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EXECUTIVE SUMMARY 

Pesticides are substances used for vector and pest control. Their 

application in agriculture enabled increased crop yields to satisfy the 

increasing food demands all over the world. On the other hand, wide 

application of pesticides unscientifically for agricultural and domestic purpose 

has raised serious public concern regarding the environmental effects and 

food safety. Many pesticides, particularly the organochlorine group are 

persistent in the environment. Hence the methods supportive for the removal 

of persistent pesticides from contaminated water and soil are significant.   

Monitoring of pesticide residues is essential to assess the extent of pollution 

and to implement suitable remedial measures. 

 Extraction and analysis of pesticide residues were carried out 

following standard methods. The standards and selected samples analysed 

using gas chromatograph with electron capture detector (GC- ECD) were also 

compared qualitatively using gas chromatograph with mass spectrometer 

(GC-MS) for confirmation. Standards were also analysed quantitatively using 

GC MS. 

  A study was conducted in Kasaragod district, where cases of endosulphan 

problem were reported. Water, soil and sediment samples were collected from 

eleven Panchayats of Kasaragod district during five different phases to assess 

the persistence of endosulphan.  The sampling was carried out following 

standard protocols. The concentration of endosulphan residues in water 

samples collected from the fifteen sites were found to be below detection limit 

in all the three phases of sampling. In addition to the 15 samples, seven new 

sites were identified where there was a chance of endosulphan persistence and 

hence water samples were collected from these sites and analysed during 

second and third phases of study. Endosulphan was detected only in two 

samples out of seven water samples analysed during the second phase of 
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sampling. Endosulphan was found to be completely degraded in all the 

samples analysed during the third phase. Eight sediment samples were 

collected and analysed during three phases of study. Among the eight 

samples, endosulphan detected in samples with sample codes MUL 3, KAL 6, 

KAR 3, KAR 4 and BEL 3 during the first phase was completely degraded 

during the second phase. The endosulphan detected in sample KAL 1 was 

degraded only by 25% during second phase but was found to be completely 

degraded during the analysis in third phase. In addition to the eight samples, 

six additional sediment samples were analysed during second and third phases 

of study. Out of 14 sediment samples, endosulphan was detected in seven 

samples during second phase of sampling. The results of analysis of 14 

sediment samples during the third phase showed that the concentration was 

below detection limit in all the samples. Eight soil samples were collected and 

analyzed during three phases of study. The endosulphan present in soil 

samples with codes KAL 5, BEL 2 and BAD 4 degraded completely during 

second phase. The maximum concentration of endosulphan detected in Pullur 

Periya (PER 4) was degraded to 89% during second phase and complete 

degradation was found during third phase analysis. In the sample PAN 1 rate 

of degradation was found to be low; only 56% degradation during the second 

phase and 67% degradation was found during third phase. In addition to the 

eight samples, five additional soil samples were analyzed during second and 

third phases of study. Out of 13 soil samples, endosulphan was detected in 

five samples during the second phase and during the third phase; endosulphan 

was detected in three samples. During the fourth phase, only small 

concentration of endosulphan was detected in two soil samples collected from 

Panathadi and Muliyar Panchayats. The concentration of endosulphan 

decreased during each phase of study. Fifth phase of the study revealed that, 

no endosulphan residue was detected at Panathadi and Muliyar Panchayats. 

The   endosulphan residues in the sediment and soil samples of selected areas 
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of Kasaragod district were found to be persistent for a maximum period of 

1.5-2 years from the beginning of this study. 

 The degradation of organochlorine pesticides especially endosulphan 

was carried out by various biotic and abiotic methods.  

A photocatalytic reactor with TiO2 photocatalyst entrapped calcium 

alginate beads was used to study the degradation of endosulphan. The 

nonionic synthetic surfactant, Tween 80 was utilized to recover endosulphan 

from the soil at the initial stage before passing through the reactor.  Within 24 

hours, 1 g/L Tween 80 recovered 83.89% ± 1.22% of endosulphan from the 

soil and the recovered endosulphan was subjected to photocatalytic 

degradation. The efficiency of the photocatalytic reactor was increased by 

modifying the reactor by using Fe doped- TiO2 nanoparticles as the 

photocatalyst. Based on the study, a pathway was suggested in which 

endosulphan was converted to endosulphan diol. 

Phytoremediation promises effective and inexpensive cleanup of 

hazardous waste sites contaminated with pesticides.The potential of aquatic 

plant species Salvinia molesta, and the terrestrial plant species, Spinacia 

oleracea and Solanum lycopersicum, to remove endosulphan from 

contaminated water and soil respectively were studied. Salvinia molesta 

proved to be effective for the remediation of endosulphan from contaminated 

water. Within 30 days of observation; a percentage removal of 98% (with an 

initial concentration of 123 μg/L endosulphan) was obtained with Salvinia 

molesta species. Among the selected terrestrial plant species, Solanum 

lycopersicum proved more effective than Spinacia oleracea. Within 21 days 

complete removal of pesticide (with an initial concentration of 140 μg/Kg 

endosulphan) occurred in the soil in which phytoremediation was done with 

Solanum lycopersicum while Spinacia oleracea took about 28 days for 

complete removal of endosulphan. Isomers of endosulphan (endosulphan 
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alpha and endosulphan-beta) and also endosulphan sulphate were detected 

during the analysis of the samples.  

Nano- phytoremediation was employed to investigate the capability of 

combined effect of phytoremediation and nanoscale zero valent iron (nZVI) 

for the removal of endosulphan from contaminated soil. Among the different 

plants screened for the nano phyoremediation experiments, Chittaratha 

(Alpinia calcarata) was found to be very effective for the remediation of 

endosulphan and were transplanted to the pots containing soil artificially 

spiked with endosulphan and nZVI. The nano-phytoremediation method 

completely removed endosulphan (initial concentration: 1139.84±0.93) from 

artificially spiked soil within one month. Only a small amount of endosulphan 

was found to be hyper accumulated in different parts of plant species since 

nano zero valent iron particles promoted reductive dechlorination of 

endosulphan and this is the major advantage of nano-phytoremedation.  

Bioremediation an effective, environmental friendly technology was 

utilised to study the degradation of organochlorine pesticides. Single and 

mixed bacterial cultures which consisted of Delftia tsuruhatensis and Bacillus 

thuringiensis were used. Results proved that mixed bacterial culture was more 

efficient to completely degrade the test solution containing organochlorine 

pesticides. Uninoculated test solution was maintained as control in order to 

compare the difference in degradation of mixed organochlorine pesticides. 

Mixed bacterial culture also proved effective in the experimental studies for 

the complete removal of organochlorine pesticides from soil. 

Bioremediation of endosulphan was studied using two bacterial 

species: Pseudomonas and Bacillus isolated from the soil. Pseudomonas 

species degraded 98.02% ± 0.18% (initial concentration: 119.48 ± 0.53 μg/L) 

endosulphan after 14 days of incubation. Bacillus species degraded only 50 ± 

0.08% and uninoculated controls retained >50% of the substrate. The results 
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of monitoring of endosulphan residues using Pseudomonas species revealed 

that complete degradation of endosulphan occurred within a period of 16 days 

.The study was continued using isolated Pseudomonas fluorescens to find out 

the pathway for degradation and also to develop a basic design of a bioreactor 

for remediation of endosulphan. 

The degradation of endosulphan by freely suspended and calcium-

alginate entrapped Pseudomonas fluorescens bacterial cells, was investigated 

in batch as well as in packed bed column studies. Freely suspended 

Pseudomonas fluorescens cells (OD/OD0 value of 1.68 at 610 nm) was able to 

degrade endosulphan (initial concentration: 350.24±0.83 µg/L) within 12 days 

of study, thus utilising endosulphan  as the sole carbon and energy source. 

The bacteria immobilised in Ca-alginate beads in batch shake flask system 

were also tested for their ability to degrade endosulphan at different 

concentrations (350.24±0.83, 450.39±1.95 and 550.85 ±1.84 µg/L). The alpha 

and beta-isomers of endosulphan at different initial endosulphan 

concentrations was completely removed between nine and eleven days of the 

experiment. The degradation rate in batch reactors with Ca-alginate-

immobilised cells was also studied and found to be marginally higher than 

that of free cells. Ca-alginate immobilised cells in packed bed reactors 

operated in a semi-continuous mode were able to degrade toxic alpha and 

beta-isomers of endosulphan (350.38±1.18 µg/L) within 6 days. A hydrolytic 

pathway was suggested based on the metabolites formed during the 

degradation. Based on the study of degradation of endosulphan using isolated 

bacterial species, Pseudomonas fluorescens, a bioreactor system was 

developed for the remediation of endosulphan from polluted water and soil.  

A bioreactor system was developed with the enriched cell cultures 

immobilized in Ca-alginate gel beads. The degradation of endosulphan in the 

bioreactor system was studied using isolated bacterial species Pseudomonas 
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fluorescens. The biodegradation systems developed were found to be highly 

efficient in the removal of toxic pesticide endosulphan from both water and 

soil matrices. The results on remediation of endosulphan in water samples 

using bioreactor system showed that approximately 100 % of toxic isomers of 

endosulphan (endosulhan alpha and endosulphan beta)was removed during the 

7th day of experiment(initial concentration: 348.21 µg/L). Endosulphan and its 

metabolites were found to be completely removed within twenty days using 

the bioreactor system. In the soil bioreactor system experiments, toxic isomers 

of endosulphan (alpha and beta) were found to be below the detection limit 

within 10 days (initial concentration:1050.10µg/Kg). Monitoring of 

endosulphan residue on the 14th day revealed that complete degradation of 

endosulphan had occurred.  

Chemical method using photocatalytic reactor helped to recover 

endosulphan within a short time period. Bioremediation and phytoremediation 

proved to be an economical and environmental friendly option for the 

decontamination of contaminated water and soil. The bioreactor system 

developed can be scaled up for field level applications. 
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CHAPTER 1 

INTRODUCTION 

 

People who lived at the turn of the 20th Century inhabited a safe world 

before the invention and widespread use of synthetic chemicals in agriculture 

and industry. But we live in a world where some of these substances 

introduced around 1920s and widely used in the 1940s and '50s have been 

around us for decades. Now the toxic synthetic chemicals are everywhere . . . 

including the tissues of human beings, causing severe negative health effects 

(United Nations Environment Programme 2005).  

1.1 Pesticides and its consumption pattern 

Globally 4.6 million tons of chemical pesticides are sprayed into the 

environment annually. Consumption of pesticides worldwide has been 

increasing due to increased crop production to meet the food demands of the 

increasing population. Currently there are about 500 pesticides with mass 

applications. Among these, the organochlorine pesticides, some herbicides 

and the pesticides containing toxic metals like mercury, arsenic and lead are 

highly poisonous to the environment (Richter 2002). Though there is severe 

environmental pressure against the widespread use of pesticides, the world 

market of pesticides has grown from US$ one billion in 1960 to about US$ 26 

billion in 1990 and US$ 51 billion in 2014. New insecticides, herbicides and 

fungicides are being introduced in to the global pesticide market with higher 

level of activity. Some efforts are also made for minimizing the hazards to the 

human beings and the environment (TIFAC 2009). Pesticide misuses have 

resulted in environmental pollution and health risks for humans. United States 

Environmental Protection Agency (USEPA) had set limits on the maximum 
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pesticide residue level, permissible in each food item. Zhang et al. (2011) had 

reported the extensive use of pesticides in fruits and vegetables.   

In India, pesticide production began with the establishment of a plant 

for benzene hexachloride (BHC) near Calcutta. India is the second largest 

manufacturer of pesticides in Asia and also ranks twelfth globally (Mathur 

1999). There has been a steady growth in the production of technical grade 

pesticides in India, from 5,000 metric tons in 1958 to 1, 02,240 metric tons in 

1998. The demand for pesticides in terms of value was estimated to be 

around Rs. 22 billion in 1996–97 and this accounted for about 2% of the total 

world market. In the year 2009-2010, a tremendous growth in the net 

production of different classes of pesticides from 82,000-85,000 metric tons 

was reported (Subramanyam et al. 2012).  As indicated in Figure 1.1, in India 

76% of the pesticide used is insecticide, as against 44% globally. The use of 

herbicides and fungicides is comparatively less. The main use of pesticides in 

India is for cotton crops (45%), followed by paddy and wheat (Aktar et al. 

2009). 

 

Figure 1.1 Consumption patterns of pesticides    (Aktar et al. 2009 

adapted) 

 Kerala, a state in the south-west region of India on the Malabar Coast 

is spread over 38,863 km
2
 with 33,387,677 inhabitants (Census of India 

2012). Agriculture sector has a major contribution to Kerala’s economy. 

http://en.wikipedia.org/wiki/States_and_union_territories_of_India
http://en.wikipedia.org/wiki/South_India
http://en.wikipedia.org/wiki/India
http://en.wikipedia.org/wiki/Malabar_coast
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Correspondingly, the amount of pesticides required by the sector is also high 

(roughly 656.5 tonnes per annum). The requirement of fungicides account for 

73% of the total required pesticides in Kerala (Indira Devi 2010).            

1.2 Classification of pesticides and its properties 

           Pesticides can be classified 

 By target organism. (e.g. herbicides, insecticides, fungicides, 

rodenticides, and pediculicides etc.) 

 Chemical structure (e.g. organic, inorganic, synthetic, or biological)  

  Physical state (e.g. gaseous (fumigant)) 

 Prominent insecticide families include organochlorines, 

organophosphates and carbamates (Federal University of Agriculture 2013; 

United States Environmental Protection Agency 2014).
 
The term pesticides 

also include the following substances: 

Defoliants: Cause leaves or other foliage to drop from a plant, usually to 

facilitate harvest. 

Desiccants: Promote drying of living tissues, such as unwanted plant tops. 

Insect growth regulators: Disrupt the moulting, maturity from pupal stage to 

adult or other                 life processes of insects. 

Plant growth regulators: Substances (excluding fertilizers or other plant 

nutrients) that alter the expected growth, flowering, or reproduction rate of 

plants. 

Some of the widely used pesticides are discussed in the following sections: 
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1. 2. 1 Organochlorine pesticides (OCPs) 

Organochlorine pesticides are broad spectrum insecticides active 

against a wide variety of pests and these pesticides vary in their chemical 

structures. Organochlorine insecticides are the oldest, most toxic, and most 

environmentally destructive synthetic pesticides. These chemicals were used 

extensively in agriculture, forestry, and in home pest control. Later most of 

these were banned in the 1970s and 1980s.  The OCPs and their metabolities 

are mainly classified into three categories; namely diphenyl aliphatics, 

cyclodienes and hexachlorocyclohexanes (Khan 1980). Diphenyl aliphatics 

include p,p’-DDT (p,p’Dichlorodiphenyltrichloroethane,) p,p’-DDE (p,p’ 

Dichlorodiphenyldichloroethylene), p,p’-DDD (p,p’-Dichlorodiphenyl-

dichloroethane)  and methoxychlor. Cyclodiene compounds are collective 

group of synthetic cyclic hydrocarbons, which includes aldrin, dieldrin, 

endrin, endrinaldehyde, endrin ketone, heptachlore, heptachlor epoxide, 

endosulphan alpha, endosulphan beta, and endosulphan sulfate. 

Hexachlorocyclohexanes (HCH) are manufactured chemicals that exist in 

several structural isomers such as α-HCH, β-HCH, γ-HCH, and δ-HCH. Only 

one of these forms, γ-HCH (lindane) has insecticidal activity (ATSDR 2000). 

Many of the OCPs are banned due to their greater persistence, health and 

environmental effects. These persistent pollutants tend to bioaccumulate and 

hence the levels of organochlorine pesticides in a person can be much higher 

than levels in the environment or in food (Pesticide Action Network 

2014). The details of some of the toxic OCPs are indicated in Table 1.1.  

Endosulphan is a chlorinated hydrocarbon insecticide and acaricide of 

the cyclodiene subgroup with biologically active isomers (α- and β) in 

approximately 2:1 to 7:3 ratio, along with impurities and degradation 

products. The major characteristics of endosulphan toxicity is the stimulation 

of central nervous system leading to convulsion (CCME 2010). The U S 
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Environmental Protection Agency (EPA) classified endosulphan as Category I 

(40 CFR 156.60-156.62) – Highly Hazardous. The European Union rated it 

Highly Hazardous. World Health Organisation (WHO) classified endosulphan 

in Category II – Moderately Hazardous. The Industrial Toxicological 

Research Centre (ITRC) in India classified endosulphan as Extremely 

Hazardous. 

Table 1.1 Major organochlorine pesticides and their uses 

Sl. 

No. 
Pesticide 

Molecular 

Formula 
Structure Uses 

1 Endosulphan C9H6Cl6O3S 

 

Controls a wide 

range of sucking and 

chewing insects, 

pests like aphids, 

beetles, mites, etc. 

Used in non-food 

crops such as cotton, 

tobacco and in food 

crops such as 

vegetables,fruits,corn 

etc. It was used 

extensively to 

control termites and 

tsetse fly. 

2 DDT C14H9Cl5 

 

 

Widely used to 

control insects on 

agricultural crops 

and insects that carry 

diseases like malaria 

and typhus, but is 

now used in only a 

few countries to 

control malaria. 

3 DDE C14H8Cl4 

 

DDE is a breakdown 

product of  DDT and 

was used as an 

insecticide 
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Sl. 

No. 
Pesticide 

Molecular 

Formula 
Structure Uses 

4 DDD C14H10Cl4 

 

 

 

Used to kill pests. 

One form of DDD 

(o,p’-DDD) has been 

used medically to 

treat cancer of the 

adrenal gland 

 

 

5 Aldrin  C12H8Cl6 

 

 

Effective insecticide 

for soil-dwelling 

pests and for the 

protection of wooden 

structures against 

termites and wood 

borers 

6 Dieldrin C12H8Cl6O 

 

Used against insects 

of public health 

importance. Used in 

termite control 

7 Lindane 

(γ-HCH) 

C6H6Cl6 

 

Used as an 

insecticide on fruits, 

vegetables, in 

forestry and animal 

husbandry. Used as a 

prescription 

medicine (lotion, 

cream, or shampoo) 

to treat and/or 

control scabies 

(mites) and head lice 

in humans 
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1. 2.2 Organophosphate pesticides  

 

Majority of the organophosphate pesticides (OPs) are insecticides. The 

effects of OPs on insects were discovered in 1932. Some are poisonous, but 

usually they are not highly persistent in the environment (USEPA 2014). 

Examples include; insecticides (malathion, parathion, diazinon, 

fenthion, dichlorvos, chlorpyrifos, ethion), nerve gases (soman, sarin, tabun, 

VX), ophthalmic agents (echothiophate, isoflurophate), and antihelmintics 

(trichlorfon). Herbicides (tribufos [DEF], merphos) are tricresyl phosphate–

containing industrial chemicals (Katz 2013).   

Organophosphorus compounds (OPs) form a large group of chemicals 

used over the past sixty years for protecting crops, livestock, and human 

health and as warfare agents. On the basis of structural characteristics, they 

are divided into different types; including phosphates, phosphonates, 

phosphinates, phosphorothioates (S=), phosphonothioates (S=), 

phosphorothioates (S substituted), phosphonothioates (S substituted), 

phosphorodithioates, phosphorotrithioates, phosphoramidothioates etc (Gupta 

2006). The adverse short-term effects of exposure to these chemicals have 

been studied mostly in the nervous system (Gupta at al. 2001), but their 

possible long-term chronic effects have not been studied in detail. Long-term 

epidemiologic studies had revealed that continuous exposure to OPs though in 

low concentrations can cause high risk of cancer development. These 

pesticides affect the nervous system by disrupting the enzyme that regulates 

acetylcholine, a neurotransmitter. Humans are exposed to OPs via ingested 

food and drink and by breathing polluted air (WHO 2001; Gupta 2006; 

Elersek and Filipic 2011). 

http://emedicine.medscape.com/article/831648-overview


8 

1. 2.3 Carbamate pesticides  

Carbamate pesticides are derived from carbamic acid and are used 

widely in homes, gardens and agriculture. There are three classes of 

carbamate pesticides are known. The carbamate ester derivatives used as 

insecticides and nematocides, are generally stable and have a low vapour 

pressure and low water solubility.  The carbamate herbicides have the general 

structure R
1
NHC(O)OR

2
, in which R

1
 and R

2
 are aromatic and/or aliphatic 

moieties. Carbamate fungicides contain a benzimidazole group (International 

Programme on Chemical Safety 1986; USEPA 2014).  

The general formula of the carbamates is: 

                               O  

                                || 

                  R
1
NH - C - OR

2
 

where R
1
 and R

2
 are alkyl or aryl group 

 Carbamate pesticides affect the nervous system by disrupting an 

enzyme that regulates acetylcholine, a neurotransmitter. The enzyme effects 

are usually reversible. The main routes of exposure are through inhalation and 

skin entry. Health hazards for man occur mainly from occupational over-

exposure to carbamate insecticides resulting in poisoning (International 

Programme on Chemical Safety 1986; USEPA 2014). 

 According to International Programme of Chemical Safety 

(1986)carbamate insecticides are mainly applied on the plants, and can reach 

the soil, while carbamate nematocides and herbicides are applied directly to 

the soil.  The vapour pressure of the carbamates is low and they will 

evaporate or sublimate slowly at normal temperature, which may lead to 

volatilization of carbamates from water and soil.  Distribution through air will 

be a minor factor.  The aqueous environment will be an important route of 

transport for highly-soluble carbamate. The rapid decomposition may occur 
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by photodegradation under aqueous conditions.  Hence, the hazards of long-

term contamination due to carbamates seem small.  Several environmental 

factors such as pH, temperature, volatility, soil type, soil moisture, adsorption, 

and photodecomposition influence the biodegradation of carbamates in soil 

(International Programme on Chemical Safety 1986). 

 1. 3 Pesticide contamination of environment 

The presence of pesticides in the environment poses a risk to the water 

quality and the ecosystem .When applied to the soil, they spread throughout 

the environment due to mobility, sorption, volatilization, erosion, and 

leaching thus intensifying the pollution risks (Andreu and Pico 2004; Cardeal 

et al.  2011; Nawab et al.  2003) as shown in Figure 1.2. 

 

Figure 1. 2 Pesticide contaminants in the environment (Strandberg et al. 

1998; Bavcon et al. 2002  adapted) 

Products of pesticide transformation (TP) are also to be considered 

critical. The pesticide sub-products in the environment can present a greater 

risk to the ecosystem than even the original pesticides. But some pesticide TP 

may also be of lower toxicity than the original pesticides. Some pesticides 

which are persistent organic pollutants (POPs) possess long half-lives and can 

accumulate in the environment and in organisms. They get transferred 
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throughout the food chain until they reach human beings. These pesticide 

residues can be harmful to human health and the environment because of the 

accumulative effect. On the other hand, many pesticides can be degraded. The 

degradation processes generate a large number of sub-products in low 

concentrations of which some may be beneficial for the systems for treatment 

and disinfection of crops, soil and groundwater (Cardeal et al. 2011; Kapustka 

et al. 1996; Bandala et al. 2002). 

Aktar et.al (2009) reported that pesticides can contaminate soil, water 

and other vegetation. In addition to killing insects or weeds, pesticides can be 

toxic to other organisms like birds, fish, beneficial insects, and also non-target 

plants. Insecticides are generally the most acutely toxic class of pesticides, but 

herbicides can also pose risks to non-target organisms. Pesticides usually find 

their way into surface and groundwater as a result of agricultural land 

drainage or industrial waste discharges (Middelem 2009). 

1. 3.1 Surface and groundwater contamination 

Pesticides can reach surface water through runoff from catchment areas 

and agriculture fields. Some residues of fertilizers, herbicides, insecticides, 

and fungicides applied to cropland may remain in the soil after plant uptake 

and may leach into subsurface waters. Also the residues may move to surface 

water by dissolving in runoff or adsorbing to the sediment. Spray drifts during 

application may carry pesticides to surface waters (Agrawal et al. 2010). 

The results of the studies conducted by the U.S. Geological Survey 

(USGS) on major river basins across US in the early to mid- 90s yielded 

startling results. The study revealed that more than 90 percent of water and 

fish samples from all streams contained several pesticides (Kole et al. 2001). 

According to the USGS, 143 different pesticides and 21 transformation 
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products have been found in groundwater, which included pesticides from 

every major chemical class.  

The results of a survey conducted in India showed 58% of drinking 

water samples drawn from various hand pumps and wells around Bhopal were 

contaminated with organochlorine pesticides (Waskom 1994). The 

concentration of organochlorine and organophosphate pesticides in surface 

and groundwater from different regions having intensive agriculture activity 

in India were investigated. Higher concentration of pesticides was detected in 

surface water than groundwater. The pesticides found consistently included 

dichlorovos, chlorpyrifos, phorate and parathion-methyl. The highest 

concentration of 0.44 μg/L was observed for chlorpyrifos in Bhandara and 

Yavatmal region and 0.42 μg/L for Parathion-methyl in Bhandara region. The 

groundwater samples were mostly contaminated with atleast one of the isomer 

of hexachlorocyclohexane  (HCH), endosulphan, diclorovos and chlorpyrifos. 

The maximum endosulphan concentration of 0.33 μg/L was detected in 

groundwater from Yavatmal region and 0.21 μg/L chlorpyrifos  was detected 

at Bhandara region ( Lari et al. 2014). 

1. 3.2 Contamination of soil  

Several studies on the contamination of soil with pesticides (OPs) have 

been reported (Beena 2008). A large number of transformation products from 

a wide range of pesticides have been documented in several studies (Andreu 

and Pico 2004; Aktar et al. 2009).  A study on the ten commonly used 

organophosphate pesticides was analyzed in soils of Delhi region, India. The 

total concentration of OPs ranged from 0.01 to 31.73 ng g-1 with the mean 

concentration 1.68 ng g-1. Among OPs, Chloropyriphos, phosphomidon, 

quinolphos, ethion and monocrotophos were the frequently detected 

pesticides. Phorate, dimethoate and profenophos were not detected in any of 

the fifty samples analysed. Phosphomidon (10.47 ng g-1) and Chlorpyriphos 
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(8.86 ng g-1) concentrations were the highest followed by monocrotophos 

(3.45 ng g-1), quinolphos (3.26 ng g-1) and ethion (3.23 ng g-1) respectively. 

Similar observations of contamination of soil with OPs have been reported 

from northern India. Pesticides in agricultural soils may be a matter of 

concern since accumulation of pesticides in food chain can affect human 

health. 

Overuse of chemical fertilizers and pesticides have effects on the soil 

organisms. Beneficial soil microorganisms will be declined if the soil is 

applied with excess pesticides. Indiscriminate use of pesticides might work 

for a few years, but later there will not be enough beneficial soil organisms to 

hold on the nutrients (Savonen 1997). 

1. 3.3 Contamination of air and non-target vegetation 

        Pesticide sprays can directly hit non-target vegetation, or can drift or 

volatilize from the treated area and contaminate air and non-target plants 

(Glotfelty and Schomburg 1989). Drift can account for a loss of 2 to 25% of 

the chemical being applied, which can spread over a distance of a few metres 

to kilometres. Within a few days of application, about 80–90% of many of the 

applied pesticides will be volatilised (Majewski 1995). 

1. 3.4 Non-target organisms 

  Pesticides are found as common contaminants in soil, air, water and on 

non-target organisms in urban landscapes. They can be harmful to non target 

plants, fish, birds, soil microorganisms, insects and animals. Herbicides can 

also be toxic to fish. According to the EPA, studies showed that trifluralin, an 

active ingredient in the weed-killer was found to be highly toxic to both cold 

and warm water fish (USEPA 1996a). 
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1.4  Factors affecting toxicity, persistence and degradation of pesticides in  

      water and soil environment 

If the pesticides are not used safely, they can cause harm to the 

environment. The potential of pesticides to contaminate the environment 

depends on several factors like properties of pesticides, soil characteristics, 

crop management practices etc. (Gavrilescu  2005). 

 The pesticides with a half-life in soil of less than 30 days are classified 

as nonpersistent pesticides. The pesticides with a typical soil half-life of 30 to 

100 days are moderately persistent pesticides and with a typical half-life in 

soil of more than 100 days are persistent pesticides. The process of 

degradation may take hours or days to years, depending upon environmental 

conditions and the chemical characteristics of the pesticide. Some pesticides 

degrade quickly and they generally do not persist in the environment or on the 

crop. Pesticides that break down rapidly may provide only short term control 

(Tiryaki and Temur 2010). 

The chemical and microbial processes may accelerate the breakdown 

of pesticides and convert them into their metabolites. The ultimate fate of 

pesticides in the food, soil, water, and air is affected by many interrelated 

factors like volatility, solubility, ultraviolet irradiation, surface adsorption, 

systemic action, hydrolysis, chemical rearrangement, etc. The degradation of 

exposed pesticides may be influenced by combined weathering action of rain, 

wind, temperature, and humidity. However, the fate of pesticides in soils also 

depends on their chemical characteristics, soil type, moisture, microorganisms 

etc. (Middelem 2009). 

1.5  Effects of pesticides on human health 

Continuous exposure to pesticides can cause severe health effects and 

hence there is growing public concerns regarding the wide spread use. Routes 
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of exposure to pesticides may occur by ingestion, inhalation or dermal 

absorption. Pesticides entered to the body can cross the epithelium of the skin 

and mucous membranes that exchange gases (alveoli) or nutrients 

(gastrointestinal mucosa). Pesticides can also cross the placenta and the 

presence of pesticides in the amniotic fluid and body tissues of human foetus 

during early stages of prenatal life have been reported.  Pesticide poisoning 

can cause irritation due to contact with the skin, eyes or other mucosa. The 

symptoms of pesticide poisoning depend upon the type of pesticide and 

magnitude of exposure. Generally children, pregnant women, farmers and the 

elderly people may experience severe health effects like birth defects, acute 

poisoning, neurological damage, reproductive problems, cancer, etc. 

Pesticides can suppress the normal response of the human immune system, 

making body more vulnerable to invading viruses, bacteria, increasing the 

incidence of disease and some cancers
 
(Levine 2007;WHO 2004;  WHO 

2008). 

The mode of action of pesticides is by targeting systems or enzymes in 

the pests which may be similar to systems or enzymes in human beings 

.Hence the exposure to pesticides pose risks to human health and the 

environment. Though developing countries use only 25% of the pesticides 

produced worldwide, the use of pesticides tends to be more intense and 

unsafe, and also regulatory, health and education systems are weak (WHO 

2008). 

1.6  Case studies of pesticide exposure 

The problems due to excess use of pesticides started way back in 1958 

following the death of more than 100 people after consuming wheat flour 

contaminated with pesticides. Another severe pesticide poisoning was 

reported (Indira Devi  2010) in Kasaragod when the Plantation Corporation of 

Kerala began the aerial spraying of endrin and later endosulphan in the 1970s 
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in the cashew plantations. People in those areas were reported to be affected 

with severe health problems. National Institute Occupational Health had 

reported the endosulphan related problems in Kasaragod (NIOH 2002). 

Several toxic pesticide residues including HCH isomers, endosulphan, 

malathion, chlorpyrifos, and methyl-parathion were monitored in human milk 

samples from Bhopal, Madhya Pradesh (Sanghi et al. 2003). The 

concentration of endosulphan was found to be highest in the collected 

samples. The study showed that through breast milk, infants consumed 8.6 

times more endosulphan and 4.1 times more malathion than the average daily 

intake levels recommended by the World Health Organization. 

A study was conducted by Mathur et al. (2006) to assess the influence 

of organochlorine pesticides on the occurrence of reproductive tract cancers in 

women from Jaipur, India. According to the study blood samples were 

collected from 150 females. The study showed that 100 females of the group 

suffered from reproductive tract cancers. The pesticides detected were 

benzene hexachloride and its isomers, dieldrin, heptachlor, dichloro diphenyl 

trichloro ethane and its metabolites. The data obtained indicated that the 

organochlorine pesticide residue levels were significantly higher in all the 

cancer patients as compared with the control group. 

High concentrations of pesticides such as BHC and DDE were detected 

in the serum samples of the agriculturalists and public health workers who 

had direct exposure to the pesticides in and around Madurai, India. The 

pesticide residue concentration in serum ranged from 0.006 to 0.130 ppm for 

BHC and 0.002 to 0.033 ppm for DDE (Subramaniam and Solomon 2008).  

A total of 63 people became ill and 15 died after consuming food 

contaminated with endosulphan in the western province of Matanzas, Cuba in 

February1999 (Mccauley et al. 2006). In Borgou province in Benin, 
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endosulphan poisoning caused many deaths during 1999 - 2000. In 1999 a 

boy died in the same region after eating corn contaminated with endosulphan 

(Ton et al. 2000; Asha et al. 2012). 

A wide spread fish kill was observed in 1969, when 30 kilograms of 

endosulphan was discharged into the Rhine river in Federal Republic of 

Germany (Sievers et al.1972) In 1975, an accidental spill of endosulphan 

caused a major fish kill in North Brook a tributary of the Dunk River in 

Eastern Prince County of Prince Edward Island. In 1995, run-off from cotton 

fields contaminated with endosulphan resulted in the death of more than 

24,000 fish along a 25-kilometer stretch of a river in Alabama (Harikrishnan 

and Usha 2004).  

1.7 Detection/measurement of pesticides by conventional and modern  

       techniques 

        Pesticides can be analyzed by various methods such as gas 

chromatography (GC) with electron capture detection, flame ionization 

detection, nitrogen-phosphorus detection and/or liquid chromatography (LC) 

with ultraviolet, diode array, fluorescence, or electrochemical detection. But 

sometimes due to complexity of matrices like soil and sediment samples to be 

analysed, these techniques may lack the selectivity or sensitivity required for 

the analysis. Hence these techniques have been largely replaced by GC and 

LC coupled to mass spectrometric techniques (Zanella et al. 2012). 

Chromatography is a commonly used technique for the separation and 

identification of the components in a mixture. The basic principle is that 

components in a mixture have different tendencies to adsorb onto a surface or 

dissolve in a solvent. Instrumentation for gas chromatography (GC) comprises 

well-defined components and  each component contributes to the overall 

chromatographic performance. Eiceman  (2006) reported the advances 
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occuring in an evolutionary manner with sample handling and in refinements 

of detectors. One area of dramatic advance in GC instrumentation is the 

development of small, sophisticated, portable gas chromatographs. 

Gas- Liquid  Chromatography is one of the most widely used method 

for separating and determining the chemical components of complex 

mixtures. In this technique the stationary phase is a liquid immobilised on the 

surface of a solid support by absorption or by chemical bonding. The mobile 

phase is a gas. The componets of a mixture carried through the stationary 

phase by the gas distribute themselves between the two phases in accordance 

with their distribution or partition coofficients. This technique is more popular 

than gas-solid chromatography (Vogel 1989).  

The modern GC intruments have automatic pressure control systems to 

provide highly reproducable peaks, high volume injectors to lower the 

detection limits, fast seperation capabilities utilising narrow capillaries.In 

addition to this, advanced software enables excellent control of data and 

generate data automatically.  Recent advances include coupling of GC to 

improved detectors atomic emission spectrometry, ion trap detector (ITD) and 

tandem mass spectrometer (MS-MS), radiationless electrochemical 

detection.Another commonly used method for pesticide residue analysis is 

HPLC, which is undergoing significant modifications in instrumental designs 

and techniques. Coupling of electron spray ionization mass spectrometric 

detection has made possible the detection of many polar pesticides at trace 

levels. Capillary electrophoresis and Supercritical Fluid Chromatography 

(SFC) can perform many pesticide analyses, traditionally done by GC and 

HPLC. Another important method is the immunochemical method of which 

Enzyme - linked immunosorbent assay (ELISA) which is the widely used 

commercial format for pesticide analysis (Zanella et al. 2012). 
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For the last ten years, there have been substantial efforts on the 

creation of portable, low-cost, low-volume, disposable, and simple analytical 

devices for bioassays and environmental analysis (Hossain et al. 2009; Li et 

al. 2008) in areas such as point-of-care diagnostics, food and water testing, 

and military applications (Hossain and Brennan 2011; Hossain et al. 

2012).These technologies are already having an impact in low-cost 

diagnostics, and is expected to find use at a global scale (Yager et al. 2006; 

Yetisen et al. 2013).   Several microfluidic paper-based analytical devices 

have been demonstrated for a range of analytes including pesticides (Hossain 

et al.  2009; Pelton 2009; Carrilho et al.  2009; Martinez et al. 2010).  

Remarkable progress has been made in computational capabilities, storage, 

energy management, connectivity options, and software development. Low 

cost sensors are expected to have a great role in improving global public 

health mainly as point of care (POC) diagnostic tools (Apilux et al. 2010) The 

group of Scientists from McMaster University, Canada had worked and 

reported about Pullulan pills, the biosensors for determination of pesticides. 

This is a rapid, low cost device, to determine pesticides in water and food 

(Sana et al. 2014). 

1.8 Removal of pesticides-Different techniques 

The pesticide residues can be removed by various methods which 

include: adsorption by activated carbon, biological treatment, reaction with 

oxidants such as chlorine, degradation by advanced oxidative processes 

(AOPs) that utilize TiO2/UV as a catalyst, photo-Fenton reagents and 

ozonation processes with O3, O3/UV, and O3/H2O2 (Cardeal et al. 2011).  

1. 8.1 Adsorption by activated carbon 

Activated carbon adsorption is an efficient treatment method for the 

removal of a number of toxic pesticides. The adsorption of ten different 
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chlorinated pesticides from water using columns packed with activated carbon 

was studied (Ninkovic et al. 2010). The results showed that the chlorinated 

pesticides from the group of halogenated aromatic hydrocarbons (DDT) were 

strongly adsorbed and cyclodienes were weakly adsorbed. The adsorption 

efficiency was found to depend on the geometry of the pesticides as well as 

surface properties and porosity of activated carbon. According to USEPA 

(2001a) granular activated carbon (GAC) and powdered activated carbon 

(PAC) are common sorbents. Activated carbon is composed of expanded 

layers of graphite, which leads to an extremely high surface area to mass ratio 

for sorption. 

1. 8.2 Chemical disinfection/Oxidation 

The chemicals which are used as disinfectants include chlorine and 

chlorine compounds, ozone, iodine, and bromine. The commonly used 

method of disinfection is the addition of chlorine to water. Ozone is also 

becoming an alternative chemical oxidant and disinfectant in some water 

treatment facilities. USEPA (2001a) has reported that both chlorine and ozone 

are strong oxidizing agents that react with a variety of organic compounds and 

pesticides and convert the compounds to disinfection byproducts that could be 

present in the treated water. 

1.8.3 Advanced Oxidative Processes 

Advanced Oxidative Processes (AOPs) involve the generation of 

highly reactive oxidizing species for the degradation of organic substances 

(Bolton 2001). AOPs are considered highly efficient due to their 

thermodynamic viability and capability to produce deep changes in the 

chemical structure of the contaminants. 

The heterogeneous photocatalytic degradation involves the use of a 

solid semiconductor like TiO2, ZnO etc. to generate a colloidal suspension 
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stable under radiation to stimulate a reaction in the solid/liquid (or solid/gas) 

interface. When the semiconductor is in contact with a solution containing a 

redox pair, charge transfer occurs along the interface to balance chemical 

potentials between the two faces. Metallic oxides and sulfurs are the widely 

used semiconductor materials available for photocatalytic purposes. Titanium 

dioxide (TiO2) is the most frequently used and active semiconductor for 

heterogeneous photocatalytic processes (Quiroz et al. 2011; Blake 2000; 

Blanco et al. 2007). 

In homogeneous photocatalysis, the catalyst is dissolved in water 

during the redox process. Homogeneous photocatalysis is similar to 

heterogeneous photocatalysis in the generation of hydroxyl radicals. But the 

two processes differ in the generation of some highly oxidant species which 

can degrade organic contaminants (Quiroz et al. 2011; Anipsitaki and 

Dionysiou 2004; Yamazaki and Piette  1991; Sawyer et al. 1996). Hydrogen 

peroxide/ferrous salts solutions are capable to oxidize organic compounds 

(Fenton 1894). Fenton reagent has proved effective in degrading aliphatic 

hydrocarbons, halogenated aromatics, polychlorinated biphenyls, 

nitroaromatics, azo-dyes and pesticides (Bigda 1995).  Photo-Fenton process 

is one of the most efficient methods for the generation of hydroxyl radicals 

(Bauer et al. 1999).  

1. 8.4  Nanotechnology 

Recently many studies have been reported on the removal or 

degradation of pesticide residues by nanotechnology. Nanotechnology is an 

emerging science that has important applications in several fields ranging 

from medicine to industrial materials. The structure of matter is controlled at 

the nanometre scale (1-100nm) to produce useful novel materials and devices 

that have unique properties (Ramsden  2011; Agarwal and Joshi 2010). 

Nanotechnology is very important in the context of environmental 
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remediation. US National Nanotechnology Initiative (NNI 2004) has 

identified ‘environmental improvement’ as one of eight cross-cutting areas of 

nanotechnology applications. The environmental applications of 

nanotechnology can be divided in to three categories: (i) environmentally 

sustainable products (e.g. green chemistry or pollution prevention), (ii) 

remediation of materials contaminated with hazardous substances, and (iii) 

sensors for environmental agents (Tratnyek and Johnson 2006).  

It has been reported that metals like Ag, Au, Mg, Fe nano particles 

cause de-halogenation of several halocarbons and the chemistry can be 

extended to halocarbon pesticides.
 
 The nanomaterials have the ability to react 

with the pollutant of concern or can create an environment for its 

transformation into less toxic or nontoxic forms. Nanoremediation can 

support the adsorption of the pollutants to the nanoparticles, thereby 

immobilizing them (Bootharaju and Pradeep 2012). 

1.8.4.1 Advantages of nanoremediation 

 Due to high reactivity of nanoparticles, the time required for 

remediation will be less  

 The methods can be applied insitu and hence there is no  need for the 

disposal of contaminated soil  

 Nanoremediation may be an efficient and cost effective alternative to 

traditional remediation technologies for many pollutants including 

pesticides (Karn et al. 2009). 

1. 8.5 Phytoremediation 

Phytoremediation is a cost effective green technology that uses green 

plants called hyperaccumulators to bioaccumulate, remove, degrade, 

immobilize or extract pollutants from the environment or render them 

harmless. This remediation method of using plants to clean and restore soil 

and wastewater has been employed for over 300 years (USEPA 2000). 
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 Phytoremediation takes advantage of the unique extractive and 

metabolic properties of plants. Most scientific and commercial interest now 

focuses on phytoextraction and phytodegradation. In phytoremediation 

selection of plant species is a critical issue. Once the pollutant is taken up and 

concentrated inside the plant, more or less modified by metabolic processes, 

plant biomass is usually harvested and either disposed off or utilised for 

energy or fiber production. The whole procedure is about tenfold cheaper than 

alternative physical methods (Campos et al. 2008). 

Numerous bench-scale studies have been conducted to determine the 

toxicities of plants and their contaminant uptake abilities. 
 

