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ABSTRACT
Lindane had been widely usedin agriculture, public health projects to control pests and in cosmetics industry.
Mixed commercial formulated pesticides like organophosphates and pyrethroids aregainingacceptancein
theglobal market. The extreme use of pesticides has generated numerous environmental problems leading to
disturbance in biogeochemical cycles and ecosystem. It becomes imperative to develop strategies that clear off
the environment residues theresidues of organochlorines, organophosphates and pyrethroidspesticides. Soil
microflora is the basic and major eco-friendly agent for minimization of these pesticides. Weenricheda
consortiumon mixed commercial formulations of organophosphates and pyrethroids, followed by
acclimatization by lindane (isomer of organochlorine pesticide hexachlorocyclohexane). During screening, only
four bacterial strains survived in nutrient broth induced with 10 ppm lindane. However, 18 bacterial strains able
to degraded a thin film of lindane (0.6%) on nutrient agar plate. The four bacterial strains viz. SRJ1, SRJ2,
SRJ3 and SRJ4 were used for morphological, biochemical testing and antibiotic susceptibility for identification.
These four strains may be constituted into a defined microbial consortium and applied to the pesticidecontaminated sites for efficient treatment.
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I. INTRODUCTION
Gamma-hexachlorocyclohexane (γ-HCH) commonly known as lindane has been broadly used in agriculture in
the last decades due to insecticidal properties. It is also used for public health and medical purposes in the past
and in present [1]. Few isomers of HCH don’t have insecticidal properties, consequently dumped as waste and
its accumulation causes many environmental problems [2]. AccordingtoWeber et al [3] an estimate6 million
tons of various isomers of HCH havebeen dumped all over world. Due to the extensive worldwide use, this
isomer of HCH has been detected in environmental samples. HCH andDDT were used in the last 30years of their
ban and residues of these pesticides existed in the environment of China [4]. Tech-HCH has been shown totoxic
affect the seeds germination, growth and reduce the length of seedling[5]. Lindane is a neurotoxin that affects
the nervous system and other organs [6]. Due to the toxicity and persistence in nature of γ-HCH, contaminated
sites with this compound has been targeted for remediation. A lot of information is available on the
biodegradation of γ-HCH and other isomers of HCH using pure and mixed bacterial cultures [7-9]. This study
summarizes the isolation ofγ-HCH degrading bacterial strains which were enriched by organophosphates and
pyrethroids mixed commercial formulations pesticides. In our laboratory, we tried to grow the best bacterial
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strains capable of degrading more than one type of pesticide. Main objective of this study is to isolate potential
strain from enriched on multiple pesticides and morphological, biochemical testing and antibiotic sensitivity for
identification. The outcome of this work may be applied to contaminated sites with a similar load of pesticides,
because mostly commercial formulations of pesticides are directly used on site by farmers and common people.
Such strategies can be helpful in cleaning our environment, leading to better health of plants and animals in the
ecosystem.

II. MATERIALS ANDMETHODS
2.1 Chemicals and media
Lindane(97% purity)was purchased from Sigma-Aldrich Company (USA).Commercial formulations of
organophosphates and pyrethroids (Chloropyriphos, Profenofos, Cypermethrin, Deltamethrin, Triazophos,
Lambda- Cyhalothrin, Dichlorvos, Cypermethrin) pesticides were obtained from Hindustan Pulverising Mills
(HPM) Chemicals & Fertilizers Limited, insecticide India Ltd and Bharat Insecticides Ltd, India. Nutrient agar,
antibiotic disks and nutrient broth were from HiMedia Lab Pvt Ltd and Titan Biotech Ltd respectively. All other
chemicals used for the biochemical tests were ofanalyticalgrade and from standard company. Thenutrient
broth/agar media and mediafor the biochemical tests were prepared accordingtoBidlan [10].

