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Abstract—Lindane (γ-hexachlorocyclohexane) belongs to 

organochlorine pesticides. Organochlorine pesticides including DDT 

and lindane have been used for many years in agriculture, public 

health programmers and cosmetic products. Its persistence in nature 

is an important environment and health concern. New formulated 

pesticides from organophosphates and pyrethroids are gaining 

acceptance in the global market, it becomes imperative that 

strategies be developed to clear the environment off the residues of 

organochlorine pesticides without getting affected by the other 

pesticide classes. We enriched a consortium on non-organochlorine 

pesticide mixture i.e. commercial formulations from local market and 

utilised this consortium for studying the degradation of lindane in a 

synthetic effluent generated in the lab by spiking minimal medium 

with lindane. We found that the consortium could be resolved into 18 

bacterial strains when induced with lindane and was able to degrade 

85% and 75% of 5 ppm and 10 ppm lindane by 5 days of incubation 

respectively. Higher concentrations such as 15 ppm to 30 ppm were 

degraded up to 60% by the end of 5 days. We hypothesise that the 

growth leads to the secretory enzyme production that usually act on 

the residual lindane. This would reduce the chances of our 

consortium becoming a cause of concern as the inoculum might 

gradually die with the reduction in the residual pesticide levels in the 

agricultural land and environment. 

Introduction 

Pesticides are natural or synthetic substances used to eradicate 

and/or controller of pest, insects and unwanted species. These 

could be either a single substance or mixture of various 

substances.  Apart from killing the pests and insects they are 

used as preservative in packed food items and beverages. 

Lindane {Gamma (γ)-hexachlorocyclohexane} belongs to the 

organochlorine pesticide class of the synthetic pesticides. 

Organochlorine is one of the oldest classes of synthetic 

pesticides. Organochlorine pesticides including DDT and 

lindane have been used over many years in agriculture, public 

health programmers and cosmetic products, and few OC’s are 

still used for health program and cosmetic products. Gamma 

isomer of Hexachlorocyclohexane (Lindane; CAS No. 58-89-

9) is one of the major OCPs used by several countries. 

Lindane (γ-HCH) was first synthesized in 1825 by Michael 

Faraday and first time isolate and describe by Teunis van der 

Linden in 1912. According to Safe (1993), 

hexachlorocyclohexane (HCH) consists of eight isomers, 

whereas according to Vijgen (2006) HCH consists of five 

isomers namely α, β, γ, δ and ϵ, while only γ isomer shows 

insecticidal property. The formulation of HCH contains 60-

70% α isomer and 10-12% γ isomer. Alpha isomer do not have 

any insecticidal property, that wise it was dumped into soil 

approximate 6 million tons in many part of World even in 

India (Weber et al., 2008). 

 Lindane and other polychlorinated pesticides were acquired 

into the environment (Simonich and Hites, 1995) and have 

been suspected causative agents for numerous health problems 

including respiratory symptoms (ATSDR, 2005; Ye et al., 

2013). In a research survey in the national capital city of India 

it was observed that at least half of the collected samples of 

buffalo milk harboured lindane above the WHO/FAO 

tolerance limits (Aslam et al., 2013). According to Vankar and 

Sahu (2011) estimated 10.03 ppm lindane residues have been 

detected near the lindane dumping unit from a HCH 

manufacturing unit in the Lucknow city of India. According to 

Agrawal and Shahi (2015) lindane is a causative agent for 

many health problems like respiratory disorders and influence 

on neurotransmitter by affecting the nervous system and many 

organs like liver, kidney etc. due to increased pesticides from 

the environment. With this in view, we tried to enrich the 

bacterial strains from microbial consortium that is tolerate to 

the combination of organophosphate and pyrethoids pesticides 

and studied its effectiveness towards lindane degradation in 

the laboratory. 
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Materials and methodology 

Chemicals: Lindane (98% purity) was procured from Sigma - 

Aldrich, USA. Commercial formulations of mixed pesticides 

(pyrethroids and organophosphates) were procured from Azad 

Market, Delhi and Saharanpur, Utter Pradesh, India. Nutrient 

broth and agar, were purchased from Hi-Media Lab Private 

Limited, India. Other chemicals like o-tolidine was used in 

this study were of standard manufacturers and purchased from 

authorized vendors. 