Plant-based 

technologies are powered by solar energy and hence the methods are cheap 

and environmentally-friendly (Campos et al. 2008). Many research groups are 

conducting laboratory and pilot scale bioremediation and phytoremediation 

projects on pesticides, which help to increase our knowledge of the 

applications and limitations of these technologies. Programs such as the 

Superfund Innovative Technology Evaluation (SITE) and the Federal 

Remediation Technologies Roundtable are continuing the promotion of those 

innovative strategies (Frazar 2000). For phytoremediation to be accepted as 

an efficient remedial method, several field-scale applications need to be 

performed and documented (USEPA 2004).
  

1. 8.5.1 Mechanisms of phytoremediation. 

1. 8.5.1.1  Phytoextraction  

 Phytoextraction refers to the ability of plants to take up contaminants 

into the roots and translocate them to the above ground portions of shoots or 

leaves. Plants extract the contaminants if the constituents get dissolved in the 

soil water and come into contact with the plant roots through the transpiration 

stream. The uptake may also occur through vapor adsorption onto the organic 

root membrane in the vadose zone. Once adsorbed, the contaminant may be 

dissolved in the transpiration water or may be taken up through plant transport 

mechanisms. The plants after being allowed to grow for several weeks or 
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months are harvested and then incinerated or composted to recycle the 

pollutants. This procedure will be repeated till the soil contaminant levels are 

brought down to allowable limits. If plants are incinerated, the ash must be 

disposed off carefully in a hazardous waste landfill. The advantage of the 

method is that  the volume of ash produced will be less than 10% of the 

volume that would be created if the contaminated soil itself was dug up for 

treatment (Prasad  2011 ). 

 Plants capable of extracting persistent pesticides such as chlordane and 

2,2-bis (p-chlorophenyl)1,1-dichloroethene (p,p'-DDE), and storing them in 

their roots, leaves, and fruits have been reported (USEPA 2006).Plants used in 

phytoextraction include  Indian mustard, Alpine pennycress, sunflowers, 

ferns, grasses etc. Studies are being conducted on the genetic modifications 

that increase the survivability of plants those hyperaccumulate toxic 

contaminants (USEPA 2006).  

1. 8.5.1.2 Rhizodegradation 

Rhizodegradation is the breakdown of contaminants in the soil through 

microbial activity that is enhanced by the presence of the rhizosphere. This 

process is slower than phytodegradation. 

    Rhizodegradation can increase the breakdown of organic contaminants 

such as petroleum hydrocarbons, Polycyclic aromatic hydrocarbons (PAHs), 

pesticides, chlorinated solvents, pentachlorophenol, polychlorinated biphenyls 

and surfactants in the soil (USEPA 2006). 
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Figure 1.3  Strategies to phytoremediate organic pollutants. The pollutant 

(brown circles) can be stabilized in the soil matrix, sequestered into the plant, 

degraded (to various extents) or volatalised. As a consequence of enzymatic 

modification, less harmful forms of the contaminant can originate (yellow 

circles) (Campos et al. 2008 adapted). 

 

USEPA (1999) reported that microorganisms like yeast, fungi, or 

bacteria consume and digest organic substances for nutrition and energy. 

Certain microorganisms can digest toxic organic substances such as fuels or 

solvents and break them down into harmless products through biodegradation. 

Natural substances released by the plant roots like sugars, alcohols, and acids 

contain organic carbon that provides food and additional nutrients for soil 

microorganisms which in turn enhance their activity. 

1. 8.5.1.3 Phytodegradation  

Phytodegradation or phytotransformation, is the breakdown of 

contaminants taken up by plants by the metabolic processes within the plant, 

or the breakdown of contaminants external to the plant through the effect of 
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compounds like enzymes produced by the plants. Pollutants are degraded, 

incorporated into the plant tissues, and used as nutrients (USEPA 1999). 

 Phytodegradation is applicable to organic contaminants and their 

uptake is affected by their hydrophobicity, solubility, and polarity. 

Moderately hydrophobic and polar compounds are more likely to be taken up 

after sorbing to plant roots. Chlorinated solvents, herbicides, insecticides, 

pentachlorophenol (PCP) and polychlorinated biphenyls (PCBs) have 

phytodegradation potential (USEPA 2006). 

1. 8.5.1.4 Phytostabilization  

Phytostabilization is the use of certain plant species to immobilize 

contaminants in the soil and ground water through adsorption onto roots, 

absorption and accumulation by roots or precipitation within the root zone. 

Thus the mobility of the contaminant is reduced and migration to the 

groundwater or air is prevented (USEPA 1999). 

 Phytostabilization, immobilizes contaminants (mainly metals) within 

the root zone, limiting their migration. Immobilization of contaminants can 

result from adsorption of metals to plant roots, formation of metal complexes, 

precipitation of metal ions (e.g., due to a change in pH) or a change to a less 

toxic redox state (USEPA 2006). 

1. 8.5.1.5 Phytovolatilization  

Phytovolatilization is the uptake and transpiration of a contaminant by a 

plant, with the release of the contaminant or its modified form to the 

atmosphere from the plant. Growing trees and plants take up water and the 

organic contaminants and some of these contaminants can pass through the 

plants to the leaves and volatilize into the atmosphere at comparatively low 

concentrations (USEPA 1999). 
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 Phytovolatilization has been applied to both organic and inorganic 

(e.g., selenium, mercury, arsenic) contaminants (USEPA 2006). 

1. 8.5.1.6 Rhizofiltration  

Rhizofiltration is the adsorption or precipitation of contaminants onto 

plant roots. This process also includes absorption of contaminants that are in 

solution surrounding the root zone into the roots. The plants to be used for 

clean-up are raised in greenhouses with their roots in water rather than in soil. 

Once a large root system has been developed contaminated water is collected 

from a waste site and brought to the plants where it is substituted for their 

water source. The plants are then planted in the contaminated area where the 

roots take up the water and the contaminants along with it. As the roots 

become saturated with contaminants, they are harvested and either incinerated 

or composted to recycle the contaminants (USEPA 1999). 

 Rhizofiltration applications can efficiently remove contaminants like 

toxic metals from a solution using rapid growth root systems. The most 

commonly used are willows and poplars, which can grow 6 - 8’ per year and 

have a high flood tolerance. For deep contamination, hybrid poplars with 

roots extending to 30 feet depth have been used. 
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1. 8.5.2 Advantages and disadvantages of phytoremediation 

Table 1.2 Advantages and disadvantages of phytoremediation (USEPA 2004) 

Advantages Disadvantages 

 

 Cost reduced over traditional 

methods 

 Low secondary waste volume 

 Improved aesthetics 

 Habitat creation – 

Biodiversity 

 Green technology 

 More publically accepted 

 Provide erosion control 

 Prevent run off 

 Reduce dust emission 

 Reduce risk of exposure to 

soil 

 Less destructive impact 

 

 Long remediation time 

requirement 

 Effective depth limited by plant 

roots 

 Phyto toxicity limitations 

 Fate of contaminants often unclear 

 Climate dependent/variable 

 Seasonal effectiveness 

 Potential transfer of contaminants 

to animals or air 

 Harvesting and disposal of metals 

in biomass as hazardous waste 

may be required 

 

 

                                                                                                                                                      

1. 8.6 Nanophytoremediation 

Phytoremediation is one of chemical removal methods; but this is a 

long term process. Nanotechnology is a novelty method that has numerous 

toxic remediation applications. Several methods were introduced to overcome 

the limitations of phytotechnology and nanotechnology, to combine them 

together and to form nano-phyto technology. The proposed technology is 

simple, cost effective and less time consuming. But this method has some 

backlogs which have to be dealt in concerned future studies (Jiamjitrpanich et 

al. 2012; Jiamjitrpanich et al. 2013). When the remediation is carried out by 

nano-phyto technology plants play an important role in soil remediation. The 
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zerovalent iron would not adversely affect the plants growing on treated soil 

(Yehia et al. 2012). 

1. 8.7 Bioremediation 

Biodegradation is an efficient, economical and environmental friendly 

technique and has emerged as a potential alternative to the conventional 

techniques (Sun et al. 2006). Bioremediation enables the destruction of many 

organic contaminants at a reduced cost. Recently bioremediation technology 

has progressed for the degradation of a wide range of pollutant compounds 

(Blackburn and Hafker 1993; Vidali 2001; Dua et al. 2002; Lee et al 2003b;  

Singleton 2004; Singh and Walker 2006). 

Biodegradation may be divided for the purpose of hazard assessment 

into the following categories (Meleiro-Porto et al. 2011):  

1. Primary: Alteration of the chemical structure of a substance resulting in 

loss of a specific property of that substance.  

2. Environmentally acceptable: Removal of undesirable properties of the 

compound.  

3. Ultimate: Complete breakdown of a compound to either fully oxidized or 

reduced simple molecules such as carbon dioxide and water (Meleiro-

Porto et al. 2011). 

Different microorganisms have been used for the biotransformation of 

pesticides. A fraction of the soil biota can easily develop the ability to degrade 

certain pesticides, when they are continuously applied to the soil. The 

microbial transformation may be driven by the factors like energy needs or a 

need to detoxify the pollutants. The ubiquitous nature of microorganisms, 

their large numbers and biomass, their diverse catalytic mechanisms and their 

ability to function even in the absence of oxygen and other extreme conditions 

are greatly important in the use of microorganisms for the degradation of 
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pesticides (Ortiz-Hernandez et al.2013). Some microbial groups can use 

applied pesticides as a source of energy and nutrients for their multiplication, 

whereas some pesticides may be toxic to other microrganisms. Pesticide 

application may also inhibit or kill certain groups of microorganisms and 

outnumber other groups by reducing competition (Hussain et al. 2009).  

Among the different microbial communities, bacteria, fungi and 

actinomycetes are the main transformers and pesticide degraders (Briceno et 

al, 2007; Ortiz-Hernandez et al. 2013). Fungi and bacteria are considered 

excellent extracellular enzyme-producing microorganisms. The 

biotransformed pesticide is released into the environment, where it is 

susceptible to further degradation by microbes (Diez 2010). Enzymes are 

central to the mode of action of many pesticides: some pesticides are activated 

in situ by enzymatic action, and many pesticides function by targeting 

particular enzymes with essential physiological roles (Riya and Jagatpati 

2012; Scott et al. 2008). The biochemistry of pesticide bioremediation 

involves a wide range of catalytic mechanisms (Scott et al. 2008; Ortiz-

Hernandez et al. 2013). The factors that directly influence bioremediation are 

the soil pH and temperature, anaerobic conditions, level of nutrients and co-

substrates. Degradation of pesticides in soil can also be accelerated by 

inoculation with appropriate microorganisms (Karpouzas and Walker 2000; 

Sumit 2011). 

The microbial degradation is an important route for the removal of 

toxic pesticides. The biodegradation is often a complex process and involves 

biochemical reactions. New investigations are often required to understand 

the biodegradation pathway. Several pesticide biodegradation studies have 

shown only the total amount of pesticides degraded. These studies have not 

investigated in depth the new bio transformed products and their fate in the 

environment ( Meleiro-Porto et al. 2011).  
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1. 8.7.1 Cell Immobilization to improve the efficiency of pesticides 

degradation 

The immobilized microorganisms in matrices, either biological or 

inert, may enhance the required biotechnological benefits from the mass 

culture of the microorganism by degrading specific pollutants. Numerous 

immobilization systems have been studied at the laboratory scale. This 

technique generally provides several advantages over freely suspended cell 

systems Immobilization of microorganisms has been applied in many areas 

including wastewater treatment and remediation of toxic chemicals (Jiyeon 

Ha 2005; Dervakos and Webb 1991).  

1. 8.7.2 Advantages of cell immobilisation  

There are several advantages for cell immobilisation over freely 

suspended cells particularly in continuous reactor processes. Immobilisation 

helps to reduce or eliminate biomass loss through wash out and thus results in 

higher cell densities. Accordingly increased biomass load results in increased 

reactor activity and volumetric productivity. Immobilisation allows easier 

handling and reuse of the biomass and will reduce the overall reaction time. 

Due to the formation of concentrated pockets of biomass, intense reaction 

microenvironments will be created. Immobilisation also provides protection 

for the biomass from harsh environmental conditions of pH, temperature and 

toxic metabolites (Kierstan and Coughlan 1985; Pilkington et al.  1998; Park 

and Chang 2000). 

1. 8 .8 Remediation using surfactants 

    Surfactants are amphiphilic compounds (containing hydrophobic and 

hydrophilic portions) that reduce the free energy of the system by replacing 

the bulk molecules of higher energy at an interface. Surfactant monomers will 

form spheroid or lamellar structures with organic pseudophase interiors. This 

will reduce surface and interface tensions (Figure 1.4).The minimum 

concentration at which this occurs is called the critical micelle concentration. 
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Salinity, hydrocarbon chain length and surfactant type will influence the 

remediation process (Mulligan et al. 2001). 

 Cationic, anionic and nonionic surfactants can be used for soil washing 

or flushing. Surfactants can be used in mixtures or with additives such as 

alcohol and/or salts such as sodium chloride. Polymers or foams also can be 

added to control the mobility of the contaminants. The surfactants must be 

recovered and reused for the process to be economic. 

 

Figure 1.4 Schematic diagram of the variation of surface tension, interfacial 

and contaminant solubility with surfactant concentration (Mulligan et al. 2001 

adapted). 

Surfactant aided ground water remediation and soil washing are 

technologies for enhancing the removal of organic contaminants, cleaning 

hydrophobic organic compounds (HOCs) contaminated soil or sediment. 

Surfactants have low toxicity and favorable biodegradability in the 

environment than many organic-solvent based systems (Chu and Chan 2003). 

Surfactants are often classified according to their use from the 

commercial point of view. However, this classification is not always helpful 

because many surfactants have several uses. The most accepted and 

scientifically proved classification is based on their dissociation in water 

(Salager 2002). Anionic surfactants, the most commonly used type are 
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dissociated in water into an amphiphilic anion, and a cation, which is in 

general an alkaline metal (Na+, K+) or a quaternary ammonium (Eg. 

alkylbenzene sulfonates (detergents), soaps, lauryl sulfate). Nonionic 

surfactants do not ionize in aqueous solution, because their hydrophilic group 

is of a non dissociable type, such as alcohol, phenol, ether, ester, or amide 

(Eg. Tween 80, TritonX100). (Zhang et al. 2003).Cationic Surfactants are 

dissociated in water into an amphiphilic cation and an anion, most often of the 

halogen type. This class include nitrogen compounds such as fatty amine salts 

and quaternary ammoniums, with one or several long chain of the alkyl type, 

often coming from natural fatty acids. When a single surfactant molecule 

exhibit both anionic and cationic dissociations it is called amphoteric or 

zwitterionic. This class include synthetic products like betaines or 

sulfobetaines and natural substances such as aminoacids and phospholipids 

(Salager 2002). 

1.9 Significance and Objectives of the study 

Pesticides are harmful as many of its constituents are poisonous 

chemicals and can cause severe health disorders. Maximum crop production 

to satisfy the needs of the increasing population necessitates the use of 

synthetic pesticides in agriculture. The demand for pesticides and fertilizers, 

the vital constituents of modern agriculture practices, has increased recently 

due to the need to protect high yielding crops.  The water resources are 

getting continuously polluted from the pesticides and fertilizers used in 

agriculture in addition to the industrial and domestic wastes. The unscientific 

use of chemical fertilizers and pesticides pollute land, poison water and air, 

and leave their residues on foodstuff.  The farmers are mostly unaware of the 

correct amount of the pesticides that should be applied and exact methods for 

safe application. This current scenario makes the study related to monitoring 

of pesticide residues highly significant. It is essential to monitor the toxic 
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pesticide residues in water resources to assess the extent of pollution and to 

develop methods for the removal from contaminated environments. 

A detailed study on the persistence of endosulphan in water, soil and 

sediment samples of Kasaragod district was carried out.  Water, soil and 

sediment samples were collected from 11 Panchayats of  Kasaragod district. 

Since endosulphan was found persistent in some of the selected samples, the 

study on the monitoring of water, soil and sediment samples of the affected 

areas were continued. Monitoring of pesticide residues from selected areas of 

Muthalamada Panchayat of Palakkad district was also carried out. Based on 

the results of monitoring, degradation studies for the removal of toxic 

persistent pesticide residues especially endosulphan using nanoremediation, 

phytoremediation and bioremediation was conducted. The results of 

monitoring and the methods which contributed to the degradation of the 

pesticide residues are well explained. The purpose of the research focuses to 

develop cost effective treatment technologies for degradation of pesticide 

residues.  

Objectives of the study include the following: 

•  To study the persistence of endosulphan in the water, soil and sediment 

samples of selected areas of Kasaragod district, Kerala. 

• To study the rate of degradation of endosulphan using microbial, 

phytoremediation and chemical methods under controlled conditions. 

• To develop a sustainable technology for the removal of endosulphan from 

contaminated water and soil using various biotic and abiotic elements. 
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CHAPTER 2 

REVIEW OF LITERATURE 

 

The residues of pesticides are found virtually everywhere in the 

environment and pathways of human exposure to pesticides are numerous. 

The benefits of using pesticides include their ability to control insects and kill 

potential disease causing organisms. However they may have adverse 

environmental impacts and pose risk to humans, non target plants and 

animals. The unscientific use of pesticides has led to the pollution of air, 

water and soil. Pesticides may bioaccumulate in the food chain and cause 

serious health hazards (Tiwana et al. 2007). 

India is the second largest pesticide manufacturer in Asia after Japan. 

However, consumption of pesticides per hectare in India is low (Tiwana et al. 

2007).Studies have reported that the contamination of vegetables and other 

food products with pesticides in the country has reached dangerous levels. In 

India about 20% of food products contained pesticide residues above the 

tolerance limits as compared to only 2% globally (TERI 2000). 

Carson (1962) in his book “Silent Spring” evoked concern about the 

damage caused by pesticides to the environment and human life. Later, a 

number of research works were conducted to monitor pesticide residues in the 

environment and food (Joia et al. 1978; Battu et al. 1980; Kalra and Chawla 

1980). Levine (2007) explained the ill effects of the large scale use of 

pesticides all over the world in his book titled „Pesticide a toxic bomb in our 

midst‟. The book reported serious health problems posed by pesticide 

contamination of drinking water, in both agricultural and urban regions. 

Continuous monitoring of pesticides will be essential to alleviate the health 

peril to our population. 
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Monitoring of pesticides helps to assess the extent and impact of 

pesticides on the environment. To protect the natural environment, 

ecotoxicological assessment of new pesticides and many existing ones are 

very important. To assess the impact of pesticides on aquatic organisms, 

international authorities require completion of many acute and chronic 

ecotoxicological studies like tests to measure the potential for 

bioconcentration. Also physico-chemical properties and environmental fate 

should be determined for each registered pesticide (Katagi  2010; Jia et al 

2010). 

Several analytical methods for performing pesticide degradation 

studies in environmental samples have been reported (Cardeal et al. 2011). 

Gas chromatographic method is commonly used for the detection of pesticide 

residues. United States Environmental Protection Agency (USEPA)  

recommends gas chromatographic analysis method for the detection of 

organochlorine pesticide residue analysis (USEPA 1989; USEPA 1994; 

USEPA 1995). Canadian Water Quality Guidelines for the protection of 

aquatic life also recommends detection of endosulphan using gas 

chromatograph with electron capture detector (CCME 2010). USEPA (1994)  

reported the determination of the concentration of various organochlorine 

pesticides and polychlorinated biphenyls. Several studies have reported the 

detection of endosulphan by gas chromatograph with electron capture detector 

(Ize-Iyamu et al.  2007; Jayashree and  Vasudevan 2007; Kafilzadeh et al.  

2012; Kumar and   Philip 2006a; Lee et al. 2003a; Ninkovic1 et al.  2010; 

Shivaramaiah and Kennedy 2006 ). 

Though the pesticides are used in conformance with good agricultural 

practices, they may enter surface waters by different routes such as spray 

drift, surface runoff and field drainage.  Canadian water quality guidelines for 

the protection of aquatic life discuss the ill effects of pesticides to aquatic 
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environment. The fate and mode of action of endosulphan is also discussed 

(CCME 2010). Harikrishnan and Usha (2004) had reported several cases of 

endosulphan poisoning. WHO guidelines for drinking water (2004) explained 

the physico-chemical properties, kinetics and metabolism of endosulphan in 

humans and laboratory animals. Endosulphan is known to be an endocrine 

disruptor and a genotoxin (Fernandez  2007). 

Several studies on contamination of soil and non target plants and 

animals by pesticides were reported in addition to aquatic environment (Zhou 

2003; Kumari et al. 2008). The review on determination of pesticides and 

their degradation products in soil stressed the importance of the study of 

pesticides in soils. Pesticides are widely used to control pests that affect 

agricultural crops and pests in the home, yards and gardens. Pesticide 

transformation products (TPs) are also to be considered important because 

they can be toxic if present at higher levels in soil (Andreu and Pico 2004). 

Many studies revealed that the level of organochlorine pesticides in 

agricultural soils is a matter of concern since there is a chance of food chain 

accumulation and severe health impacts. Regular investigation of pesticide 

residues is recommended on soil, health and contamination levels (Bhupander 

2011). 

Studies conducted in different regions of India had reported (Battu et 

al. 1980; Mutiyar et al. 2011) the pollution due to organochlorine pesticides 

(OCPs). Drinking water wells located in the Delhi region of the flood plains 

of river Yamuna was monitored for seventeen OCPs along with other water 

quality parameters. Pesticide concentrations were determined using Gas 

Chromatography and the pesticides detected included HCH, DDT, 

endosulphan and aldrin. Concentration of OCPs from Ranney wells exceeded 

the limit (1 μg/L) prescribed by the Bureau of Indian Standards (BIS) in pre-

monsoon season. But the OCP levels in bore wells were within BIS limits. 
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The extent of contamination of soil and groundwater of Roorkee area, 

Haridwar district, India was monitored due to intense agricultural activities of 

the area. The results indicated the presence of seventeen organochlorine and 

nine organophosphorous pesticides which were found to be above the 

permissible limits of Indian drinking water standards (Selim 2004). Another 

study conducted by Shukla et al. (2006) reported the concentration of various 

organochlorine pesticides like endosulphan, DDT and lindane in the 

groundwater samples of Hyderabad city, India to be of the order of 0.5 to 1.3 

μg/L. 

The Centre for Science and Environment (2001) conducted a study on 

the endosulphan residues in samples from Padre Village of Enmakaje Gram 

Panchayat in Kasaragod district, Kerala. The tests conducted on the level of 

pesticide contamination in the village showed that extremely high levels of 

the organochlorine pesticide endosulphan were present in all the samples of 

human blood and milk,  soil, water, fruits vegetables etc. Previous studies on 

the effects of endosulphan exposure in Kasaragod district by the National 

Institute of Occupational Health reported that the concentration of 

endosulphan residues in water, pond sediment and soil samples ranged from 

0.0078 to 0.0667 µg/L, 0.155 to 0.307 µg/Kg and 0.372 to 0.988 µg/Kg 

respectively. All these studies proved the highly persistent nature of 

endosulphan residues in the soil (NIOH 2002). 

Countries worldwide have reported the persistence and environmental 

impacts of pesticide residues. A survey of endosulphan in Chinese soil was 

carried out by the International Joint Research Center for Persistent Toxic 

Substances (IJRC-PTS) in 2005 as part of Chinese Persistent Toxic Substance 

(PTS) Soil and Air Monitoring Programme, Phase I, in which concentrations 

of endosulphan were monitored from 141 Chinese surface soils (Jia  et al. 

2010). Endosulphan was found ubiquitous in Chinese surface soil. Occurrence 
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frequencies were high in the 141soil samples, and 83%, 96% and 91% for α-

endosulphan, β-endosulphan and endosulphan sulphate respectively. 

Concentration of total endosulphan ranged from below detection limit 

to19,000 pg/g. In Florida, endosulphan was the third most commonly detected 

agrichemical in surface waters and was found at concentrations of 22–1861 

µg/l . It was also the most commonly detected agrichemical in sediments, at 

concentration of 0.7-230 μg/g (Shahane 1994).  

The degradation studies for the removal of pesticides are equally 

important since the studies conducted reported the presence of toxic pesticide 

residues in water, soil and non target plants, animals and human beings,. 

Traditionally, remediation of pesticide contaminated soils involved „off-site‟ 

management by excavating and subsequent disposal by burial in secured 

landfills.  Later new environmental friendly technologies were introduced. 

The USEPA (2010) has compiled information about several non-combustion 

technologies at both domestic and international sites for remediation of 

persistent organic pollutants (POPs). Instead of treatment by combustion 

systems using high temperature incineration the report provided fact sheets 

for anaerobic bioremediation using blood meal, Base-Catalyzed 

Decomposition, DARAMEND
®

 and in situ thermal desorption to treat both 

high and low strength wastes  and soil containing POPs . 

The efficiency of many adsorbents for the removal of endosulphan 

from aqueous solutions was investigated. Maximum adsorption of 95 ± 1% 

was achieved with 0.1 g of peach nut shells in 20 ml of solution for  0.24 × 

10−4 mol dm−3 of endosulphan solution. The method was applied to remove 

endosulphan from surface water samples (Memon et al. 2009). Bakouri et al. 

(2010) also investigated the removal of endosulphan using adsorbents treated 

and untreated organic agricultural stones (date, olive and avocado). The 

effects of several factors like size and dose of adsorbants, contact time, 
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concentration of pesticide solution and temperature on the adsorption 

processes were studied in batch experiments. The concentration of pesticide 

was determined by gas chromatography coupled with mass spectroscopy. 

Maximum removal of 94.8% was achieved for endosulphan sulfate using the 

acid-treated date stones.  

The effect of the addition of a non ionic surfactant tween 80 to the soil 

on the degradation of endosulphan by Pseudomonas aeruginosa was reported 

(Jayashree and Vasudevan 2007). The addition of Tween 80 enhanced the 

solubility and degradation of endosulphan. A significant degradation of 94% 

was observed at pH 8.5 when Tween 80 was added to the soil with the  

bacterial species. The results showed the degradation of both the endosulphan 

isomers (endosulphan alpha and endosulphan beta) with the formation of 

endosulphan diol and endosulphan sulfate. 

Santhanalakshmi et al. (2012) conducted a study on the photo catalytic 

degradation of pesticides using nano crystalline TiO2. Hydrothermal and sol 

gel method was used for the synthesis of TiO2. The overall rate coefficient 

values were found to increase in the order chloropyrifos < quinolphos < 

imidocloprid < endosulphan among the four organochlorine pesticides.  

Phytoremediation is emerging as an environmental friendly technology 

for the removal of many persistent pollutants including pesticides. The 

applications of phytoremediation can be classified based on the fate of 

contaminant which includes degradation, extraction, containment, or a 

combination of these. The mechanisms involved in phytoremediation can be 

extraction of contaminants from soil or groundwater; concentration of 

contaminants in plant tissue; degradation of contaminants by various biotic or 

abiotic processes; volatilization of volatile contaminants from plants to the 

air; immobilization of contaminants in the root zone etc. (USEPA 2000). A 

detailed report   has been published by EPA (1999) with useful information 
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on phytoremediation to treat soil and groundwater. Several field 

demonstration summaries are presented in the report, with information on   

compounds treated, site characteristics and results. 

Olette et al. (2008) investigated the potential of the phytoremediation 

process to remove pesticides in water bodies. The success of 

phytoremediation for degradation of pesticides depend on  photosynthetic 

activity and growth rate of plants. The ability of three aquatic plants - Lemnos 

minor, Elodea canadensis and Cabomba aquatico to degrade pesticides by 

exposing the plants to five concentrations varying from 0 to 1.0 mg.L-1 was 

studied. The percentage removal of pesticides ranged from 2.5% to 50% 

during four days of incubation and reached 100% after seven days of 

incubation. Another phytoremediation study was conducted on hybrid Poplar 

growth in petroleum contaminated soils through oxygen addition and soil 

nutrient amendments (Rentz et al. 2003). The effect of nutrient addition on 

poplar growth and the importance of oxygen addition to root development and 

plant growth were investigated. Biomass measurements, poplar height, and 

leaf colour were used as indicators of plant health. Mukherjee and Kumar 

(2012) reported the potential of mustard and maize to remove endosulphan 

from contaminated soil. The disappearance rate constants of endosulphan 

were found to be 0.03684, 0.23490 and 0.17272 day
-1

 for unplanted treatment, 

planted with mustard and maize respectively. The results showed that 

accumulated endosulphan decreased by 55%–91% in soil after growing the 

crop plants and the suggested mechanism was plant uptake and 

phytoextraction. 

Gerhardt et al. (2009) investigated the potential and challenges of 

phytoremediation and rhizoremediation of organic soil contaminants. The 

study revealed the need to mitigate plant stress in contaminated soils and to 

establish reliable monitoring methods and evaluation criteria for successful 
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implementation of phytoremediation in the field. New protocols should be 

established for sampling, chemical analysis, and interpretation of the data for 

phytoremediation to be effective. 

The degradation pathways in plants were studied by Abhilash et al. 

(2009).  Transgenic plants support enhanced biodegradation and 

phytoremediation of organic xenobiotics. The  metabolism of xenobiotics 

occur through three main biochemical processes; conversion or 

transformation (phase I), conjugation (phase II), and compartmentalization 

(phase III). During phase I, hydrophobic pollutants are converted to less 

hydrophobic metabolites .Organic pollutants or the  metabolites formed 

during phase I are directly conjugated with glutathione,sugars, or aminoacids 

to produce hydrophilic compounds in  phase II. In phase III, conjugated 

metabolites are deposited in vacuoles or cell walls. 

Nanotechnology has numerous applications in environmental 

remediation.  Nano zero valent iron (nZVI) was found to be very useful for 

the treatment of contaminated soil and groundwater. Because of its small size 

and high reactivity nZVI was effective for the reduction of chlorinated 

organic contaminants like pesticides, solvents, inorganic anions  etc. nZVI has 

a limited mobility and needs to be in the presence of water to promote 

reductive dehalogenation (Muller and Nowack 2010a) . A study by Alka and 

Anita (2014) reported the effective removal of dichlorvos by 

superparamagnetic nano iron oxide loaded poly (styrene-co-acrylic acid) 

hydrogel. The results indicated maximum removal of dichlorvos at pH 

between 3 to 4 at 28
0
C in 60 minutes in batch method. 

Jiamjitrpanich et al. (2012) studied the combined effect of 

phytoremediation and nanoscale zero valent iron (nZVI) for the removal of 

Trinitrotoluene (TNT) from contaminated soil. The plant used as hyper 

accumulator was purple guinea grass (Panicum maximum). The application of 
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nano-phytoremediation in soil helped to remove TNT (initial concentration: 

100 mg/kg) within sixty days.  

Bioremediation is identified as a promising treatment method which 

can exploit the ability of microorganisms to remove pollutants from 

contaminated sites. This is an effective, minimally hazardous, economical and 

environment-friendly treatment strategy (Trivedi 2008;  Finley et al. 2010; 

Meleiro-Porto et al. 2011). Focus shifted towards biological remediation 

methods when chemical, mechanical and thermal treatment of hazardous 

wastes proved unsustainable. Microbial co-metabolism and the degradation of 

organic compounds in nature have been reported many years before (Horvath 

1972). 

Several microbes have been identified in nature which can break down 

the hazardous organic substances in soil and water including pesticides, 

polycyclic aromatic hydrocarbons (PAHs) and polychlorinated biphenyls 

(PCBs). Majority of the organochlorines appears to be biotransformed, 

forming cunjugates with the soil humic matter (Sinha et al. 2009).   

Sunitha et al.  characterized a bacterial culture obtained by the process 

of enrichment  from  an  endosulphan  contaminated  soil  of a  coffee  

cultivated  area. The culture was found to consist of strains of Pseudomonas 

putida, differing in their 16srRNA sequence. An increase in biomass up to 

1.8g/L and 2.2g/L was observed in the presence of endosulphan and  

endosulphan  sulphate  respectively.  Metabolites of  endosulphan degradation  

like endosulphan diol, endosulphan  lactone and endosulphan  sulphate were 

detected  in the cultures (Sunitha et al.  2012a). Another study conducted by 

Sunitha et al (2012b) also reported that organisms isolated from endosulphan 

contaminated soils by the process of enrichment can be used as bio 

remediating agents for soil and water. A study conducted by Arunkumar et al. 

(2014) reported the degradation of endosulphan by a bacteria isolated from 
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cotton field soil through repetitive enrichment culture method. The bacterial 

isolate of Chromobacterium violaceum (ISB9) culture was able to degrade 

endosulphan to endosulphan diol which is nontoxic as compared to the parent 

compound.  

A study was reported on the isolation of endosulphan degrading 

bacterial strains from soil (Hussain et al. 2007). The bacterium capable of 

metabolizing endosulphan was isolated from cotton-growing soil and was 

utilized to degrade endosulphan into endosulphan sulfate. The bacterium 

degraded 50% of the compound within 3 days of incubation. The metabolites 

formed indicated that the organism followed an oxidative pathway for 

metabolism of this pesticide. Endosulphan degradation was found to be 

promising with bacterial consortium and pure isolates. A bacterial consortium 

enriched from an endosulphan-processing industrial surface soil which 

consisted of three bacterial isolates, rapidly mineralized endosulphan. 

Staphylococcus sp. preferably utilized beta endosulphan whereas other two 

isolated Bacillus strains utilized more alpha endosulphan. The addition of 

supplementary carbon, i.e., dextrose, stimulated the endosulphan degradation 

efficiency in both the cases. Endosulphan degradation via hydrolysis pathway 

with the formation of key intermediate compounds ethylcarboxylates and 

carbenium ions was shown in the study (Kumar and Philip 2006b). A total of 

29 bacterial strains were isolated through enrichment technique from 15 

specific sites using endosulphan as sole sulfur source. The strains differed 

substantially in their potential to degrade endosulphan in vitro ranging from 

40 to 93% of the spiked amount (100 mg l
−1

). Wyss et al. (2006) isolated and 

characterized the bacterium Pseudomonas sp for the hydrolysis of atrazine. 

This microorganism used atrazine as a nitrogen, citrate and carbon source, 

and for the production of electron donor molecules under aerobic 

conditions.In another study, endosulphan-degrading mixed bacterial culture 

was enriched from soil with a history of endosulphan exposure. A pathway 



 44 

was suggested in which the parent compound was hydrolyzed to the putative 

monoaldehyde, thereby releasing the sulfite moiety required for growth of 

bacterial culture.The monoaldehyde was then oxidized to endosulphan 

hydroxyether and further metabolized to polar products (Sutherland et al. 

2000).  

Study on the biotransformation of endosulphan, by Anabaena Species 

by Lee et al. (2003b) assessed the role of the blue-green algal species present 

in the soil in the dissipation of endosulphan and its metabolites in the soil 

environment. Two Anabaena species, Anabaena sp. PCC 7120 and Anabaena 

flos-aquae, were used in this study. Anabaena sp. PCC 7120 produced three 

principal biotransformation compounds, chiefly endosulphan diol (endodiol), 

and minor amounts of endosulphan hydroxyether and endosulphan lactone. 

Trace amounts of endosulphan sulfate were detected. In comparison, the 

biotransformation of endosulphan by Anabaena flos-aquae yielded mainly 

endodiol with minor amounts of endosulphan sulphate. Further research is 

needed to elucidate predictive, mechanistic models of pesticide degradation 

and thus better remediation designs. 
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CHAPTER 3 

MATERIALS AND METHODS 

 

3.1 Pesticide residue analysis of water, soil and sediment samples 

 3.1.1 Sampling of water, soil and sediment samples from selected locations 

for pesticide   residue analysis 

The sampling and analysis of pesticide residues were carried out 

following standard protocols (APHA 2005; APHA 2012; USEPA 1989; 

USEPA 1994; USEPA 1995). 

  The water samples for the analysis of pesticides were collected in 1L 

clean amber glass bottles with teflon stopper and labeled. Each sample 

container was clearly marked with the information such as date, time, place of 

collection ,sample type and sample identification code .The glass bottles were 

washed with detergent solution, tap water, distilled water, acetone and finally 

with the working organic solvent, n- hexane. The collected samples were 

transported to the laboratory in cool box with ice packs and subsequently 

stored under refrigeration at 4°C until further analysis.  

The soil samples were collected by a systematic grid sampling method 

at a depth of 0-10 cm. Random samples  were also collected from certain 

locations of  the study area near agricultural, plantation or industrial  areas. In 

such cases, composite soil sample was taken by collecting sub samples from 5 

to 10 sites throughout the field and then these sub-samples were combined. 

The soil sample was obtained by screwing the hand operated soil auger 

through the soil to the desired depth. The sample was mixed thoroughly, filled 

the one-quart sample jar, and discarded the remaining soil. The soil and 

sediment samples for the analysis were collected and stored in air tight, 

solvent washed new glass jars, verified as pesticide free, sealed with Teflon 
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foil liner fitted with new screw caps. These sample containers were clearly 

marked with the information such as date, time, place of collection, sample 

type and sample identification code. Samples were air dried, grained using 

mortar and pestle and then sieved (aperture 2 mm).The samples were stored 

carefully avoiding any external contamination.  

3.1. 2 Reagents and standards  

Technical grade pesticides; lindane, aldrin, dieldrin, DDD, DDE 

endosulphan (endosulphan alpha+beta) and its metabolites (endosulphan 

sulphate, endosulphan ether, endosulphan lactone, and endosulphan diol) 

required for the study were obtained from E. Merck (Germany). All the 

reagents used were of analytical grade. 

3.1. 3 Extraction of pesticide residues  

For the extraction of the pesticide residues from water, liquid-liquid 

extraction method was adopted. Extraction of pesticides from soil required a 

more polar solvent than hexane or dichloromethane. Hence a mixed extracting 

solvent with added acetone was used.  

One litre of water sample was taken in a separating funnel. An amount 

of 30 g of NaCl and 50 ml of n-hexane was added. The hexane layer was 

separated after shaking the sample. This process was repeated thrice and 

hexane portions were pooled together. The co extractives were removed from 

the concentrated extract by passing through an alumina column overlaid with 

1 g anhydrous sodium sulphate to remove any remaining water molecules. 

The extract was concentrated to 10 ml by using a rotary evaporator. The 

concentrated extract was transferred to air- tight, amber coloured GC vials 

and stored at 4°C until analysis (APHA 2005; USEPA 1989).  
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For the extraction of soil and sediment samples, 10 g of sample was 

taken in 100 ml conical flask containing 25 ml acetone. The mixture was 

shaken well and the flask was kept overnight in the electric shaker. The 

supernatant was transferred into a separating funnel of 1 L capacity. Acetone 

(25 ml) was added to the sample and shaken well for about 10 minutes and 

kept for sedimentation. The supernatant acetone extract was transferred into 

the same separating funnel. To the separating funnel, 300 ml of deionised 

water, 15 g of sodium chloride, 20 ml n- hexane were added. The mixture was 

shaken well for 10 minutes and kept for layer separation. The aqueous layer 

was collected in a beaker. The n-hexane layer was transferred to a standard 

flask from the separating funnel. Again 20 ml n-hexane was added to the 

aqueous layer and shaken well for 10 minutes. Then the aqueous layer was 

discarded and the n-hexane layer was transferred from the separating funnel to 

100 ml conical flask. Anhydrous sodium sulphate (3g) was added into n-

hexane layer for dehydration and left the sample undisturbed for 20 minutes 

and then concentrated to 10 ml. The clean up was done on an alumina column 

overlaid with 1 g anhydrous sodium sulphate. The extract was stored in air 

tight amber colored vials at 4
0
C until analysis (USEPA 1989) 

3.1.4 Analysis of pesticide residues  

After processing the samples through the different extraction steps, the 

final concentrated and cleaned up sample was analyzed using Gas 

Chromatograph with Electron capture Detector which is specific and highly 

sensitive for halogenated compounds. Varian make CP-3800 Gas 

Chromatograph equipped with Ni
 63

 ECD (electron capture detector) was used 

to analyze the pesticides. One microlitre volume of each extract was injected 

into the injection port using the micro syringe. The gas chromatograph used 

for pesticide residue analysis is indicated in Plate 3.1. 



 48 

 

   Plate 3.1 Gas Chromatograph (Varian make-CP 3800) 

WCOT fused silica capillary column of length 30m ,0.32 mm internal 

diameter,0.25 µm film thickness was fitted  and  efficient temperature 

programs were used. Nitrogen was used as the carrier gas and the gas inlet 

pressure was 80 psi corresponding to a flow rate of 2 ml min
-1

. The 

temperature for injector and detector were 250 and 300°C, respectively. The 

temperature column was programmed from 130 (hold 1 min) to 200°C at 5°C 

(hold 10 min) and then from 200 to 232°C at 1°C min.
-1 

The chromatograms 

were recorded and integrated using Star Workstation software. External 

pesticide reference standards from E.Merck (Germany) were used to compare 

and quantify the sample concentrations.  The pesticides detected were 

compared with that of the standards (Vidal et al. 2000). Chromatogram 

indicating the pesticides lindane, aldrin, dieldrin, 

dichlorodiphenyldichloroethane (DDD), Dichlorodiphenyldichloroethylene 

(DDE), endosulphan alpha and endosulphan beta is shown in Figure 3.1. 
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Figure 3.1Gas chromatogram indicating the pesticides lindane, aldrin, 

dieldrin, DDD , DDE, endosulphan alpha and endosiulphan beta 

  

Accuracy within-day and between-day precision were assessed using 

Quality Control (QC) samples at four concentration levels including LOD, 50, 

100 and 200 μg/L. The samples were all run in triplicate on three different 

days and the RSD and relative error (RE) were calculated for each. 

Acceptable precision here was considered to be an RSD of <5%. The overall 

accuracy was assessed by subtracting the theoretical concentration of each QC 



 50 

sample from the mean concentration determined from the three days of 

analyses. Detection (LOD) and quantification (LOQ) limits were calculated 

relative to the values for the blank at the retention times of the analytes (10 

injections).  

Results of validation and percentage recoveries are indicated in Tables 

3.1 and 3.2.Table 3.1 summarizes the calibration data, the LODs and LOQs 

for the studied pesticides. Average recoveries and relative standard deviations 

(RSD %) at four concentrations are indicated in Table 3.2. 

Table 3.1 Validation results: Limit of detection and limit of quantification 

 

Pesticide            LOD(µg/L)     LOQ(µg/L) 

Endosulphan alpha 0.05   0.17 

Endosulphan beta 0.05   0.17 

Endosulphan diol 0.10   0.33 

Endosulphan ether 0.10   0.33 

Endosulphan lactone          0.10                  0.33 

Endosulphan sulphate 0.10   0.33 

Lindane                               0.10   0.33                                                      

Aldrin                                  0.01   0.03                                              

Dieldrin                               0.01   0.03                                                                           

DDD                                    0.10   0.33                                                                                         

DDE                                    0.10              0.33 
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Table 3.2 Average recoveries and relative standard deviations (RSD %) at 

four concentration levels (n=4) 

 

 

Recoveries at the LODs ranged from 96.5% to 106.4%. Average 

recoveries for all other concentrations varied between 90.2% and 102.4%. 

