 6 years. However, the rates of disintegration in

tropical climates have been much faster. Chowdhury et al.

(2007) observed half-life of 4.4–5.0 days in soil. Jia et al.

(2008) reviewed half-lives of endosulfan in soils at

temperatures varying from 20C to 40C and pH 5.5–8.5.

According to them, half-lives of -endosulfan and -

endosulfan varied from 12 to 187 days. There is also a report

on the half-life of -endosulfan extending up to 800 days

under unspecified temperature. Ntow et al. (2007) reported

98.7% disintegration of endosulfan residues for 112 days

after spraying in Ghana. Castro et al. (2002) reported half-

life of -endosulfan and -endosulfan in the soils of Spain

as 21-22 days and 34-73 days respectively. According to

Becker et al. (2011) half-life for - endosulfan, -endosulfan

and endosulfan sulphate ranges from 5 to 115 days, 15 to

376 days and 60 to 240 days respectively.
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CONCLUSION

It can be concluded from the present study that endosulfan

residues still persist in the soil of Kasargod. The study also

supports that half-life of degradation of endosulfan in soil is

high. Further extension study is needed to confirm the residues

of endosulfan in the soil with more replicates of sample from

the study area.
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