Solvents: Acetone, cyclohexane, n-hexane, dichloromethane, 

N, N’- dimethylformamide, ethanol, hydrochloric acid, amyl 

alcohol, glacial acetic acid, immersion oil, Glycerol. All other 

analytical reagents were HPLC and GC grade. These solvents 

were procured from authorized vendors as per Institution.  

Glassware and plasticwares: Petridishs, conical flask, 

volumetric flask, separatory funnel, measuring cylinders, 

beakers, pipettes, test tubes, and others were manufacturers 

Borosil and Tarson brand and procured from authorized 

vendors.   

Culture medium: LB and NA medium were used for bacterial 

growth and minimal medium (M4) was used for lindane 

degradation study. pH (7±0.2) of cultures medium were 

adjusted with help of 1N HCL and 1N NaOH.  

Sterilization: Culture and minimal medium, distilled water, 

petri-plates and other glasswares were disinfected by 

autoclaving at 121oC (115 lb psi) for 20 to 30 minutes, 

depending on volume and size of materials. Plastic wares were 

cleaned with 70% ethanol before use. After autoclave prior to 

their use all culture tools except bacterial culture and distilled 

water, tissue paper, micro-tips spite lamp, etc., were exposed 

to ultraviolet light in a laminar flow cabinet for 30 minutes. 

The exterior of laminar air flow and fingers of hands were 

sanitized with 70% ethanol before the starting the experiment. 

Collection and preparation of sample: Following steps 

were involved for sample preparation. 

 Water sample collected from contaminated sites and 

sludge. 

 Samples thoroughly mixed and filtered through 

Whatmann No.1 Filter paper 

 Added incremental amounts of pesticide mix (commercial 

formulations) periodically. 

Enrichment of the microbial population: The enrichment 

technique was developed according to Kumar et al (2016) with 

minor modifications. The sewage sludge filtrate was incubated 

at room temperature (R.T. = 25-30 
o
C) for 9 months with 

addition of gradual increasing pesticide concentrations to it at 

regular intervals. This was done by initially adding 1/10 NB 

media and 2 ppm each of commercial formulations of various 

pesticides (organophosphates and pyrethroids but not 

organochlorine) and then increasing the pesticide 

concentrations gradually to 100 ppm by the end of 9th month. 

As per table No. 1 mixture of commercial formulations further 

diluted with autoclaved distilled water. 

Table 1: Pesticides used for enrichment of bacterial consortium 

from commercial formulations. 

Sl. 

No. 
Pesticides 

% 

(EC) 
Dilution 

Volume 

used 

1 Chloropyriphos 20% 
100ml 

>1000ml 
10 ml 

2 
Profenofos & 

Cypermethrin 

40% 

4% 

50ml > 

1000ml 
40 ml 

3 
Deltamethrin & 

Triazophos 

1% 

35% 

50ml > 

1000ml 
30 ml 

4 
Lambda- 

Cyhalothrin 
5% 

100ml > 

1000ml 
10 ml 

5 Dichlorvos 76% 
10ml > 

1000ml 
8 ml 

6 Cypermethrin 25% 
100ml > 

1000ml 
12 ml 

 

Screening for lindane degraders: The cultures thus enriched 

were then isolated at regular intervals for viability of bacterial 

strains and screened for their potential to degrade lindane. 

Screening process was performed by two methods, first 

various concentration (5ppm to 30ppm) of lindane added into 

M4 agar medium and observed the growth of bacterial strains 

after 24 hours. In second method bacterial strains from 

enriched consortium were cultured in nutrient agar plates by 

streaking without added any concentration of lindane. Dense 

growth of bacterial strains were observed into nutrient agar 

plates within 24 hours. Lindane (0.5% in acetone) were 

sprayed all over the culture plates under aseptic conditions. 