The uncertainties of the recoveries, reported as RSD% (precision), varied 

between 1.0% and 4.7%. 

 

 

 

 

Pesticide 

LOD 50 (µg/L) 100 (µg/L) 150 (µg/L) 

% R 
% 

RSD 
% R 

% 

RSD 

% 

R 

% 

RSD 

% 

R 

% 

RSD 

Endosulphan alpha 97.6 1.9 97.7 2.0 93.6 1.5 92.5 1.0 

Endosulphan beta 99.8 2.8 95.7 2.3 95.8 2.3 90.2 4.7 

Endosulphan diol 96.8 3.2 94.6 1.2 93.4 3.4 91.6 2.6 

Endosulphan ether 97.8 2.4 98.9 2.6 95.2 4.2 95.5 2.4 

Endosulphan lactone 96.5 1.6 102.4 3.2 96.6 3.2 96.6 2.3 

Endosulphan sulphate   97.6   2.4        96.8    3.2          97.8      2.2         94.6    3.4 

Lindane 98.8 3.2 98.6 2.6 96.8 3.6 96.4 2.4 

Aldrin 98.5 2.6 97.4 2.0 97.2 2.4 95.6 3.2 

Dieldrin 106.4 2.4 96.8 3.4 95.4 2.2 94.3 3.2 

DDD 97.8 1.6 96.8 2.3 96.4 3.4 93.6 2.7 

DDE 98.8 1.4 98.6 2.2 96.4 3.2 94.2 3.4 
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3.1.5 Comparison of results using gas chromatograph with mass 

spectrometer (GC-MS)   

The standards analysed using gas chromatograph with electron capture 

detector (GC- ECD) were also compared qualitatively using gas 

chromatograph with mass spectrometer (GC-MS)  for confirmation. Standards 

were also analysed quantitatively using GC MS .The GC-MS analysis was 

done from M/s. Shriram Institute for Industrial Research, Bangalore (ISO-IEC 

17025 accredited laboratory) and Thermo Fisher Scientific India Pvt. Ltd., 

Mumbai.  The variation in results was found to be within ± 20 %. The results 

obtained by GC- MS analysis is given in Figures 3.2-3.4. The concentration 

of standards obtained by GC-ECD and GC-MS are compared in Table 3.3. 

 

Figure 3.2 Results of GC-MS analysis of endosulphan alpha  and  endosulphan beta 
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Figure 3.3 Results of GC-MS analysis of endosulphan sulphate 

 

Figure 3.4 Results of GC-MS analysis of endosulphan ether and   endosulphan 

lactone 
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Table 3.3 Comparison of results obtained by GC-ECD and GC-MS 

 

 In addition to pesticide residue analysis, analysis of water, soil and 

sediment samples were also carried out. This has been done to study the 

correlation of water, soil and sediment quality parameters on the persistence 

of pesticide residues. 

3.2   Water quality assessment 

Physico-chemical analysis of collected water samples was done as per 

the standard procedure reported by American Public Health Association 

(2005).  

3.2.1 Collection and preservation of samples 

The sampling equipments and sample containers were thoroughly 

cleaned before collection of samples. For physico-chemical analysis, one litre 

of sample was collected. The containers were labeled with proper information 

on unique sample number, sample type, date, time, place of collection and 

sample code. pH, temperature, electrical conductivity and total dissolved 

solids were determined in the field. Samples were transported to the 

laboratory in cool box with ice packs for bacteriological analysis. Global 

positioning system was used to get accurate sampling position data. 

Sl.No. Pesticide 
Concentration obtained (µg/L) 

GC-ECD GC-MS 

1 Endosulphan (alpha+beta) 104 113 

2 Endosulphan sulphate 96 99 

3 Endosulphan ether 107 117 

4 Endosulphan lactone 98 106 
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3.2.2Water quality characteristics 

3.2.2.1 pH 

         pH of the sample was analyzed using Systronics digital pH system. The 

instrument was    calibrated using pH 4, 7, 9.2 buffer solutions.  

3.2.2.2 Colour 

         Colour was determined spectrophotometrically using UV-Visible 

spectrophotometer (Thermo Scientific-Evolution 201) at a wavelength 

between 450 and 465 nm with platinum- cobalt solutions as standard. Colour 

of real samples and platinum- cobalt standards follow Beer’s law. 

3.2.2.3 Turbidity 

Nephelometric method was used for the determination of turbidity 

using Systronics Digital Nephelo- Turbidity meter 132. Formazin polymer 

was used as the primary standard reference suspension. The method is based 

on comparison of the intensity of light scattered by the sample under defined 

conditions with the intensity of light scattered by the standard reference 

suspension under the same conditions. The higher the intensity of scattered 

light, higher the turbidity. 

3.2.2.4 Electrical Conductivity 

         Electrical Conductivity was measured using ELICO conductivity meter. 

The instrument was calibrated using standard conductivity solution (KCl , 

0.01 M) of 1412 µS/cm. 

3.2.2.5 Total Dissolved Solids 

Total Dissolved Solids was determined by gravimetric technique. The 

sample was filtered through a standard glass fiber filter (Whatman grade 

934AH) and the filtrate was evaporated to dryness in a weighed dish and 
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dried to constant weight at 180
0 

C. The increase in weight of the dish 

represents total dissolved solids.  

3.2.2.6 Hardness 

Complexometry was the principle used for the determination of total 

hardness and calcium hardness. Total hardness was estimated using standard 

EDTA solution (0.01 M) using Eriochrome Black -T as the indicator in the 

presence of NH4Cl-NH4OH buffer of pH 10. For the determination of calcium 

hardness murexide indicator in the presence of NaOH buffer was used. 

Magnesium hardness was calculated from the difference between total 

hardness and calcium hardness. 

3.2.2.7 Calcium and Magnesium 

The concentration of calcium and magnesium in the water samples 

were estimated from their corresponding hardness using the following 

equations. 

Calcium in mg/L = Calcium hardness ×0.4 

Magnesium in mg/L = Magnesium hardness ×0.243 

Magnesium hardness = Total hardness – Calcium hardness   

3.2.2.8 Total Alkalinity 

   Alkalinity was estimated using the principle of acid- base titrations. 

Total alkalinity was estimated by titrating the water sample against standard 

H2SO4 (0.02 N) with methyl orange as indicator. The end point was indicated 

by a colour change from golden yellow to orange red.  

3.2.2.9 Chloride 

Argentometric method was used for the estimation of chloride 

concentration in water samples. The sample was titrated against standard 
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silver nitrate solution (0.0141N) after the addition of potassium chromate 

indicator solution. 

3.2.2.10 Sulphate 

Turbidimetric method was used for the determination of sulphate 

concentration of the samples by using Systronics Digital Nephelo-Turbidity 

meter 132. Sulphate ion was precipitated in an acetic acid medium with 

barium chloride so as to form barium sulphate crystals of uniform size. Light 

absorbance of the BaSO4 suspension was measured using Nephelo-Turbidity 

meter and the SO4
2-   

concentration was determined by comparison of the 

reading with a standard curve. 

3.2.2.11 Sodium and Potassium  

Alkali metals sodium and potassium were estimated using Flame 

Emission Photometric method using Systronics Flame Photometer 

128.Potassium was determined at a wavelength of 766.5 nm and sodium at 

589 nm. The instrument was calibrated using standard solutions of sodium 

and potassium.  

3.2.2.12 Nitrate-N 

Cadmium reduction technique followed by Spectrophotometry was 

used for the estimation of Nitrate-N. When the water sample was passed 

through a column containing amalgamated cadmium (commercially available 

Cd granules treated with copper sulphate and packed inside a glass column) 

nitrate was reduced almost quantitatively to nitrite. The NO2 
-
 
  
thus produced 

was determined by diazotizing with sulphanilamide and coupling with N (1-

Naphthyl)- ethylenediamine dihydrochloride to form a highly coloured azo 

dye that was measured colorimetrically. The amounts of azo dye formed will 

be proportional to the initial concentration of Nitrate–N over a wide range of 
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concentration. The estimation of dye was made at 543nm using UV –Visible 

spectrophotometer (Thermo Scientific- Evolution 201). 

3.2.2.13 Phosphate- P 

Stannous Chloride method was used for the estimation of Phosphate-P. 

Ammonium Molybdate reagent was added which reacted under acid 

conditions to form a heteropoly acid, molybdophosphoric acid which was 

reduced to blue coloured complex ‘molybdenum blue’ by the addition of 

stannous chloride. The colour intensity was measured using UV-Visible 

spectrophotometer (Thermo Scientific- Evolution 201) at 690nm and 

compared with a calibration curve, using a distilled water bank. 

3.2.2.14 Microbial Analysis- Total coliform and Faecal coliform 

The standard test for coliform group was carried out by multiple tube 

fermentation technique. Results of examination of replicate tubes and 

dilutions were reported in terms of the Most Probable Number (MPN) of 

organisms present in100ml of the sample. MPN value for a given sample was 

obtained by the use of MPN Table. Macconkey broth, Brilliant Green Lactose 

Broth (BGLB) and Peptone water were used as the media for total coliform, 

faecal coliform and E. coli respectively. For total coliform estimation 10, 1, 

and 0.1 ml of samples were inoculated in to the Macconkey broth and 

incubated at 37.5
0
C for 48 hrs. Tubes with gas bubbles and colour change 

were taken as the positive tubes and count was noted. The positive tubes were 

gently shaken and with a sterile loop, three loopful of culture was transferred 

to a fermentation tube containing BGLB broth. This was then incubated at 

44.5
0
 C for 24 hrs. In a similar manner number of positive tubes were noted. 

In both the above cases the count was determined using MPN index chart. 

The previous positive tubes were gently shaken and with a sterile loop 

transferred one loopful to a fermentation tube containing peptone water. The 
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inoculated tubes were incubated at 44.5
0
 C for 24 hrs. After the incubation, 2-

3 drops of Kovac’s reagent were added. Formation of cherry red ring 

indicated the presence of Escherichia coli. 

3.3 Soil and sediment quality assessment  

Physico-chemical analysis of collected soil and sediment samples were 

conducted as per the procedure reported by Hesse (1971), Black (1965) and 

Central Soil Analytical Laboratory (2007). 

3.3.1 Collection and preprocessing of samples 

Soil samples were collected with minimal disturbance, using an augur. 

Samples were collected from soil surface layer down to a depth of 10 cm 

(USEPA 1991).Plant materials , roots, un decomposed organic matter visible 

to the naked eye and present on the surface were removed before sampling. 

The samples were collected at random by following a zig-zag movement. All 

samples representing one homogeneous area was pooled and mixed together 

and reduced to 1 to 2 Kg size following the quartering method. In this method 

all samples representing one single area was pooled on a clean sampling 

paper, mixed thoroughly and divided into four quarters. Out of these, two 

opposite quarters were discarded and the rest pooled and the process of 

quartering, discarding, quartering etc repeated till the soil sample left with 

was around 1 to 2 Kg in weight. 

 A portion of the collected soil samples was air-dried, sieved and stored 

in polythene bottles for physico-chemical analysis. Soil pH and conductivity 

was measured electrometrically in water using soil/ water ratio of 1:10. 

Alkalinity, chloride and sulphate were estimated using the filtrate of the soil-

water suspension of 1:10 (w/v) ratio. The soil particle size was determined by 

hydrometer method. The wet oxidation method of Walkley and Black was 
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used to determine the organic carbon contents from which organic matter 

content was calculated.  

 The samples were leached with 1N ammonium acetate. The leachate 

was analyzed for exchangeable cations (Ca
2+

, Mg
2+

, K
+
 and Na

+
). The 

potassium and sodium in the leachate were determined by flame photometer. 

Inorganic phosphorus was determined using UV- Visible spectrophotometer. 

The procedure for the determination of soil and sediment quality 

characteristics  is explained below in detail. 

3.3.2 Soil and sediment quality characteristics 

3.3.2.1 pH 

The pH of the soil and sediment samples was measured using the 

digital Systronics pH system 362. The pH meter was calibrated using pH 4, 7, 

9.2 buffer solutions. 

3.3.2.2 Electrical Conductivity (EC) 

ELICO conductivity meter was used for the measurement of 

conductivity. The instrument was calibrated using standard conductivity 

solution (KCl , 0.01 M) of 1412 µS/cm. 

3.3.2.3 Alkalinity 

 Alkalinity was estimated by the principle of acid-base titration. The 

filtrate of the soil water suspension was titrated against 0.02 M hydrochloric 

acid with methyl orange indicator, the end point being colour change from 

golden yellow to orange red.  

3.3.2.4 Chloride 

 Argentometric method was used for the estimation of chloride by 

titrating the filtrate of the soil-water suspension against silver nitrate solution 
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(0.0141 N) after adding potassium chromate indicator .The end point was 

indicated by the colour change from yellow to orange red with the formation 

of  a curdy precipitate.  

3.3.2.5 Sulphate 

The concentration of sulphate in the filtrate was determined by 

Turbidimetric method using Systronics Digital Nephelo-Turbidity meter 132. 

Nephelometer was standardized before the measurements were carried out 

and the SO4
2- 

concentration was determined by comparison of the reading 

with a standard curve. 

3.3.2.6 Organic Carbon 

 The organic matter content was estimated by Walkley and Black rapid 

titration method. In this method the soil organic matter was extracted by 

digesting the soil with chromic acid and sulphuric acid making use of heat of 

dilution of sulphuric acid. The excess chromic acid which was not reduced by 

the organic matter of the soil was determined with standard ferrous 

ammonium sulphate solution in presence of sodium fluoride, phosphoric acid 

and diphenyl amine solution indicator. At the end point the colour of the 

suspension changed from violet through blue to bright green. 

3.3.2.7 Organic Matter  

 The term soil organic matter refers to the whole non mineral fractions of 

the soil. Organic matters contribute to the physical condition of a soil by 

holding moisture and by affecting the structure. Soil organic matter was 

estimated from its organic carbon content. The organic matter content of the 

soil is 1.724 times the organic carbon. 
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3.3.2.8 Exchangeable Sodium  

 Estimation of sodium was conducted by extracting the soil/ sediment 

samples with ammonium acetate solution (1 M). The concentration of sodium 

in the filtrate was determined using flame photometer (Systronics Flame 

Photometer 128). 

3.3.2.9 Exchangeable Potassium 

Potassium was also determined by extracting the samples with 

ammonium acetate solution (1M). The extracted potassium was estimated 

using Systronics Flame Photometer 128.  

3.3.2.10 Exchangeable Calcium 

 Complexometric titration method was employed for the estimation of 

calcium. Sample was extracted with neutral ammonium acetate solution (1M) 

and the filtrate was titrated against ethylene diamine tetra acetic acid (0.01 M) 

after adding sodium hydroxide buffer and murexide indicator. The end point 

was indicated by a colour change from pink to purple. 

3.3.2.11 Exchangeable Magnesium 

 Exchangeable Magnesium was estimated by complexometric titration 

method. The filtrate of the sample after extraction with neutral ammonium 

acetate solution was titrated against ethylene diamine tetra acetic acid (0.01 

M) in the presence of ammonium acetate buffer and Eriochrome black-T 

indicator .The end point was indicated by a colour change from wine red to 

blue. 

3.3.2.12 Inorganic Phosphorous 

The inorganic phosphorous content of the soil and sediment was 

determined by using the UV Visible spectrophotometer (Thermo Scientific-
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Evolution 201).  Air dried sieved sample was extracted using hydrochloric 

acid (1N). The phosphate was measured in UV-Visible spectrophotometer at 

690 nm after adding ammonium molybdate and stannous chloride reagents. 

Ammonium molybdate reacted under acid conditions to form a heteropoly 

acid, molybdophosphoric acid which was reduced to blue coloured complex 

‘molybdenum blue’ by the addition of stannous chloride. The colour intensity 

was measured and compared with a calibration curve. 

3.3.2.13 Soil texture 

  Soil texture was determined by hydrometer method which is quick and 

accurate. The principle of the method is that the density of suspension at a 

given depth decreases as an initially homogeneous dispersed suspension 

settles. The rate of decrease in density at any given depth is related to settling 

velocities of the particles and obeys the Stoke’s law.  

                     V= 2gr
2 
(d1-d2) 

                                  g η 

     Where  

V = velocity of fall cm/sec 

 r  =  radius of particles (cm) 

                   d1 = density of particles g/ml 

                     d2 = density of liquid g/ml 

                    η = viscosity of the liquid (in poises) 

                    g = acceleration due to gravity m/sec 
2 

The principle indicated above was utilised in estimating the amount of 

different sized particles present in the soil. The soil particles were dispersed 

using an electrical stirrer and dispersion agents and then estimated by use of 

hydrometer. 
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3.3.2.14 Cation exchange capacity 

 Cation exchange capacity was determined by leaching a known amount 

of soil by neutral ammonium acetate and estimated by distilling the quantity 

of NH4
+
 ions – cations adsorbed by the soil.  Cation exchange capacity 

measures the total quantity of negative charges per unit weight of soil. The 

cation exchange capacity is expressed in terms of milliequivalents of negative 

charge per 100 g of oven-dried soil (meq/100 g). 
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CHAPTER 4 

PERSISTENCE OF ENDOSULPHAN IN 

SELECTED AREAS OF KASARAGOD AND 

PALAKKAD DISTRICTS OF KERALA 

 

4.1 Persistence of endosulphan in selected areas of 

Kasaragod District of Kerala 

4.1.1 Introduction  

 Organochlorine pesticides (OCPs) have been extensively used in India 

for agricultural purposes. Many pesticides are toxic and they persist in the 

environment for a limited period of time and later are subjected to some 

chemical processes of degradation, hydrolysis, oxidation, photolysis, etc. by 

the ecosystem (Ormad et al. 1997; Arias-Estevez et al. 2008)
.
 

Endosulphan is a persistent, toxic broad-spectrum organochlorine 

insecticide and acaricide used in food and non-food crops. In human health 

assessment studies, endosulphan generally has been shown to have high acute 

oral and inhalation toxicity as well as slightly toxic dermal toxicity. It is an 

irritant to the eyes and primarily affects the nervous system (NIOH 2002; 

USEPA 2002). As per Bureau of Indian Standards (2012), the permissible 

limit of endosulphan in drinking water is 0.4 µg/L. Maximum permissible 

limit as per US Environmental Protection Agency for endosulphan in lakes, 

rivers, and streams is 74 µg/L (USEPA 2001a,b). 

The use of organochlorine insecticides in India for agriculture and 

public health sector have been documented (Agarwal and Joshi 2010). 

Although the use of most organochlorine pesticides (OCPs), have been 

discontinued as a result of their environmental persistence, exposure to OCPs 

may continue during the coming years too. As a consequence, many OCPs 
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may induce chronic toxicities through long-term exposure even if doses are 

relatively low (Leena et al. 2011; Zhao et al. 2009).  

The time necessary for degradation of pesticides is important to assess 

whether pollutants are persistent in the environment. The disappearance of 

these compounds is related to several factors such as pH, temperature, light, 

oxygen, and quantity of organic matter, which alter the kinetics of 

degradation (Cardeal et al. 2011). 

Due to its hydrophobic nature, endosulphan tends to get adsorbed to 

soil particles, resulting in persistence (Rao and Murthy 1980; Leung et al. 

1998). The rate of degradation of endosulphan is rather low and often results 

in the formation of endosulphan sulphate, an oxidative metabolite which is 

shown to be as toxic and persistent as the parent compound. Pesticide residue 

in the soil can move from the surface when they dissolve in runoff water, or 

percolate down through the soil, and eventually reach the groundwater. Many 

reported studies have proved the persistent nature of the endosulphan residues 

in soil (NIOH 2002). 

Endosulphan is known to be an endocrine disruptor and also a 

genotoxin (Fernandez 2007).
 
Because of its persistence in the environment for 

a long time, and its toxicity endosulphan contamination in the environment is 

of great concern. Endosulphan was aerially sprayed for many years in the 

cashew plantations of this area, though it has now been discontinued. Because 

of the reported cases of endosulphan problem and related health issues due to 

aerial spraying of endosulphan in Kasaragod district of Kerala, a study on the 

persistence of endosulphan was carried out in eleven selected Panchayats of 

Kasaragod district of Kerala in five phases. 
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4.1.2 Materials and Methods  

4.1.2.1 Description of sampling sites 

The sampling sites were fixed with the help of concerned health 

inspectors and members of “Endosulphan Victims and Remediation Cell” 

formed under the coordination of District Medical Officer of Kasaragod 

district. Sampling locations are indicated in Figure 4.1. All sampling points 

were geographically referenced with Global Positioning System.  

A total of 49 water/sediment/soil samples were collected for the analysis of 

endosulphan from 11 Panchayats. A total of 22 water samples were collected 

from the study area. The number of samples collected from each Panchayat is 

indicated in Table 4.1. The details of the water samples collected are given in 

Table 4.2 and Plates 4.1- 4.3 depict some of the water sampling sites. Soil and 

sediment samples were collected from the affected panchayths of Kasaragod 

district.  A total number of 14 sediment and 13 soil samples were collected 

from 11 Panchayats of Kasaragod district. The details of sediment and soil 

sampling locations are described in Table 4.3 and Table 4.4 respectively. 

Some of the sediment and soil sampling sites are depicted in Plates 4.4 –4. 6 

and Plates 4.7–4. 9 respectively. In addition to this water, soil and sediment 

samples were collected from Cheruvathur Panchayat (N 12°11’34.5”, E 

075°09’51.8”) of Kasaragod district as control where endosulphan spraying 

was not conducted. Additionally four water and three sediment samples were 

collected from Nanjanparamba, Karadukka Panchayat of Kasaragod district 

and analysed for endosulphan. 
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4.1.2.2 Water, soil and sediment sampling 

 

Figure 4.1 Map showing endosulphan sampling locations in Kasaragod 

district 
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Table 4.1 Total number of water, sediment, soil samples collected from 11 

Panchayats of Kasaragod district 

 Sl. 

No 

Sampling area 

(Panchayat) 

Number of samples Total number of 

samples Water Sediment Soil 

1 Kayyur cheemeni 1 1 1 3 

2 Ajanur 1 1 Nil 2 

3 Pullur periya 1 Nil 4 5 

4 Kallar 5 2 1 8 

5 Panathadi 2 Nil 1 3 

6 Muliyar 2 2 1 5 

7 Karadukka 3 3 Nil 6 

8 Badiyaduka 1 Nil 3 4 

9 Kumbadaje 1 1 Nil 2 

10 Bellur 3 1 2 6 

11 Enmakaje 2 3 Nil 5 

 Total  22 14 13 49 

 

Table 4. 2 Details of water sampling locations in Kasaragod district 

Sl. 

No. 

Sample 

Code 
Panchayat Co-ordinates 

Source of 

Sample 
Site Description 

1 ENM 2 Enmakaje 
12°37’14.8” N 

075°08’08.0”E 
Surangam 

Near house-near 

plantation 

2 ENM 3 Enmakaje 
 12°37’45.8”N 

 075°07’23.8”E 
Pond 

Water from 

surangam 

3 KUM 1 Kumbadaje 
 12°36’49.3”N 

 075°06’50.2”E 
Pond Clay mining area 

4 PER 2 Pullur Periya 
 12°23’28.2”N 

 075°05’59.3”E 
Pond 

Abandoned 

pond 

5 MUL 1 Muliyar 
 12°31’26.3”N 

 075°05’30.7”E 
Surangam Valley slope 

6 MUL 3 Muliyar 
12°30’01.9”N 

 075°05’08.9”E 
Pond Plantation area 

7 CHE 2 
Kayyur 

Cheemeni 

12°13’35.5”N 

 075°16’00.6”E 
Pond Near temple 
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Sl. 

No. 

Sample 

Code 
Panchayat Co-ordinates 

Source of 

Sample 
Site Description 

8 AJN 1 Ajanoor 
 12°23’04.4”N 

 075°05’09.0”E 
Stream Under bridge 

9 BAD 2 Badiyadukka 
 12°37.327’N 

075°06.279’E 
Stream 

Ukkinaduka, 

kangilla 

10 KAL 1 Kallar 
 12° 25’10.0’’N 

075°14’0.9’’E 
Pond 

Pond near 

Kanhirathody- 

plantation area 

11 KAL 2 Kallar 
 12° 25’44’’N 

075°15’27.4’’E 
Open well 

Well in private 

land- near  

plantation area 

12 KAL 3 Kallar 
 12° 25’17.7’’N 

075°13’57.0’’E 
Open well 

Kanhirathody 

Colony Well -near 

plantation land 

13 KAL 4 Kallar 
 12°25’44.5’’N 

075°14’51.8’’E 
Open well 

Well near 

plantation quarters 

painikkara 

14 KAL 7 Kallar 
12° 25’44.5’’N 

075°14’51.8’’E 
Open well 

Well inside 

plantation area- 

Rajapuram estate 

15 PAN 1 Panathadi 
 12°27’53.8’’N 

075°23’49.2’’E 

Plantation 

tank 

Inside plantation 

area- near helipad 

site 

16 PAN 2 Panathadi 
12° 28’34.4’’N 

075°22’48.3’’E 
Stream 

Near Kallepalli 

plantation area 

17 KAR 2 Karadukka 
 12°34.638’N 

 075°12.128’E 
Open well 

Well near 

Minchipadavu 

plantation office 

18 KAR 3 Karadukka 

12
0
 34.571’N 

075
0 

12.031’E 

 

Stream 

Stream near 

Minchipadavu 

plantation office 

19 KAR 4 Karadukka 
12

0
 34.717’N 

075
0 

11.420’E 
Pond 

Pond in private 

land – near 

Minchipadavu 

plantation area 

20 BEL 1 Bellur 
 12°35.289’N 

 075°10.396’E 
Pond 

Pond in private 

land 

(Megnamana) 

21 BEL 3 Bellur 
 12°35.532’N 

075°10.897’E 
Pond 

Near plantation 

area 

22 BEL 4 Bellur 
 12°35.535’N 

075°11.216’E 
Pond 

Pond near the 

plantation area 
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Plate 4.1 Temple pond - Kayyur cheemeni Panchayat 

 

Plate 4.2 Pond - Badiyadukka Panchayat 

 

Plate 4.3 Surangam - Enmakaje Panchayat 
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Table 4.3 Details of sediment sampling locations in Kasaragod district 

Sl. 

No. 

Sample 

Code 
Panchayat Co-ordinates 

Source of 

Sample 
Site Description 

1 ENM1 Enmakaje 
 12°40’21.8”N 

 075° 08’30.5”E 
Pond Valley 

2 ENM2 Enmakaje 
 12°37’14.4”N 

 075°08’07.9”E 
Surangam 

Surangam near 

house 

3 ENM3 Enmakaje 
 12°37’45.8”N 

 075° 07’23.8”E 
Pond 

Near Galigopura 

Road 

4 KUM1 Kumbadaje 
 12°36’49.3”N 

075° 06’50.2”E 
Pond Clay mining area 

5 MUL1 Muliyar 
 12°31’26.3”N 

 075° 05’30.7”E 
Surangam Valley slope 

6 MUL3 Muliyar 
 12°30’01.9”N 

 075° 05’08.9”E 
Pond Plantation area 

7 CHE 2 
Kayyur 

Cheemeni 

12°13’35.5”N 

 075° 16’00.6”E 
Pond Near Plantation area 

8 AJN 1 Ajanoor 
 12°23’04.4”N 

075° 05’09.0”E 
Stream Site under bridge 

9 KAL 1 Kallar 
12° 25’10.0’’N 

 075°14’0.9’’E 
Pond 

Pond near 

Kanhirathody 

plantation area 

10 KAL 6 Kallar 
12° 25’85.1’’N 

075°14’60.4’’E 
Valley 

Sediment from 

valley slope 

11 KAR1 Karadukka 
12

0
 34 918N 

075
0 

12 121E 
Pond 

Sediment from 

Kaveri Temple pond 

12 KAR3 Karadukka 

12
0
 34.571’N 

075
0 

12.031’E 

 

Stream 

Stream near 

Minchipadavu 

plantation office 

13 KAR4 Karadukka 
12

0
 34.717’N 

075
0 

11.420’E 
Pond 

Pond in private land 

– near 

Minchipadavu 

plantation area 

14 BEL 3 Bellur 
12°35.532’N 

 075°10.897’E 
Pond 

Near plantationa 

area. Near Pallapady 
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Plate 4. 4. Sediment sampling station- Karadukka Panchayat 

 

Plate 4.5 Sediment sampling station -Bellur Panchayat 

 

Plate 4.6 Sediment sampling station -Muliyar Panchayat 
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Table 4.4 Details of soil sampling locations in Kasaragod district 

 

Sl. 

No. 

 

Sample 

Code 

 

Panchayat 

 

Co-ordinates 

 

Source of 

Sample 

 

Site Description 

1. CHE 1 Cheemeni 
 12°14’05.0”N 

075° 16’41.0”E 
Dry pond Near plantation area 

2. PER 1 
Pulloor 

Periya 

 12°23’32.0”N 

 075° 06’05.6”E 

Plantation 

area 
Near plantation area 

3. PER 3 
Pulloor 

Periya 

 12°23’37.8”N 

075° 05’42.4”E 

Inside 

plantation 

area 

Helipad site 

4. PER 4 
Pulloor 

Periya 

 12°23’39.9”N 

 075° 05’41.0”E 

Inside 

plantation 

area 

Helipad site 

5. PER 5 
Pulloor 

Periya 

 12°23’57.7”N 

075° 07’11.1”E 

Plantation 

area 
Inside plantation area 

6. MUL 2 Muliyar 
 12°29’59.0”N 

 075° 05’07.3”E 
Dry pond Dry pond 

7. BAD 1 Badiyadukka 
 12°37’40.0”N 

075° 06’03.8”E 

Plantation- 

Helipad site 
Helipad site 

8 BAD 3 Badiyaduka 
 12°37.327’N 

 075° 06.279’E 

Near 

plantation 

Area 

Soil from a private 

land near plantation 

area 

9 BAD 4 Badiyaduka 

12
0
 37.536N 

075
0 
05.670’E 

 

Near 

plantation 

Area 

 

Sacred Heart Church 

Compound 

10 KAL 5 Kallar 
12°25’0.796’N 

 075°14.794’E 

Plantation 

Compound 

Soil from Plantation 

Compound 

11 PAN 1 Panathadi 
12°27’53.8’’N 

075°23’49.2’E 

Plantation 

Area 

Soil and water from 

plantation Tank 

12 
BEL 2-

Surface 
Bellur 

 12° 39.84’N 

075° 12.45’E 

Plantation 

Area 

Near Hosanamana –

plantation area 

13 
BEL 2-

depth 
Bellur 

 12° 39.84’N 

075° 12.45’E 

Plantation 

Area 

Near Hosanamana-

plantation area 
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Plate 4.7 Soil sampling station- Muliyar Panchayat 

 

Plate 4.8 Soil sampling station- Kallar Panchayat 

 

Plate 4.9. Soil sampling station- Panathadi  Panchayat 
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In the first phase of sampling and analysis, the soil, sediment and water 

samples were collected from the eleven affected Panchayats of Kasaragod 

District during March 2010.  The second phase of sampling and analysis was 

conducted during March 2012. The third phase of sampling was conducted 

during September 2012. Since endosulphan was found persistent in three soil 

samples during third phase of analysis, sampling was conducted in the fourth 

phase during April 2013. Fifth phase of sampling and analysis was conducted 

in April 2015.Control samples were collected from Cheruvathur Panachayat 

during each phase. 

4.1.2.3 Extraction and analysis of samples 

Extraction and analysis of water, sediment and soil samples carried out 

as per standard protocol is explained in detail in chapter 3. 

4.1.2.4 Physico-chemical analysis 

Physico-chemical analysis of water, soil and sediment samples are 

given in detail in chapter 3. 

4.1.2.5 Study on under-growth plants 

Study was conducted on under-growth plants of cashew plantation in the 

affected areas. The plant species were collected from the cashew plantations 

in Panathady, Pulloor Periya and Muliyar Panchayats where endosulphan was 

found persistent during third phase of analysis. The native undergrowth plant 

species Ageratum conyzoides, Vetiveria zizanioides and Cymbopogon citratus 

were collected from cashew plantation areas of the affected panchayats and 

analysed to find out the presence of endosulphan. 
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4.1.3. Results and Discussion 

4.1.3.1 Concentration of endosulphan residues in water, sediment and soil 

samples collected from selected Panchayats of Kasaragod district 

The chromatograms obtained indicating endosulphan alpha, 

endosulphan alpha and beta and endosulphan sulphate obtained during the 

analysis are indicated in Figures 4.2-4.4 respectively. The chromatogram 

obtained for control is indicated in Figure 4.5. 

A total of 15 water samples were analyzed during three phases of study 

and the results of the analysis are compared in Table 4.5. Endosulphan 

residues in water samples in the fifteen sites were found to be below detection 

limit in all the three phases of sampling. The results showed that endosulphan 

was not present in the water samples. In addition to the 15 samples, seven 

new sites were identified where there was a chance of endosulphan 

persistence and hence water samples were collected from these sites and 

analysed during second and third phases of study (Table 4.6).Out of seven 

water samples, endosulphan was detected in two samples during the second 

phase (March 2012). During second phase of sampling, the concentration of 

endosulphan in water samples ranged from below detection limit to 1.11µg/L. 

The maximum value for endosulphan in water was detected in sample PER 2 

from Pullur Periya Panchyath followed by ENM 2 from Enmakaje Panchayat. 

The values were 1.11 μg/L and 1.01μg/L respectively. The sample with code 

PER 2 was collected from a pond adjacent to the plantation area and the pond 

remained undisturbed and was not cleaned for a long period of time. Sample 

ENM 2 was collected from a surangam, near the plantation area. During the 

third phase of water sampling, endosulphan residues were found to be below 

detection limit (Harikumar et al. 2014).  
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Eight sediment samples were collected and analysed during three 

phases of study and the results of analysis are shown in Table 4.7 and 

graphically compared in Figure 4.6. Among the eight samples, endosulphan 

was detected in samples with sample codes MUL 3, KAL 6, KAR 3, KAR 4 

and BEL 3. Endosulphan was completely degraded during the second phase.  

The endosulphan detected in sample KAL 1 was degraded only by 25% 

during second phase but was found to be completely degraded during the 

analysis in third phase. In addition to the eight samples, six additional 

sediment samples were analysed during second and third phases of study 

.Comparison of results of analysis of the six samples are indicated in Table 

5.8 and graphically represented in Figure 4.7. Out of 14 sediment samples, 

endosulphan was detected in seven samples during second phase of sampling. 

The maximum value of endosulphan was detected in the sample ENM-1 (6.24 

µg/Kg) from Enmakaje Panchayat. The source of sediment was a valley slope 

where the runoff water from the nearby plantation area got clogged and 

settled down. Beta-isomer was found to be in higher concentration than the 

alpha-isomer. Endosulphan sulphate was detected only in one sample 

collected from Kallar Panchayat (KAL 1= 4.02 µg/Kg). The concentration of 

endosulphan detected from the same site in 2011 was 5.37µg/Kg.  During the 

third phase of sampling, endosulphan residues in sediment samples were 

found to be below detection limit. Comparison of results of endosulphan 

analysis of sediment samples indicated that degradation of endosulphan has 

taken place in majority of the samples. During 2010, traces of endosulphan 

were detected in selected samples. The comparative results show that the 

highest concentration of endosulphan (6.22μg/Kg) in sediment during 2010 

was found in a sample collected from Kallar Panchayat. During the study 

conducted in 2012, endosulphan residues were not detected in any of the 

sediment samples (Harikumar et al. 2014).   
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Eight soil samples were collected and analyzed during three phases of 

study and the results of analysis are compared in Table 4.9 and graphically 

represented in Figure 4.8. The endosulphan present in soil samples with codes 

KAL 5, BEL 2 and BAD 4 degraded completely during second phase. The 

maximum concentration of endosulphan detected in Pullur Periya (PER 4) 

was degraded to 89% during second phase and complete degradation was 

found during third phase analysis. In the sample PAN 1 rate of degradation 

was found to be low; only 56% degradation during the second phase and 67% 

degradation was found during third phase. In addition to the eight samples, 

five additional soil samples were analyzed during second and third phases of 

study. Results of analysis are shown in detail in Table 4.10 and indicated in 

Figure 4.9.During the third phase of sampling endosulphan was detected in 

three soil samples; PER 1(from Pullur Periya Panchayat), PAN 1(from 

Panathadi Panchayat) and MUL 2 (from Muliyar Panchayat).Sampling was 

continued in the fourth phase (April 2013) and fifth phase (April 2015) also to 

find out the persistence of endosulphan in soil samples (Harikumar et al. 

2014). 

The highest concentration of endosulphan (16.91μg/Kg) in soil was 

detected in Pullur Periya (PER 4) during 2010 (1
st
 phase of sampling).  

During second phase analysis concentration of endosulphan degraded to 1.93 

μg/Kg and results of third phase analysis show that endosulphan was not 

present in PER 4. Comparison of results of endosulphan analysis of soil 

samples showed that out of eight samples endosulphan was detected in five 

samples during first phase of sampling. During second and third phases of 

sampling, number of samples where endosulphan detected was three and two 

samples respectively. Rate of degradation was found to be different in 

different areas. Endosulphan released to the soil is subject to biodegradation. 

The biodegradation of endosulphan in soil and water is dependent on climatic 

conditions and type of micro organisms present. Both biotic and abiotic 
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processes are expected to decrease endosulphan concentrations in soil 

environments. PAN-1 was the only one soil sampling location where 

endosulphan sulphate was detected. The sample was collected from 

Rajapuram plantation area near the helipad. The site was primarily used for 

cleaning as well as filling pesticide into the sprayers of helicopter for aerial 

spraying. This might be the reason for the presence of comparatively high 

concentration of endosulphan in the area. The concentration of endosulphan 

detected from the same site in 2011 was 14.85 µg/Kg. The reduction in the 

concentration may be due to degradation of endosulphan (Harikumar et al. 

2014).    

During the fourth phase analysis concentration of endosulphan was 

found to be degraded in three samples (Table 4.11). In the sample PER 1, 

endosulphan was found to be completely degraded during fourth phase. In the 

sample MUL 2, concentration decreased from 5.21µg/Kg to 3.91 µg/Kg. Also 

in the sample PAN 1 the concentration decreased from 4.88 µg/Kg to 4.12 

µg/Kg. The half-lives for the combined toxic residues of endosulphan (alpha 

endosulphan and beta endosulphan plus endosulphan sulphate) as reported by 

the EPA range from 9 months to 6 years (USEPA 2002). During the fifth 

phase of analysis, soil samples were collected from Muliyar and Panathadi 

Panchayats, where endosulphan was detected during fourth phase of analysis. 

The results (Table 4.12) showed that the endosulphan has been completely 

degraded in the soil samples.The chromatogram obtained during the analysis 

of the samples from Muliyar and Panathadi  Panchayats is given in Figure 

Figure 4.10-Figure 4.11. 

The results of endosulphan analysis of control samples from 

Cheruvathur Panchayat did not indicate the presence of pesticides. 
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Figure 4.2 Chromatogram indicating endosulphan alpha obtained during 

pesticide residue analysis 
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Figure 4.3 Chromatogram indicating endosulphan alpha and endosulphan 

beta obtained during pesticide residue analysis 
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Figure 4.4 Chromatogram indicating endosulphan sulphate obtained during 

the pesticide residue analysis 
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Figure 4.5 Chromatogram obtained for control during pesticide residue 

analysis 
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Table 4.5 Comparison of endosulphan residues in water samples during the 

first, second and third phase of sampling 

Sl. 

No. 

 

Panchayat 

 

Sample 

Source 

 

Sample 

code 

Total  Endosulphan 

(µg/L) 

1
st
 

phase 

2
nd

 

phase 

3
rd

 

phase 

1. Ajanoor Stream AJN 1 BDL BDL BDL 

2. Muliyar Pond MUL 3 BDL BDL BDL 

3. Kallar Open well KAL 2 BDL BDL BDL 

4. Kallar Open well KAL 3 BDL BDL BDL 

5. Kallar Open well KAL 4 BDL BDL BDL 

6. Kallar Open well KAL 7 BDL BDL BDL 

7 Panathadi 
Plantation 

tank 
PAN 1 BDL BDL BDL 

8 Panathadi Stream PAN 2 BDL BDL BDL 

9 Karadukka Open well KAR 2 BDL BDL BDL 

10 Karadukka Stream KAR 3 BDL BDL BDL 

11 Karadukka Pond KAR 4 BDL BDL BDL 

12 Bellur Pond BEL 1 BDL BDL BDL 

13 Bellur Pond BEL 3 BDL BDL BDL 

14 Bellur Pond BEL 4 BDL BDL BDL 

15 Badiyadukka Stream BAD 2 BDL BDL BDL 

BDL:Below detection limit  
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Table 4.6 Endosulphan residues in seven water samples during the second 

and third phase of    sampling 

Sl. 

No. 
Panchayat Sample Source Sample code 

Total  Endosulphan 

(µg/L) 

2
nd

 phase 3
rd

 phase 

1. Enmakaje Stream ENM 2 1.01 BDL 

2. Enmakaje Pond ENM 3 BDL BDL 

3. Kumbadje Open well KUM 1 BDL BDL 

4. Pullooor Periya Open well PER 2 1.11 BDL 

5. Muliyar Open well MUL 1 BDL BDL 

6. 
Kayyur 

Cheemeni 
Open well CHE 2 BDL BDL 

7 Kallar Plantation tank KAL 1 BDL BDL 

BDL: Below detection limit  
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Table 4.7 Comparison of concentration of endosulphan residues in sediment 

samples during the first, second and third phase of sampling 

Sl. No Panchayat 
Sample 

code 

Total  Endosulphan 

(µg/kg) 
Rate of 

degradation 

during 2
nd

 

phase 

Rate of 

degradation 

during 3
rd

 

phase 
1

st
 

phase 

2
nd

 

phase 

3
rd

 

phase 

1 Muliyar MUL 3 3.39 BDL BDL 100 100 

2 

 

Kayyur 

Cheemeni 
CHE 2 BDL 2.25 BDL - - 

3 Kallar KAL 1 5.37 4.02 BDL 25.13 100 

4 Kallar KAL 6 6.22 BDL BDL 100 100 

5 Karadukka KAR 1 1.48 1.7 BDL - 100 

6 Karadukka KAR 3 1.29 BDL BDL 100 100 

7 Karadukka KAR 4 1.37 BDL BDL 100 100 

8 Bellur BEL 3 1.33 BDL BDL 100 100 

BDL:  Below Detection Limit 

 

Figure 4.6 Comparison of endosulphan residues in sediment samples during 

first, second  and third phase of sampling
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Table 4.8 Results of endosulphan analysis of six sediment samples of Kasaragod district during second and third phase of 

sampling 

 

Sl. 

No. 

 

Sample 

Code 

Panchayat 

2
nd

 phase 

 

3
rd

 phase 

 

Endo- 

alpha 

(µg/kg) 

Endo- 

Beta 

(µg/kg) 

Endosulphan 

sulphate 

(µg/kg) 

Total 

endosulphan 

(µg/kg) 

Endo- 

Alpha 

(µg/kg) 

Endo- 

Beta 

(µg/kg) 

Endosulphan 

sulphate 

(µg/kg) 

Total 

endosulphan 

(µg/kg) 

1 ENM1 Enmakaje 1.23 5.01 BDL 6.24 BDL BDL BDL BDL 

2 ENM2 Enmakaje BDL 5.23 BDL 5.23 BDL BDL BDL BDL 

3 ENM3 Enmakaje BDL 1.51 BDL 1.51 BDL BDL BDL BDL 

4 KUM1 Kumbadaje 0.82 0.36 BDL 1.18 BDL BDL BDL BDL 

5 MUL1 Muliyar BDL BDL BDL BDL BDL BDL BDL BDL 

6 AJN 1 Ajanoor BDL BDL BDL BDL BDL BDL BDL BDL 

BDL: Below detection limit 
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Figure 4.7 Endosulphan residues in six sediment samples during the second 

and  third phase of sampling 

Table 4.9 Comparison of concentration of endosulphan residues in soil 

samples during the first, second and third phase of sampling 

Sl. 

No. 
Panchayat 

Total  Endosulphan 

(µg/kg) 
Rate of 

degradation 

during 2
nd

 

phase 

Rate of 

degradation 

during 3
rd

 

phase 
Sample 

Code 

1
st
 

phase 

2
nd

 

phase 

3
rd

 

phase 

1 
Pullur 

Periya 
PER 1 BDL 1.37 1.91 - - 

2 
Pullur 

Periya 
PER 4 16.91 1.93 BDL 88.59 100 

3 Kallar KAL 5 1.64 BDL BDL 100 100 

4 Panathadi PAN 1 14.85 6.47 4.88 56.43 67.13 

5 Bellur BEL2(Surface) BDL BDL BDL BDL BDL 

6 Bellur BEL2(Depth) 3.61 BDL BDL 100 100 

7 Badiyaduka BAD 3 BDL BDL BDL BDL BDL 

8 Badiyaduka BAD 4 1.96 BDL BDL 100 100 

BDL:  Below detection limit 
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Figure 4.8 Comparison of endosulphan residues in soil samples during first, 

second and third phase of sampling 

 

Figure 4.9 Endosulphan residues in five soil samples during the second and 

third phase of sampling 
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Table 4.10 Results of endosulphan analysis of five soil samples of Kasaragod district during second and third phase of 

sampling 

Sl. 

No. 

Sample 

Code 
Panchayat 

2
nd

 phase 3
rd

 phase 

Endo-

alpha 

(µg/kg) 

Endo-

beta 

(µg/kg) 

 

Endosulphan 

Sulphate 

(µg/kg) 

Total                      

Endosulphan 

(µg/kg) 

Endo-

alpha 

(µg/kg) 

Endo-

beta 

(µg/kg) 

 

Endosulphan 

Sulphate 

(µg/kg) 

Total        

Endosulphan 

(µg/kg) 

1. CHE 1 Cheemeni BDL 1.70 BDL 1.70 BDL BDL BDL BDL 

2. PER 3 
Pulloor 

Periya 
BDL BDL BDL BDL BDL BDL BDL BDL 

3. PER 5 
Pulloor 

Periya 
BDL 1.47 BDL 1.47 BDL BDL BDL BDL 

4. MUL 2 Muliyar BDL BDL BDL BDL 5.21 BDL BDL 5.21 

5. BAD 1 Badiyadukka BDL BDL BDL BDL BDL BDL BDL BDL 

BDL:  Below detection limit 
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During the third phase of sampling endosulphan was detected in three 

soil samples with sample codes PER-1, PAN-1 and MUL-2. Sampling was 

continued in the fourth and fifth phases also to find out the persistence of 

endosulphan in soil samples. Results of endosulphan analysis of soil samples 

during the fourth phase of sampling are given in Table 4.11. In all the three 

samples analyzed, a decrease in the concentration of endosulphan was 

observed though at different rates. 

Table 4.11 Results of endosulphan analysis of soil samples during the fourth 

phase of   sampling  

Sl. 

No. 

Sample 

Code 
Panchayat 

4
th

 phase 

Endo-

alpha 

(µg/kg) 

Endo-

beta 

(µg/kg) 

 

Endosulphan 

Sulphate 

(µg/kg) 

Total                      

Endosulphan 

(µg/kg) 

1 PER 1 
Pulloor 

Periya 
BDL BDL BDL BDL 

2 MUL 2 Muliyar 3.91 BDL BDL 3.91 

3 PAN 1 Panathadi 4.12 BDL BDL 4.12 

  BDL: Below detection limit 

Table 4.12 Results of endosulphan analysis of soil samples during the fifth 

phase of   sampling  

Sl. 

No. 

Sample 

Code 
Panchayat 

5
th

 phase 

Endo-

alpha 

(µg/kg) 

Endo-beta 

(µg/kg) 

Endosulphan 

Sulphate 

(µg/kg) 

Total                      

Endosulphan (µg/kg) 

1 MUL 2 Muliyar BDL BDL BDL BDL 

2 PAN 1 Panathadi BDL BDL BDL BDL 

BDL: Below detection limit  
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Figure 4.10 Chromatogram obtained for fifth phase analysis of sample from 

Muliyar Panchaytath  
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Figure 4.11 Chromatogram obtained for fifth phase analysis of sample from 

Panathadi Panchaytath 
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4.1.3.2 Sampling and analysis of samples from Nanjanparamba, Karadukka     

       Panchayat of Kasaragod district 

  Persistence of endosulphan was monitored from some sites identified 

at Nanjanparamba of Karadukka panchyat of Kasaragod district. A total 

number of four water and three sediment samples were brought to the 

laboratory (on 21
st
 May 2013) for analysis of endosulphan residues. The 

results of analysis of water and sediment samples are shown  in Tables 4.13-

4.14 respectively. Endosulphan was not detected in the analysed water and 

sediment samples. The chromatogram obtained during the analysis of a 

sediment sample KAR 7 from Nanjanparamba is given in Figure 5.12. 

Table 4.13 Concentration of endosulphan in water samples collected from 

Nanjanparamba, Kasaragod district 

Sl.No 
Sample 

Code 
Co-ordinates 

Sample 

Type 

Source of 

sample 

Site 

description 

Concentration 

of 

endosulphan 

(µg/L) 

1 KAR 1 
N 12°35’98.6” 

E 075°12’31.7” 
Water Pond 

Near 

temple 
BDL 

2 KAR 3 
N 12°34’56.7” 

E 075°12’01.4” 
Water Surangam 

Near 

plantation 

area 
BDL 

3 KAR 5 
N 12°33’85.3” 

E 075°11’28.2” 
Water Well 

Near 

anganwadi 
BDL 

4 KAR 6 
N 12°34’44.9” 

E075°12’05.7” 
Water Pond 

Near 

plantation 

area 
BDL 

BDL: Below detection limit 
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Table 4.14 Concentration of endosulphan in sediment samples collected from 

Nanjanparamba, Kasaragod  

Sl.No 
Sample 

Code 
Co-ordinates 

Sample 

Type 

Source of 

sample 

Site 

description 

Concentration 

of 

endosulphan 

(µg/Kg) 

1 KAR 2 
N 12°35’98.6” 

E075°12’31.7” 
Sediment Pond 

Near 

temple 
BDL 

2 KAR 4 
N 12°34’56.7” 

E 075°12’01.4” 
Sediment Surangam 

Near 

plantation 

area 

BDL 

3 KAR 7 
N 12°34’44.9” 

E075°12’05.7” 
Sediment Pond 

Near 

plantation 

area 

BDL 

BDL: Below detection limit 
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Figure 4.12 Chromatogram obtained for sediment analysis of sample from 

Nanjanparamba Panchaytath 
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4.1.3.3 Physicochemical properties of water, sediment and soil samples 

 The physicochemical properties of water, sediment and soil samples 

from 11 Panchayats of Kasaragod district provide an insight into the nature of 

the samples being investigated.  Tables 4.15-4.18 presents the 

physicochemical properties of water samples. In water, endosulphan decays at 

a faster rate with increase in the factors such as temperature and pH (Kaur et 

al. 1998). The results showed that the value of pH during first and second 

phases of sampling varied from 5.60±0.03-8.60±0.04 to 4.78±0.14-7.02±0.05 

respectively. Endosulphan was detected only in two samples from Enmakaje 

and Pullur Periya Panchayats. Both the samples were acidic in nature.  

Electrical conductivity (EC) is an index to represent total concentration 

of salts. High value of electrical conductivity indicates high degree of 

pollution. The value of conductivity in first and second phases of sampling 

varied from 30.50±0.53- 470.0±2.14 to 15.70±0.22-128.60±0.04 µS/cm 

respectively. The high value of EC was observed in the sample from 

Panathadi Panchayat, collected from a cashew plantation area. All other 

physicochemical parameters except chloride, colour and turbidity were found 

to be within the BIS limit. Comparatively high chloride values were detected 

in samples from Ajanoor and Muliyar Panchayats during first phase of 

sampling.  

 Bacteriological analysis of water samples indicated that the Total 

Coliform count was found to be high in majority of the samples. 

The physico–chemical characteristics of sediment samples collected 

from 11 Panchayats of Kasaargod district is shown in Tables 4.19-4.20. 

Endosulphan entering into natural water bodies in gaseous or dissolved 

phase is assumed to rapidly adsorb to suspended matter. Sedimentation of 

particles or direct partitioning to sediment causes rapid removal from the 

water body. All the sediment samples were found to be acidic in nature which 

was a favorable condition for the persistence of endosulphan in sediment.   
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Table 4.15 Water quality characteristics during first phase sampling 

Parameters AJN 1 MUL 3 KAL 2 KAL 3 KAL   4 KAL 7 PAN 1 

pH 5.60±0.03 6.83±0.12 7.11±0.04 7.12±0.01 7.11±0.11 7.15±0.10 8.31±0.02 

EC (µS/cm) 37.30±1.62 30.50±0.53 122.90±1.25 70.20±0.67 69.10±0.86 93.10±1.11 470.0±2.14 

Temperature(˚C) 29.70±0.30 30.50±0.42 29.60±0.66 30.40±0.12 30.60±0.27 28.80±0.45 28.70±0.42 

Colour (Hazen) 0.10±0.01 1.20±0.03 2.50±0.01 2.80±0.06 3.10±0.02 5.40±0.11 12.40±0.02 

Turbidity (NTU) 0.10±0.02 2.20±0.10 0.40±0.03 ND ND 1.80±0.03 15.80±0.11 

Total alkalinity 12.70±1.20 19.05±1.31 36.80±0.86 78.20±1.26 87.40±1.76 78.20±0.98 128.80±2.10 

TDS,   (mg/l) 26.48±0.90 21.65±1.68 87.20±1.45 50.54±1.86 49.20±2.30 66.10±1.08 331.0±1.42 

Total Hardness(mg/l) 8.0±0.20 8.0±0.62 36.0±.82 56.0±0.96 24.0±0.64 40.0±0.63 172.0±0.42 

Calcium Hardness (mg/l) 4.0±0.24 4.0±0.16 32.0±0.12 44.0±1.20 16.0±0.22 12.0±0.14 168.0±1.24 

Calcium (mg/l) 1.60±0.48 1.60±0.52 12.80±0.34 17.60±0.95 6.40±0.18 4.80±0.60 67.20±0.44 

Magnesium (mg/l) 0.97±0.12 0.97±0.02 0.97±0.06 2.92±0.29 1.94±0.62 6.80±0.38 0.97±0.31 

Sodium (mg/l) 6.02±0.90 8.31±0.54 4.15±0.03 1.73±0.25 1.60±0.08 2.37±0.05 7.11±0.94 

Potassium (mg/l) 0.90±0.02 0.28±0.03 3.42±0.06 0.79±0.01 0.77±0.04 0.59±0.11 9.19±0.07 

Chloride( mg/I) 320.30±1.26 280.30±2.20 15.29±0.96 19.11±0.68 19.11±0.64 11.47±0.44 26.75±0.83 

Nitrate-N(mg/l) 0.10±0.01 ND ND ND 0.41 ND ND 

Sulphate(mg/l) 0.32±0.04 0.92±0.11 1.16±0.16 2.12±0.17 1.16±0.02 1.20±0.02 22.0±0.18 

Phosphate-P,(mg/l) ND ND 0.05±0.01 0.04±0.01 0.02±0.01 0.04±0.01 0.14±0.02 

Total Coliform, MPN/100ml ≥2400 ≥2400 ≥2400 ≥2400 ≥2400 ≥2400 ≥2400 

Fecal Coliform,MPN/100ml ND ND 1100 460 ≥2400 ≥2400 1100 

E.coli Absent Absent Absent Present Present Absent Absent 

ND: Not detected 
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Table 4.16 Water quality characteristics during
   
first phase sampling 

Parameters PAN  2 KAR 2 KAR  3 KAR  4 BEL  1 BEL  3 BEL   4 BAD  2 

pH 8.60±0.04 7.84±0.02 7.42±0.12 7.66±0.45 7.20±0.99 7.77±0.12 7.54±0.18 8.17±0.08 

EC (µS/cm) 61.50±1.30 38.70±2.12 82.50±0.88 42.40±0.47 98.60±1.22 198.70±3.27 293.00±2.03 112.10±1.11 

Temperature (˚C) 28.40±0.13 30.60±.25 30.30±0.22 30.40±0.56 29.80±0.34 30.40±0.12 30.70±0.43 29.30±0.66 

Colour (Hazen) 4.50±0.11 2.50±0.20 3.0±0.04 2.40±0.45 2.40±0.92 2.80±0.44 2.10±0.17 4.80±0.84 

Turbidity (NTU) ND ND 0.40 1.90 4.40 2.90 0.70 20.10 

Total alkalinity 82.80±2.34 64.40±1.25 59.80±0.94 36.80±1.18 69.0±1.26 115.0±1.62 138.0±0.34 92.0±2.14 

TDS,   (mg/l) 43.60±1.20 27.60±0.72 58.40±1.38 30.20±1.24 70.0±1.90 141.0±1.32 209.0±2.49 79.60±1.60 

Total Hardness (mg/l) 48.0±1.20 24.0±0.76 20.0±0.72 44.0±0.64 40.0±1.22 52.0±2.30 108.0±1.22 32.0±0.88 

Calcium  Hardness (mg/l) 36.0±1.42 20.0±0.21 16.0±0.86 28.0±0.42 24.0±022 44.0±1.60 56.0±0.84 28.0±1.10 

Calcium (mg/l) 14.40±0.82 8.0±0.47 6.40±0.09 11.20±0.99 9.60±0.09 17.60±0.28 22.40±1.90 11.20±0.12 

Magnesium (mg/l) 2.92±0.01 0.97±0.07 0.97±0.01 3.89±0.06 3.89±0.02 1.94±0.02 12.64±0.02 0.97±0.01 

Sodium (mg/l) 1.85±0.02 1.02±0.01 2.78±0.03 2.16±0.01 4.82±0.02 6.77±0.09 8.77±0.01 7.12±0.22 

Potassium (mg/l) 0.75±0.01 0.23±0.04 0.93±0.04 0.22±0.01 1.09±0.01 2.10±0.01 3.01±0.11 3.18±0.02 

Chloride ( mg/I) 19.11±0.02 19.11±0.23 22.93±0.92 15.29±0.12 22.93±0.86 19.11±0.16 11.47±0.94 26.75±0.88 

Nitrate-N (mg/l) ND ND ND ND ND ND ND ND 

Sulphate (mg/l) 7.20±0.08 0.80±0.66 1.04±0.05 1.64±0.22 2.12±0.67 0.88±0.54 5.68±0.82 0.84±0.02 

Phosphate-P, (mg/l) 0.03±0.01 0.02±0.01 0.04±0.01 0.02±0.01 0.04±0.01 0.06±0.01 0.05±0.01 0.05±0.01 

Total Coliform, MPN/100ml ≥2400 1100 ≥2400 ≥2400 ≥2400 ≥2400 ≥2400 ≥2400 

Fecal Coliform, MPN/100ml ≥2400 ND ND ≥2400 ND ≥2400 1100 ≥2400 

E.coli Present Absent Absent Present Absent Absent Present Absent 

ND: Not detected 
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Table 4.17 Water quality characteristics during second   phase sampling 

Parameters CHE 2 PER 2 AJN 1 MUL 1 MUL 3 KUM 1 BEL 1 BEL 3 BEL 4 BAD 2 

pH 6.06±0.01 4.94±0.04 5.35±0.08 5.08±0.13 4.78±0.14 5.64±0.22 5.09±0.08 5.62±0.12 6.54±0.46 6.01±0.88 

EC (µS/cm) 15.70±0.22 29.22±0.84 27.10±0.42 34.50±0.34 33.0±0.12 34.10±0.02 32.10±0.04 52.0±0.02 128.60±0.04 35.70±0.50 

Temperature(˚C) 28.30±0.22 28.50±0.04 29.10±0.64 29.0±0.28 28.60±0.73 29.20±0.02 29.50±0.02 29.80±0.03 30.10±0.04 29.80±0.11 

Colour (Hazen) 0.60±0.01 0.90±0.01 1.20±0.01 0.90±0.02 1.20±0.03 1.60±0.42 1.90±0.44 0.90±0.02 0.50±0.01 35.60±0.98 

Turbidity (NTU) 1.70±0.03 1.60±0.02 2.50±0.02 1.60±0.01 3.10±0.02 4.70±0.02 4.40±0.01 2.90±0.04 0.70±0.01 34.10±0.03 

Total alkalinity 4.0±0.08 12.0±0.06 16.0±0.12 24.0±0.02 8.0±0.03 12.0±0.01 12.0±0.1 36.0±0.88 64.0±1.14 12.0±0.86 

TDS,   (mg/l) 11.14±0.02 20.74±0.76 19.24±0.12 24.49±0.04 23.43±0.06 24.21±0.03 22.79±0.22 36.92±0.82 91.30±0.06 25.34±0.98 

Total Hardness(mg/l) 12.0±0.94 16.0±0.04 8.0±0.08 12.0±0.02 8.0±0.82 12.0±0.02 12.0±0.07 24.0±0.12 60.0±0.99 12.0±1.12 

Calcium Hardness (mg/l) 4.0±1.12 12.0±0.94 4.0±0.78 4.0±1.22 4.0±0.86 8.0±1.22 4.0±0.24 16.0±0.82 24.0±1.11 4.0±0.05 

Calcium (mg/l) 1.60±0.08 4.80±0.04 1.60±1.12 1.60±1.01 1.60±0.02 3.20±0.03 1.60±0.04 6.40±1.11 9.60±0.22 1.60±0.67 

Magnesium (mg/l) 1.94±0.44 0.97±0.02 0.97±0.06 1.94±0.03 0.97±0.31 0.97±0.07 1.94±0.01 1.94±0.02 8.74±0.02 1.94±0.03 

Sodium (mg/l) 1.27±0.02 2.28±0.02 2.53±0.02 2.54±0.03 3.69±0.01 2.62±0.22 2.42±0.11 4.17±0.03 6.34±0.05 3.0±0.02 

Potassium (mg/l) 0.06±0.01 0.30±0.01 0.14±0.01 0.47±0.01 0.19±0.01 0.32±0.01 0.28±0.04 0.25±0.01 1.52±0.02 0.67±0.01 

Chloride( mg/I) 12.03±0.07 16.04±0.09 20.05±0.02 12.03±0.01 24.06±1.89 16.04±1.45 12.03±0.09 16.04±0.64 20.05±0.43 12.03±0.98 

Nitrate-N(mg/l) ND ND ND 0.31 0.40 ND ND ND ND ND 

Sulphate(mg/l) 0.12±0.01 0.12±0.04 0.40±0.06 0.20±0.01 0.20±0.03 0.80±0.02 1.0±0.01 0.20±0.03 2.24±0.01 1.60±0.02 

Phosphate-P,(mg/l) 0.03±0.01 0.02±0.02 0.01±0.01 0.01±0.01 0.02±0.01 0.03±0.01 0.04±0.02 0.05±0.01 0.03±0.01 0.06±0.01 

Total Coliform, MPN/100ml ND 420 240 ≥2400 240 ND ≥2400 75 ND ≥2400 

Fecal Coliform, MPN/100ml ND ND ND ND ND ND ND ND ND ND 

E.coli Absent Absent Absent Absent Absent Absent Absent Absent Absent Absent 

ND:  Not detected 
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Table 4.18 Water quality characteristics during second phase sampling 

Parameters 
KAR 

2 

KAR 

3 

KAR 

4 

ENM 

2 

ENM 

3 

PAN 

1 

PAN 

2 

KAL 

1 

KAL 

2 

KAL 

3 

KAL 

4 

KAL 

7 

pH 6.28±0.02 6.73±0.01 6.45±0.01 6.43±0.22 5.22±0.01 5.61±0.03 7.02±0.05 5.67±0.03 5.62±0.02 6.05±0.03 6.02±0.01 6.20±0.02 

EC (µS/cm) 57.70±1.34 60.10±0.12 126.0±0.56 30.10±.16 27.40±1.56 44.70±1.08 40.80±0.95 47.50±1.76 44.70±2.12 62.40±0.43 40.70±1.22 63.60±0.45 

Temperature (˚C) 29.80±1.78 30.10±0.69 29.50±1.09 29.80±1.43 28.40±0.99 31.40±1.80 29.50±0.45 30.30±0.06 30.40±0.66 30.70±1.87 30.50±0.21 30.10±1.22 

Colour (Hazen) 2.80±1.22 3.50±0.34 2.50±0.10 0.60±0.01 1.0±0.98 2.91±0.03 4.80±0.34 2.50±0.02 2.90±0.02 2.80±0.01 3.60±0.01 5.70±0.09 

Turbidity (NTU) 0.40±0.01 0.40±0.02 2.0±0.04 0.50±0.05 1.60±0.02 0.68±0.02 2.80±0.03 1.0±0.01 0.60±0.08 0.50±0.02 0.50±0.01 1.60±0.02 

Total alkalinity 32.0±0.18 48.0±0.78 52.0±1.09 20.0±0.19 20.0±1.30 24.0±1.23 32.0±0.05 24.0±1.88 24.0±0.99 28.0±1.22 44.0±0.66 44.0±0.06 

TDS,   (mg/l) 40.97±1.67 42.67±0.77 89.46±0.97 21.37±0.55 19.45±1.45 31.74±1.02 28.97±1.02 33.73±0.89 31.74±1.22 44.30±0.06 28.89±0.63 45.16±0.56 

Total Hardness (mg/l) 24.0±1.23 56.0±1.09 52.0±1.09 64.0±0.08 24.0±0.08 48.0±0.99 40.0±0.56 40.0±0.88 48.0±1.56 28.0±0.08 48.0±0.12 40.0±1.22 

Calcium Hardness (mg/l) 20.0±1..22 32.0±0.09 40.0±0.99 24.0±1.54 16.0±0.07 31.0±0.96 20.0±1.43 20.0±0.04 32.0±0.55 24.0±1.45 32.0±0.09 24.0±0.67 

Calcium (mg/l) 8.0±0.04 12.80±0.09 16.0±0.04 9.60±0.34 6.40±0.56 13.80±0.67 8.0±1.34 8.0±0.07 12.80±0.33 9.60±0.49 12.80±0.55 9.60±0.06 

Magnesium (mg/l) 0.97±0.09 5.83±0.06 2.92±0.45 9.72±0.44 1.94±0.66 3.89±0.32 4.86±0.45 4.86±0.38 3.89±0.49 0.97±0.07 3.89±0.12 3.98±0.44 

Sodium (mg/l) 2.54±0.04 2.03±0.04 12.74±0.54 2.30±0.01 1.99±0.06 3.35±0.67 2.54±0.88 3.31±0.04 3.34±0.77 4.60±0.04 2.14±0.55 2.78±0.72 

Potassium (mg/l) 0.51±0.01 0.91±0.01 3.94±0.02 0.19±0.02 0.07±0.01 0.49±0.01 0.47±0.02 0.15±0.01 0.49±0.02 1.68±0.01 0.25±0.02 0.37±0.01 

Chloride ( mg/I) 20.05±0.01 12.03±0.02 28.07±0.01 16.04±0.01 16.04±0.02 16.04±0.03 16.04±0.02 24.06±0.01 16.04±0.02 20.05±0.01 16.04±0.01 20.05±0.02 

Nitrate-N(mg/l) 3.29±0.01 1.60±0.01 3.53±0.02 5.64±0.03 2.72±0.02 0.97±0.01 3.78±0.02 0.77±0.01 0.77±0.01 0.48±0.01 3.32±0.01 1.10±0.01 

Sulphate (mg/l) 0.56±0.01 1.52±0.02 1.40±0.03 0.16±0.04 0.24±0.03 0.64±0.02 0.48±0.01 0.48±0.05 0.64±0.03 0.60±0.08 1.16±0.01 0.48±0.05 

Phosphate-P,(mg/l) 0.05±0.01 0.04±0.01 0.03±0.01 0.06±0.01 0.06±0.01 0.03±0.01 0.03±0.01 0.04±0.01 0.04±0.01 0.03±0.01 0.04±0.01 0.03±0.01 

Total Coliform, MPN/100ml ≥2400 1100 ≥2400 ≥2400 1100 ≥2400 ≥2400 ≥2400 ≥2400 ≥2400 ≥2400 240 

Fecal Coliform, 

MPN/100ml 
9 23 240 ND ND ND ≥2400 93 4 7 93 7 

E.coli Present Present Present Absent Absent Absent Present Present Present Present Present Present 

ND:  Not detected 
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Table 4.19 Sediment quality characteristics during first phase sampling 

Sample code pH EC μS/m 
Alkaliniy 

(mg/Kg) 

Chloride 

(mg/Kg) 

Sulphate 

(mg/Kg) 

Inorganic Phosphate 

(mg/Kg) 

Exchange- 

able 

Sodium 

(mg/Kg) 

Exchange- 

able 

Potassium 

(mg/Kg) 

Organic 

Carbon 

(%) 

Organic 

Matter 

(%) 

Exchange- 

able 

Calcium 

(mg/Kg) 

Exchange- 

able 

Magnesium 

(mg/Kg) 

CHE 2 5.3±0.78 55.11±1.22 440.0±0.98 200.20±0.97 327.0±0.99 35.0±0.67 44.20±0.76 30.20±0.05 6.06±0.84 1.40±0.05 800. 0±3.23 97.20±1.87 

MUL 3 4.59±0.76 21.44±0.09 560.0±2.45 200.20±3.60 231.0±1.78 34.0±0.76 33.20±0.55 27.20±1.44 3.79±0.65 10.45±1.06 560.0±2.56 97.20±0.67 

KAL-1 4.79±0.06 56.40±0.67 690.0±2.45 200.50±2.75 367.20±1.67 18.0±0.99 445.0±2.87 120.0±1.80 0.88±0.01 7.51±0.98 720.0±1.43 437.40±1.78 

KAL-6 5.36±0.65 24.50±0.98 414.0±2.87 240.60±1.98 121.20±2.44 30.0±1.50 440.0±2.31 265.0±2.45 2.27±0.02 10.92±0.04 560.0±2.76 145.80±1.34 

KAR-1 4.79±0.05 81.40±0.08 2024.0±1.78 320.80±0.83 155.58±0.09 35.0±0.96 350.0±3.08 510.0±1.77 2.55±0.03 4.40±0.02 720.0±0.90 340.20±2.98 

KAR-3 5.08±0.05 25.30±0.98 368.0±2.89 280.70±0.93 311.20±3.88 25.0±0.02 355.0±2.98 305.0±1.20 1.72±0.03 2.96±0.04 2640.0±1.67 777.60±3.28 

KAR-4 5.35±0.04 17.70±0.34 368.0±2.20 160.40±2.56 119.20±1.33 18.0±0.05 315.0±1.98 110.0±0.95 0.16±0.01 1.27±0.04 720.0±2.98 388.80±2.05 

BEL-3 6.18±0.67 14.40±0.48 690.0±1.22 240.60±2.66 342.0±1.39 15.0±0.09 470.0±2.65 120.0±1.65 0.64±0.01 1.10±0.03 800.0±1.23 826.20±2.03 
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Table 4.20 Sediment quality characteristics during second phase sampling 

Sample code pH 
EC 

μS/m 

Alkaliniy 

(mg/Kg) 

Chloride 

(mg/Kg) 

Sulphate 

(mg/Kg) 

Inorganic Phosphate 

(mg/Kg) 

Sodium 

(mg/Kg) 

Potassium 

(mg/Kg) 

Organic 

Carbon 

(%) 

Organic 

Matter 

(%) 

Exchang- 

eable 

Calcium, 

(mg/Kg) 

Exchange- 

able 

Magnesium, 

(mg/Kg) 

CHE 2 5.81±0.06 38.70±1.20 480.0±3.45 195.60±0.98 113.20±1.78 38.0±2.56 390.0±1.6 65.50±1.34 8.14±0.02 6.56±0.23 400.0±1.29 923.40±2.54 

AJN 1 5.88±0.06 9.40±0.98 360.0±1.56 156.48±2.45 247.20±3.09 28.0±1.29 363.50±0.97 40.0±0.94 2.47±0.95 0.41±0.11 640.0±1.24 583.20±3.66 

MUL 1 6.35±0.04 9.50±0.43 440.0±3.56 156.48±1.09 326.40±3.88 9.0±0.07 356.50±1.56 72.50±3.45 3.11±1.34 0.76±0.12 400.0±2.56 583.20±4.52 

MUL 3 6.30±0.04 74.40±1.23 520.0±3.44 234.72±1.11 100.40±2.44 37.0±1.34 398.50±2.67 142.0±1.45 6.26±0.98 4.88±0.02 480.0±3.76 631.80±2.09 

KUM 1 5.24±0.03 9.0±0.98 440.0±3.65 117.36±2.04 185.20±3.66 15.0±1.23 353.50±1.87 126.0±1.56 0.44±0.05 5.80±0.87 640.0±3.35 777.60±1.34 

BEL 3 5.50±0.02 18.70±0.67 600.0±2.56 195.60±1.33 598.80±2.84 12.0±0.04 400.50±3.56 66.50±0.89 2.83±1.23 1.52±0.33 480.0±±1.90 1069.20±1.98 

ENM 1 5.58±0.01 15.80±0.98 440.0±2.98 586.80±1.45 150.0±1.04 33.0±0.08 51.50±2.30 83.50±2.65 0.44±0.22 14.03±0.34 2000.0±3.45 97.20±2.56 

ENM 2 5.79±0.01 8.20±0.03 400.0±1.34 430.32±0.67 222.80±2.88 9.0±0.65 136.0±1.56 28.0±1.65 0.24±0.02 9.26±0.34 320.0±2.67 583.20±2.45 

ENM 3 5.94±0.09 15.20±0.24 400.0±1.23 312.96±1.24 342.80±1.34 46.0±9.5 47.50±1.29 28.0±1.33 1.96±0.03 5.37±0.07 960.0±3.45 145.80±2.44 

KAL 1 5.31±0.01 21.30±0.34 400.0±0.94 391.20±3.22 392.80±2.56 15.0±0.67 50.0±1.23 59.50±0.43 2.07±0.45 8.37±0.54 640.0±2.67 340.20±3.64 

KAL 6 5.57±0.02 8.70±0.76 320.0±1.34 469.44±2.33 154.0±2.54 25.0±0.45 40.0±0.97 27.50±0.95 2.51±0.33 1.58±0.06 400.0±3.20 97.20±2.56 

KAR 1 5.87±0.02 16.40±1.34 480.0±1.29 547.68±2.78 179.20±1.56 39.0±0.89 62.0±0.23 55.50±1.96 1.16±0.09 4.33±0.25 400.0±0.98 243.0±1.32 

KAR 3 5.52±0.01 107.30±1.45 720.0±1.65 782.40±2.87 321.20±1.98 32.0±0.98 47.50±0.34 105.50±1.34 5.31±0.43 1.99±0.34 3600.0±2.33 1069.20±3.22 

KAR 4 6.91±0.02 73.80±1.67 760.0±0.98 508.56±1.99 118.0±2.45 12.0±1.23 120.50±1.23 139.50±2.54 7.26±0.78 1.15±0.32 720.0±1.22 243.0±3.21 
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Table 4.21 Soil quality characteristics during first phase sampling 

Sample Id pH 
EC 

μS/m 

Alkaliniy 

(mg/Kg) 

Chloride  

(mg/Kg) 

Sulphate 

 (mg/Kg) 

Inorganic  

Phosphate 

 (mg/Kg) 

Exchange-able  

Sodium  

(mg/Kg) 

Exchange-able  

Potassium  

(mg/Kg) 

Organic  

Carbon (%) 

Organic  

Matter (%) 

Exchange-able  

Calcium,  

(mg/Kg) 

Exchange- 

able 

Magnesium 

(mg/Kg) 

PER1 6.51±0.06 59.64±2.34 440.0±3.45 240.24±2.34 116.0±1.23 40.0±2.34 22.40±1.22 30.60±3.45 2.55±0.98 4.40±0.23 800.0±2.45 243.0±2.67 

PER 4 5.39±±0.01 72.50±0.98 360.0±2.87 240.24±1.22 165.0±1.23 28.0±3.44 53.40±1.23 32.20±1.87 8.47±0.98 17.36±0.23 960.0±1.78 291.60±3.65 

BAD-3 6.32±0.04 8.70±1.22 414.0±2.4 160.40±2.78 318.80±2.34 35.0±0.45 160.0±2.45 55.0±1.23 0.68±0.01 1.17±0.12 560.0±3.45 972.0±2.78 

BAD-4 4.60±0.03 25.70±0.98 644.0±0.98 160.40±1.20 27.60±2.45 25.0±1.34 240.0±3.23 60.0±1.1.54 0.80±0.08 4.38v0.12 560.0±2.98 631.80±2.65 

BEL-2 

Surface 
6.38±0.03 16.90±1.23 828.0±3.23 280.70±3.21 315.60±2.10 27.0±0.34 165.0±2.87 55.0±1.32 1.16±0.43 1.99±0.12 480.0±1.34 243.0±0.98 

BEL-2 Depth 5.25±0.01 8.90±1.32 552.0±2.23 200.50±1.25 139.20±1.23 25.0±0.76 235.0±1.23 50.0±0.65 0.32±0.02 0.55±0.02 480.0±2.43 194.40±2.12 

PAN-1 5.35±0.02 14.30±0.23 276.0±2.34 120.30±1.09 78.80±0.98 36.0±0.12 445.0±2.86 115.0±1.67 1.12±0.01 8.73±0.12 560.0±1.78 243.0±1.32 

KAL-5 4.72±0.02 34.90±0.98 368.0±2.34 200.50±2.34 70.40±2.34 35.0±1.22 445.0±1.98 175.0±1.98 0.32±0.02 3.55±0.12 1200.0±2.78 291.60±1.23 
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Table 4.22 Soil quality characteristics during second phase sampling 

Sample code pH EC μS/m 
Alkaliniy 

(mg/Kg) 

Chloride  

(mg/Kg) 

Sulphate  

(mg/Kg) 

Inorganic  

Phosphate  

(mg/Kg) 

Sodium  

(mg/Kg) 

Potassium  

(mg/Kg) 

Organic 

Carbon 

(%) 

Organic  

Matter (%) 

Exchange- 

able Calcium,  

(mg/Kg) 

Exchange- 

able 

Magnesium, 

 (mg/Kg) 

CHE 1 5.18±0.02 18.80±1.20 600.0±1.23 117.36±1.78 80.40±1.90 162.0±1.09 281.0±1.20 65.50±0.67 4.91±3.87 9.46±0.87 480.0±3.45 97.20±1.09 

PER 1 5.55±0.03 18.40±1.20 480.0±3.23 117.36±1.66 159.20±1.09 46.0±0.97 367.50±3.56 95.50±0.66 4.31±2.13 7.43±0.67 480.0±2.39 243.03.09 

PER 3 5.42±0.02 20.70±1.04 360.0±2.43 117.36±1.78 80.40±0.93 54.0±1.23 389.0±3.89 114.50±0.45 6.30±1.76 3.34±0.98 1040.0±1.34 291.60±1.23 

PER 4 5.44±0.08 15.50±0.02 400.0±1.76 117.36±1.74 140.40±2.09 32.0±0.94 246.50±1.20 54.50±1.44 6.14±2.10 10.59±0.99 400.0±1.24 145.80±1.98 

PER 5 6.05±0.02 14.40±0.02 480.0±0.98 156.48±0.96 78.80±0.79 39.0±1.67 221.50±1.67 63.0±1.46 5.71±1.20 9.84±0.86 560.0±1.32 145.80±0.67 

MUL 2 6.99±0.02 27.60±0.02 320.0±1.34 195.60±0.87 81.60±1.23 199.0±1.56 354.0±1.23 66.50±1.89 2.15±0.58 4.47±0.88 640.0±1.78 388.80±±1.34 

BAD 1 5.89±0.03 32.40±1.20 234.0±2.09 187.78±1.32 67.30±1.07 33.0±1.45 389.0±3.97 54.50±2.04 6.30±0.94 6.52±0.06 400.0±1.22 289.0±1.78 

BAD 3 6.19±0.23 27.40±1.09 600.0±2.01 195.60±1.62 349.20±3.12 44.0±1.08 247.50±1.36 95.0±0.67 2.59±0.45 4.47±0.08 1040.0±2.96 486.0±1.20 

BAD 4 5.58±0.23 14.70±0.05 360.0±0..04 234.72±1.45 258.0±1.34 33.0±1.45 265.50±4.20 50.0±2.22 5.59±0.45 1.14±0.05 400.0±2.17 486.0±4.10 

BEL  2 Surface 5.84±0.02 9.50±0.08 440.0±0.09 156.48±2.09 367.20±1.78 36.0±1.20 314.50±1.20 34.0±1.28 3.99±0.99 4.88±0.03 240.0±1.29 243.0±1.28 

BEL 2 Depth 5.51±0.01 7.0±0.02 680.0±3.49 156.48±0.96 145.60±2.95 30.0±0.96 361.0±2.34 28.50±0.74 0.28±0.05 1.48±0.06 480.0±2.09 291.60±2.98 

PAN 1 5.50±0.02 14.20±0.76 120.±2.350 312.96±2.09 86.0±1.29 39.0±1.20 44.0±0.89 50.0±0.94 2.15±0.07 11.71±0.03 720.0±2.89 97.20±1.23 

KAL 5 5.54±0.02 18.20±0.02 480.0±1.43 312.96±1.67 82.0±1.78 32.0±0.67 41.50±0.93 74.0±1.52 2.59±0.89 3.47±0.03 640.0±3.44 486.0±1.98 
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The persistence of the residues of endosulphan that cause pollution in 

soil are dependent on various factors like soil type, particle size of soil 

particles, organic matter content etc (Zhou 2003; Kaur et al. 1998). 

Physicochemical characteristics of the soil samples are presented in above 

Tables 4.21 and 4.22. 

 The decrease in pH of the soil increased the adsorption of endosulphan 

and the presence of clay and organic matter immobilizes endosulphan in the 

soil. The result showed that all the soil samples were acidic in nature. Grain 

size distribution of soil samples was also determined and the results are given 

in Tables 4.23-4.24. Clay contents are known to influence the dynamics and 

behavior of both organic and inorganic pollutants in soil. The presence of clay 

immobilizes endosulphan in the soil. The maximum value of endosulphan 

was detected in the sample PAN-1 from the Panathadi Panchayat. The 

maximum value of clay content was observed at the same site. The majority 

of the soil samples where endosulphan was detected were high in clay 

content.   

Table 4.23.Results of texture analysis of soil samples during first phase 

Sample Code 
Percentage of 

*sand 

Percentage of 

*clay 

Percentage of 

*silt 

PER 1 68.0 23.0 9.0 

PER 4 65.90 28.50 5.60 

BAD 3 59.75 31.50 8.75 

BAD 4 63.50 27.90 8.60 

BEL  2 

Surface 
68.75 24.0 7.25 

BEL 2 Depth 66.78 26.0 7.22 

PAN 1 64.50 31.75 3.75 

KAL 5 70.25 23.50 6.25 

*Sand: 2.0-0.05 mm,   Silt: 0.05-0.002 mm, Clay <0.002 mm 
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Table 4.24.Results of texture analysis of soil samples during second phase 

Sample Code 
Percentage of 

*sand 

Percentage of 

*clay 

Percentage of 

*silt 

CHE 1 71.30 22.20 6.50 

PER 1 69.0 22.0 9.0 

PER 3 75.30 15.29 9.41 

PER 4 67.75 23.50 8.75 

PER 5 69.58 22.40 8.02 

BAD 1 78.68 15.99 5.33 

BAD 3 74.93 16.10 8.97 

BAD 4 78.50 15.30 6.20 

BEL  2 

Surface 
73.21 19.50 7.29 

BEL 2 Depth 72.49 19.20 8.31 

PAN 1 63.50 31.20 5.30 

KAL 5 76.40 19.10 4.50 

MUL 2 74.10 16.13 9.77 

*Sand: 2.0-0.05 mm,   Silt: 0.05-0.002 mm, Clay <0.002 mm 

Results of texture analysis of sediment samples are shown in Tables 

4.25-4.26.  

Table 4.25.Results of texture analysis of sediment samples during first phase 

Sample Code Percentage of sand Percentage of clay Percentage of silt 

MUL 3 67.0 27.60 5.40 

CHE 2 71.61 25.05 3.34 

KAL 1 64.21 27.39 8.40 

KAL 6 67.70 28.0 4.30 

KAR 1 49.50 25.50 25.70 

KAR 3 67.40 24.60 8.0 

KAR4 69.78 25.89 4.33 

BEL 3 67.76 23.99 8.25 
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Table 4.26.Results of texture analysis of sediment samples during second 

phase 

Sample 

Code 

Percentage of 

*sand 

Percentage of 

*clay 

Percentage of 

*silt 

ENM 1 47.25 48.0 4.75 

ENM 2 59.90 35.30 4.80 

ENM 3 75.78 21.34 2.88 

KUM 1 50.43 39.87 9.70 

MUL 1 77.50 16.90 5.60 

MUL 3 79.25 15.78 4.97 

CHE  2  69.50 25.60 4.90 

AJN 1 81.75 38.50 7.25 

KAL 1 54.25 31.20              5.30 

KAL 6 75.70 18.80             5.50 

KAR 1 57.50 25.50             17.0 

KAR 3 75.45 15.89              8.66 

KAR 4 79.78 16.78 3.44 

BEL 3 77.75 14.0 8.25 

*Sand: 2.0-0.05 mm,   Silt: 0.05-0.002 mm, Clay <0.002 mm 

The results of cation exchange capacity (CEC) values of soil samples 

in which endosulphan was found persistent during third phase of analysis are 

given in Table 4.27. 