After evaporation of acetone a thin film of lindane was found 

in culture plates. Few bacterial strains were tolerate and 

consumed this lindane film and the zone of partial clearance 

were observed after 48 hours and completely clearance after 

144 hours of incubation. These positive bacterial strains were 

isolated and purified for further investigation of lindane 

degradation. 

Inoculum: The consortium was inoculated to nutrient broth 

and nutrient agar, and incubated at 25-30 
o
C for 24 hours.  5 

ppm of lindane was supplementary for acclimatization of 

culture and was incubated further for 72 hour at 25-30 
o
C. 

Incubated culture was harvested by centrifugation, washed two 

times in minimal medium and further induced with 5 ppm 

lindane in minimal medium for 72 h at 25-30 
o
C. This induced 

culture was harvested by centrifugation, washed again two 

times in minimal medium and was used as inoculum for 

degradation studies. The concentration of inoculum was 

optimized by UV-Vis Spectrophotometer at 600 nm. 

Lindane degradation by the consortium: The mixed 

population obtained as enriched culture from the 9 month 

enrichment was screened for lindane degradation in broth. 5 
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ml minimal medium was placed in test tubes and autoclaved 

for 20 minutes at 121 
o
C. After cooling to 25-30 

o
C, lindane 

(as dimethylformamide solution) was added to the medium to 

a final concentration of 5 ppm through 30 ppm separately in 

triplicate sets. The induced consortium was inoculated at 0.01 

OD600, mixed well and incubated at 25-30 
o
C for various 

time periods. Whole tube samples (in triplicates) were 

collected at the pre- determined periods for estimating growth 

and residual lindane. Growth was estimated by reading 

OD600 against the minimal medium and residual lindane was 

estimated after extraction and performing thin layer 

chromatography. Tubes with minimal medium and lindane 

were taken as controls for each concentration and each 

incubation period. 

Extraction of residual lindane: Residual lindane was 

extracted twice using various organic solvent in glass 

separating funnel. Experimental samples were terminated by 

adding few drops of concentrated HCl at various interval (0 

hour to 144 hour) of every 24 hours. Acidification process was 

helpful to stop the growth and metabolic reactions in sample. 

Acidified samples were used for extraction of lindane with 

equal volume of various organic solvent in glass separating 

funnel. Maximum concentration of lindane was extracted by 

dichloromethane solvent. The solution of dichloromethane and 

lindane were separated with funnel having anhydrous sodium 

sulphate in filter paper. The organic solutions were filtered 

into glass test tube and after evaporating the organic solvent, 

the dry content of lindane were dissolved in acetone twice. 

Acetone solutions were transferred to 1.5 ml micro-centrifuge 

tube. Dry sample having residues of lindane was dissolved in 

0.1 ml of acetone just before analysis of degradation by TLC.  

Silica thin layer chromatography: The residues of lindane 

was detected by using thin layer chromatography on G silica 

gel coated plates. The 10 x 10 cm2 and 20 x 20 cm2 plates 

were arranged on TLC platform by a spreader using silica gel. 

The thickness of coated plates were 0.25 mm and uniform 

layer. The coated plates were activated at 120 
o
C for 1 hour. A 

fixed volume (0.1 ml) of the extracted lindane was loaded on 

the activated plates.  Various combination of organic solvents 

were used as mobile phase. Cyclohexane: n-hexane (4:1) 

solvent system was significant solvent as mobile phase. When 

solvent front reached around 2/3 height of the plate the loaded 

plates were removed from chromatography chamber and 

allowed to dry.  The plates were sprayed with a solution of 2% 

o-tolidine (in acetone) was sprayed to detect the lindane spots, 

these spots intensity were observed in bright or sunlight. The 

intensity of spots were observed and calculated the spot area. 