Table 4.27 Results of CEC analysis of soil samples in which endosulphan 

was detected during third phase analysis 

Sl.No Panchayat Sample Code CEC 

meq/100g 

1 Panathadi PAN 1 16.0 

2 Muliyar MUL 2 11.0 

3 Periya PER 1 12.0 
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The results of the correlation of physico chemical characteristics of soil 

and sediment with endosulphan is presented in Tables 5.28-5.29. The results 

of correlation coefficients between soil physico-chemical properties and total 

endosulphan residues, revealed significant correlation between the organic 

matter content and endosulphan residues measured in the soil and sediment 

throughout the entire study area. This suggests that pesticide residue levels in 

the soil are possibly more associated with organic matter content of the soil, 

and which could be attributed to the fact that endosulphan molecules have 

high tendency of binding to organic carbon in the soil.  Correlation between 

clay content and concentration of endosulphan residues indicated a positive 

correlation. Clay contents are known to influence the dynamics and behavior 

of both organic and inorganic pollutants in soil. The presence of clay 

immobilizes endosulphan in the soil. These minerals are able to hold nutrients 

and organic molecules to their surfaces. The majority of the soil and sediment 

samples where endosulphan was detected were high in clay content.  Negative 

correlation was found between pH, percentage of sand, silt with the 

persistence of endosulphan. All the sites in which endosulphan residues were 

detected were highly acidic which indicated negative correlation between pH 

and persistence of endosulphan (Harikumar et al. 2014). 

Table 4.28 Pearsons correlation of soil physico-chemical properties with total 

endosulphan residue concentration 

 
pH 

Organic Matter 

(%) 
Sand (%) 

Clay  

(%) 

Silt 

(%) 

First phase -0.2900 0.8768 -0.1008 0.5208 -0.8142 

Second 

phase 
-0.2898 0.7714 -0.8429 0.9281 -0.2756 

 

 



 111 

Table 4.29 Pearsons correlation of sediment physico-chemical properties with 

total endosulphan residue concentration 

 
pH 

Organic Matter 

(%) 
sand (%) clay(%) silt(%) 

First phase -0.2746 0.8655 -0.0280 0.8598 -0.1561 

Second phase -0.3440 0.9408 -0.7910 0.8749 -0.0132 

      
 

4.1.3.4 Results of analysis of under-growth plants of cashew plantations 

The results of analysis of under-growth plants of cashew plantations are 

indicated in Table 4.30. 
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Table 4.30 Results of analysis of undergrowth plants of cashew plantation 

Cashew Plantation area 

from which the plant 

was collected 

Type of Plant 

Species  

Plant part  

analysed 

Concentration of 

endosulphan 

detected (µg/Kg) 

Panathady Cymbopogon 

citratus 

Root BDL 

Shoot BDL 

Leaf BDL 

Vetiveria 

zizanioides 

Root BDL 

Shoot BDL 

Leaf BDL 

Ageratum 

conyzoides 

Root BDL 

Shoot BDL 

Leaf BDL 

Muliyar Ageratum 

conyzoides 

Root BDL 

Shoot BDL 

Leaf BDL 

Cymbopogon 

citratus 

Root BDL 

Shoot BDL 

Leaf BDL 

Pulloor Periya Ageratum 

conyzoides 

Root BDL 

Shoot BDL 

Leaf BDL 

Cymbopogon 

citratus 

Root BDL 

Shoot BDL 

Leaf BDL 

 BDL: Below detection limit 

  The results of analysis of under-growth plant species did not indicate 

the presence of endosulphan inside root, shoot or leaf of the plant. 
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4.2 Monitoring of pesticide residues in Muthalamada Panchayat of 

Palakkad district 

 Water, sediment and soil samples were collected from mango 

plantations of Muthalamada Panchayat of Palakkad district for pesticide 

residue analysis. A study on the monitoring of endosulphan residues in 

selected areas of Muthalamada Panchayat of  Palakkad  district was carried 

out. Grid sampling pattern was selected for an area of 900 sq.m. A grid of 100 

sq m was selected for collecting the samples at a depth of 0-30 cm. A total of 

14 samples were collected from the area. One water and soil sample was also 

collected from the control plot. Details of sampling locations in Muthalamada 

Panchayat of   Palakkad district is given in Table 4.31. Map of Muthalamada 

Panchayat of Palakkad district showing the sampling stations is given in 

Figure 4.13. 
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Table 4.31 Details of sampling locations in Muthalamada Panchayat of  

Palakkad district 

 

Sl.No. Sampling 

stations 

Type of 

sample 

Details of 

sampling site 

Latitude -N Longitude-E 

1 EPKD-1 Water Near Chulliyar dam 10
0
35’8.35” 76

0
45’51.64” 

2 EPKDSD-1 sediment Near Chulliyar dam 10
0
35’8.35” 76

0
45’51.64” 

3 EPKD-2 water Vellaramkadavu-

Well water 

10
0
34’27.57” 76

0
46’12.04” 

4 EPKDS -2 soil Vellaramkadavu 

Soil inside 

plantation area 

10
0
34’27.57” 76

0
46’12.04” 

5 EPKD-3 water Vellaramkadavu 

Opposite plantation 

area 

Well water 

10
0
34’27.67” 76

0
46’9.78” 

6 EPKD-4 Water 

 

Near 

Vellaramkadavu 

10
0
34’26.88” 76

0
46’20.48” 

7 EPKDSD -5 Sediment 

 

Near 

Vellaramkadavu 

10
0
34’26.88” 76

0
46’20.48” 

8 EPKDS -5 soil Near 

Vellaramkadavu 

10
0
34’26.88” 76

0
46’20.48” 

9 EPKD-5 water Vellaramkadavu 

stream 

10
0
34’34.16” 76

0
45’56.97” 

10 EPKD-6 water Abandoned well 

near plantation 

10
0
34’45.41” 76

0
45’46.65” 

11 EPKDS-7 soil Inside plantation 10
0
35’2.66” 76

0
45’47.57” 

12 EPKDS-8 soil Inside plantation 10
0
35’25.60” 76

0
45’53.2” 

13 EPKDS-9 soil Inside plantation 10
0
35’25.81” 76

0
45’52.99” 

14 EPKDS-10 

Control 

 

Soil and 

Water 

Outside plantation 10
0
38’24.55” 76

0
49’44.31” 
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Figure 4.13 Map of Muthalamada Panchayat of  Palakkad district showing 

the sampling stations 

  Results of pesticide residue analysis of the water, soil and sediment 

samples collected from different areas inside and near mango plantation in 

Muthalamada Panchayat of Palakkad district is given in Table 4.32. 
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Table 4.32 Results of the pesticide analysis of the soil samples from 

Muthalamada Panchayat of Palakkad district 

Results of analysis of water samples 

Sample code 
Lindane 

(µg/L) 

Aldrin 

(µg/L) 

Dieldrin 

(µg/L) 

DDD 

(µg/L) 

 

DDE 

(µg/L) 

Endosulphan  

alpha, (µg/L) 

Endosulphan  

 beta (µg/L) 

EPKD1 BDL BDL BDL BDL BDL BDL BDL 

EPKD2 BDL BDL BDL BDL BDL BDL BDL 

EPKD3 BDL BDL BDL BDL BDL BDL BDL 

EPKD-4 BDL BDL BDL BDL BDL BDL BDL 

EPKD-5 BDL BDL BDL BDL BDL BDL BDL 

EPKD-6 BDL BDL BDL BDL BDL BDL BDL 

EPKD-10 BDL BDL BDL BDL BDL BDL BDL 

Results of analysis of sediment samples 

Sample code 
Lindane 

(µg/Kg) 

Aldrin 

(µg/ Kg) 

Dieldrin 

(µg/ Kg) 

DDD 

(µg/ Kg) 

DDE 

(µg/ Kg) 

Endosulphan  

alpha, (µg/ Kg) 

Endosulphan  

 beta (µg/ Kg) 

EPKDSD-1 BDL BDL BDL BDL BDL BDL BDL 

EPKDSD-5 BDL BDL BDL BDL BDL BDL BDL 

Results of analysis of soil samples 

Sample code 
Lindane 

(µg/ Kg) 

Aldrin 

(µg/ Kg) 

 

Dieldrin 

(µg/ Kg) 

DDD 

(µg/ Kg) 

 

DDE 

(µg/ Kg) 

Endosulphan  

alpha, (µg/ Kg) 

Endosulphan  

beta (µg/ Kg) 

EPKDS -2 BDL BDL BDL BDL BDL BDL BDL 

EPKDS -5 BDL BDL BDL BDL BDL BDL BDL 

EPKDS-7 BDL BDL BDL BDL BDL BDL BDL 

EPKDS-8 BDL BDL BDL BDL BDL 0.18 BDL 

EPKDS-9 BDL BDL BDL BDL BDL BDL BDL 

EPKDS-10 BDL BDL BDL BDL BDL BDL BDL 

 BDL: Below detection limit 
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           Results of analysis of pesticide residues showed that lindane, aldrin , 

dieldrin, DDD, DDE  were not present in any of the samples. Endosulphan 

was detected only in one soil sample (EPKDS-8) collected from mango 

plantation area in Muthalamada Panchayat. The concentration of endosulphan 

alpha detected in the sample was 0.18 µg/ Kg. The pesticide detected might 

be due to the earlier use of endosulphan in the mango plantations.  

4.3   Summary 

As per the results obtained by the analysis of endosulphan in water, 

soil and sediment samples collected from eleven Panchayats of Kasaragod 

district, it can be concluded that endosulphan persists only for a limited period 

of time. The degradation rates of both endosulphan isomers are greatly 

affected by environmental conditions. The study proved that combined toxic 

residues of endosulphan in the sediment and soil samples of selected areas of 

Kasaragod district is found to be persistent for a maximum period of 1.5-2 

years from the beginning of  this study.  But the persistence showed variations 

depending upon the climatic conditions and physico-chemical characteristics 

like pH, organic matter content and particle size of the soil in the area. The 

results also indicated greater persistence of endosulphan in soil and sediment 

samples than water samples because of greater adsorption of endosulphan on 

the sediment and soil than water. Comparatively high concentration of 

endosulphan detected in the soil is because of the fact that endosulphan is 

fairly immobile in soil and is highly persistent.  Samples collected from 

Mango plantations of Muthalamada Panchayat of Palakkad district did not 

indicate the presence of pesticide residues in water and sediment samples. 

Endosulphan was detected only in one sample collected inside the plantation 

area. 
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CHAPTER 5 

REMEDIATION OF ENDOSULPHAN BY 

ABIOTIC METHODS 

 

5.1 Introduction 

Different biotic and abiotic methods can be used for the degradation of 

endosulphan and other chlorinated pesticides (Cardeal et al. 2011). Chemical 

degradation occurs by photolysis, redox reactions etc. The widespread use of 

pesticide results in the need for finding solutions to treat the residues so as to 

remove them from the environment. 

The natural degradation of pesticides is time-consuming and hence the 

chemical processes that accelerate decontaminating the affected environment 

are significant. Photocatalytic degradation of pesticides with titanium dioxide 

(TiO2) has immense applications in the treatment of polluted water. The basic 

process of photocatalysis include ejecting an electron (e
-
) from the valence 

band to the conduction band of the TiO2 semiconductor and creating a hole (h
+
) 

in the valence band (Stasinakis 2008). This is caused by the UV irradiation of 

TiO2 with an energy equal or superior to the band gap (>3.2 eV). This is fol-

lowed by the formation of reactive radicals at the semiconductor surface and 

direct oxidation of the polluting species. The ejected electrons react with 

electron acceptors such as oxygen adsorbed or dissolved in water reducing it to 

super oxide radical anion O2
-
.  The photogenerated holes can oxidize either the 

organic molecules directly or oxidize OH
-
 ions and water molecules adsorbed 

on TiO2 surface to OH radicals.  This will act as strong oxidized agents that 

can easily attack any organic molecules absorbed on or located closed to the 

surface of the catalyst leading to the degradation of organic species (eq:1-5). 
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Mechanism of the 
2

TiO - catalysed UV oxidative degradation of organic species 

 The key problem of industrializing the technology is that the separation 

and recycling of suspended TiO2 nanoparticle is time consuming and expen-

sive. This problem can be solved by immobilization of the photocatalyst over 

suitable supports like calcium-alginate beads (Lee et al. 2003a). 

Doping of TiO2 has been an important approach in band gap engineer-

ing to change the optical response of semiconductor photocatalysts. Doping 

can induce a bathochromic shift, i.e., a decrease of the band gap or introduc-

tion of intra-band gap states, which results in the absorption of more visible 

light. Doping helps the photocatalytic systems to exhibit enhanced efficiency. 

Transition metal ions can provide additional energy levels within the band 

gap of a semiconductor. Electron transfer from one of these levels to the con-

duction band requires lower photon energy than in the situation of an unmodi-

fied semiconductor. Studies have shown that the photocatalytic activity of 

TiO2 doped with Fe exceeded those of undoped commercial and synthesized 

pure TiO2 for the oxidative degradation of many compounds like 2, 4, 

6-trichlorophenol (Mital and Manoj 2011; Ganesh et al. 2012 ). 

Surfactants play a major role in the removal of hydrophobic pollutants. 

Surfactants are amphiphilic compounds and they can reduce surface and in-

terfacial tensions by accumulating at the interface of immiscible fluids .Thus 

the surfactants increase the solubility and accelerate the biodegradation of hy-



 

 

 120 

drophobic organic compounds. The application of surfactants will result in the 

increase in concentration of a hydrophobic compound in the aqueous phase by 

emulsification and solubilization. Use of Tween 80 and Triton X 100 to recover 

endosulphan from soil had been reported (Jayashree et al. 2006).  

Tween 80, Triton X – 100 and Mannitol were used to recover endo-

sulphan from contaminated soil. The synthetic surfactant Tween 80  

(C64H124O26) is non-toxic to soil microorganisms and inert to the soil and has the 

added benefit of causing an enhanced dissolution rate for single compounds. 

Tween 80 is miscible in water yielding a clear to slightly hazy faint yellow 

solution.  

Triton X-100, C14 H22O (C2H4O)n(n=9-10) is a non ionic surfactant which 

is soluble at 25
0
C in all proportions in water, toluene, xylene, ethylalcohol, 

isopropyl alcohol and many other solvents. TritonX-100 is compatible with 

anionic, cationic and non ionic surfactants. It exhibits good surface activity as 

indicated by lowering of surface tension of water and interfacial tension be-

tween water and mineral oil. 

Mannitol is a white crystalline sugar alcohol with chemical formula 

C6H8 (OH)6. It is used as osmotic, diuretic agent and a weak renal vasodilator. It 

was originally isolated from secretion of flowering ash called manna. Mannitol 

is derived from sugar by reduction with molecular weight of 182.17g/mol and 

density of 1.52g/ml. Other sugar alcohols include xylitol and sorbitol. Mannitol 

and Sorbitol are isomers, the only difference being orientation of hydroxyl 

group on carbon. Aqueous solutions of Mannitol are mildly acidic and some-

times such solutions are treated to lower pH. 

Endosulphan was recovered from soil using the surfactant 

Tween-80.The photocatalytic degradation using TiO2 entrapped calcium algi-
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nate beads and Fe doped -TiO2 entrapped calcium- alginate beads was used to 

degrade the recovered endosulphan.            

5.2 Materials and Methods  

5.2.1 Chemical enhanced recovery of endosuphan 

5.2.1 .1 Collection, pre-processing and analysis of soil samples 

Soil required for the study was collected from the experimental plot of 

Centre for Water Resources Development and Management (CWRDM), Ko-

zhikode. Soil was collected from a depth of 0-10 cm. The soil sample was air 

dried at room temperature, powdered using mortar and pestle and sieved 

through a 2mm sieve. The soil was sterilized by autoclaving (121
0
C at 15 psi) 

for 1 hour before the experiment. After autoclaving, the soil in nutrient agar 

medium was incubated at 36°C for 48 h and no microbial growth was observed. 

The soil sample collected was analysed for different soil characteristics. Also 

the soil was tested to assure that it was free from organochlorine pesticide 

residues (Harikumar et al. 2013).  The methods of physico-chemical and pes-

ticide residue analysis of soil are explained in chapter 3. 

5.2.1.2 Recovery of endosulphan using Tween 80, Triton X 100 and Mannitol 

Ten gram of sieved sample was transformed to a 250ml Erlenmeyer 

flask. The soil was artificially spiked with 100 µg/Kg endosulphan. The 

contaminated soil was mixed with 20 ml of different selected surfactant 

solutions (Tween 80, Triton X 100 and Mannitol of 1 g/L).Control 

experiments without the surfactant solutions were also carried out. The 

samples were equilibrated on a rotary shaker for 3 hrs at 38
0
C. Three 

replicates were used for each concentration. The samples were collected at 1, 

2 and 3 hours. Tween 80 enhanced recovery of endosulphan was recorded for 

24 hours. An aliquot of 10 ml of each supernatant was transferred to a 
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separating funnel for liquid-liquid extraction with hexane .The hexane layer 

was separated and used for further analysis. The confirmation of the recovery 

was done by extracting the remaining soil after the supernatant analysis 

(Harikumar et al. 2013).  Methods of extraction and analysis of the pesticide 

residues is given in chapter 3. 

5.2.2 Photocatalytic degradation of recovered endosulphan by TiO2 en 

    trapped calcium-alginate beads 

5.2.2.1 Preparation of photocatalyst 

Chemical precipitation method was adopted to synthesize TiO2 nano-

particles. TiCl3 was used as a precursor for the synthesis of TiO2 nanoparticles. 

Synthesised nanoparticles were entrapped in a biopolymer Ca-alginate for 

studying the photo catalytic degradation of endosulphan.  

TiCl3 (Merck 15%) solution in HCl (10–15%) was introduced under 

vigorous stirring in deionized water ([Ti
3+

] = 0.15 mol L
-1

). A blue–violet so-

lution was obtained at room temperature. The pH was adjusted between 2.5 and 

4.5 with sodium hydroxide (NaOH) solution. The solutions were then heated at 

60
0
C in an oven for 24 h. The white suspension obtained was then centrifuged, 

washed with an acidic solution (pH =1) and distilled water in order to remove 

salts and then heated in a furnace at 120
0
C for 12 hours and dried.  

Chemical reaction between sodium alginate and calcium chloride to 

form calcium alginate was utilized for microsphere formation. Sodium alginate 

solution (4%) was prepared by dissolving sodium alginate in distilled water 

kept in a water bath at 65
o
C – 75

o
C. The solution was stirred with a sterile glass 

rod for complete mixing. Calcium chloride solution (8%) was prepared by 

dissolving calcium chloride in distilled water in curing bath. TiO2 nanoparticles 

were added to it to synthesize beads containing TiO2. By using a micropipette, 

the sodium alginate solution was added drop wise to TiO2 - calcium chloride 
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solution which was vigorously stirred using a magnetic stirrer. Each drop 

changed into a bead of calcium alginate in which TiO2 was entrapped. 

Collision between incoming droplets and existing beads was avoided 

by laterally moving the pipette above the surface of the CaCl2 solution. Beads 

were retained in the curing bath for 80 min without stirring. After six minutes in 

the curing bath, the bead density became greater than the CaCl2 solution and the 

beads sank. After 80 min in the curing bath, the beads were poured into a 500ml 

conical flask and rinsed with 250 ml distilled water. The excess water in the 

beads was removed by blotting with filter paper (Lyn et al. 2010).These beads 

were used for further photo catalytic studies. 

5.2.2.2 Characterization of synthesized TiO2 nanoparticles 

The characterization of nanoparticles was done using SEM/EDS and 

TEM.The size and shape of the nano- and submicro-particles was examined 

with a Field Emission scanning electron microscope equipped with Horiba 

EDX analyser, made by Hitachi (SU-6600). It utilizes advanced variable 

pressure (VP) technology and an improved Schottky field emission electron 

source that provided exceptional imaging and high probe current with great 

stability in both high vacuum and variable pressure operation. In addition to 

this, synthesised nano particles were characterised using Tunneling electron 

microscopic analysis and X Ray Diffraction analysis. 

5.2.2.3 Photocatalytic Reactor 

The photocatalytic reactor was a tube light reactor (TLR) which con-

sisted of high quality aluminum column of length 20 cm and diameter 15 cm. 

The ultraviolet light source used was mercury vapor lamp having a wavelength 

of 292.3 nm. It was operated at 60V, and produced an output of  9W. The lamp 

was placed inside the reactor.  Electrical wires were connected to the lamp 

through copper holders that were screwed around the lamp end.  



 

 

 124 

The TiO2 nanoparticles immobilized in calcium alginate which was in 

the form of spherical beads, were used as the catalyst .Total amount of 120g 

beads were used in the study. It was filled uniformly on the outer surface of the 

low wattage lamp so as to provide a higher illuminated specific catalyst surface 

area. The photo catalytic reactor was fixed as vertical hung.  

The photo catalytic activity of TiO2 nanoparticles on the degradation 

of the endosulphan, was studied by passing the test solution recovered from soil 

using surfactant tween 80  under illumination of UV light through the photo-

catalytic reactor. The solution of endosulphan recovered from soil utilizing 

surfactants was introduced to the inlet of the photoreactor at a flow rate of 5 

ml/min. After different time intervals the treated solution was withdrawn from 

the outlet of the reactor. All experiments were carried out under ambient con-

ditions i.e. at room temperature and 1 atm. The experimental set up of the 

photocatalytic reactor is shown in Plate 5.1.  
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Plate 5.1 Photocatalytic reactor 

      The influence of flow rate on the photocatalytic degradation of endo-

sulphan was also studied. The change in initial endosulphan concentration 

(83.89±1.22µg/L) at different flow rates of 2ml/min, 4 ml/min and 8 ml/min 

was measured. 

5.2.2.4 Extraction and analysis of endosulphan residues using gas chromato   

        graph 

The test solution collected from the outlet of the photocatalytic reactor 

at different treatment time was extracted and analysed to find out the degraded 

concentration of endosulphan. Extraction and analysis of endosulphan residues 

is discussed in chapter 3.  
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5.2.3 Photocatalytic degradation of recovered endosulphan by Fe doped- 

TiO2 entrapped in calcium-alginate beads to increase the efficiency of 

degradation 

5.2.3.1 Preparation of photocatalyst 

Cold titanium tetrachloride (TiCl4, Fluka) was digested in cold concen-

trated HCl  and was subsequently diluted with deionized water. The requisite 

amount of iron nitrate (Fe(NO3)2.6H2O) was added to this solution after dis-

solving separately in deionized water. The resultant solution was hydrolyzed 

by adding the 50% diluted solution of ammonium hydroxide drop by drop un-

til the complete precipitate (at pH≈9) was obtained. This precipitate was 

heated for about 12 h at 90 °C. The resultant precipitate was filtered off and 

washed thoroughly with double distilled water until no chloride ions could be 

detected with Ag+ ions in the filtrate. Fe(OH)3–Ti(OH)4  coprecipitate thus 

obtained was then oven dried at 120 °C for 24 h and calcined at 550 °C for 6 h 

in an open-air atmosphere using an electric muffle furnace. 

 Next stage involved entrapping the synthesised Fe doped- TiO2 in 

calcium- alginate beads. Sodium alginate was dissolved in distilled water kept 

in a water bath at 65
o
C – 75

o
C by stirring the solution with a sterile glass rod 

.Calcium chloride was also dissolved in distilled water in curing bath. Fe doped 

-TiO2  nanoparticles were added to it to synthesize beads containing TiO2. By 

using a micropipette, the sodium alginate solution was added drop wise to Fe 

doped TiO2 - calcium chloride solution using a micropipette, which was vig-

orously stirred using a magnetic stirrer. Each drop changed into a bead of cal-

cium alginate in which Fe doped-TiO2 was entrapped. 

5.2.3.2 Characterization of synthesized TiO2 nanoparticles 

The characterization of Fe doped- TiO2 nanoparticles entrapped in cal-

cium-alginate beads was done using SEM/EDS. 
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5.2.3.3 Photocatalytic Reactor 

The photocatalytic reactor was the same which was used in the ex-

periment of TiO2 nanoparticles entrapped in calcium alginate beads for the 

degradation of endosulphan . The Fe doped TiO2 nanoparticles immobilized in 

calcium alginate beads were used as the catalyst. The beads (120g) were filled 

uniformly on the outer surface of the lamp .The photo catalytic reactor was 

fixed in a vertical position.  

The test solution containing 83.89±1.22 µg/L was passed through the 

photocatalytic reactor at a flow rate of 2ml/min. 

5.3 Results and Discussion 

5.3.1 Chemical enhanced recovery of endosulphan from soil 

5.3.1 .1 Soil characteristics 

The results of physical and chemical analysis of the soil collected for the 

study is given in Table 5.1. 

Table 5.1 Results of physico-chemical characteristics of soil  

              Parameters Values 

p H 6.03±0.01 

Electrical Conductivity (µm/S) 53.0±0.15 

Alkalinity( mg/kg ) 95.26±0.12 

Chloride (mg/kg ) 80.08±0.24 

Sulphate (mg/kg ) 24 .0±0.34 

Organic Carbon content (% ) 1.20±0.52 

Organic Matter (% ) 2.06±0.04 

Exchangeable Sodium (mg/kg) 265.0±1.24 

Exchangeable Potassium(mg/kg) 72.50±1.36 

Exchangeable Calcium(mg/kg) 240 .0±2.12 

Exchangeable Magnesium(mg/kg) 144.0±0.68 

Inorganic Phosphorus(mg/kg) 8.0±0.04 
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5.3.1.2 Recovery of endosulphan from soil using Tween 80, Triton X-100 and  

   Mannitol  

Tween 80 was found to be most effective when compared with Triton 

X-100 and Mannitol to remove the adsorbed endosulphan from soil. The 

endosulphan remediating efficiencies of the chemicals at different time 

intervals (1, 2, 3 hours) is  shown in Table 5.2.  

The three chemicals, at different concentrations increased the extent of 

the release of endosulphan as compared to the control without the chemical 

solutions. Tween 80 helped to recover 42.55 ± 0.19 % endosulphan from 

contaminated soil for a time interval of three hours, where as Triton X 100 

and Mannitol recovered only 20.79 ± 0.23 % and 15.44 ± 0.09 % respectively 

(Harikumar et al. 2013).  The chromatograms indicating the recovery of 

endosulphan after one hour and after three hours is indicated in Figures 

5.1-5.2 respectively. The increase in recovery of endosulphan after three 

hours can be clearly seen from the chromatogram.  

Table 5.2 Comparison of endosulphan remediating efficiencies of Tween 80, 

Triton X-100 and Mannitol  

 

 

Sl.No. 

Time 

inter-

val(Hrs) 

Concentration of 

endosulphan 

recovered by 

Tween 80  

( µg/Kg) 

Concentration of 

endosulphan re-

covered by 

Triton X-100 

(µg/Kg) 

Concentration 

of endosul-

phan recov-

ered  by 

Mannitol 

(µg/Kg) 

1 1 19.62± 0.37 7.16± 0.09 5.35± 0.24 

2 2 31.31±0.39 12.62±0.34 8.54±0.12 

3 3 42.55±0.19 20.79±0.23 15.44±0.09 
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Figure 5.1 Chromatogram indicating the recovery of endosulphan with Tween 

80 after one hour 
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Figure 5.2 Chromatogram indicating the recovery of endosulphan with Tween 

80 after three hours 
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Among the chemicals selected for remediating endosulphan, Tween 80 

proved very effective and hence the study was continued using the surfactant 

Tween 80.Results of experiments conducted in triplicate using Tween 80 are 

shown in Table 5.3 and total percentage recovery is indicated in Table 5.4. 

Percentage recovery of endosulphan from contaminated soil using Tween 80 at 

different time intervals is graphically indicated in Figure 5. 3. 

Table 5.3 Concentration of endosulphan recovered from soil using Tween 80 

Sl.

N

o 

Time 

Inter-

val(Hrs) 

Endo-

dosul-

sul-

phan 

alpha  

( µg/ 

Kg) 

Endosulphan  

beta( µg/Kg) 

Total (Endosulphan alpha+ 

Endosulphan beta) ( µg/Kg) 

Recovery of 

endosul-

phan(%) 

1 3 

22.13 20.42 42.55 42.55 

22.19 19.42 41.61 41.61 

23.14 20.36 43.50 43.50 

2 6 

20.13 28.71 48.83 48.83 

23.05 26.71 49.76 49.76 

22.13 25.77 47.90 47.90 

3 9 

22.14 27.87 50.0 50.0 

24.14 25.87 50.01 50.01 

24.13 25.89 50.02 50.02 

4 12 

25.87 33.95 59.82 59.82 

28.89 29.95 58.84 58.84 

27.67 33.16 60.83 60.83 

5 15 

34.98 48.03 83.0 83.0 

43.93 40.03 83.96 83.96 

34.67 47.36 82.03 82.03 

6 24 

55.87 28.01 83.89 83.89 

40.66 42.01 82.67 82.67 

51.28 33.82 85.10 85.10 

 

 



 

 

 132 

Table 5.4 Percentage of endosulphan recovered from soil using Tween 80 

Sl.No. Time Interval(Hrs) Mean recovery of Endosulphan (%) 

1 3 42.55±0.95 

2 6 48.83±0.93 

3 9 50.01±0.01 

4 12 59.83±1.0 

5 15 83±0.97 

6 24 83.89±1.22 

 

 

 

 

 

 

 

 

 

Figure 5.3 Mean percentage recovery of endosulphan from contaminated soil 

using Tween 80 at different time intervals. 

A concentration of 1 g/L Tween 80 released 83.89±1.22 % of 

endosulphan from the soil in 24 hours and a total of only 13.96 ±0.14 % was 

found remaining in the soil. During the first three hours high amount of 

recovery was observed and then the recovery was very slow. During the 12
th

 

hour to 15
th

 hour there was a sudden increase in the recovery of endosulphan.  

A concentration of 1 g/L Tween 80 released 83±0.97 % of endosulphan from 
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the soil in 15 hrs.  Once the interfacial tension of the water and soil organic 

matter is reduced, the surfactant can penetrate deeper into the hydrophobic 

regions of the soil organic matter. That may be the reason for the sudden 

increase in the percentage recovery from 12
th

 hour to 15 
th

 hour. The study 

was continued for 24 hours and the maximum percentage recovery of 

83.89±1.22 % was obtained (Harikumar et al. 2013).  The chromatogram 

showing the recovery of endosulphan with Tween 80 after twenty four hours 

is indicated in Figure 6.4. 

Tween 80 was applied as the initial step to recover endosulphan from 

contaminated soil before degradation by the photocatalytic reactor. Isomers of 

endosulphan (i.e. endosulphan alpha and  endosulphan beta) were detected 

during the analysis of the samples.  
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Figure 5.4 Chromatogram showing the recovery of endosulphan with Tween 

80 after twenty four hours 
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5.3.2 Degradation of recovered endosulphan by TiO2 nanoparticles en-

trapped calcium alginate beads 

5.3.2.1 Characterisation of TiO2 as a photocatalyst 

The SEM and TEM analysis was carried out to confirm the size of the 

particles, and its distribution pattern in polymeric matrix. The SEM-EDS and 

TEM images of TiO2 nanoparticles are indicated in Figures 5.5-5.6 respec-

tively. XRD pattern of TiO2 nanoparticles is shown in Figure 5.7. The qualita-

tive compositional analysis of the TiO2 nanoparticles entrapped beads was 

analyzed using SEM-EDS (Figure 5.8).  

 

 

Figure 5.5 EDS spectrum of TiO2 nano particles 
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Figure 5.6 TEM image of TiO2 nano particles 

 

 

Figure 5.7 XRD pattern of TiO2 nanoparticles 
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Figure 5.8 SEM - EDS spectrum of TiO2 nano particles entrapped calcium 

alginate beads 

TiO2 nano particles formed a network of spherical nanometer sized ag-

gregates as shown in the TEM image. The average size of the particle was 

about 30 nm. The rutile and brukite phases co existed as evident from the 

XRD pattern .The SEM-EDS spectra of TiO2 nano particles entrapped  cal-
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cium alginate beads confirmed the presence of TiO2 in the bead to be used as 

photocatalyst. 

5.3.2.2 Photocatalytic degradation of endosulphan 

The result of the study of degradation of endosulphan at different 

treatment time was monitored by using gas chromatograph with electron cap-

ture detector. Results of photodegradation study of endosulphan after different 

treatment times is indicated in Table 5.5 and graphically indicated in Figure 

5.9. 

Table 5.5 Decrease in concentration of endosulphan at different treatment 

times 

Time 

(Minutes) Concentration of endosulphan (µg/L) 

0 83.89±1.22 

45 69.19±0.44 

90 52.40±0.78 

135 33.13±0.34 

180 19.76±0.66 

225 BDL 

BDL: Below detection limit 
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 Figure 5.9 Photocatalytic degradation of endosulphan at different treatment 

times 

The concentration of endosulphan was found to decrease with increase 

in treatment time. A concentration of 83.89±1.22 µg/L of endosulphan was 

completely degraded within a treatment time of 225 minutes. Photocatalytic 

degradation in the presence of nano crystalline TiO2   has led to the oxidative 

degradation of endosulphan. The photocatalytic process can even decompose 

and mineralize the intermediate compounds to carbon dioxide and hydrochloric 

acid (Konstantinou  and Albanis 2003). 

When the flow rates were maintained as 2ml/min, 4 ml/min and 8 

ml/min , for a contact time of 90 minutes ,the degraded concentration of en-

dosulphan was found to be 43.16±0.93,45.90±0.68, 50.57±0.89  respectively( 

Figure 5.10).From the results it was found that at low flow rates, high reduction 

in concentration of endosulphan was obtained.  
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 Figure 5.10 Decrease in the concentration of endosulphan at different flow 

rates. 

Thus the toxic isomers of endosulphan, endosulphan alpha and endo-

sulphan beta was found to be degraded efficiently within 225 minutes using 

TiO2 entrapped calcium alginate beads. 

5.3.3 Degradation of recovered endosulphan by Fe doped -TiO2 nanoparti-

cles entrapped calcium alginate beads 

5.3.3.1 Characterisation of  Fe doped- TiO2 as a photocatalyst 

The SEM –EDS spectra of Fe doped- TiO2 entrapped in calcium alginate 

beads is indicated in Figure 5.11. 
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Figure 5.11 SEM –EDS spectra of Fe doped- TiO2 entrapped in calci-

um-alginate beads 

The presence of Fe doped -TiO2
 
in the bead to be used as a photocata-

lyst was confirmed from the EDS spectra.  

 



 

 

 142 

5.3.3.2  Photocatalytic degradation of endosulphan 

Results of photodegradation study of endosulphan after different 

treatment times is indicated in Table 5.6 and graphically indicated in Figure 

5.12. 

Table 5.6 Decrease in concentration of endosulphan at different treatment 

times 

Time 

(Minutes) 
Concentration of endosulphan (µg/L) 

0 83.89±1.22 

45 60.19±0.86 

90 43.40±0.64 

135 20.13±0.72 

180 BDL 

BDL: Below detection limit 

 

 Figure 5.12 Photocatalytic degradation of endosulphan at different treatment 

times 
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  The concentration of toxic isomers of endosulphan (endosulphan alpha 

and endosulphan beta ) was found to degrade remarkably on treatment with Fe 

doped- TiO2  nanoparicles inside a photoreactor. Complete removal of toxic 

isomers happened within 180 minutes. The photocatalytic degradation of en-

dosulphan was faster due to the modification of the system with the doping of 

iron. 

The detected metabolites of  endosulphan produced by photocatalysis 

were endosulphan diol, endosulphan ether, and endosulphan lactone and the 

parental compounds  endosulphan alpha and  endosulphan beta. The chro-

matogram obtained showing the metabolites of endosulphan is indicated in 

Figure 5.13. Endosulphan diol was produced in higher concentrations than the 

other metabolites.A pathway (Figure 5.14) was proposed for the degradation 

of endosulphan based on the study. The major pathway is the conversion of 

endosulphan to endosulphan diol. The minor pathway (dotted arrow) is the 

conversion of endosulphan diol to endosulphan ether and then to endosulphan 

lactone. 
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Figure 5.13 Chromatogram indicating the degradation of endosulphan into 

endosulphan diol, endosulphan lactone and endosulphan diol 
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Figure 5.14 Proposed pathway for photocatalytic degradation of endosulphan 

5.4 Summary 

Photocatalytic degradation of endosulphan was studied using TiO2 na-

noparticles. The surfactant Tween 80 was utilized to recover endosulphan from 

contaminated soil. A concentration of 1 g/L Tween 80 released 83.89±1.22 % 

of endosulphan from the soil in 24 hours and a total of only 13.96 ±0.14 % was 

found remaining in the soil. The recovered endosulphan was degraded effec-

tively by passing the test solution through a photocatalytic reactor with TiO2 

photocatalyst entrapped calcium alginate beads. The efficiency of the reactor 

was enhanced by using Fe doped- TiO2 nanoparticles.A pathway for the pho-

tocatalytic degradation of endosulphan into endosulphan diol was also sug-

gested based on the study. 
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CHAPTER 6 

ENDOSULPHAN REMEDIATION USING 

AQUATIC AND TERRESTRIAL PLANT 

SPECIES 

 

6.1 Introduction 

Phytoremediation promises effective and inexpensive cleanup of hazardous 

waste sites contaminated with metals, hydrocarbons, pesticides, and chlorinated 

solvents. Phytoremediation includes an array of plant-associated processes known to 

mitigate contaminants from soil, sediment, and water (Bouldin et al. 2006; Chuluun 

et al. 2009). Plants can interact with hazardous organic compounds through 

degradation or accumulation ( Mukherjee and Kumar 2012; Banks and Govindaraju 

2000). Phytoremediation takes advantage of the natural processes of plants, which 

include water and chemical uptake and metabolism within the plants (Pivetz  2001).  

Removal of endosulphan from contaminated soil and water was studied by 

aquatic and terrestrial plants such as Spinacia oleracea , Solanum lycopersicum and  

Salvinia molesta. The objective of the work was to study the phytoremediation 

efficiency of the endosulphan by selected plants and to determine the mechanism of 

pesticide translocation in plants.  

6.2 Materials and Methods 

6.2.1 Phytoremediation using selected plant species 

The effectiveness of free floating aquatic plant species such as Salvinia 

molesta and Water spangles Salvinia minima and also submerged aquatic species 

Hydrilla verticillata (Plate 7.1) to remediate endosulphan contaminated water was 

investigated. The phytoremediation by Salvinia molesta in water was carried out 

using water sample artificially spiked with 123 µg/L  endosulphan and a portion of 

the spiked samples were removed at different intervals (0, 3,7,14, 21 and 28 days) 

and analysed for total recoverable endosulphan (Harikumar et al. 2013).   
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  Two terrestrial plant species, Spinacia oleracea and Solanum lycopersicum 

were selected for the investigation of the pesticide removal from soil( Plate 6.2). 

Triplicate plant chambers were used for Spinacia oleracea whereas quadruplicate 

chambers were used for Solanum lycopersicum. Medium growing plants with 

extensive rooting system were selected for the study. Half month old seedlings were 

transplanted into rectangular shaped growth chambers, which were then placed in a 

controlled–temperature greenhouse. Water was added daily to adjust the soil to 

appropriate moisture content. Natural light was used for the green house study. Soil 

required for the study was collected from the experimental plot of Centre for Water 

Resources Development and Management (CWRDM), Kozhikode. The soil samples 

were collected from the experimental plot and subjected to chemical analysis . An 

amount of 3.5 kg of soil taken in each experimental tray was spiked with about 140 

µg/Kg of endosulphan and the selected terrestrial plants were grown in the 

experimental plots. Control experiments without the plant species were also laid to 

study natural degradation of the pesticide. The soil samples were collected from the 

experimental site at regular intervals and analyzed for endosulphan after 0, 7, 14, 21 

and 28 days (Harikumar et al. 2013).   

 

Plate 6.1. Phytoremediation using aquatic plant species a)Salvinia molesta                            

b)Hydrilla verticillata c)Salvinia minima  

a b 

c 
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Plate 6.2. Plot for the conduct of phytoremediation experiments 

The aquatic and terrestrial plants used for remediation were extracted and the 

concentration of endosulphan was determined.  

6.2.2 Extraction and analysis of pesticide residues  

        The procedure for extraction and analysis of pesticide residues from water 

and soil samples is explained in chapter 3. 

For the extraction of pesticide residues from plants, samples were placed in 

glass tubes, homogenized twice with 4 ml of ethyl acetate. Ethyl acetate (2 ml) was 

used each time for washing. The homogenized samples were centrifuged for 10 min 

at 4600 rev. /minute the extract was transferred to another tube and concentrated to 1 

ml. Clean-up was accomplished by passing the extract through a column containing 

a small amount of glass wool at the base and 3.5 g of aluminium oxide with a thin 

layer of anhydrous sodium sulfate lying on top. A hexane–ethyl acetate (80:20, v/v) 

mixture (10 ml) was used to elute the pesticides from the column. Finally, the 

extracts were concentrated to an appropriate volume (2–10 ml) and analyzed by 

GC–ECD (Castro et al. 2002; Harikumar et al. 2013).   
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6.3 Results and Discussion 

The results of the phytoremediation experiments using aquatic plants is given 

in Table 7.1. Results indicated that Salvinia molesta was found to be the most 

efficient plant for phytoremediation compared to Hydrilla verticillata and Salvinia 

minima .The removal efficiency of endosulphan was found to be 97.94±0.33 % in 21 

days (Figure 6.1).  

Salvinia molesta was selected for further study since it was found to have the 

maximum phytoremediation efficiency. Endosulphan was not detected in the soil 

after 28 days when phytoremediation experiments was conducted with Salvinia 

molesta. Results of endosulphan removal studies using Salvinia molesta is indicated 

in Table 6.2. The analysis of the soil samples from the control plot showed that 

25.86±1.1 %  remained in the soil after 28 days. Percentage removal of endosulphan 

by Salvinia molesta in comparison with control is shown in Table 6.3 and indicated 

graphically in Figure 6.2.The chromatograms obtained during phytoremediation 

study with Salvinia molesta on day 0 and after 28 days is shown in Figures 6.3-

6.4.The complete removal of endosulphan from contaminated water after 28 days is 

evident from the chromatogram obtained after 28 days. 
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Table 6.1 Results of endosulphan removal study using aquatic plant species 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.1 Comparison of endosulphan removal efficiencies of different aquatic 

plant species 

Sl.No. Treatment 

Concentration of 

endosulphan in 

water after 21 

days in triplicate 

experiments(µg/L) 

Total average 

concentration of 

endosulphan(µg/L) 

Total 

percentage 

removal of 

endosulphan 

(%) 

1 Control 

51.65 

51.94±0.28 57.77±0.23 51.97 

52.20 

2 
Salvinia 

molesta 

2.56 

2.54±0.40 97.94±0.33 2.13 

2.93 

3 
Hydrilla 

verticillata 

23.58 

23.54±0.24 80.86±0.20 23.76 

23.28 

4 
Salvinia 

minima 

33.99 

33.67±0.53 72.63±0.43 33.06 

33.96 
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Table 6.2 Results of endosulphan removal study using Salvinia molesta 

Days 

 

 

Control1 Control  2 Control  3 

Endo 

sulphan 

alpha 

(µg/L) 

Endo- 

sulphan 

beta 

(µg/L) 

Total 

Endo- 

sulphan 

(µg/L) 

% 

Removal 

% 

Remaining 

Enpho- 

sulphan 

alpha 

(µg/L) 

Endo- 

sulphan 

beta 

(µg/L) 

% 

Removal 

Total 

Endo- 

sulphan 

(µg/L) 

% 

Removal 

Endo- 

Sulphan 

alpha 

(µg/L) 

 

Endo- 

sulphan  

beta 

(µg/L) 

 

Total 

Endo- 

sulphan 

(µg/L) 

% 

Removal 

% 

Remaining 

3 33.72 33.45 67.17 32.83 67.17 36.42 29.72 66.14 33.86 66.14 34.45 33.76 68.21 31.79 68.21 

7 29.45 27.46 56.91 43.09 56.91 29.49 28.52 58.01 41.99 58.01 30.89 26.51 57.40 42.60 57.40 

14 28.14 20.10 48.24 51.76 48.24 28.11 19.15 47.26 52.74 47.26 27.44 21.80 49.24 50.76 49.24 

21 23.49 15.44 38.94 61.06 38.94 25.20 15.84 41.04 58.96 41.04 22.39 14.45 36.84 63.16 36.84 

28 17.50 8.35 25.86 74.14 25.86 17.41 7.35 24.76 75.24 24.76 16.50 10.46 26.96 73.04 26.96 

Days 

 

 

Salvinia molesta 1 Salvinia molesta   2 Salvinia molesta   3 

Endosulphan 

alpha 

(µg/L) 

Endo- 

sulphan 

beta 

(µg/L) 

Total 

Endo- 

sulphan 

(µg/L) 

 

 

 

% 

Removal 

% 

Remaining 

Endo- 

sulphan 

alpha 

(µg/L) 

Endo- 

sulphan 

beta 

(µg/L) 

% 

Removal 

Total 

Endo- 

sulphan 

(µg/L) 

% 

Removal 

 

Endo- 

sulphan 

alpha 

(µg/L) 

 

Endo- 

sulphan  

beta 

(µg/L) 

 

Total 

Endo- 

sulphan 

(µg/L) 

% 

Removal 

 

% 

Remaining 

3 7.44 39.57 47.01 52.99 47.01 8.24 37.84 46.08 53.92 46.08 7.24 40.7 47.94 52.06 47.94 

7 7.19 22.59 29.78 70.22 29.78 6.79 21.99 28.78 71.22 28.78 7.79 21.49 29.28 70.71 29.28 

14 4.22 12.79 17.01 82.99 17.01 5.81 12.29 18.11 81.89 18.11 6.27 12.95 19.22 80.78 19.22 

21 1.86 0.74 2.6 97.4 2.6 2.92 1.92 4.84 95.16 4.84 3.72 BDL 3.72 96.28 3.72 

28 BDL BDL BDL 100 BDL BDL BDL BDL 100 BDL BDL BDL BDL 100 BDL 

BDL:Below detection limit 
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Table 6.3 Percentage removal of endosulphan by phytoremediation using Salvinia 

molesta 

Days 

Total endosulphan 

concentration(mean) in  water in 

control 

µg/L 

Total endosulphan 

concentration(mean) 

in water on 

phytoremediation 

with  Salvinia 

molesta µg/L 

Mean 

endosulphan 

Removal(%) 

3 67.17±1.04 47.01±0.93 52.99±0.93 

7 57.44±0.55 29.28±0.5 70.72±0.50 

14 48.24±0.99 18.11±1.11 81.89±1.11 

21 38.94±2.1 3.72±1.12 96.28±1.12 

28 25.86±1.1 BDL 100±0 

 

 

 

 

 

 

 

 

 

 

 

Figure 6.2 Percentage removal of endosulphan by Salvinia molesta in comparison 

with control
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Salvinia molesta was dried and endosulphan was extracted from the plant 

and analysed (Plate 6.3). The total concentration of endosulphan in Salvinia molesta 

was found to be 82.22 µg/Kg. 

  

Plate 6.3 Extraction of endosulphan from Salvinia Molesta  
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Figure 6.3 Chromatogram showing initial concentration of endosulphan (on day 0) 

obtained during endosulphan remediation study with Salvinia molesta 
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Figure 6.4 Chromatogram obtained during endosulphan remediation study with 

Salvinia molesta after 28 days 

Maximum removal for endosulphan was noticed in the plant Solanum 

lycopersicum, when experiments were conducted for different terrestrial plants. The 

concentration of endosulphan during the phytoremediation experiments and the 

percentage removal using Spinacia oleracea and Solanum lycopersicum is given in 

Tables 6.4 -6.8.  The comparison of decrease in concentration of endosulphan by 

natural process and by phytoremediation is indicated in Figure 6.5. 
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Table 6.4 Concentration of endosulphan during experiments using Spinacia oleracea 

Days 

 

 

Spinacia oleracea  1 Spinacia oleracea  2 Spinacia oleracea  3 

Endosulphan 

alpha 

(µg/Kg) 

Endo- 

sulphan 

beta 

(µg/Kg) 

 

Endo- 

sulphan 

sulfate 

(µg/Kg) 

Total 

Endo- 

sulphan 

(µg/Kg) 

% 

Removal 

Endo- 

sulphan 

alpha 

(µg/Kg) 

Endo- 

sulphan 

beta 

(µg/Kg) 

Endo- 

sulphan 

sulfate 

(µg/Kg) 

Total 

Endo- 

sulphan 

(µg/Kg) 

% 

Removal 

 

Endo- 

Sulphan 

alpha 

(µg/Kg) 

 

Endo- 

sulfphan  

beta 

(µg/Kg) 

 

Endosulphan 

sulfate 

(µg/Kg) 

 

Total 

Endo- 

sulphan 

(µg/Kg) 

 

% 

Removal 

7 40.04 25.16 7.40 72.60 48.12 42.30 30.46 1.04 73.80 47.27 29.82 30.50 11.38 71.70 48.77 

14 21.47 19.60 10.83 51.90 62.92 19.68 17.18 7.54 44.40 68.27 23.35 20.86 2.79 47.0 66.42 

21 1.58 3.71 BDL 5.29 96.22 1.89 4.21 BDL 6.10 95.64 2.04 4.50 BDL 6.54 95.33 

28 BDL BDL BDL BDL 100 BDL BDL BDL BDL 100 BDL BDL BDL BDL 100 

 

Initial concentration of endosulphan: 139.95±0.98 µg/Kg; BDL-Below detection limit 
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Table 6.5 Percentage removal of endosulphan by phytoremediation using Spinacia oleracea 

Days 
Mean total endosulphan 

(µg/Kg) 

Mean endosulphan removal 

(%) 

7 72.70±1.05 48.05±0.75 

14 47.77±3.81 65.87±2.72 

21 5.98±0.63 95.73±0.45 

28 BDL 100 

      BDL:Below detection limit 

Table 6.6 Concentration of endosulphan during experiments using Solanum lycopersicum  (1, 2) 

Days 

Solanum lycopersicum 1 Solanum lycopersicum 2 

Endosulphan 

alpha 

(µg/Kg) 

Endosulphan 

beta 

(µg/Kg) 

Endosulphan 

sulfate 

(µg/Kg) 

Total 

endosulphan 

(µg/Kg) 

% 

Removal 

 

Endosulphan 

alpha 

(µg/Kg) 

Endosulphan 

beta 

(µg/Kg) 

Endosulphan 

sulfate 

(µg/Kg) 

Total 

endosulphan 

(µg/Kg) 

% 

Removal 

 

7 26.47 36.85 BDL 63.32 54.76 22.53 21.48 16.75 60.76 56.58 

14 4.75 7.18 BDL 11.93 91.48 4.57 6.01 BDL 10.58 92.44 

21 BDL BDL BDL BDL 100 BDL BDL BDL BDL 100 

28 BDL BDL BDL BDL 100 BDL BDL BDL BDL 100 

Initial concentration of endosulphan: 139.95±0.98 µg/Kg; BDL-Below detection limit 
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Table 6.7 Concentration of endosulphan during experiments using Solanum lycopersicum (3, 4) 

Days 

Solanum lycopersicum 3 Solanum lycopersicum 4 

 

Endo- 

sulfan     

alpha 

(µg/Kg) 

 

Endo- 

sulfan beta 

(µg/Kg) 

 

Endo- 

sulfan 

sulfate 

(µg/Kg) 

 

Total 

Endo- 

sulfan 

(µg/Kg) 

 

% 

Removal 

 

Endo- 

sulfan                

alpha 

(µg/Kg) 

 

Endo- 

sulfan 

beta 

(µg/Kg) 

 

Endosulphan 

sulfate 

(µg/Kg) 

 

Total 

Endo- 

sulfan 

(µg/Kg) 

 

% 

Removal 

7 16.33 15.70 25.30 57.33 59.04 28.25 28.05 3.20 59.50 57.48 

14 4.56 5.86 BDL 10.42 92.55 10.16 5.04 BDL 15.20 89.14 

21 BDL BDL BDL BDL 100 BDL BDL BDL BDL 100 

28 BDL BDL BDL BDL 100 BDL BDL BDL BDL 100 

Initial concentration of endosulphan: 139.95±0.98 µg/Kg; BDL-Below detection limit 
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Table 6.8 Percentage removal of endosulphan by phytoremediation using Solanum 

lycopersicum 

Days 

Total endosulphan  

concentration(mean) µg/Kg 

Mean endosulphan  

Removal(%) 

7 60.23±2.50 56.97±1.79 

14 12.03±2.22 91.40±1.58 

21 BDL 100 

28 BDL 100 

BDL-Below detection limit 

 

 

 

 

 

 

 

 

 

Figure 6.5 Concentration of endosulphan in soil in control and planted with 

Spinacia oleracea  and Solanum lycopersicum 

 On day 21, complete removal of pesticide, occurred in the soil in which 

phytoremediation was done with Solanum lycopersicum while Spinacia oleracea 

took about 28 days for complete pesticide removal (Harikumar et al. 2013). 

Comparison of percentage removal of endosulphan by Spinacia oleracea and 

Solanum lycopersicum with control is shown in Figure 6.6. The chromatograms 
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obtained during the phytoremediation study on day 0 is indicated in Figure 6.7. 

Chromatograms obtained on day 14 in the phytoremediation study with Spinacia 

oleracea and Solanum lycopersicum is indicated are Figures 6.8-6.9 

respectively.The degradation of toxic isomers of endosulphan (endosulphan alpha 

and endosulphan beta) in the phytoremediation study is evident from the 

chromatograms obtained. Comparatively more degradation occurred on 

phytoremediation with Solanum lycopersicum as indicated in the chromatograms. 

 

 

 

 

 

 

 

 

 

Figure 6.6 Comparison of percentage removal of endosulphan by Spinacia oleracea 

and Solanum lycopersicum with Control 
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Figure 6.7 Chromatogram showing initial concentration of endosulphan (on day 0) 

obtained during endosulphan remediation study with terrestrial plant species 
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Figure 6.8 Chromatogram obtained on day 14 during phytoremediation study with 

Spinacia oleracea 
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Figure 6.9 Chromatogram obtained on day 14 during phytoremediation study with 

Solanum lycopersicum 
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 The leaves, shoot and root of the terrestrial plant species, Spinacia oleracea 

and Solanum lycopersicum were extracted separately and analysed to find out the 

amount of endosufan concentrated  in each part( Plates 6.4-6.5).The amount of 

endosulphan detected in the terrestrial plant species Spinacia oleracea is shown in 

Table 6.9 and the percentage of endosulphan concentrated in plant parts are shown 

in Figure 6.10.Similarly  endosulphan detected in Solanum lycopersicum is shown in 

detail in Table 6.10 and the percentage of endosulphan concentrated in plant parts 

are shown in Figure 6.11. 

  

Plate  6.4  Extraction of endosulphan from different parts of Spinacia oleracea 

 

Plate  6.5  Extraction of endosulphan from different parts of Solanum lycopersicum 
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Table 6.9  Endosulphan concentration in different parts of Spinacia oleracea 

Spinacia 

oleracea 

Plant parts 

Endosulphan-

alpha 

(µg/Kg) 

Endosulphan-

beta 

(µg/Kg) 

Endosulphan 

sulphate 

(µg/Kg) 

Total 

Endosulphan 

(µg/Kg) 

Root 21.40 12.34 7.56 41.30 

Leaf 34.14 19.72 7.32 61.18 

Shoot 20.32 10.12 BDL 30.44 

BDL: Below detection limit 

 

Figure 6.10 Percentage of endosulphan detected in different parts of Spinacia 

oleracea  

Table 6.10 Endosulphan concentration in different parts of Solanum lycopersicum 

Solanum 

lycopersicum 

Plant parts 

Endosulphan-

alpha 

(µg/Kg) 

Endosulphan-

beta 

(µg/Kg) 

Endosulphan-

sulphate 

(µg/Kg) 

Total 

Endosulphan 

(µg/Kg) 

Root 22.79 13.78 9.70 46.27 

Leaf 32.43 16.86 10.52 59.81 

Shoot 28.39 BDL BDL 28.39 

BDL:Below detection limit 
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Figure 6.11 Percentage of endosulphan detected in different parts of Solanum 

lycopersicum 

The toxic metabolite endosulphan sulphate residue was detected in plant 

tissue along with endosulphan alpha and endosulphan beta in the study using 

terrestrial plants .The translocation of endosulphan occurred by phytoextraction. 

Extraction of plant parts residues of terrestrial plants indicated that more 

endosulphan was concentrated in the leaves. Solanum lycopersicum reported 

maximum removal efficiency when, remediation study of endosulphan with selected 

terrestrial plant species, Spinacia oleracea and Solanum lycopersicum, was 

conducted. There was no visible morphological change in plants during the 

treatments, which indicated that the plants could grow well in contaminated soil 

containing endosulphan and can help to decontaminate soil and water polluted with 

endosulphan. Thus endosulphan removal from water and soil can be accelerated by 

phytoremediation by  using selected plant species (Harikumar et al. 2013).   

Phytoremediation takes advantage of natural processes which  require less 

equipment and labor than other methods. Also, the site can be cleaned up without 

digging up and hauling soil or pumping groundwater, which saves energy. Another 

advantage of phytoremediation is that the trees and plants used in phytoremediation 
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help to control soil erosion, make the sites more attractive, reduce noise, and 

improve surrounding air quality (USEPA 2012). 

6.4 Summary 

Phytoremediation is an economical and ecological alternative to accelerate 

the removal of endosulphan from water and soil. The aquatic plant species Salvinia 

molesta, and the terrestrial plant species, Spinacia oleracea and Solanum 

lycopersicum were selected for the study. Within 30 days of phytoremediation study, 

a percentage removal of 98% (with an initial concentration of 123 µg/L 

endosulphan) was observed with Salvinia molesta species. Thus Salvinia molesta 

was found to be the effective one among the different plant species selected for the 

study. Solanum lycopersicum reported maximum endosulphan removal efficiency 

among the selected terrestrial plant species. Complete removal of endosulphan 

(initial concentration: 140 µg/Kg) occurred within 21 days when phytoremediation 

was done with Solanum lycopersicum while Spinacia oleracea took about 28 days 

for complete removal of endosulphan. Isomers of endosulphan (endosulphan alpha 

and endosulphan beta) and also endosulphan sulphate were detected during the 

analysis of the samples. Thus phytoremediation using selected plant species proved 

to be an efficient, environmental friendly method for the removal of endosulphan.  
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CHAPTER 7 

REMEDIATION OF ENDOSULPHAN BY 

NANOPHYTOTECHNOLOGY UTILIZING 

ZERO VALENT IRON NANOPARTICLES 

 

7.1 Introduction 

Nanoremediation studies have shown that Ag, Au, Mg, and Fe 

nanoparticles can dehalogenate halocarbon pesticides. Nanomaterials can 

either react directly with a pollutant or support the transformation of the 

pollutant into less toxic forms (Adeleye et al. 2013; Bootharaju and Pradeep 

2012). Zerovalent iron nanoparticles (nZVIs) are very reactive because of 

their small sizes, and they can be used in in situ treatments. nZVIs can reduce 

chlorinated organic contaminants and pesticides (Dayan et al. 1999; Muller 

and Nowack 2010b; Nair et al. 2003).  

Phytoremediation is a cost-effective ‘green’ technique that has been 

used to remediate environmental media contaminated with metals, pesticides, 

solvents, and other pollutants. Plants can act as hyperaccumulators, and they 

can remove pollutants or convert pollutants into harmless products by 

bioaccumulating, degrading, extracting, or immobilizing the pollutants. 

Phytoremediation offers advantages over traditional remediation methods 

such as chemical oxidation, excavation, and thermal treatments (Campos et al. 

2008; Frazar 2000). 

Combining nanotechnology and phytoremediation techniques could 

allow endosulphan and other pollutants to be degraded quickly and effectively 

under natural environmental conditions. The aim of the study was to 

investigate the capability of nano-phytoremediation by plant species such as 

Chittaratha (Alpinia calcarata), Tulsi (Ocimum sanctum) and Lemon grass 
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(Cymbopogon citrates) using   nanoscale zero valent iron (nZVI) for 

endosulphan removal from contaminated soil.  

7.2 Materials and Methods 

7.2.1 Degradation of endosulphan using phytoremediation and nano-

phytoremediation techniques 

7.2.1.1 Selection of plant species 

Easily harvested plants were selected based on their abilities to tolerate 

or accumulate contaminants, grow quickly, effectively accumulate large 

quantities of pollutants, and produce large amounts of biomass. The plants 

that were screened were Aerva lanata, Ageratum conyzoides, Alpinia 

calcarata, Biophytum sensitivum, Cleome viscose, Cymbopogon citratus 

citratus, Ocimum sanctum, Phyllanthus amarus, Plumbago indica, Ruta 

chalepensis, and Vernonia cinerea. 

7.2.1.2 Phytoremediation experiments  

Seedlings (2 weeks old) of the plants selected for screening were 

transplanted into rectangular growth chambers containing soil contaminated 

with endosulphan. The chambers were placed in a greenhouse that was kept at 

30 °C during the day and 27 °C at night. Water was added to the soil in each 

chamber every day to maintain appropriate moisture content. The greenhouse 

study was performed with natural light. The study was continued after the 

screening period using  A. calcarata, C. citratus, and O. sanctum (Plate 7.1), 

that grew well in the endosulphan-contaminated soil. Healthy plants, with 

similar heights and biomasses, of the selected species were transplanted into 

rectangular pots containing 4 Kg of soil artificially spiked with 1200 µg/Kg of 

endosulphan for the main study. All the experiments using these potted plants 

were conducted in triplicate. Samples of the soil were removed for analysis at 
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regular intervals after 0, 7, 14, 21, and 28 days. The plants used in the 

experiment were also analysed for endosulphan to confirm their roles in 

phytoremediation experiments. 

 

 

 

 

 

 

 

 

 

 

 

7.2.1.3 Nano-phytoremediation experiments 

7.2.1.3.1 Synthesis of nanozerovalent iron particles 

The nZVIs were synthesized by the reductive precipitation process 

between FeCl3 (0.045M) and sodium borohydride (0.25 M). The borohydride 

solution was added drop by drop in 1:1 volume ratio into iron chloride 

solution with vigorous stirring (Poursaberi et al. 2012; Rahmani et al. 2011).  

The vacuum filtration technique was used to separate the black iron 

nanoparticles from the liquid phase. The solid particles were washed three 

times with 25 ml portions of absolute ethanol. The synthesized nanoparticles 

Plate 7.1. Plants used for Phytoremediation. a) Ocimum sanctum 

b)Alpinia calcarata c) Cymbopogan citratus 

 

a b 

c 
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were finally dried in oven at 323 K overnight. For storage, a thin layer of 

ethanol was added to preserve the nano iron particles from oxidation. Then 

the mixture was agitated for 5-6 hours so that the nanoparticles became 

homogenously adsorbed on the surface (Madhavi et al. 2013; Li et al. 2006). 

7.2.1.3.2 Column experiments to find out the efficiency of nanoscale iron 

particles  

The efficiency at which the nZVIs to be used in the nano-

phytoremediation study degraded endosulphan was determined by passing an 

endosulphan solution through a column packed with nZVIs. To study the 

effectiveness of nano zerovalent iron for the remediation of endosulphan, the 

test solution containing 105.19 µg/L endosulphan was passed through a 

column (27×1cm ) packed with nZVIs. All experiments were carried out at 

room temperature. Aliquots of the eluate were collected at regular intervals 

and the decrease in endosulphan concentrations in the eluate were determined 

using gas chromatograph with electron capture detector. After the column 

test, the nZVIs from the column were also analyzed by scanning electron 

microscopy (SEM) energy-dispersive X-ray spectroscopy (EDS). 

7.2.1.3.3 Determination of size and distribution of zero valent iron nano 

particles  

The sizes and shapes of the nano- and submicron-particles were 

determined using a SU-6600 field emission SEM instrument equipped with a 

Horiba EDX analyzer (Hitachi High-Technologies, Tokyo, Japan). The size 

distribution of the nZVIs was further examined using a H07600 transmission 

electron microscope (Hitachi High-Technologies). The SEM-EDS spectra of 

nZVIs were recorded before and after passing endosulphan solution during 

column experiments. 



 172 

7.2.1.3.4 Addition of nZVIs to the soil spiked with endosulphan 

A 4 kg aliquot of soil spiked with 1200 µg/Kg of endosulphan was 

added to each pot, and the selected plants were transplanted into the pots. The 

same amount of nZVIs was applied to the soil in each pot. A 40 mL aliquot of 

the surfactant Tween 80 was added to each pot to increase the mobilities of 

the nZVIs. A soil sample (10 g) was collected from each pot after 0, 7, 14, 21, 

and 28 days and analyzed for endosulphan. The plants used in the experiment 

were also extracted and analyzed for endosulphan to confirm their roles in 

nano-phytoremediation experiments. The sample extracts were analyzed by 

gas chromatography with electron capture detection. 

Two sets of control experiments were performed, one without any 

treatment and one with only nZVIs added. 

The impact of nZVIs to the microbes in the soil was also assessed. The 

bacterial colonies in the control soil (without any nano zero valent iron 

particles) and soil with added nano particles was assessed by plate count 

method. The soil samples were serially diluted and no. of bacterial colonies 

formed were counted by plating out the sample of culture on a nutrient agar 

surface. 

7.2.1.3.5 Extraction and analysis of pesticide residues 

          The methods of extraction and analysis of pesticide residues from soil 

is explained in chapter 3. 

         For the extraction of pesticide residues from plant biomass, samples 

were placed in glass tubes and homogenized twice with 4 ml of ethyl acetate. 

Ethyl acetate (2 ml) was utilized for washing. The homogenized samples were 

centrifuged for 10 min at 4600 rev. /min and the extract was transferred to 

another tube and concentrated to 1 ml. Clean-up was accomplished by passing 

the extract through a column containing a small amount of glass wool at the 
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base and 3.5 g of aluminium oxide with a thin layer of anhydrous sodium 

sulphate on top. A hexane–ethyl acetate (80:20, v/v) mixture (10 ml) was used 

to elute the pesticides from the column. Finally, the extracts were 

concentrated to an appropriate volume (10 ml) and analysed by GC–ECD. 

Different steps during the extraction are shown in Plate 8.2. (Harikumar et al. 

2013).   

 

 

 

 

 

 

 

 

 

7.3 Results and Discussion 

The results of the phytoremediation, nano-phytoremediation, and 

control (no treatments) experiments are shown in Table 7.1. 

Plate 8.2 Extraction of endosulphan from plant parts a) Different 

parts of the plants selected b) treated plant parts in centrifuging 

tubes c) extraction  in separating funnel. 

a 

b 

Plate 7.2 Extraction of endosulphan from plant parts a) Different 

parts of the plants selected b) treated plant parts in centrifuging 

tubes c) extraction  in separating funnel. 

b 

c a 
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Table 7.1 Endosulphan concentration in the soil and the proportion of the 

endosulphan in the soil that was removed in each phytoremediation and nano-

phytoremediation experiment 

Treatment Days Total endosulphan 

(endosulphan  alpha+endosulphan 

beta) concentration 

(g/kg) 

Proportion 

of endosulphan 

removed 

(%) 

Control 0 1139.84±0.93 0 

7 1053.14±1.35 7.61±0.12 

14 1010.95±1.68 11.31±0.15 

21 926.03±5.31 18.76±0.47 

28 910.42±3.77 20.13±0.33 

Alpinia calcarata 

(phytoremediation) 

 

0 1139.84±0.93 0 

7 550.10±1.52 51.74±0.13 

14 501.05±0.32 56.04±0.03 

21 232.14±0.43 79.63±0.04 

28 214.33±2.23 81.20±0.20 

Alpinia calcarata 

(nano-

phytoremediation) 

 

 

 

0 1139.84±0.93 0 

7 202.64±1.65 82.20±0.14 

14 83.59±1.09 92.67±0.10 

21 57.94±0.96 94.92±0.08 

28 BDL 100 

Ocimum sanctum  

(phytoremediation) 

 

0 1139.84±0.93 0 

7 1045.80±2.01 8.25±0.18 

14 932.74±1.57 18.17±0.14 

21 920.42±2.33 19.25±0.20 

28 903.19±1.70 20.76±0.15 

Ocimum sanctum 

(nano-

phytoremediation) 

 

0 1139.84±0.93 0 

7 1015.50±2.02 10.91±0.18 

14 732.25±1.07 35.76±0.09 

21 366.65±1.17 67.83±0.10 

28 270.42±2.16 76.28±0.19 

Cymbopogon citratus 

(phytoremediation) 

 

 

0 1139.84±0.93 0 

7 1085.06±1.05 4.81±0.09 

14 456.05±0.86 59.99±0.12 

21 433.13±1.26 62.0±0.08 

28 398.09±1.51 65.08±0.13 

Cymbopogon citratus 

(nano-

phytoremediation) 

 

0 1139.84±0.93 0 

7 427.11±0.76 62.53±0.07 

14 213.80±1.02 81.24±0.09 

21 183.63±0.99 83.89±0.09 

28 157.73±1.07 86.16±0.09 
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7.3.1 Phytoremediation experiments  

A. calcarata proved to be the most effective hyper-accumulator of 

endosulphan of the species that were tested, removing 81.20±0.20% of the 

endosulphan initially added to the soil within 28 days. Endosulphan was 

removed slowly in the first 14 days of the experiment, then removed quickly 

in the following 14 days. C. citratus was also a good remediator, removing 

65.08±0.13% of the endosulphan from the soil within 28 days, although the 

plants became withered and unhealthy in the final days of the experiment. Of 

the selected plants, O. sanctum was the poorest remediator, removing only 

20.76±0.15% of the endosulphan in the soil within 28 days. The leaves of the 

O. sanctum plants became yellow and many were lost toward the end of the 

experiment. 

All the plants used in the experiment were analyzed for endosulphan. 

The A. calcarata plants (which removed 81.20% of the endosulphan in the 

soil within 28 days, as stated above) accumulated, in various parts, 80% of the 

endosulphan removed from the soil, showing that this species is a good hyper 

accumulator of endosulphan. The C. citratus and O. sanctum plants 

accumulated 62.13% and 14.06%, respectively, of the endosulphan they 

removed from the soil. 

7.3.2 Nano-phytoremediation experiments 

Results of column experiments to find out the efficiency of nZVIs in 

degrading endosulphan is given in Figure 7.1  
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Figure 7.1 Decrease in the concentration of endosulphan with nZVI s 

 A fast and substantial degradation of endosulphan was observed during 

the experiment with nZVI. The column experiment proved that endosulphan 

can be treated effectively by using iron nanoparticles at a residence time of 

less than 40 minutes.   

The results of the systematic characterization of the nZVIs performed 

by SEM-EDS and transmission electron microscopy are shown in Figures 

7.2–7.4. 

 

Figure 7.2 Scanning electron microscopy-energy dispersive X-ray 

spectroscopy image of the zerovalent iron nanoparticles     
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Figure 7.3 Transmission electron microscopy images of the zerovalent iron 

nanoparticles 

 

Figure 7.4 Scanning electron microscopy-energy dispersive X-ray 

spectroscopy image of the zerovalent iron nanoparticles after they had been in 

contact with endosulphan 

The SEM image (Figure 7.2) of the nZVIs showed that the nZVIs 

formed were nano spheres that were in contact with each other and formed 

chains. The linear chains would have formed because of the magnetic 

properties of iron. The EDS spectra showed that, each nZVI had a core of 

zerovalent iron and a shell mainly composed of iron oxide (FeO). The dual 

properties of such nZVIs may allow them to be used to separate and transform 

many different contaminants (Sun et al. 2006). The transmission electron 

microscopy image (Figure 7.3) of the nZVIs that were synthesized showed 
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that the nZVIs were mostly spherical and that most of the particles formed 

chain-like aggregates. A single particle was typically around 30 nm in 

diameter, and most of the particles were less than 100 nm in diameter. A SEM 

image of nZVIs after they had been in contact with endosulphan in the 

column experiment is shown in Figure 7.4. Elements other than iron (e.g., 

sulfur and chlorine) were detected in the spectral data due to the release of 

those elements during the degradation of endosulphan by nZVIs. Tratnyek 

and Johnson (2006) found that nZVIs are highly reactive because they have 

high surface area to volume ratios and dense coverings of reactive sites, and 

because the reactive sites have high intrinsic reactivities. 

The results indicated that nano-phytoremediation is a more effective 

method for remediating endosulphan-contaminated soil than is 

phytoremediation alone (which is a long-term process). The proportions of the 

endosulphan in the spiked soil removed from the control experiments (without 

any treatment) and in the nano-phytoremediation experiments using A. 

calcarata, C. citratus, and O. sanctum are shown in Figure 7.5. The 

endosulphan was removed efficiently in the first 7 days of the nano-

phytoremediation experiments and the endosulphan was completely removed 

within 28 days when A. calcarata was used and nZVIs were added to the soil.  
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Figure 7.5 Percentage of the endosulphan in the soil removed in the control 

and  nanophytoremediation experiments 

 The amount of endosulphan that was degraded naturally in the soil was 

determined from the results of the control soil samples. Only 20.13±0.33% of 

the endosulphan had been removed from the soil in the control experiments 

after 28 days, and it is likely that the endosulphan that had been lost had been 

degraded. About 55% of the endosulphan was removed from the soil within 

28 d in the control experiments with nZVIs added. 

Adding nZVIs to the experiments using plants caused more 

endosulphan to be removed than that was removed by the plants alone. 

Adding the nZVIs to the soil caused the amount of residual endosulphan in 

the soil to suddenly decrease. The endosulphan was removed more quickly 

and effectively in the experiments with A. calcarata and nZVIs than in the 

experiments with only A. calcarata or only nZVIs, and no endosulphan could 

be detected in the soil after 28 days. The endosulphan concentration decreased 

rapidly in the first 7 days of the experiments with A. calcarata and nZVIs, and 

the remaining endosulphan was removed more gradually in the following 
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days. The activities of the nZVIs may have gradually decreased because of the 

Fe (II) being oxidized to form Fe (III). Fe (III) is insoluble and may 

precipitate and deposit a hydroxide film on the surfaces of nZVIs, decreasing 

their activities. The formation of hydrogen would also deactivate the reactive 

sites on nZVIs. The gradual loss of nZVI activity might have caused the 

gradual decrease in the efficiency at which the endosulphan was removed in 

the experiments (Vodyanitskii et al. 2014). 

After 28 days, 86.16±0.09% of the endosulphan in the soil had been 

removed in the experiments with C. citratus and nZVIs. Only 76.28±0.19% of 

the endosulphan in the soil had been removed in the experiments with O. 

sanctum and nZVIs within 28 days. 

The results of impact of nZVI  on the growth of microbial colonies 

indicated a growth in the number of colonies formed in the soil with added 

nZVI  particles compared to the soil without any added nano particles.Thus 

the addition of  nanoparticles provided a suitable condition for the growth of 

bacteria( Shi et al. 2015). 

Different parts of the plants were analyzed for endosulphan to 

determine if the plants had accumulated endosulphan from the soil. 

Endosulphan was found in the roots, shoots, and leaves of the plants. The 

nZVIs would have reduced the endosulphan in the soil, preventing the normal 

uptake of the endosulphan by the plants in the nano-phytoremediation 

experiments. Only 20.35% of the endosulphan (endosulphan alpha and beta) 

removed from the soil was found in the A. calcarata tissues, and 12.21% and 

9.84% of the endosulphan removed from the soil was found in the O. sanctum 

and C. citratus tissues, respectively.  

The Fe (0) in nZVIs can become oxidized to form Fe(II) and Fe(III) by 

reducing organic or inorganic species, and this means that the nZVIs in the 

experiments were able to remove endosulphan from the soil. Metallic iron 
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(Fe0) serves effectively as an electron donor (Noubactep and Care 2012) as 

shown in Eq. 1.  

Fe
0
 → Fe

2+
 + 2e

−
                                                                                             (1) 

Chlorinated pesticides such as endosulphan can accept electrons and 

undergo reductive dechlorination. The coupling of the iron oxidation and 

pesticide reduction reactions is often highly energetically favorable from a 

thermodynamic perspective. The standard reduction potential (E
0
) for the 

Fe(0) in  nZVI (i.e., Fe
2+

/Fe) is −0.44 V. This is lower than the E
0
 for many 

organic compounds, including many chlorinated pesticides, so these organic 

compounds are able to be reduced by nZVIs. The pH increases, hydrogen is 

evolved, and oxidizable materials are consumed as nZVIs are oxidized to 

form ferrous and/or ferric iron, and the strong reducing conditions created 

favor the complete dechlorination of chlorinated pesticides (Agarwal and 

Joshi 2010; Aginhotri et al. 2011). The degradation of endosulphan by nZVIs 

involves hydrogenolysis through sequential dehalogenation. The presence of 

plants will have accelerated the removal of endosulphan from the soil by 

effectively phytoextracting it. The endosulphan isomers hyper accumulated in 

the plant parts that were analyzed much less in the nano-phytoremediation 

experiments than in the phytoremediation experiments. This clearly proves 

that the nZVIs played an important role in the endosulphan detoxification 

process in the nano-phytoremediation experiments. 

The chromatograms obtained during the nanophytoremediation study 

using nZVI and Alpinia calcarata after 7, 14, 21 and 28 days of analysis of 

endosulphan from soil is shown in Figures 7.6-7.9 respectively. A decrease in 

the concentration of endosulphan in the soil  has occurred with increase in the 

number of days in nanophytoremediation study.The peaks indicating toxic 

isomers has completely disappeared in Figure 7.9 indicating complete 

degradation of endosulphan. 
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Figure 7.6 Chromatogram obtained in the nanophytoremediation study with 

Alpinia calcarata after 7 days 
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Figure 7.7 Chromatogram obtained in the nanophytoremediation study with 

Alpinia calcarata after 14 days 
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Figure 7.8 Chromatogram obtained in the nanophytoremediation study with 

Alpinia calcarata after 21 days 
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Figure7.9 Chromatogram obtained in the nanophytoremediation study with 

Alpinia calcarata after 28 days 
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7.3.3 Comparison of endosulphan accumulated in plant parts in 

phytoremediation and nanophytoremediation experiments 

All the plants used in the experiment were extracted and the amount of 

endosulphan present in the plant parts were determined (Table 7.2). 

Extraction was done to make sure that the plants had accumulated 

endosulphan taken up from the soil. Endosulphan was found to be deposited 

in plant parts like root, shoot and leaves. Five grams of total plant parts was 

taken for extraction. 

Table 7.2 Presence of endosulphan in plant parts in phytoremediation and 

nanophytoremediation experiments 

Treatment 
Plant 

parts 

 

Endosulphan 

alpha(µg/Kg) 

 

Endosulphan 

beta(µg/Kg) 

Total 

endosulphan 

(alpha+beta) 

(µg/Kg) 

Concentration 

of endosulphan 

inside the 

plant(µg/Kg) 

Percentage 

taken up 

by the 

plant 

(%) 

Alpinia calcarata 

(Phytoremediation) 

Root 202.01 95.09 297.10 

916.18 80.38 Shoot 314.46 171.22 485.68 

Leaves 120.51 12.89 133.40 

Alpinia calcarata 

(Nanophytoremediation) 

 

Root 25.89 20.74 46.63 

231.93 20.35 Shoot 152.69 32.61 185.3 

Leaves BDL BDL BDL 

Cymbopogan citrates 

(Phytoremediation) 

 

Root 215.41 124.13 339.54 

708.17 62.13 Shoot 111.86 108.63 220.49 

Leaves 80.60 67.54 148.14 

Cymbopogan citrates 

(Nanophytoremediation) 

 

Root 83.75 19.72 103.47 

112.11 9.84 Shoot BDL BDL BDL 

Leaves 3.04 5.60 8.64 

Ocimum sanctum 

(Phytoremediation) 

 

Root 15.90 144.37 160.27 

160.27 14.06 Shoot BDL BDL BDL 

Leaves BDL BDL BDL 

Ocimum sanctum 

(Nanophytoremediation) 

 

Root 11.48 127.70 139.18 

139.18 12.21 Shoot BDL BDL BDL 

Leaves BDL BDL BDL 

BDL: Below detection limit;   Initial concentration of endosulphan applied to the 

soil: 1139.84±0.93 µg/Kg 
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 In the phytoremediation using A. calcarata, 81.20% of endosulphan 

was removed from the soil within 28 days.  The residue present in the plant 

parts was 80.38% of the initial concentration of endosulphan. This shows that 

this plant species is a good hyper accumulator for endosulphan. In nanophyto 

remediation the nano particles had prevented the normal up take of toxic 

isomers of endosulphan by carrying out the reduction process. Hence the 

amount of endosulphan(endosulphan alpha and endosulphan beta)  residue in 

plant parts used for nanophyto remediation was found to be only 20.35%. The 

percentage of pesticide present in the parts of C. citratus in phyto remediation 

was 62.13% while 9.8% endosulphan was found in parts of the plant used in 

nano-phyo remediation. O. sanctum used in phytoremediation had 14.06% 

residue in its plant parts and 12.21 % was present in the one which was used 

in nanophytoremediation. In all the cases irrespective of the ability of the 

plant to remove endosulphan, nZVIs marked strongly its pesticide reduction 

efficiency. 

7.4 Summary 

Natural degradation processes are involved in the decomposition of 

organic substances in the environment. The possibility of combining nano-

remediation and phytoremediation to remediate soil contaminated with 

endosulphan was assessed in this study. The unique properties and high 

surface areas of nZVIs mean that they can improve on many of the 

advantages offered by traditional iron remediation techniques. The abilities of 

three plant species Alpinia calcarata, Ocimum sanctum, and Cymbopogon 

citratus to remove endosulphan from soil in the absence and presence of 

zerovalent iron nanoparticles (nZVIs), i.e., by phytoremediation and nano-

phytoremediation, were determined. Endosulphan was rapidly and efficiently 

removed from contaminated soil using nano-phytoremediation method.  The 

removal efficiency decreased in the order A. calcarata > C. citratus > O. 
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sanctum. The terrestrial plant A. calcarata and nZVIs completely removed 

endosulphan from contaminated soil within one month. The endosulphan 

degradation by nZVI mechanism appears to involve hydrogenolysis and 

sequential dehalogenation. Only small amounts of endosulphan accumulated 

in the plants because the nZVIs promoted the reductive dechlorination of 

endosulphan. More work is required to identify the exact mechanisms 

involved in the nano-phytoremediation process, but it appears that the process 

involves the reductive dechlorination of endosulphan by the nZVIs and the 

enzymatic metabolism of endosulphan in the plants. 
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CHAPTER 8 

BIOREMEDIATION OF 

ORGANOCHLORINE PESTICIDE 

RESIDUES USING BACTERIAL SPECIES 

ISOLATED FROM SOIL 

 

8.1 Introduction 

Bioremediation is an environmental friendly technology for removing 

pollutants from the environment, restoring contaminated sites, and preventing 

further pollution. This emerging technology forms a vital component of the 

green movement of maintaining the nature’s overall ecological balance 

(Trivedi 2008). 

Generally, pesticide transformation products (TPs) could show lower 

toxicity to biota than the parent compounds. Biological degradation of 

pesticides takes place when soil microorganisms consume or break down 

pesticides. These microorganisms are mainly distributed in the top 

centimeters of the surface layer of the soil, where the organic matter acts as 

food supply. The extent of degradation depends on several factors like type of 

microorganisms, formation of metabolites, conditions prevailing in soil etc. 

(Andreu and Pico 2004). A fraction of soil biota can develop the ability to 

rapidly degrade certain soil applied pesticides, a phenomenon known as 

enhanced or accelerated biodegradation described by Walker and Suett 

(1986). 

The traditional approach of microbial biodegradation involved batch 

enrichment cultures with compound of interest as a substrate and isolation of 

pure culture to grow on pesticide as a sole source of carbon and energy. 

During the 1980s, a considerable number of bacterial strains were isolated 

that possessed the ability to degrade chloroaromatic compounds 
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(Shivaramaiah and Kennedy 2006). Microorganisms can support the 

conversion of cyclodiene insecticides in soil to nontoxic products. 

Microorganisms also provide some protection against toxicity of 

endosulphan. The ultimate economically viable and environmentally friendly 

solution for removal of pollutants is the bioremediation using selected 

microbes (Kumar and Philip 2012). 

This study reports the remediation of organochlorine pesticides from 

contaminated water and soil using bacterial species isolated from soil. 

8.2 Materials and Methods 

8.2.1 Collection of soil sample 

The soil samples for the isolation of bacteria were collected from an 

agricultural farm at Puthiyalathuthazhathu site of Vellannoor Panchayat in 

Kozhikode district and cashew plantation of Kasaragod district, Kerala. Soil 

used for isolation of bacteria for remediation of organochlorine pesticides was 

collected from Vellannoor Panchayat where plantain cultivation practices 

were going on for many years. The soil sample collected from cashew 

plantation of Kasaragod was used for isolation of bacteria for remediation of 

endosulphan. Surface soil (0–10cm) was removed using a spade and placed in 

plastic bags. The soil was transported to laboratory, sealed in biological 

bottles and stored at 4
◦
C in a refrigerator until use. 

8.2.2 Isolation of bacterial strains 

Serial dilution method was used for the isolation of bacteria from soil 

samples using soil extract media and incubated at room temperature (29°C) 

(Cappucino and Sherman 1999). Two dominant bacterial strains were isolated 

from both the soil samples collected from agricultural farm at Vellannoor 

Panchayat in Kozhikode district (Strains 1 and 2) and cashew plantation of 
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Kasaragod district (Strains 3 and 4). By repeated sub culturing, pure cultures 

were obtained. Strains were maintained on nutrient agar slants. Different 

stages of bacterial isolation are indicated in Plates 8.1-8.5. 