The range of known amounts of lindane were spotted on TLC 

plate for preparing the standards curve. This standards curve 

was used as a reference curve. 

 

 

Conditions of gas chromatography: 

The residues lindane was determined and quantified by gas 

chromatography (Shimadzu AQC - 2010). Conditions for gas 

chromatography were following. 

 Column Name: Rxi-SilMS with internal diameter of 0.25 

mm 

 Temperature 260 ˚C, pressure 15.6 kPa  

 Total Flow: 16.3 mL/min 

 Column Flow: 1.21 mL/min 

 Detector: Flame Ionization Detector 

 Gas: He 

 Solvent for sample: Acetone 

 Injection volume: 2μL 

 The retention time of lindane was 13.097 min.  

Results and Discussion 

Enriched population by the mixed commercial formulation 

of pesticides: The mixed population that got enrichment till 9 

months with regularly increase the concentrations (2ppm to 

100 ppm) of commercial formulated pesticides (without 

organochlorine).  In bacterial consortium consisted of various 

colour colonies on NA medium in petri plates, which were 

morphologically different. These were further isolated and 

purified by frequently streaking and preserved on nutrient agar 

medium with 2ppm to 10ppm mixture of non organochlorine 

pesticides. Morphologically 18 bacterial strain were 

reconstitute in equal sizes with help of spectrophotometer. 

This consortium having 18 bacterial strain was used for the 

present study of lindane degradation. 

 

Figs 1 Plates during enrichment by mixed pesticides 

(After: A = 24H; B = 1M; C = 3M; D = 6M, and 9 Months). 

Purification and screening of the lindane degrading 

bacterial strains:  The screening process was performed on 

agar plate. Bacterial isolates in the plates are those with 48 h 

incubation with the lindane layer sprayed over them (Fig. 2). 

18 cultures were degraded the lindane film and made a zone of 

clearance the lindane film. Thus these bacterial isolates have 
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the potency for lindane degradation. The reconstituted 

consortium of bacterial isolates was induced in the laboratory 

with 2ppm, 5ppm and 10ppm lindane for 3 cycles in broth and 

then considered for further studies on lindane degradation. 

Similar study also done by Bidlan and Manonmani (2002) via 

three Pseudomonas strains and Serratia marcescens DT- 1P 

for DDT degradation. According to Pannu and Kumar, 2014 

nine bacterial strains were capable to degradating lindane film 

within 7 days of inoculation, out of 9 bacterial strains only 3 

bacterial strains were survived in the presence of 100 ppm 

lindane. Effect of cadmium and other toxic supplement were 

study by Kumar et al., 2010 and other workers respectively. 

 
Fig. 2 Bacteria capable of lindane degradation from the enriched 

consortium after purification. 

Lindane degradation by the reconstituted consortium 

Reconstituted consortium obtained in the laboratory after nine 

months of enrichment of the native population from the 

sewage studied for the degradation of different concentrations 

of lindane (5 ppm through 30 ppm) in 144 h incubation under 

stationary conditions at 25-30 
o
C showed degradation between 

60% - 85% (Fig. 3).  

 
Fig. 3 Potential bacterial strains for degrading lindane 

We found that the consortium could be resolved into 18 

bacterial strains when induced with lindane and was able to 

degrade 85% and 75% of 5 ppm and 10 ppm lindane by 5 days 

of incubation respectively. Higher concentrations such as 15 

ppm to 30 ppm were degraded up to 60% by the end of 6 days. 

The zig-zag pattern of growth for each concentration is 

depicted in Fig. 15 to 20. One common trend observed was the 

initial increase in biomass in all concentrations of lindane 

considered for the study up to 36 h except for 30 ppm, where 

the growth increased till first 48 h. Hence, the other sets of 

experiments were conducted with inoculum size of culture 

OD600 = 0.020 to 0.035. The lower concentration of 5 ppm 

was readily taken up by the consortium and around 60% of the 

available lindane disappeared in the first 3 h while the next 

immediate concentration of 10 ppm took 18 h to degrade the 

same percentage of the supplied lindane. Jilani (2013) also 

observed same type of research work. Some organic 

compounds and pesticides were used for enrichment of 

microbial consortium and various bacterial strains is done by 

Manonmani et al., 2000; Bidlan, 2003; Bidlan et al., 2004 and 

Nagpal & Paknikar, 2006 and Murthy & Manonmani, 2007. 