 

Plate 8.1 Growth of bacterial strains on mineral media 

 

Plate 8.2 Pigmented Petriplate 
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Plate 8.3 Strains of bacteria on nutrient agar slants 

   

     Plate 8. 4 Unpigmented strain                 Plate 8.5 Pigmented strain 

 

8.2.3 Identification of bacterial strains 

The isolates, Strains1 and 2 isolated from soil sample collected from 

Kozhikode and Strains 3 and 4 isolated from soil sample collected from 

Kasaragod were tested for their morphological and biochemical 

characteristics. Gram staining was used to study the morphological characters 

of the isolates. Depending upon the Gram reaction, the organisms were 
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identified as Gram positive or Gram negative. Depending upon the shape, the 

organism was identified as cocci or bacilli. For the preliminary identification 

of bacterial strains, certain biochemical tests were conducted. Then the results 

were compared to the known characteristics of bacteria in Bergey's Manual of 

Systematic Bacteriology (Holt and Williams 1989). Also 16s rRNA 

sequencing was performed to confirm the identity of the isolated microbial 

species from Genei Private Limited Bangalore and UniBiosys Biotech 

Research Lab, Cochin.     

8.2.4 Bioremediation of pesticide residues using isolated bacterial species 

8.2.4.1 Bioremediation of organochlorine pesticide residues using isolated 

bacterial species 

The two isolates Strain 1 and Strain 2 were utilized to remediate 

120µg/L of mixed test solution of selected organochlorine pesticides- lindane, 

aldrin, dieldrin, DDD and endosulphan. Uninoculated culture was maintained 

as control in order to compare the difference in degradation of pesticides. 100 

ml nutrient broth medium was inoculated with Strain 1 and Strain 2 separately 

and also as a mixed culture and was incubated overnight. Then mixed 

standard pesticide solution containing lindane, aldrin, dieldrin, endosulphan 

and DDD (concentration of each pesticide: 120±1.56 µg/L) was added and 

incubated at room temperature for 150 days. Proper controls were also 

maintained without bacterial inoculants. All the experiments were conducted 

in triplicate for determining the accuracy of the results. 

  The isolates were also investigated for their capability to degrade 

pesticides in soil. The degradation of organochlorine pesticide residues from 

the contaminated soil in the presence of single and mixed bacterial isolates 

were measured in batch studies. Soil sample (10 g) was taken in 150ml 

Erlenmeyer flasks and was artificially spiked with mixed standard test 
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solution of lindane, aldrin, dieldrin, endosulphan and DDD. The initial 

concentration of each pesticide was 120±1.56 μg/Kg. 100 ml nutrient broth 

medium was inoculated with Strain 2 separately and a mixed culture of Strain 

1 and Strain 2 and was incubated overnight. The culture medium was then 

utilized for the bioremediation of organochlorine pesticides and was then 

subjected to incubation at room temperature for 150 days. Control flasks 

without any treatment were also maintained. All these experiments were 

conducted in triplicate. 

After definite time period (days) organochlorine pesticides from the 

test solution and soil, were extracted and their degradation by bacterial 

species was determined by monitoring the pesticide degradation using gas 

chromatograph with electron capture detector.  

8.2.4.2 Bioremediation of endosulphan residues using isolated bacterial 

species 

The two isolates Strain 3 and Strain 4 were utilized to remediate 

different concentrations of endosulphan (77.12 ± 0.49 μg/L and 119.48 ± 0.53 

μg/L). 100 ml of nutrient broth medium was inoculated with Strain 3 and 

Strain 4 separately. Uninoculated culture was maintained as control in order 

to compare the difference in degradation of endosulphan. All the experiments 

were conducted in triplicate for determining the accuracy of the results. 

8.2.5 Extraction of organochlorine pesticide residues from different samples 

For the extraction of pesticide residues from treatment solutions, 5ml 

of the sample was homogenized by adding 3 to 5 drops of concentrated HCl. 

The homogenized sample was extracted by thoroughly vortexing with 5ml of 

hexane: acetone (80:20) and centrifuged at 2000 rpm for 25 min. The organic 

layer that separated was dried over anhydrous sodium sulphate prior to 

injection for gas chromatographic analysis (Harikumar et al. 2013).    
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For the extraction of organochlorine pesticides from soil 1.2 g of wet 

soil was removed from the different treatments and air dried. Dried soil (1 g) 

was transferred to a test tube and extracted with 3mL of ethyl acetate by 

vortexing. The ethyl acetate layer was decanted after 5 min. This extraction 

was repeated five times. The ethyl acetate fractions were pooled, passed 

through anhydrous sodium sulfate (5 g) and florosil (1 g) mixture and 

evaporated at room temperature (Jayashree et al. 2007). Degradation of 

organochlorine pesticides by bacterial species was determined using gas 

chromatography with electron capture detection. 

8.2.6 Analysis of pesticide residues 

Analysis of pesticide residues is explained in chapter 3. 

8.3. Results and Discussion  

8.3.1 Results of bioremediation study of organochlorine pesticide residues 

Two different and dominant bacterial strains were isolated from the 

soil collected from Puthiyalathuthazhathu and marked as strains Strain 1 and 

Strain 2. The Strain 1 was identified as gram positive rod whereas Strain 2 

was a gram negative rod on staining. On the basis of morphological and 

biochemical characteristics (Table 8.1) the bacterial isolates Strain 1 was 

identified as member of Bacillus species. In the case of Strain 1 and Strain 2 

the 16S rRNA sequence demonstrated significant similarity with Bacillus 

thuringiensis, Delftia tsuruhatensis based on nucleotide homology and 

phylogenetic analysis. Results of phylogenetic tree and microscopic view of 

Bacillus thuringiensis are indicated in Figures 8.1 -8.2 and that of Delftia 

tsuruhatensis are indicated in Figures 8.3 -8.4 respectively.  
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Table 8.1 Morphological and biochemical characteristics of bacterial strains 

isolated from  agricultural soil 

Sl. 

No. 

Morphological and 

biochemical 

characteristics 

Strain 1 Strain 2 

1 Colony morphology 

 

Irregular, 

opaque, white, 

convex, undulate, 

waxy, smooth, 

colonies 

 

Irregular, translucent, 

white, flat, filamentous, 

glistening colonies 

2 Cell shape Rod Rod 

3 Gram reaction + - 

4 Motility + + 

5 Indole test - - 

6 Methyl red - - 

7 Voges-Proskauer - - 

8 Citrate utilization + + 

9 Catalase + + 

10 Oxidase - + 

11 Starch hydrolysis + - 

12 Gelatin hydrolysis - - 

13 Lactose - - 

14 Glucose + - 

15 Sucrose + - 

16 Mannitol - + 

17 Urease - + 

18 TSI + (A/AK) + (A/A) 

19 H2S - - 

                (+): Strains positive; (-): Strains negative 

               A/AK = Acid slant, Alkaline butt (no gas) 

                A/A     = Acid slant, Acid butt (no gas) 
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Figure 8.1 Results of  Phylogenetic analysis of Bacillus thuringiensis 

 

 

 

 

 

 

 

Figure 8.2 Microscopic image of Bacillus thuringiensis 
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Figure 8.3 Results of  Phylogenetic analysis of Delftia tsuruhatensis 

 

Figure 8.4 Microscopic image of Delftia tsuruhatensis 

 Results of the study of biodegradation of mixed organochlorine 

pesticide test solution by single and mixed bacterial cultures are indicated in 

Table 8. 2 and the percentage degradation of pesticides is indicated in Figure 

8.5.
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Table 8.2 Change in concentration of organochlorine pesticides with time by different bacterial species (Initial Concentration 

of lindane, aldrin, dieldrin, DDD and endosulphan: 120±1.56µg/L) 

Bacterial species Organochlorine pesticide 
Concentration of organochlorine pesticides (µg/L) 

Day 7 Day 14 Day 21 Day 28 

Delftia tsuruhatensis 

 

Lindane BDL BDL BDL BDL 

Aldrin 60.76 ± 0.01 19.76 ± 0.04 12.77 ± 0.06 BDL 

Dieldrin 24.08± 0.04 14.12 ± 0.10 3.53 ± 0.02 BDL 

Endosulphan 65.65± 0.02 30.76 ± 0.40 22.19 ± 0.17 BDL 

DDD 9.02± 0.02 5.41 ± 0.05 BDL BDL 

Bacillus thuringenesis 

Lindane 72.30± 0.14 65.35± 0.38 35.69± 0.35 BDL 
Aldrin 72.11± 0.22 57.50± 0.46 24.47± 0.01 BDL 
Dieldrin 99.54± 0.08 84.40± 0.56 18.28± 0.11 BDL 
Endosulphan 86.84± 0.04 78.63± 0.52 25.80± 0.01 BDL 
DDD 72.90± 0.08 66.08± 0.21 15.56± 0.16 BDL 

Mixed culture 

Lindane 3.80± 0.02 BDL BDL BDL 
Aldrin 15.08± 0.03 BDL BDL BDL 
Dieldrin 74.93± 0.09 13.70± 0.10 BDL BDL 
Endosulphan 0.90± 0.01 BDL BDL BDL 
DDD 57.87± 0.14 14.51± 0.03 BDL BDL 

Control 

Lindane 100.82± 01.20 74.30± 0.87 55.18± 0.29 39.68± 0.81 

Aldrin 98.0± 1.06 82.14± 0.94 64.89± 1.12 46.18± 0.49 

Dieldrin 90.64± 0.45 79.12± 1.66 64.55± 0.87 50.65± 1.42 

Endosulphan 110.34± 0.98 96.14± 1.74 98.96± 0.96 88.09± 0.89 

DDD 109.58± 0.64 89.55± 1.15 70.69± 0.61 48.66± 1.08 

BDL: Below detection limit 
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Figure 8.5 Comparison of percentage degradation of organochlorine pesticide 

residues using different bacterial species 

From the results, mixed bacterial culture was found to be very efficient 

for the removal of organochlorine pesticide residues. Within two weeks of 

incubation lindane, aldrin and endosulphan was completely removed from the 

test solution. Dieldrin and DDD was completely removed within three weeks 

from the test solution. In the control experiments lindane, aldrin, dieldrin, 

DDD degraded only within 50 days and endosulphan was completely 

removed only within 90 days. 

Since mixed bacterial culture proved effective for the removal of 

organochlorine pesticide residues, similar studies were conducted in soil. Also 

Delftia tsuruhatensis was found efficient for the removal of lindane and DDD. 

Hence experimental studies in soil for the removal of organochlorine pesticide 

residues were conducted using Delftia tsuruhatensis and mixed culture. The 

results of study of bioremediation experiments in soil are indicated in Table 

8.3.
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Table 8.3 Change in concentration of organochlorine pesticides with time by different bacterial species in soil experimental 

study  (Initial Concentration of lindane, aldrin, dieldrin, DDD and endosulphan: 120±1.56 µg/L) 

Bacterial species Organochlorine pesticide 
Concentration of organochlorine pesticides (µg/Kg) 

Day 7 Day 14 Day 21 Day 28 

Delftia tsuruhatensis 

 

Lindane 18.90± 0.54 3.34 ± 0.33 BDL BDL 

Aldrin 63.32 ± 0.50 19.01 ± 0.04 15.84 ± 0.25 BDL 

Dieldrin 25.48± 0.47 15.61 ± 0.43 2.94 ± 0.66 BDL 

Endosulphan 67.29± 0.66 32.03 ± 0.08 21.09 ± 0.93 BDL 

DDD 19.39± 0.49 2.60± 0.49 BDL BDL 

Mixed culture 

Lindane 3.12± 0.20 BDL BDL BDL 

Aldrin 4.96± 0.63 BDL BDL BDL 

Dieldrin 12.89± 0.36 BDL BDL BDL 

Endosulphan 8.07± 0.08 BDL BDL BDL 

DDD 7.90± 0.84 BDL BDL BDL 

Control 

Lindane 110.82± 0.90 94.30± 0.56 75.18± 0.62 41.68± 0.70 

Aldrin 103.0± 1.25 87.14± 0.64 76.65± 1.14 53.37± 0.63 

Dieldrin 98.92± 0.76 89.29± 1.22 80.28± 1.04 61.90± 0.99 

Endosulphan 113.82± 1.16 110.14± 1.19 99.96± 0.96 94.64± 0.56 

DDD 112.26± 0.54 95.55± 1.15 75.69± 0.61 52.66± 1.08 

BDL: Below detection limit 
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 In soil experimental studies using mixed culture, the complete removal 

of all pesticides happened within two weeks which, proved that mixed culture 

can be utilized effectively for the degradation of organochlorine pesticides in 

contaminated soil. Delftia tsuruhatensis also proved effective for the removal 

of lindane and DDD. In control, the percentage degradation of lindane, aldrin, 

dieldrin, endosulphan and DDD were 65.27±0.58%, 55.53±0.53%, 

48.41±0.83%, 21.13±0.46% and 56.12±0.90% respectively within a period of 

28 days. The complete removal of the lindane, aldrin, dieldrin and DDD from 

soil in control occurred within a period of two months and in case of 

endosulphan within a period of four months. 

8.3.2 Results of bioremediation study of endosulphan 

Two dominant bacterial strains were isolated from the soil collected 

from cashew plantation of Kasaragod district and were marked as Strain 3 and 

Strain 4. Strain 3 was un pigmented and strain 4 was pigmented. The Strain 3 

was identified as gram positive rod whereas Strain 4 was a gram negative rod 

on staining. On the basis of morphological and biochemical characteristics 

(Table 8.4) the bacterial isolates Strain 3 was identified as member of Bacillus 

species. The 16S rRNA sequencing of Strain 3 and Strain 4 demonstrated 

significant similarity with Bacillus fusiformis and Pseudomonas fluorescens 

based on nucleotide homology and phylogenetic analysis. Results of 

phylogenetic tree analysis of Bacillus fusiformis is indicated in Figure 8.6. 
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Table 8.4 Morphological and biochemical characteristics of bacterial strains 

isolated from  cashew plantation of Kasaragod district 

Sl. No. 

Morphological 

and 

biochemical 

characteristics 

Strain 3 Strain 4 

1 
Colony 

morphology 

Irregular, 

opaque, white, 

convex, 

undulate, waxy, 

smooth, 

colonies 

Circular ,white with 

smooth edge and 

convex shaped surface, 

nearly opaque, 

glistening colonies 

2 Cell shape Rod Rod 

3 Gram reaction + - 

4 Motility + + 

5 Indole test - - 

6 Methyl red - - 

7 
Voges-

Proskauer 
- - 

8 
Citrate 

utilization 
+ + 

9 Catalase + + 

10 Oxidase - + 

11 
Starch 

hydrolysis 
+ - 

12 
Gelatin 

hydrolysis 
- + 

13 Lactose - - 

14 Glucose + + A 

15 Sucrose + - 

16 Mannitol - - 

17 Urease - - 

18 TSI + (A/AK) + (A/AK) 

19 H2S - - 

              (+): Strains positive; (-): Strains negative 

                A/AK = Acid slant, Alkaline butt (no gas) 

                A/A     = Acid slant, Acid butt (no gas) 
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Figure 8.6 Results of  Phylogenetic analysis of Bacillus fusiformis 

 

Based on the BLAST output and similarity with 16s rDNA-PCR 

analysis the bacterial strain (Strain 3) showed 99% similarity with Bacillus 

fusiformis  and Strain 4 showed similarity with  Pseudomonas fluorescens. 

In the degradation study, endosulphan isomers were extensively 

degraded in nutrient agar medium containing rich cultures of bacteria. 

Substantial degradation of both the constituents, endosulphan alpha and 

endosulphan beta was observed in 14 days with an increase in bacterial 

biomass. After two weeks of incubation Pseudomonas species was able to 

degrade 98.02% ± 0.18% for 119.48 ± 0.53 μg/L endosulphan whereas 

Bacillus species could degrade only 50 ± 0.08%. Uninoculated controls 

retained >50% of the substrate after 14 days of incubation, indicating that 

only a small percentage of chemical degradation or volatilization of 

endosulphan had occurred. Monitoring of endosulphan residues on the 16th 

day revealed that complete degradation of endosulphan had occurred on 

bioremediation using Pseudomonas species ,while then also the uninoculated 
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control retained >50% of endosulphan. Results of study of biodegradation of 

endosulphan by two bacterial species after 14 days are shown in Table 9.5 

(Harikumar et al. 2013).   

All the samples collected as a part of the biodegradation study were 

analyzed with GC-ECD and no metabolites of endosulphan were identified 

after 14 days. Endosulphan might have degraded via hydrolysis through 

different pathways (Kumar and Philip 2012). Endosulphan was found to be 

completely degraded in 16 days, using Pseudomonas microbial strains. The 

results of the study implied that the bacterial strains could be employed for 

bioremediation of endosulphan polluted environment. The chromatograms 

obtained during the degradation study of endosulphan showing the initial 

concentration is indicated in Figure 8.7. The chromatogram obtained after 16 

days is indicated in Figure 8.8. The complete degradation of toxic isomers of 

endosulphan is evident in the chromatogram. 

Table 8.5 Percentage removal of endosulphan on bioremediation by isolated 

bacterial species. 

Bacterial 

species  

Initial 

concentration of 

endosulphan (μg/L) 

Final 

concentration of 

endosulphan 

(μg/L)  

Removal of 

endosulphan 

(% ) 

Pseudomonas  119.48 ± 0.53  2.37 ± 0.21  98.02 ± 0.18  

Pseudomonas  77.12 ± 0.49  16.41 ± 0.09  78.73 ± 0.12  

Bacillus  119.48 ± 0.53  61.30 ± 0.10  50.0 ± 0.08  

Bacillus  77.12 ± 0.49  33.40 ± 0.47  56.62 ± 0.61  

Control  119.48 ± 0.53  110.87 ± 0.07  7.20 ± 0.63  

Control  77.12 ± 0.49  69.34 ± 0.37  10.08 ± 0.49  
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Figure 8.7 Chromatogram obtained indicating initial concentration of 

endosulphan in the bioremediation study using Pseudomonas fluorescens 
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Figure 8.8 Chromatogram obtained after 16 days in the bioremediation study 

using Pseudomonas fluorescens 
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  The biodegradation of pesticides, is often complex and involves a 

series of biochemical reactions. The enzymes present in the selected 

microorganisms might have efficiently catalyzed the biodegradation of 

pesticides. Many microorganisms metabolize or utilize halogen containing 

compounds as carbon sources when they are grown in media containing 

halogen compounds (Motosugi and Soda 1983).  

 The results of the study implied that bioremediation using mixed 

bacterial culture of Delftia tsuruhatensis and Bacillus thuringenesis was 

found to be an efficient method for the degradation of organochlorine 

pesticide residues. Mixed bacterial culture was able to completely degrade 

the mixture of organochlorine pesticides within a period of two weeks. The 

isolated strains of Delftia tsuruhatensis and Bacillus thuringenesis were 

found to be useful for the degradation of organochlorine pesticides and their 

efficiency for remediation was well improved when applied as mixed culture. 

The bacterial species Pseudomonas fluorescens isolated from the cashew 

plantation of Kasaragod district proved efficient for the degradation of 

endosulphan. 

8.4 Summary 

Bacterial species for degrading pesticides was isolated from the soil 

collected from agricultural farm located in Kozhikode district, Kerala where 

cultivation practices were going on for many years. The two isolates, Delftia 

tsuruhatensis and Bacillus thuringiensis were utilized for remediation of test 

solution containing mixed organochlorine pesticides.  The degradation of 

selected organochlorine pesticides by single and mixed bacterial cultures 

were studied in aerobic conditions via batch experiments with an initial 

mixed organochlorine pesticide concentration of 120 µg/L. The degradation 

of organochlorine pesticides was tested using single bacterial cultures and 

mixed cultures which consisted of Delftia tsuruhatensis and Bacillus 
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thuringiensis. Mixed bacterial culture was found to be more efficient and 

after two weeks of incubation, mixed bacterial culture was able to completely 

degrade the test solution of a mixture of organochlorine pesticides. 

Uninoculated test solution was maintained as control in order to compare the 

difference in degradation of mixed organochlorine pesticides. In addition to 

direct inoculation of bacterial isolates to pesticide standards, soil 

experimental studies were also conducted to validate the efficiency of the 

method. From the results it was found that mixed bacterial culture was very 

efficient for the removal of organochlorine pesticide residues. Lindane, 

aldrin and endosulphan was found to be completely degraded within 14 days 

and dieldrin and DDD within 21 days from the test solution. In the control 

experiments lindane, aldrin, dieldrin, DDD degraded only within 50 days and 

endosulphan was completely removed only within 90 days. In soil 

experimental studies using mixed culture the complete removal of pesticides 

happened within two weeks which proved that mixed culture can be utilized 

effectively for the degradation of organochlorine pesticides in contaminated 

soil. 

Two bacterial species capable of metabolizing endosulphan was 

isolated from soil collected from cashew plantation of Kasargode district, 

Kerala. The bacterial species Pseudomonas fluorescens degraded 98.02% ± 

0.18% for 119.48 ± 0.53 μg/L endosulphan after two weeks of incubation. 

The metabolites analysed indicated that the degradation of endosulphan 

followed a hydrolytic pathway. The study on microbial degradation of 

pesticides by soil bacteria can provide a basis for the development of 

bioremediation strategies to remediate toxic pesticides in the environment. 
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CHAPTER 9 

BIODEGRADATION OF ENDOSULPHAN BY 

THE BACTERIAL STRAIN 

 PSEUDOMONAS FLUORESCENS 

   

9.1 Introduction 

 The pesticides if continuously used may cause possibly harmful and 

unpredictable health impacts (Santacruz et al. 2005). The physical processes 

which have been used for the decontamination of hazardous waste were 

reported to be uneconomical and unsustainable. Hence, biological methods 

have been introduced, which were found to be socially acceptable and cost 

effective. 

Different types of microbial cultures have been introduced for the 

degradation of organophospahtes, PCBs, PAHs endrin etc. Naturally 

occurring bacteria capable of destroying some hazardous wastes and 

chemicals include Flavobacterium sp. for organophosphates, Cunniughamela 

elegans and  Candida tropicalis for PCBs and  PAHs, Closteridium for 

lindane,  Arthrobacter and Bacillus  for endrin degradation.Naturally 

occurring aerobic bacteria have been found to decompose both natural and the 

synthetic hazardous organic materials to harmless CO2 and water (Sinha et al. 

2009). The degradation of pesticides occurs through complex biochemical 

reactions. To understand the mechanism behind the biodegradation of 

pesticide by enzyme catalysis, further research is needed (Meleiro-Porto et al. 

2011).  

Treatment technology using entrapped microorganisms is a novel 

biological engineering technology developed in recent years. Immobilisation 

of the pure cultures may help to improve the bioremediation potential, as 
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immobilised cells have prolonged microbial cell viability and improved 

capacity to tolerate higher concentrations of pollutants (Richins et al. 2000; 

Chen and Georgiou 2002). 

Bioremediation enables the destruction of many organic contaminants 

at a reduced cost, and in recent years, bioremediation technology has 

progressed for the degradation of a wide range of pollutant compounds. 

Bioremediation can offer an efficient and cheap option for the 

decontamination of polluted ecosystems and the destruction of pesticides 

(Blackburn and Hafker 1993; Vidali 2001; Dua et al. 2002; Singleton 2004; 

Singh and Walker 2006). In the present study, the bacterial strain 

Pseudomonas fluorescens was isolated and tested for its potential to degrade 

endosulphan. The main objective of the work was to develop the basic design 

of an efficient bioreactor with immobilised Pseudomonas fluorescens for the 

degradation of endosulphan. The degrees of endosulphan degradation for both 

isomers and the metabolites present at different intervals were studied (Jesitha 

et al. 2015).  

9.2 Materials and Methods 

9.2.1 Preparation of standard endosulphan solution 

 An endosulphan solution with an initial concentration of 1 ppm was 

prepared by diluting 5 mL of 100 ppm stock solution to 500 mL with 

chromatographic grade n-hexane. During different stages of the experiment, 

the test solution of desired concentration was prepared by diluting the 1 ppm 

solution with hexane (Jesitha et al. 2015).  

9.2.2 Isolation and identification of Pseudomonas fluorescence 

A pure culture of Pseudomonas fluorescens capable of degrading 

endosulphan was isolated from the talc-based formulation of Pseudomonas 
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fluorescens, the Bio control Agent developed by the Kerala Agricultural 

University for the management of disease and promotion of growth in crop 

plants. The enrichment culture technique was used for the isolation of 

bacterial strain capable of utilising endosulphan as its sole carbon source and 

to obtain highly resistant bacterial cells. Microbial inocula for enrichment 

studies were prepared by shaking 5 g of soil sample overnight in 100 ml 

nutrient broth medium at 30
0
 C and 150 rpm. The solid particles were allowed 

to settle for 1 h and aliquots of supernatant were filtered and used for 

inoculation of nutrient culture medium. The isolated cultures were purified 

through broth minimal medium (non carbon medium having the composition 

KH2PO4 1.0 g, K2HPO4 1.0 g, NH4NO3 1.0 g, MgSO4 0.2 g, CaCl2 0.02 g, Fe 

(SO4) 0.01 g, Double distilled water1 L) followed by incubation at 30
0
 C and 

orbital shaking at 150 rpm for 2 weeks. pH of broth minimal medium was 

adjusted at 6.8  (Awasthi et al. 1997). The colonies of microbes that showed 

endosulphan toxicity resistance and abundant growth were isolated. Isolates 

were purified by streaking three times on fresh plates, and selected isolates of 

bacteria were preserved on nutrient agar medium. Morphological, 

physiological and biochemical tests were conducted to identify the isolated 

species (Jesitha et al. 2015).  

Gram staining was used to study the morphological characters of the 

isolates. Depending upon the Gram reaction, the organisms were identified as 

Gram positive or Gram negative. Depending upon the shape, the organism 

was identified as cocci or bacilli. For the identification of Pseudomonas 

fluorescens, certain  biochemical tests, viz. gelatin liquefaction, starch 

hydrolysis,  catalase test, oxidase test, IAA production, siderophore 

production and hydrogen cyanide production were conducted (Buchannan and 

Gibbson 1974; Meera and Balabaskar 2012). Also 16S rRNA sequencing was 

performed to confirm the identity of the isolated microbial species. 
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Biochemical tests were also conducted during different stages throughout the 

experiment to confirm the presence of the same species (Jesitha et al. 2015).  

9.2.3   Inoculum  preparation 

 The media used for developing the seed culture for use in 

biodegradation experiments contained a broth minimal medium with the pH 

maintained at 6.8 and endosulphan isomers at a concentration of 100 µg/L as 

the sole carbon and energy source. The seed culture medium (500 mL) was 

taken in a 1000 mL Erlenmeyer flask and inoculated with a loop full of the 

culture, freshly grown on agar slants and incubated for 5 days at 28°C and 

150 rpm. The cells were harvested by centrifugation at 8000 rpm for 10 min 

and washed by suspending in sterile deionised water and re-pelleting by 

centrifugation. These cells were used for the degradation studies as free cells 

or as gel-entrapped biomass. The growth of Pseudomonas fluorescens cells 

was monitored by recording the optical density of the culture at a wavelength 

of 610 nm for different time intervals during the study. The optimal 

conditions for bacterial growth, including temperature, pH and initial 

endosulphan concentration, were fixed as per Santacruz et al. (2005) and 

Kumar and Philip (2006a, c) (Jesitha et al. 2015).  

9.2.4 Immobilization of whole cells 

The alginate entrapment of bacterial cells was performed as per the 

method described by Kierstan and Coughlan (1985) (Plate 10.1). The cells 

were harvested in the late exponential growth stage by centrifuging the 

culture suspension at 8000 rpm for 10 min. The harvested cells were washed 

once with sterilized saline solution (0. 85% w/ v, p H 7.0) and further 

suspended in 0.05 mol /L phosphate buffer solution (pH 7.2). A 4% (w/v) 

sodium alginate solution was autoclaved and cooled to room temperature 

before adding to the pre cultured cells. Bacterial cells were further 
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resuspended in sterilized deionized water, and the optical density of the 

suspension was controlled in the range of 0.72 OD at 610 nm.                            

 Immobilised cells for the batch degradation studies were prepared by 

adding 3 mL of the cell suspension having  0.72 OD at 610 nm (cell content 

in terms of wet weight was equivalent to 0.068 g of cells) to 25 mL of a 4% 

w/v sterilised sodium alginate solution. For the packed column study, 15 mL 

of the cell suspension at the same optical density (cell content in terms of wet 

weight was equivalent to 0.34 g of cells) was mixed with 300 mL of a 4% w/v 

sterilised Na-alginate solution. The solutions were subsequently stirred for 10 

min, and the resulting alginate/cell mixtures were dripped into a beaker 

containing ice cold sterile 0.3 M CaCl2 through a needleless 10 mL syringe 

from a height of 5 cm. The prepared beads were cured in CaCl2 solution for 

12 h at room temperature, and then washed with the sterilised saline solution 

(0.85% w/v, pH 7.0) and stored in a CaCl2 solution at 4°C for further use 

(Jesitha et al. 2015).  

 

Plate 9.1  Ca-alginate bead entrapment  of Pseudomonas flourescens cells 
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The inner and outer surface morphologies of the Ca-alginate gel beads 

and Pseudomonas fluorescens cell-immobilised beads were characterised by 

scanning electron microscopy (SEM). Bacterial colony formation inside the 

Ca-alginate beads was confirmed using SEM images (Jesitha et al. 2015).  

9.2.5  Determination of Cfu count/bead    

The number of immobilised cells on Ca-alginate beads was determined 

by the crushing method (Tewari and Malviya 2002). In the crushing method, a 

1 g uniform round bead was finely crushed in 10 mL sterile distilled water. 

The suspension was serially diluted to 10
-7

, and the cfu was calculated on agar 

medium using the suspension by serial dilution plate count method (Jesitha et 

al. 2015).  

9.2.6 Batch degradation study of endosulphan with free cells 

Pure cultures were grown in broth minimal medium for 5 days, 

centrifuged, and quantified. The bacterial cell pellet obtained was suspended 

in 15 mL broth minimal medium to obtain 0.72 OD at 610 nm. For batch 

degradation studies with free cells, 3 mL of cell suspension (0.72 OD at 610 

nm) was inoculated into 10 autoclaved 250 mL Erlenmeyer flasks with 29.5 

mL of Broth minimal medium. The inoculated flasks were spiked with 17.5 

mL of 1 ppm endosulphan to give a final concentration of approximately 350 

μg/L.The initial pH was set to 7.0 to prevent chemical hydrolysis of 

endosulphan at an alkaline pH (Sutherland et al. 2000).  The procedure was 

repeated using the control in the absence of any bacterial culture. All the 

flasks were incubated on a microbial shaker at 30C at 150 rpm for 18 days. 

At the end of 3, 5, 7, 9, 11, 12, 13, 15, 17 and 18 days of incubation, samples 

from each flask were collected and analysed for endosulphan and its 

metabolites by extracting the samples using a hexane:acetone (80:20) mixture. 

The growth of Pseudomonas fluorescens cells was monitored by recording the 
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OD of the culture at a wavelength of 610 nm for different time intervals 

during the study. Maximum bacterial growth was measured as OD/OD0 ratios 

(optical density at given time/optical density at the beginning of the 

experiment) for the endosulphan degradation assessments (Jesitha et al. 

2015).  

9.2.7 Batch degradation study of endosulphan with immobilized cells 

The study of the degradation of different concentrations of 

endosulphan using Pseudomonas cells immobilised with Ca-alginate beads 

was conducted in different batches. Endosulphan was added separately to 

each of the autoclaved Erlenmeyer flasks containing Broth minimal medium 

of pH 7.0 to obtain final concentrations of approximately 350, 450 and 550 

µg/L of endosulphan. A total of 125 mL of Broth minimal medium of pH 7 

was inoculated with 5 g of wet Ca-alginate beads (derived from a 3 mL cell 

suspension of 0.72 OD at 610 nm). The average diameter of the beads was 

approximately 3 mm. The alginate beads in CaCl2 solution was filtered and 

washed several times with 0.9% NaCl to remove excess calcium ions, and 

entrapped cells were washed twice with deionised water (Potumarthi  et al. 

2008). These alginate beads were then suspended in each flask and incubated 

at 30C and 150 rpm in a microbial shaker for 12 days. To monitor the 

degradation of endosulphan and generation of metabolites, 10 mL of culture 

was extracted using a hexane: acetone (80:20) mixture at regular intervals 

under sterile conditions. All the experiments were conducted in triplicate and 

control experiments were also maintained using empty Ca-alginate beads that 

did not contain the microorganism. pH was also recorded during the 

experiment (Jesitha et al. 2015).  
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9.2.8   Comparison between the efficiency of free cells and immobilized   

cells 

The efficiency of free cells and immobilised cells was compared at the 

same experimental conditions by using 0.068 g cells and the experiment was 

carried at 30C and 150 rpm. The contributions of free cells and immobilised 

cells toward endosulphan (350 µg/L) degradation were evaluated by 

eliminating the abiotic removal from the total endosulphan removed within 9 

days of incubation by maintaining a control experiment (Jesitha et al. 2015).  

9.2.9 Packed Bed Column study  

The feasibility of using a packed bed column (Plate 10.2) for bio-

degradation of endosulphan was studied under semi-continuous conditions. 

Two cylindrical glass columns (450 × 30 mm) were used as the reactor. The 

total reactor volume was 282.60 mL. Non-adsorbent cotton wool was placed 

at the bottom to support the bed. One of the columns was filled with cell-

immobilised Ca-alginate beads up to 25 cm in height. The other column was 

used as a control and packed with empty Ca-alginate beads to the same 

height. The working volume of the reactor was 176.63 mL. Then, 208 mL of 

sterile Broth minimal medium (pH 7.0) with 291.6 mL of 600 µg/L 

endosulphan was passed through the packed bed column at a 0.59 mL/min 

flow rate for 10 h each day (Jesitha et al. 2015).  

Column studies were conducted with cell-immobilised Ca-alginate 

beads after checking their efficiency through batch degradation studies. The 

two columns, one packed with alginate-immobilised cells and the other with 

Ca-alginate beads without the microorganism, were operated in a semi-

continuous mode for 10 h each day. Broth mineral medium supplemented 

with 350 µg/L endosulphan was passed through the two columns at the rate of 



218 

 

0.59 mL/min. The columns were operated in this manner for 18 days. At this 

rate, the hydraulic retention time was 300 min (Jesitha et al. 2015).  

 

Plate 9.2 Packed bed column reactor using Calcium alginate beads 

9. 2.10 Extraction of endosulphan 

  Endosulphan was extracted using a mixed extracting solvent of 

chromatographic grade n-hexane and acetone. The extraction of pesticide 

residues was carried out following standard methods (USEPA 1996b; APHA 

2005; APHA 2012). 

 The endosulphan-containing sample (10 mL) was placed in a 

250 mL conical flask, and 0.1 mL HCl was added. The mixture was shaken 

well and then transferred into a separating funnel with a 250-mL capacity. 

Next, 10 mL of a hexane:acetone (80:20) mixture was added to the sample 
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and shaken well for approximately 10 minutes and kept for layer separation 

(Plate 10.3). The aqueous layer was collected in a beaker. The n-hexane layer 

was transferred to a standard flask from the separating funnel. The procedure 

was repeated for the complete extraction of pesticide residues. Three grams of 

anhydrous sodium sulphate was added to the n-hexane layer for dehydration. 

Extracts were pooled and passed through a chromatography column 

containing anhydrous sodium sulphate (5 g) and alumina (7 g) mixture with 

glass wool at the bottom to remove moisture and matrix interferences. The 

extract was then concentrated to 10 mL and stored in an amber-coloured vial. 

The extract was stored at 4C until analysis (Jesitha et al. 2015).  

 

Plate 9.3 Extraction of endosulphan from the culture medium 

9.2.11 Analysis of endosulphan residues 

The samples, after processing and clean up, were analysed for 

endosulphan residues by  gas chromatograph using an electron capture 

detector (GC-ECD).The procedure is explained in chapter 3. The retention 

times for endosulphan alpha, endosulphan beta, endosulphan sulphate, 

endosulphan ether, endosulphan lactone and endosulphan diol were 18.73 

min, 21.94 min, 24.15 min, 12.30 min, 16.9 min and 28.8 min, respectively. 



220 

 

9.2.12 Total Organic Carbon Analysis 

TOC analysis was performed using a TOC analyser from Hach (Plate 

10.4) using the TOC Direct Method. To analyse the TOC of endosulphan, 1 

mL of extracted endosulphan and persulphate were added to the digestion 

tube. The persulphate and the digestion reagent will oxidise the endosulphan’s 

carbon to carbon dioxide. An opened ampule of pH indicator reagent was 

inserted into the digestion tube, and the tube was sealed. For digestion, the 

assembled unit was kept at 103-105ºC for 2 hours. As a result, the carbon 

dioxide diffused into the inner ampule, forming carbonic acid. After cooling, 

the complete unit was placed into a TOC analyser and the value of total 

organic carbon was directly noted from the instrument. Organic-free water 

was also analysed (Jesitha et al. 2015).  

 

 

Plate 9.4 Total Organic Carbon Analyser 
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9.3. Results and Discussion 

9.3.1 Morphological and biochemical characterization   

  The Gram-negative Pseudomonas isolate (Plate 9.5) was found to be 

fluorescent green on King’s B medium under ultraviolet light at 365 nm. The 

biochemical tests further confirmed  the  isolates  to  be  Pseudomonas 

fluorescens. The results of biochemical tests are indicated in Table 9.1. 

 

Plate 9.5  Isolated Pseudomonas fluorescens species 

Table 9.1 Biochemical characterization of Pseudomonas fluorescens isolates 

Sl. 

No. 
Parameters 

Isolates of 

Pseudomonas flourescens 

1. Gram staining Negative 

2. Gelatin liquefaction Positive 

3. Catalase test Positive 

4. Oxidase test Positive 

5. Starch hydrolysis Negative 

6. Fluorescent pigment Positive 

7. Estimation of IAA (µg/ml) 3.6 

8. Siderophore production (Hydroxamate) 0.86 

9. Hydrogen cyanide production 8.13 
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Genomic DNA was isolated from the bacteria isolated from soil 

sample using Sigma Aldrich DNA extraction Kit. Its quality was evaluated on 

0.8% Agarose Gel. A single band of high-molecular weight DNA was 

observed. Further 16S rDNA was amplified by PCR from the above isolated 

genomic DNA. A single discrete band was observed when resolved on 

Agarose Gel. The PCR amplicon was purified by column purification in order 

to remove contaminants. DNA sequencing was carried out with PCR 

amplicon. The 16S rDNA sequence was used to carry out BLAST with the nrs 

database of NCBI genbank database (Figure 9.1). Based on the BLAST 

output and similarity with 16S rDNA-PCR analysis the bacteria showed 99% 

similarity with Pseudomonas fluorescens. 

 

Figure 9. 1 Consensus Sequence Data of bacteria (1000bp) 

9.3.2   Endosulphan degradation by free cells of Pseudomonas fluorescens 

 The degradation of endosulphan by Pseudomonas fluorescens was 

determined at an initial endosulphan concentration of 350.24±0.83 µg/L by 

monitoring its disappearance over a period of 12 days of incubation at 30C 
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and 150 rpm, at regular time intervals. To check the abiotic loss of 

endosulphan, control experiments of uninoculated flasks with endosulphan 

were also maintained under similar conditions. There was a gradual decrease 

in the endosulphan concentration until the end of the 12
th

 day of study, which 

is indicated in Figure 9.2. All the results presented are the mean of three 

replicate experiments. 

 

Figure 9.2 Comparison of the decrease in endosulphan concentration in the 

control and biodegradation study using free Pseudomonas fluorescens cells. 

   For an initial concentration of endosulphan (350.24±0.83 µg/L), 

the patterns of percentage degradation curves (Figure 9.3) were different 

under inoculated and uninoculated conditions. More degradation was 

observed under inoculated conditions than in the uninoculated control. 

Complete degradation (~100%) of the spiked amount of endosulphan was 

observed within 12 days in the inoculated condition, whereas only 

11.15±0.52% degradation was observed in uninoculated flasks, indicating that 

only minimal chemical degradation or volatilisation of endosulphan had 

occurred. From the results of the control experiments, it was clear that about 

88.9% of endosulphan was retained even after 12 days. It would be expected 

to take more than 100 days for the complete removal of endosulphan through 

the natural degradation process. From the observations, it was evident that the 
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complete removal of endosulphan within 12 days of incubation is mainly due 

to the presence of Pseudomonas fluorescens cells (Jesitha et al. 2015).  

 

Figure 9.3 Percentage removal of endosulphan in control in comparison with 

the    biodegradation using Pseudomonas fluorescens. 

9.3.3 Estimation of microbial growth 

 Pseudomonas fluorescens had no lag phase because the bacteria were 

harvested from the culture medium containing endosulphan. The bacterial 

species might have adapted itself in the medium quickly and utilised 

endosulphan as a carbon source. The results revealed that the biomass of the 

Pseudomonas fluorescens culture increased gradually during the first 12 days 

(Figure 10.4) without any lag phase and reached the maximum OD/OD0 value 

of 1.68 at the end of the 12
th

 day. This observed increase in OD/OD0 along 

with the degradation of endosulphan indicated the consumption of 

endosulphan as a carbon and energy source (Awasthi et al. 1997; Sutherland 

et al. 2000; Siddique et al. 2003). There was no further increase in biomass 

after the 12
th

 day. A slight decrease in growth was observed from the 12
th

 day 

of incubation to the 14
th

 day of incubation, after which the growth was found 

to decrease gradually (Jesitha et al. 2015).  
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Figure 9.4 Optical densities as a function of time for the culture test in the 

presence of endosulphan. 

9.3.4 Batch degradation study of endosulphan using Ca –alginate 

immobilized cells 

The colony formation of the bacterial species inside Ca-alginate beads 

was confirmed using scanning electron microscopic analysis. The SEM 

images of empty Ca-alginate beads and Pseudomonas fluorescens cell-

immobilised Ca-alginate beads are indicated in Figure 10.5. The bacterial 

colonies that formed inside the pores of Ca-alginate beads can be clearly 

observed in Figure 10.5b, whereas empty pores are observed in Figure 10.5a. 

Degradation of different concentrations of endosulphan viz. 

350.24±0.83 µg/L, 450.39±1.95 µg/L and 550.85±1.84 µg/L was studied 

using Ca-alginate beads. The controls of different concentrations of 

endosulphan were set up separately, with the Broth minimal medium 

containing 5 g empty wet Ca-alginate beads (Jesitha et al. 2015).  
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Figure 9.5 SEM photomicrographs of Ca-alginate beads (a) and cell-

immobilised Ca-alginate beads (b). 