Eschericia coli was obtained from rat faeces for lindane 

degradation studies by Francis et al. (1975) that 10% 

degradation  of the supplementary 0.04% lindane, when 

enrichment of sewage and soil could not yield any promising 

strain. Our methodology was to acclimatize that could be 

helpful in the present and future situation, because most of the 

countries of world were used and in present time applying the 

commercial formulations of pyrethroids and organophosphates 

as a substitute of organochlorine pesticides like DDT and 

lindane. Similar type of study were performed by various 

groups of researcher like Slotkin and Seidler (2009), Kamel et 

al., 2012; while David et al. (2014) demonstrated various 

harmful effect of organophosphates. We required to develop 

microbial population that is tolerant and degradation to the 

present or future higher concentrations of various 

organochlorine and non- organochlorine pesticides in the 

environmental samples. 

 
Fig. 4 TLC plate for estimating of different concentrations of 

lindane (5 ppm to 30 ppm) at 0 hour. 

 
Fig. 5 TLC plate for estimating of different concentrations of 

lindane (5 ppm to 30 ppm) at 24 hour. 
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Fig. 6 TLC plate for estimating of different concentrations of 

lindane (5 ppm to 30 ppm) at 96 hour. 

 
Fig. 7 TLC plate for estimating of different concentrations of 

lindane (5 ppm to 30 ppm) at 144 hours. 

 
Figs: 8 GC standard lindane chromatogram. 

 
Figs: 9 GC chromatogram for degradation of 30 ppm lindane at 6 

hour. 

 
Figs: 10 GC chromatogram for degradation of 30 ppm lindane at 

12 hour. 

 
Figs: 11 GC chromatogram for degradation of 30 ppm lindane at 

24 hour. 

 
Figs: 12 GC chromatogram for degradation of 30 ppm lindane at 

48 hour  

 
Figs: 13 GC chromatogram for degradation of 30 ppm lindane at 

96 hour 

 
Figs: 14 GC chromatogram for degradation of 30 ppm lindane at 

144 hour. 

 

 
Figs 15: Bacterial growth versus degradation, 5ppm initial 

concentration of lindane 
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Figs 16: Bacterial growth versus degradation, 10ppm initial 

concentration of lindane 

 
Figs 17: Bacterial growth versus degradation, 15ppm initial 

concentration of lindane 

 
Figs 18: Bacterial growth versus degradation, 20ppm initial 

concentration of lindane 

 
Figs 19: Bacterial growth versus degradation, 25ppm initial 

concentration of lindane 

 
Figs 20: Bacterial growth versus degradation, 5ppm to 30ppm 

initial concentration of lindane 

Conclusion 

Microbial degradation is the safe approach and cost effective 

and that can be established and adapted for improving the 

environmental condition by remediating lindane 

contamination. We enriched a microbial consortium (bacterial 

population) consisting of morphologically 18 distinct bacteria 

using commercial formulations (pyrethroids and 

organophosphates) and mixture but without organochlorine. 

Our bacterial consortium facilitated 85% to 60 % degradation 

of 5ppm to 30ppm lindane within 5 days. In our study first 

time reported that bacterial population gradually completely 

enriched on the mixtures of commercial formulations 

pesticides. In this study bacterial population from the enriched 

consortium had the potency to degrade these new pesticides, 

because we were enriched by the mixture of pesticides from 

two group and degradation of pesticides from third group. The 

present research work and strategies are helpful in saving the 

environmental from toxic substances for the future generations 
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