 

Figure 9.6 Decrease in the concentration of endosulphan in batch degradation 

studies using   Ca-alginate beads (alg. denotes alginate, B denotes bacterial 

cells) 
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Figure 9.6 shows the decrease in concentration of endosulphan with 

time for the endosulphan concentrations tested. The results indicated a similar 

trend of degradation for different initial endosulphan concentrations, ranging 

from 350 µg/L to 550 µg/L. From the graph, it is clear that the degradation 

was maximum in the first three days, followed by a gradual reduction, which 

can likely be attributed to the availability of the biomass and its need to 

consume a carbon and energy source. The complete degradation of 

endosulphan in the immobilised system under batch conditions was observed 

in nine days for both the initial endosulphan concentrations of 350 and 450 

µg/L. The initial endosulphan concentration of 550 µg/L required eleven days 

for complete removal. This may be due to the higher concentration of 

endosulphan present which required greater time for the bacterial cells to 

degrade it (Jesitha et al. 2015).  

The immobilised cells (Figure 9.7) degraded approximately 

85.62±0.32% of the endosulphan after 7 days of incubation from an initial 

350.24±0.83 µg/L of endosulphan. Almost similar trends in degradation 

efficiencies were obtained when the initial concentrations were 450.39±1.95 

µg/L and 550.85±1.84 µg/L of endosulphan (82.11±0.24% and 

79.97±0.27%, respectively). But there was a decrease in degradation process 

after ten days when the reactor was operated at higher initial endosulphan 

concentration (550 μg/L) and this can be related to the higher concentration 

of endosulphan beta formed during the degradation. This might have caused 

reduction in the microbial capability of degrading this chemical (Elsaid et al. 

2014). 

The immobilisation can provide a type of membrane stabilisation, 

which is responsible for cell protection and better degradation rates at higher 

concentrations with immobilised cells. Also the gel layer formed by Ca-

alginate can prevent the cells from leaking, making the cells resistant to 
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environmental stresses, such as pH fluctuation and temperature change, and 

less susceptible to toxic substances (Cassidy et al. 1996; Manohar et al. 

2001). 

When the process was evaluated using empty beads without the 

microorganisms, the endosulphan removal capacities due to adsorption and 

volatilisation were found to be 15.44±0.71, 14.71±0.44 and 13.26±0.24% for 

the initial endosulphan concentrations of 350.24±0.83µg/L, 450.39±1.95 µg/L 

and 550.85±1.84 µg/L in the medium, respectively, within nine days. The 

removal efficiency of endosulphan in the presence of microorganisms was 

found to be much higher than the degradation in the control medium (Jesitha 

et al. 2015).  

 

Figure 9.7 Percentage removal of endosulphan in batch degradation studies 

using Ca-alginate beads (alg. denotes alginate, B denotes bacterial cells). 
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9.3.5 Comparison between the efficiency of free and immobilised cells 

The efficiency of free cells and immobilised cells in degrading 

endosulphan was compared using a batch of free cells and the same amount of 

cells immobilised in Ca-alginate beads. The increased substrate removal with 

Ca-alginate cells compared to free cells has been reported by many scientists 

(Keweloh et al. 1989; Rhee et al. 1996; Manohar et al. 2001). In the present 

study, the immobilised cells possessed a higher degradation capacity at the 

initial endosulphan concentration of  350 µg/L than free cells, even though the 

cell contents in both free cells and immobilised cells were similar. This 

revealed that the degradation rate was approximately 11.3% higher for 

immobilised cells and they could remove endosulphan completely within nine 

days. At the same conditions, free cells took 12 days for the complete 

removal. The efficiency of free and immobilised cells is compared in Table 

10.2. From the results, it can be concluded that Ca-alginate immobilisation 

has increased cell survival and metabolic activity in the bioremediation 

system (Tao et al. 2009; Moslemy et al. 2002).  

Table 9.2.Percentage contribution of the free and immobilized cells towards 

endosulphan degradation 

Treatment 

Removal of 

endosulphan  after  

nine  days 

(%) 

Contribution of bacterial 

cells towards the 

degradation 

(%) 

Control  of Free 

cells 
8.22±0.54 

73.31 

Free cells 81.53±0.67 

Control of 

Immobilized cells 
15.44±0.71 

84.56 

Immobilized cells 100 
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9.3.6 Degradation of endosulphan in a packed bed reactor 

Decreases in the endosulphan concentration were checked at regular 

intervals of time (days). There was no significant change in the endosulphan 

concentration when the column remained static without any feed. Bacteria 

often have a very narrow pH interval with neutral or slightly alkaline 

conditions favoured (Rousk et al. 2009; Bending et al. 2003). Though neutral 

pH was maintained, the cell immobilised calcium alginate beads were found 

to remain stable throughout the experiment. 

This study shows the feasibility of using alginate-immobilised cells of 

Pseudomonas fluorescens for the degradation of endosulphan in a packed bed 

reactor. Figure 10.8 shows approximately 100% removal of endosulphan in 

the column packed with cell-immobilised Ca-alginate beads during the 6
th

 day 

of experiment. On the sixth day, only 18.20±0.52% decrease in the 

concentration was observed due to adsorption and volatilisation in the column 

with empty Ca-alginate beads. A rapid decrease in the endosulphan 

concentration (67.68±0.36%) occurred during the first two days of the 

experiment. This rapid removal of endosulphan is mainly due to the presence 

of the high cell concentration in Ca-alginate beads, which is derived from the 

0.34 g of wet cells. Also, the decrease in endosulphan degradation 

performance with time may be due to the variation in biomass concentration 

(Jesitha et al. 2015).  
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Figure 9.8 Percentage removal of endosulphan during the column 

experiment. 

In the column experiments, concentration of endosulphan alpha and 

endosulphan beta was found to be below the detection limit within six days. 

However, the experimental study was continued to discover the time 

necessary for complete degradation of endosulphan. Monitoring of 

endosulphan residues on the 18
th

 day revealed that complete degradation of 

endosulphan had occurred because no intermediate metabolites of 

endosulphan were detected through bioremediation using Pseudomonas 

fluorescens  (Jesitha et al. 2015). 

Degradation of some chlorinated pesticides like 2, 4-D (2, 4 

dichlorophenoxyacetic acid) and DDT (Dichlorodiphenyltrichloroethane) 

using immobilized Pseudomonas fluorescens has already been reported. 

Pesticide removals for 2, 4-D was about 99%. DDT removal was as high as 

55–99% (Santacruz et al. 2005). Hence, the potential of the strain in 

degrading endosulphan was further studied. Also several studies on the 
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degradation of endosulphan using mixed bacterial cultures have been 

reported. The degradation of endosulphan (with initial concentration of 50 

mg/L) by mixed bacterial culture was studied and after three weeks of 

incubation, the mixed culture was able to degrade 71.58±0.2% and 

75.88±0.2% in aerobic and facultative anaerobic conditions, respectively 

(Kumar and Philip 2006a,c). Studies conducted with free cells of 

Pseudomonas fluorescens reported degradation of 10 mg/L of heptachlor, 

heptachlor epoxide, aldrin, and dieldrin with maximum removals of 98.42, 

90.77, 99.84 and 91.33%, respectively (Bandala et al. 2002). Degradation of 

mono-, di-, tri-, and penta-chlorophenols at concentrations of up to 500, 500, 

400, and 200 mg/L using the Pseudomonas fluorescens strain, immobilized in 

tezontle columns were also reported (Torres et al. 1999). The present study 

aimed at the degradation of endosulphan using a single isolated species and 

the results proved that Pseudomonas fluorescens can be utilized for complete 

degradation of endosulphan (Jesitha et al. 2015). 

9.3.7 Integrity of Ca-alginate beads 

It has been previously reported that the mechanical instability and 

gradual cell leakage from the beads decreases the degradation rate with the 

increased cycle number (Trevors et al. 1992). However, here, the Ca-alginate 

beads showed no signs of breaking up or disintegrating. It appeared that the 

Ca-alginate beads maintained their integrity until the end of the experiment 

for both batch and semi-continuous column experiments. This may be 

because of the better cell holding capacity and flexibility of the Ca-alginate 

gel that allow accommodation of more cells that were generated during cell 

growth (Jesitha et al. 2015).   
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9.3.8 Pathway identification   

The Total Organic Carbon (TOC) determination of endosulphan at 

regular time intervals of the column study was used to establish the 

phenomenon of complete mineralisation (Santacruz et al. 2005). Regarding 

the TOC degradation, the typical profile of mineralisation of endosulphan as a 

function of time is shown in Figure 9.9. TOC of 32.94% was observed during 

the first six days of the experiment for the initial 350 µg/L endosulphan 

concentration. This would explain the approximately 32.94% concentration of 

endosulphan that has been converted into simple metabolites such as CO2 

(Jesitha et al. 2015). 

 

Figure 9.9 Percentage removal of TOC during degradation of endosulphan 

Column experiments were used to identify the metabolic pathway of 

endosulphan degradation by monitoring the formation of endosulphan 

metabolites by GC-ECD. Monitoring was continued until the 18th day of 

experiment at which the complete removal of endosulphan has taken place. 

Endosulphan diol, endosulphan ether, and endosulphan lactone were detected 

by GC analysis using authentic standards and matching the retention time 
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(Table 9.3). Formation of these metabolites has been reported previously 

(Weir et al. 2006; Shivaramaiah and Kennedy 2006). Endosulphan diol, 

which is less toxic, was detected as the major metabolite during the study. A 

chromatogram showing endosulphan alpha, endosulphan beta, endosulphan 

ether, endosulphan lactone, and endosulphan diol is indicated in Figure 10.10. 

The presence of metabolites indicated that endosulphan degradation with 

Pseudomonas fluorescens cells occurred through the hydrolytic pathway, in 

which endosulphan was converted into endosulphan lactone via endosulphan 

diol and endosulphan ether. The pH of the medium was maintained between 

6.8 and 7.0 throughout the experiment to prevent chemical hydrolysis. No 

metabolites were detected in the control study with empty Ca-alginate beads. 

Table 9.3 Concentration of endosulphan isomers and their metabolites 

detected at different intervals during the degradation of endosulphan  

Time 

period 

(days) 

Concentration of parent isomers and their metabolites (µg/L) 

Endosulphan 

alpha 

 

Endosulphan 

beta 

Endosulphan 

diol 

Endosulphan    

ether 

Endosulphan 

lactone 

0 248.82 101.55 BDL BDL BDL 

2 112.79 0.44 190.51 1.83 2.27 

4 10.59 10.97 250.01 2.11 4.33 

6 
BDL 

 
BDL 225.28 3.85 5.83 

BDL: Below detection limit 
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Figure 9.10 Chromatogram showing the retention times of endosulphan 

alpha, endosulphan beta, endosulphan ether, endosulphan lactone and  

endosulphan diol 

The amount of toxic isomers of endosulphan that was dissipated could 

not be accounted by the total concentration of metabolites detected during the 

experiment. This finding suggests that the complete mineralisation of a 

certain fraction of endosulphan might have occurred (Kumar and Philip 

2006a,b,c). The results showed a fluctuation of endosulphan beta 

concentration during degradation process. A portion of endosulphan alpha 

during the degradation process might have been converted to endosulphan 

beta. There is a chance of inter-conversion of the two isomers even when 

specific conditions are maintained (Mukherjee and Gopal 2006). 

All the samples collected as part of the biodegradation study were 

analysed with GC-ECD. Within six days of the column experiments using 

Pseudomonas fluorescens immobilised in Ca-alginate beads, the toxic isomers 

of endosulphan (endosulphan alpha and endosulphan beta) were found to be 
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below the detection limit. Intermediate metabolites of endosulphan, 

endosulphan diol, endosulphan ether, and endosulphan lactone were also 

detected during the study. Monitoring of endosulphan residues on the 18th 

day revealed that complete degradation of endosulphan had occurred because 

no other metabolite of endosulphan was detected. Endosulphan might have 

been degraded via hydrolysis through the formation of different metabolites, 

and finally converted to carbon dioxide (Kumar and Philip 2006 a, c). Thus, 

endosulphan was found to be completely degraded in 18 days, using 

Pseudomonas microbial strains. This was the major pathway for the 

degradation of endosulphan. TOC studies also indicated the possibility of a 

minor pathway for the complete mineralisation of endosulphan to CO2. The 

results of the study implied that the bacterial strains could be employed for 

bioremediation of environments polluted by endosulphan. The pathway 

proposed for the degradation of endosulphan on the basis of this study is 

depicted in Figure 9.11. 

 

Figure 9.11 Proposed pathway of endosulphan degradation by Pseudomonas 

fluorescens. 
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9.4 Summary 

The bacterial strain Pseudomonas fluorescens was found to be efficient 

for the removal of endosulphan. The highest pesticide biodegradation was 

obtained in a packed bed column reactor with the bacterial species 

immobilised in Ca-alginate beads. The presence of intermediate metabolites 

formed during the study was confirmed, and the metabolites were identified 

as endosulphan diol, endosulphan ether and endosulphan lactone. These 

metabolites suggested a hydrolytic pathway for the biodegradation of 

endosulphan using Pseudomonas fluorescens species. The present study on 

the microbial degradation of endosulphan by Pseudomonas fluorescens may 

provide a basis for the development of bioremediation strategies to remediate 

pollutants in the environment. 
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CHAPTER 10 

DEVELOPMENT OF A BIOREACTOR FOR 

THE REMEDIATION OF ENDOSULPHAN 

  

10.1 Introduction 

The pesticides if continuously used may cause harmful and 

unpredictable health impacts (Santacruz et al. 2005). Many of the physical 

processes which have been used for the decontamination of hazardous waste 

were reported to be uneconomical and unsustainable. Generally, biological 

methods introduced, were found to be more environmental friendly, socially 

acceptable and cost effective. 

A bioreactor is a system in which a biological conversion is affected. 

The bioreactor system include mechanical vessels in which (a) organisms are 

cultivated in a controlled manner and/or (b) materials are converted or 

transformed via specific reactions. 

     Bioreactors differ from conventional chemical reactors in that they 

support and control biological entities. As such, bioreactor systems must be 

designed to provide a higher degree of control over process upsets and 

contaminations, since the organisms are more sensitive and less stable than 

chemicals. Biological organisms, by their nature, will mutate, which may alter 

the biochemistry of the bioreaction or the physical properties of the organism. 

Although the majority of fundamental bioreactor engineering and design 

issues are similar, maintaining the desired biological activity and eliminating 

or minimizing undesired activities often presents a greater challenge than 

traditional chemical reactors typically require. Organisms, influenced by their 

morphology and the bioreaction medium, are shear-sensitive to varying 

degrees. A number of bacteria, yeast and fungi cultures that can be relatively 
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tolerant of high-shear environments exhibit robustness in high-energy mixing 

vessels. Mixing within the bioreactor is integral to efficient heat and mass 

transfer during the production phases, which places additional constraints on 

the suitable agitation mechanism and rheology of the bioreaction medium 

(John 2002). 

  

 Different types of microbial cultures have been introduced for the 

degradation of organophospahtes, PCBs, PAHs endrin etc. Naturally 

occurring bacteria capable of destroying some hazardous wastes and 

chemicals include Flavobacterium sp. for organophosphates, Cunniughamela 

elegans and  Candida tropicalis for PCBs and  PAHs, Closteridium for 

lindane,  Arthrobacter and Bacillus  for endrin degradation.Naturally 

occurring aerobic bacteria have been found to decompose both natural and the 

synthetic hazardous organic materials to harmless CO2 and water (Sinha et al. 

2009). The degradation of pesticides occurs through complex biochemical 

reactions. To understand the mechanism behind the biodegradation of 

pesticide by enzyme catalysis, further research is needed (Meleiro-Porto et al. 

2011).  

Treatment technology using entrapped microorganisms is a novel 

biological engineering technology developed in recent years. Immobilisation 

of the pure cultures may help to improve the bioremediation potential, as 

immobilised cells have prolonged microbial cell viability and improved 

capacity to tolerate higher concentrations of pollutants (Richins et al. 2000; 

Chen and Georgiou 2002). 

In the present study, the bacterial strain Pseudomonas fluorescens was 

isolated and tested for its potential to degrade endosulphan. The main 

objective of the work was to develop a bioreactor with immobilised 

Pseudomonas fluorescens for the degradation of endosulphan. We had already 
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reported the pathway of microbial degradation of endosulphan (Jesitha et al. 

2015).  

10.2 Materials and Methods 

10.2.1 Preparation of standard endosulphan solution 

 Endosulphan solution with an initial concentration of 1 ppm was 

prepared by diluting 5 mL of 100 ppm stock solution to 500 mL with 

chromatographic grade n-hexane. During different stages of the experiment, 

the test solution of desired concentration was prepared by diluting the 1 ppm 

solution with hexane (Jesitha et al. 2015).  

10.2.2 Isolation and identification of Pseudomonas fluorescence 

A pure culture of Pseudomonas fluorescens capable of degrading 

endosulphan was isolated from the talc-based formulation of Pseudomonas 

fluorescens. The method of isolation and identification of isolated bacterial 

species is explained in chapter 9.   

10.2.3   Inoculum  preparation 

 The media used for developing the seed culture for use in 

biodegradation experiments contained a broth minimal medium with the pH 

maintained at 6.8 and endosulphan isomers at a concentration of 100 µg/L as 

the sole carbon and energy source. The seed culture medium (500 mL) was 

taken in a 1000 mL Erlenmeyer flask and inoculated with a loop full of the 

culture, freshly grown on agar slants and incubated for 5 days at 28°C and 

150 rpm. The cells were harvested by centrifugation at 8000 rpm for 10 min 

and washed by suspending in sterile deionised water and re-pelleting by 

centrifugation. These cells were used for the degradation studies as gel-

entrapped biomass (Jesitha et al. 2015).  
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10.2.4 Immobilization of whole cells 

The alginate entrapment of bacterial cells was performed as per the 

method described by Kierstan and Coughlan (1985) (Plate 10.1). The cells 

were harvested in the late exponential growth stage by centrifuging the 

culture suspension at 8000 rpm for 10 min. The harvested cells were washed 

once with sterilized saline solution (0. 85% w/ v, p H 7.0) and further 

suspended in 0.05 mol /L phosphate buffer solution (pH 7.2). A 4% (w/v) 

sodium alginate solution was autoclaved and cooled to room temperature 

before adding to the pre cultured cells. Bacterial cells were further 

resuspended in sterilized deionized water, and the optical density of the 

suspension was controlled in the range of 0.72 OD at 610 nm.                            

 Immobilised cells for the batch degradation studies were prepared by 

adding 3 mL of the cell suspension having  0.72 OD at 610 nm (cell content 

in terms of wet weight was equivalent to 0.068 g of cells) to 25 mL of a 4% 

w/v sterilised sodium alginate solution. For the packed column study, 15 mL 

of the cell suspension at the same optical density (cell content in terms of wet 

weight was equivalent to 0.34 g of cells) was mixed with 300 mL of a 4% w/v 

sterilised Na-alginate solution. The solutions were subsequently stirred for 10 

min, and the resulting alginate/cell mixtures were dripped into a beaker 

containing ice cold sterile 0.3 M CaCl2 through a needleless 10 mL syringe 

from a height of 5 cm. The prepared beads were cured in CaCl2 solution for 

12 h at room temperature, and then washed with the sterilised saline solution 

(0.85% w/v, pH 7.0) and stored in a CaCl2 solution at 4°C for further use 

(Jesitha et al. 2015).  
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Plate 10.1 Ca-alginate bead entrapment  of Pseudomonas flourescens cells 

10.2.5 Bioreactor System with Immobilized bacterial cells for the 

degradation/removal of endosulphan in water 

Study on the degradation of endosulphan using a bio reactor with 

Pseudomonas cells immobilized in calcium-alginate beads was conducted. 

The feasibility of using a packed bed reactor for bio-degradation of 

endosulphan was studied. A disposable plastic container (44.15 cm
2
×7 cm)   

with flow regulating system and a lid was used as the reactor. The total 

reactor working volume was 309.09 cm
3
. A whatman (No. 1) filter paper was 

placed at the bottom to support the bed. The reactor was filled with cell-

immobilised Ca-alginate beads up to 25 cm in height. Endosulphan (100 mL 

of 350 µg/L) was passed through the bioreactor at 0.59 mL/min flow rate. 

Reactor studies were conducted with cell-immobilised Ca-alginate beads after 

checking their efficiency through batch and column degradation studies 

(Jesitha et al. 2015). The reactor packed with alginate immobilised cells, were 

operated in a semi-continuous mode for each day. Endosulphan solution (350 
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µg/L) was added to this reactor allowed to react with immobilized ca-alginate 

beads and 25 ml of sample was collected after definite time interval .Then the 

collected samples were extracted and analysed to find out the degradation of 

endosulphan. Bioreactor system for the removal of endoslphan  from water is 

shown in Plates 10.2-10.3. 

 

 

Plate. 10.2  Bioreactor system for the removal of endsulphan from water  

 

Plate  10.3  Immobilized Ca –alginate beads inside the bioreactor 
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10.2.6 Study on the degradation of endosulphan in soil using a bioreactor 

system 

Endosulphan degradation study of soil with immobilized Ca –alginate 

beads was studied by batch method to find out the optimum bacterial 

concentration required for degradation  

 Reactor studies were conducted with cell-immobilised Ca-alginate 

beads after checking their efficiency through batch degradation studies. The 

studies were conducted in soil (10g) with different amounts of Ca-alginate 

beads (2.5g, 5 g and 10 g beads). Three conical flasks with lids were used for 

batch degradation study in soil. Soil (10g) was placed in three conical flasks 

and mixed with 2.5 g, 5 g and 10 g of cell-immobilised Ca-alginate beads and 

added 40 ml of 100 µg/L endosulphan (alpha + beta ) solution to the system. 

The flasks were shaken continuously for 24 hours. After 24 hours the solution 

was filtered, extracted and analysed. 

Study on the degradation of endosulphan using Pseudomonas 

fluorescens cells immobilized with calcium-alginate beads was conducted in 

soil bioreactor system (Plate 10.4) .The feasibility of using a packed bed 

reactor for bio-degradation of endosulphan was studied under semi-

continuous conditions. A container (530.66 cm
2
×27.5 cm) with flow 

regulating system, a lid, and a stirrer was used as the reactor. The total reactor 

working volume was 2281.84 cm
3
. Soil (2kg) was placed at the bottom of the 

reactor. Pseudomonas fluorescens cell-immobilised Ca-alginate beads (2 kg) 

was mixed with the soil.   Soil and beads were continuously mixed using the 

stirrer of the reactor system.  Sterile broth medium (72mL , pH 7.0) with 1000 

mL of 1000 µg/L endosulphan was passed through the bioreactor. The reactor 

packed with alginate immobilised cells, were operated in a semi-continuous 

mode for each day. Endosulphan solution  was  allowed to react with 
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immobilized Ca alginate beads. After definite time interval, 25 ml of samples 

were collected, extracted and analysed. 

 

Plate  10.4 Bioreactor system for removal of Endosulphan from soil 

10.2.7 Extraction of Endosulphan 

  The samples were extracted by using a solvent mixture of 

chromatographic grade n-hexane and acetone. Extraction of pesticide residues 

were carried out following standard methods (USEPA 1996). 

The sample (10 g) was taken in a 250 ml conical flask. To the conical 

flask, Conc. HCl (0.1 ml) was added. The mixture was shaken well with 
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hands and then transferred into a separating funnel of 1 L capacity. 10 ml of 

hexane: acetone (80:20) mixture was added to the sample and shaken well for 

about 10 minutes and kept for layer separation. The aqueous layer was 

collected in a beaker. The n-hexane layer was transferred to a standard flask 

from the separating funnel. Again n-hexane (5 ml) was added to the aqueous 

layer and shaken well for 10 minutes, to ensure complete extraction of  

pesticide  residues. Then the aqueous layer was discarded and the n-hexane 

layer was transferred from the separating funnel to the conical flask (100 ml). 

Anhydrous sodium sulphate (3 g) was added to the n-hexane layer for 

dehydration. Extracts  were  pooled  and passed through  a   chromatography 

column  of  anhydrous  sodium sulphate  (5  g)  and  alumina  (7  g)  mixture  

with  glass  wool  at  the  bottom  to  remove  the  fat  and  any  other  

remaining  water  molecules.Then the extract was concentrated to 10 ml and 

stored in amber coloured vial. The extract was stored at 4
0
C until analysis. 

Quantitative and qualitative analysis of pesticides was conducted using gas 

chromatograph with electron capture detector and mass spectrometer. 

10.2.8 Analysis of endosulphan residues 

The samples, after processing and clean up, were analysed for 

endosulphan residues by  gas chromatograph using an electron capture 

detector (GC-ECD).The procedure is explained in chapter 3. The retention 

times for endosulphan alpha, endosulphan beta, endosulphan sulphate, 

endosulphan ether, endosulphan lactone and endosulphan diol were 18.73 

min, 21.94 min, 24.15 min, 12.30 min, 16.9 min and 28.8 min, respectively. 
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10.3. Results and Discussion 

10.3.1 Bioreactor system with immobilized bacterial cells for the 

degradation/removal of endosulphan in artificially spiked water 

Decrease in the concentration of endosulphan was checked at regular 

intervals of time (days).The results of study of degradation of endosulphan by 

passing the solution artificially spiked with endosulphan (initial concentration: 

348.21 µg/L) through the bioreactor is shown in Table 10.1. 

  

Table 10.1 Results of study on the degradation of endosulphan in artificially 

spiked water sample using bioreactor system 

 

Days  Endsulphan 

alpha (µg/L) 

Endsulphan 

beta (µg/L) 

Endsulphan 

diol(µg/L) 

Endsulphan 

ether(µg/L) 

Endsulphan 

lactone(µg/L) 

0 252.53 95.68 BDL BDL BDL 

3 98.96 32.30 120.48 2.18 6.18 

5 16.81 2.23 246.64 4.59 9.36 

7 BDL BDL 252.85 6.28 15.65 

20 BDL BDL BDL BDL BDL 

BDL:Below detection limit 

 

This study shows the feasibility of using calcium- alginate immobilised 

cells of Pseudomonas fluorescens for the degradation of endosulphan in a 

packed bed bioreactor system. The results showed approximately 100 % 

removal of toxic isomers of endosulphan (endosulhan alpha and endosulphan 

beta) in the bioreactor with cell-immobilised Ca-alginate beads during the 7th 



248 

 

day of experiment (Figure 10.1). This rapid removal of endosulphan is mainly 

due to the presence of the increased cell concentration in Ca-alginate beads, 

which is derived from the 0.34 g of wet cells. The metabolites of endosulphan 

detected during the study included endosulphan diol, endosulphan ether and 

endosulphan lactone which are reported to be less toxic than the parent isomers 

(endosulhan alpha and endosulphan beta). Endosulphan and its metabolites 

were found to be completely removed within twenty days using the bioreactor 

system. 

The cell immobilised calcium alginate beads were found to remain 

stable throughout the experiment.  

 

Figure 10.1 Results of degradation of endosulphan (alpha and beta) in the 

bioreactor system  
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10.3.2 Bioreactor System with Immobilized bacterial cells for the 

degradation/removal of endosulphan in soil 

 

    Results of the batch experimental studies to find out the amount of bacterial 

cell immobilized Ca-alginate beads to optimise the bioreactor system for 

removal of endosulphan from soil is shown in Table10.2. 

 

 

Table 10.2 Results of batch degradation study of endosulphan using Ca-

alginate immobilised cells in soil 

Amount of immobilized 

beads in 10g soil(g) 

Endosulphan 

 alpha (µg/Kg) 

Endosulphan 

 beta(µg/Kg) 

   2.5 80.23 15.86 

     5 61.55 11.83 

    10 49.24 10.43 

 

The degradation of endosulphan was found to be more efficient when 

10g of soil was treated with 10g of bacterial cell immobilized Ca-alginate 

beads. Hence the soil: beads ratio was selected as 1:1 for the degradation of 

endosulphan from soil in the bioreactor system. Decrease in the concentration 

of endosulphan was checked at definite intervals of time. Results of 

degradation of endosulphan in soil bioreactor system are given in Table 10.3. 

Results of the study on degradation of endosulphan (alpha and beta) in soil 

bioreactor system are given in Figure 10.2. The gas chromatogram indicating 

complete degradation of endosulphan is given in Figure 10.3. 
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Table 10.3 Results of degradation of endosulphan in a packed bed soil bioreactor 

Days Endosulphan 

alpha(µg/Kg) 

Endosulphan 

beta(µg/ Kg) 

Endosulphan 

diol(µg/ Kg) 

Endosulphan 

ether(µg/ Kg) 

Endosulphan 

lactone(µg/ Kg) 

0 728.47 321.63 BDL BDL BDL 

3 568.23 158.29 196.19 10.83 6.68 

5 110.97 52.34 350.86 56.52 29.84 

7 38.42 14.37 522.17 77.43 36.73 

10 BDL BDL 810.58 80.83 40.97 

14 BDL BDL BDL BDL BDL 

BDL:Below detection limit 

 

 

 

Figure 10.2 Degradation of endosulphan (alpha and beta) in soil bioreactor 

system 
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Figure 10.3 The gas chromatogram indicating complete degradation of 

endosulphan residues (with in 14 days) in the soil bioreactor system 

 

           In the bioreactor system experiments, toxic isomers of endosulphan 

(alpha and beta) were found to be below the detection limit within 10 days 

(Figure 10.2). However, the experimental study was continued to find out the 

time necessary for complete degradation of metabolites of endosulphan. 
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Monitoring of endosulphan residue on the 14th day revealed that complete 

degradation of endosulphan had occurred.  

 

10.3.3 Stability of Ca-alginate beads 

The Ca-alginate beads showed no signs of breaking up or disintegrating. 

It appeared that the Ca-alginate beads maintained their integrity until the end 

of the experiment. This may be due to the better cell holding capacity and 

flexibility of the Ca-alginate gel that allowed accommodation of more cells 

that were generated during cell growth. 

 

10.3. 4 Determination of CFU/ml 

The total number of Pseudomonas fluorescens in a single bead was 

found to be 2.25x10-5 Cfu/ml. 

10.4 Summary 

A bioreactor system was developed with the enriched cell cultures 

immobilized in Ca-alginate gel beads. The degradation of endosulphan in the 

bioreactor system was studied using isolated bacterial species Pseudomonas 

fluorescens. The biodegradation systems developed were found to be  highly 

efficient in  the removal of  toxic pesticide endosulphan from  both water and 

soil matrices. The presence of intermediate metabolites formed during the 

study was confirmed, and the metabolites were identified as endosulphan diol, 

endosulphan ether and endosulphan lactone. The detection of these 

metabolites suggested a hydrolytic pathway for the biodegradation of 

endosulphan using Pseudomonas fluorescens species. The developed design 

of the bioreactor system can be scaled up for field level applications. 

. 



253 

 

CHAPTER 11 

CONCLUSION 

 

Many of the pesticides are highly persistent in the environment and the 

complete environmental fate of such pesticides is still to be explored.  The 

low level of OCPs, although within the prescribed limit of national regulatory 

agency, may cause severe health disorders if there are chances of 

consumption or exposure for longer durations.  

    Water, soil and sediment samples were collected from eleven selected 

Panchayats of Kasaragod district in five different phases to assess the 

contamination by endosulphan applied on the cashew plantations. The 

sampling and analysis were done as standard protocols. The concentration of 

endosulphan residues in water samples collected from the fifteen sites were 

found to be below detection limit in all the three phases of sampling. In 

addition to the 15 samples, seven new sites were identified where there was a 

chance of endosulphan persistence and hence water samples were collected 

from these sites and analysed during second and third phases of study. 

Endosulphan was detected only in two samples out of 22 water samples 

analyzed during the second phase of sampling. Concentration of endosulphan 

was below detection limit in all the 22 samples analyzed during the third 

phase. Eight sediment samples were collected and analysed during three 

phases of study. Among the eight samples, endosulphan detected in samples 

with sample codes MUL 3, KAL 6, KAR 3, KAR 4 and BEL 3 during the 

first phase was completely degraded during the second phase. The 

endosulphan detected in sample KAL 1 was degraded only by 25% during 

second phase but was found to be completely degraded during the analysis in 

third phase. In addition to the eight samples, six additional sediment samples 

were analysed during second and third phases of study. A total of 14 sediment 
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samples were analyzed and during the third phase, the concentration of 

endosulphan was below detection limit in all the samples. Eight soil samples 

were collected and analyzed during three phases of study. The endosulphan 

present in soil samples with codes KAL 5, BEL 2 and BAD 4 degraded 

completely during second phase. The maximum concentration of endosulphan 

detected in Pullur Periya (PER 4) was degraded to 89% during second phase 

and complete degradation was found during third phase analysis. In the 

sample PAN 1 rate of degradation was found to be low; only 56% degradation 

during the second phase and 67% degradation was found during third phase. 

In addition to the eight samples, five additional soil samples were analyzed 

during second and third phases of study. Out of 13 soil samples, endosulphan 

was detected in five samples during the second phase and during the third 

phase; endosulphan was detected in three samples. Endosulphan was detected 

in two soil samples from Panathadi and Muliyar Panchayats during the fourth 

phase. Also the comparison of results of analysis of endosulphan during third 

and fourth phase showed decrease in concentration in the three soil samples. 

The study conducted during the fifth phase in Panathadi and Muliyar 

Panchayats have shown that endosulphan has been completely degraded. The 

findings from the present study provide information on the residue levels and 

persistence of organochlorine pesticide endosulphan in water, sediment and 

soil in selected areas of Kasaragod district in Kerala. The study indicated that, 

combined residues of endosulphan in the sediment and soil samples of 

selected areas of Kasaragod district would be persistent for a period of 1.5-2 

years from the begining of the study. The persistence showed variations 

depending upon the climatic conditions and physico-chemical characteristics 

like pH, organic matter content and particle size of the soil in the area 

(Harikumar et al. 2014). Endosulphan was detected only in one soil sample 

collected inside the mango plantation area of Muthalamada Panchayat of 

Palakkad district.  
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 The remediation of organochlorine pesticides particularly endosulphan 

was studied by different chemical and biological methods. Toxic isomers of 

endosulphan (endosulphan alpha and endosulphan beta) were effectively 

degraded by passing the test solution containing endosulphan through a 

photocatalytic reactor with TiO2 photocatalyst entrapped calcium alginate 

beads. Endosulphan from the soil was recovered by the application of  Tween 

80 before passing through the reactor.A concentration of 1 g/L Tween 80 

released 83.89% ± 1.22% of endosulphan from the soil within 24 hours. The 

photocatalytic degradation of endosulphan was more efficient when Fe 

doped- TiO2 nanoparticles was used as photocatalyst .A pathway was 

suggested based on the study in which endosulphan was converted to 

endosulphan diol. 

Phytoremediation uses plants to clean up contaminated environments. 

The potential of aquatic plant species Salvinia molesta, and the terrestrial 

plant species, Spinacia oleracea and Solanum lycopersicum, to remove 

endosulphan from contaminated water and soil respectively were studied. 

Within 30 days of observation in the experimental plot, a percentage removal 

of 98% (with an initial concentration of 123 μg/L endosulphan) was observed 

with Salvinia molesta species. Thus Salvinia molesta proved to be the best 

variety among the different plant species selected for the study. Among the 

selected terrestrial plant species, Spinacia oleracea and Solanum 

lycopersicum, percentage removal of endosulphan was found to be higher 

with Solanum lycopersicum. On day 21, complete removal of pesticide (with 

an initial concentration of 140 μg/Kg endosulphan) occurred in the soil in 

which phytoremediation was done with Solanum lycopersicum while Spinacia 

oleracea took about 28 days for complete removal of endosulphan. Isomers of 

endosulphan (endosulphanalpha and endosulphan-beta) and also endosulphan 

sulphate were detected during the analysis of the samples. Phytoremediation 

is an attractive cleanup method. But the sites selected for phytoremediation 
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should be properly protected with fences and other barriers to keep wildlife or 

domestic animals from feeding on contaminated plants. The experiments also 

showed the ability of some edible plant species to take up and concentrate the 

pollutants inside the plant biomass. The use of such plants has to be controlled 

and after remediation those plants should be destroyed properly.  

Nano-phytoremediation, a combined technology was employed to 

investigate the capability of combined effect of phytoremediation and 

nanoscale zero valent iron (nZVI) for the removal of endosulphan from 

contaminated soil. Chittaratha (Alpinia calcarata) was found to be very 

effective for the remediation of endosulphan and  were transplanted to the 

pots containing soil artificially spiked with endosulphan and nZVI. The 

nanophytoremediation method completely removed endosulphan (initial 

concentration: 1139.84±0.93) from artificially spiked soil within one month. 

The results indicated that nano-phytoremediation was more effective than 

either nano-remediation or phytoremediation for degradation and removal of 

endosulphan.The advantage of the method was that only a small amount of 

endosulphan was hyperaccumulated in different parts of plant species since 

nanozerovalent iron particles promoted reductive dechlorination of 

endosulphan.  

Bioremediation is emerging as an effective innovative technology for 

treatment of a wide variety of contaminants including pesticides. The 

degradation of organochlorine pesticides was studied using single bacterial 

cultures and mixed cultures which consisted of Delftia tsuruhatensis and 

Bacillus thuringiensis. The mixed bacterial culture was found more efficient 

to completely degrade the test solution of a mixture of organochlorine 

pesticides. Uninoculated test solution was maintained as control in order to 

compare the difference in degradation of mixed organochlorine pesticides. In 

soil experimental studies using mixed culture the complete removal of 
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pesticides (initial concentration : 120±1.56 µg/L) happened within two weeks 

which proved that mixed culture can be utilized effectively for the 

degradation of organochlorine pesticides in contaminated soil. 

Bioremediation of endosulphan was studied with two bacterial species 

Pseudomonas and bacillus isolated from the soil. Pseudomonas fluorescens 

was found effective for removal of endosulphan . Pseudomonas species 

degraded 98.02% ± 0.18% (initial concentration: 119.48 ± 0.53 μg/L) 

endosulphan after 14 days of incubation. Bacillus species could degrade only 

50 ± 0.08% and uninoculated controls retained >50% of the substrate.The 

results of  monitoring of endosulphan residues on the 16th day revealed that 

complete degradation of endosulphan had occurred on bioremediation using 

Pseudomonas species . Since the isolated Pseudomonas fluorescens proved 

effective for degradation of endosulphan, the study was further continued to 

find out the pathway for degradation and also to develop a basic design of a 

bioreactor for remediation of endosulphan. 

The endosulphan-degrading bacterial strain Pseudomonas fluorescens 

was isolated, and degradation of endosulphan by freely suspended and 

calcium-alginate entrapped bacterial cells were investigated in batch as well 

as in packed bed column studies. Freely suspended Pseudomonas fluorescens 

cells (OD/OD0 value of 1.68 at 610 nm) could degrade endosulphan with an 

initial concentration of 350.24±0.83 µg/L efficiently within 12 days, thus 

utilising endosulphan   as the sole carbon and energy source. Degradation of 

endosulphan occurred concomitantly with bacterial growth. The bacteria 

immobilised in Ca-alginate beads in batch shake flask system were tested for 

their ability to degrade endosulphan at different concentrations (350.24±0.83, 

450.39±1.95 and 550.85 ±1.84 µg/L). Almost similar trends of degradation 

efficiencies were shown by the immobilised cells toward different 

concentrations of endosulphan. The complete removal of alpha and beta-



258 

 

isomers of endosulphan at different initial endosulphan concentrations was 

observed between nine and eleven days of the experiment. Additionally, the 

degradation rate in batch reactors with Ca-alginate-immobilised cells also 

derived from a 3-ml cell suspension of 0.72 OD at 610 nm was tested and 

found to be marginally higher than that of free cells. Ca-alginate immobilised 

cells in packed bed reactors operated in a semi-continuous mode could 

degrade toxic alpha and beta-isomers of endosulphan (350.38±1.18 µg/L) 

within 6 days. Thus, the method proved effective for biodegradation of 

endosulphan. The metabolites formed indicated that the degradation of the 

pesticide followed a hydrolytic pathway (Jesitha et al. 2015).Based on the 

study an efficient bioreactor system was developed for the removal of 

endosulphan from water and soil polluted with endosulphan. 

The bioreactors developed using isolated bacterial species 

Pseudomonas fluorescens were found to be highly efficient in the removal of 

toxic pesticide endosulphan from both water and soil matrices. The results on 

remediation of endosulphan in water samples using bioreactor system showed 

that approximately 100 % of toxic isomers of endosulphan (endosulhan alpha 

and endosulphan beta)was removed during the 7th day of experiment(initial 

concentration: 348.21 µg/L). Endosulphan and its metabolites were found to be 

completely removed within twenty days using the bioreactor system. In the 

soil bioreactor system experiments, toxic isomers of endosulphan (alpha and 

beta) were found to be below the detection limit within 10 days (initial 

concentration: 1050.10 µg/Kg). Monitoring of endosulphan residue on the 14th 

day revealed that complete degradation of endosulphan had occurred.  

Extraction and analysis of pesticide residues were carried out following 

standard methods. The standards and selected samples analysed using gas 

chromatograph with electron capture detector (GC- ECD) were also compared 

qualitatively and quantitatively using gas chromatograph with mass 

spectrometer (GC-MS) for confirmation.  
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Among the methods, chemical method helped in the recovery of 

endosulphan within a short time period. Bioremediation and phytoremediation 

proved to be an economical option for the water and soil decontamination. 

The technologies developed can be utilized for the complete removal of many 

organochlorine pesticides from a contaminated area. The surfactant enhanced 

recovery and phytoremediation will help to decontaminate the polluted water 

and soil. The concentrated endosulphan in the surfactants and plants can be 

subjected to photocatalytic degradation in a photoreactor or biodegradation by 

bacterial species using a bio reactor. Thus the different remediation 

techniques developed can support the need for a broad vision to develop and 

implement a plan for monitoring the persistence of pesticide residues and 

address the health care and the right to a safe living environment of the 

society.   
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CHAPTER 12 

SCOPE OF FUTURE WORK 

 

 Remediation of endosulphan was attempted by several biotic and 

abiotic methods. Chemical method helped in the recovery of endosulphan 

within a short time period. Bioremediation and phytoremediation proved to be 

an economical and environmental friendly option for the water and soil 

decontamination. The technologies developed can be utilized for the complete 

removal of many organochlorine  pesticides from a contaminated area. The 

recovered endosulphan in the surfactants and plants can be subjected to 

photocatalytic degradation in a photoreactor or biodegradation by bacterial 

species using a bio reactor. 

Photocatalytic degradation helped in the recovery of endosulphan 

within a short time period. Bioremediation and phytoremediation proved to be 

an economical option for the water and soil decontamination. Nano-

phytoremediation proved to be an effective method for soil decontamination. 

The impact of nano particles to the environment should be further assessed for 

scaling up the technology for application in the field.  The bioreactor 

developed based on the isolated bacterial species Pseudomonas fluorescens 

can also be scaled up for field level applications.  

The technologies developed can be utilized for the complete removal 

of many organochlorine pesticides from contaminated areas. The different 

remediation techniques developed can address the health care and the right to 

a safe living environment of the society.   
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