2.2 Enrichment, isolation and screening of bacterial strains
The enrichment technique was developed according to Kumar et al [11] with slight improvements that is first
enriched with mixed commercial formulations of organophosphates and pyrethroids followed by pure isomer of
organochlorine i.e., γ-HCH. These cultures were gradually acclimated to increasing concentrations of above
commercial formulations pesticides. The pure cultures isolated from the enriched consortium by repeated
streaking were further streaked for dense growth onto nutrient agar plates and allowed to grow for 24 h. These
culture plates were then sprayed with 0.6% lindane (in acetone) under aseptic conditions. The acetone was
allowed to evaporate leaving a thin lindane film behind. The plates were incubated for another 48 hatroom
o

temperature(RT, 25-30 C). and observed for the zone of clearance in the lindane film due to degradation by the
respective cultures. The 18 positive cultures were further screened in nutrient broth as well as on nutrient agar
plate supplemented with 10 ppm lindane (Fig. 2).

2.3 Culture and inoculum
Four pure bacterial isolates SRJ1, SRJ2, SRJ3 and SRJ4 were used in this study. These pure cultures
wereinoculated tonutrient broth and incubated for 24 h at room temperature. Fresh24 h old cultures were used
o
asinoculum for morphological and biochemical tests. Rest of the inoculum was maintained at 4 C till further
use. Each culture was checked for purity before carrying out the morphological and biochemical tests by
plating on the nutrient agar plates. Only the pure cultures were, later, mixed together to get the defined
consortium.

2.4 Morphological and biochemical behavior of bacterial strains
Morphological study including cell shape, cell arrangement and gram staining was done with the help of
light microscope. For biochemical behavior of cultures, many tests such as catalase, nitrate reduction, indole

700 | P a g e

test, H2S production, citrate utilization test, starch hydrolysis and gelatin hydrolysis were performed using
the standard protocols [10].

2.5 Antibiotic sensitivity
Seven antibiotics were used Kanamycin (5 og/disc; K-5), Norfloxacin (5 og/disc; Nx-5), Streptomycin (10
o

g/disc; S-10), Rifampicin (5 og/disc; Rif-5), Penicillin-G (10 og/disc; P-10), Cefixime (5 og/disc; Cfm-5) and

Nalidixic acid (30 og/disc; Na-30). These antibiotic disks were placed on the surface ofnutrient agar which
has already been inoculated overnight with pure bacterial strain (Fig. 3).

III. RESULTS AND DISCUSSION
3.1 Enrichment, screening of the individual isolates
The mixed population that got enriched with a gradual increase in concentrations of non-organochlorine
pesticide mixture consisted of many morphologically distinct colonies on nutrient agar plates (Fig. 1).The agar
plate screening reveals that some of the individual isolates of the consortium enriched on non- organochlorine
pesticide could degrade lindane provided as a thin film.These bacterial strains were incubated for 48h and
lindane solution was sprayed on the three pure strains grown in one culture plate(Fig. 2). This was an indication
that 18 cultures showed clearance of lindane film, they have potency for degrading lindane. Further these 18
bacterial strains were grown in nutrient agar plate in presence of 10 ppm lindane as well as in nutrient broth
using 10 ppm lindane as a carbon source. Only four bacterial strains survived in presence of 10 ppm lindne
innutrient broth. These four distinctbacterial strains were maintained on minimal agar media augmented with
1/10 NB and 10 ppm lindane for future studies.
Acclimation of the consortium for DDT degradation by Bidlan and Manonmani [12] also resulted in the ultimate
survival of four strains comprising Serratia marcescens DT- 1P and other three Pseudomonas strains. Pannu and
Kumar [9] isolated 78 strains out of which only 9 strains could clear the lindane film after 7 days of incubation
and only 3 strains RP-1, RP-3and RP-9 were able to withstand 100 ppm of this insecticide. The other strains
were able to tolerate lindane concentrations from 20-60 ppm. Similar observations with limiting cadmium were
described by Kumar et al. [13].

Fig. 1:Mixed populations from culture flask after enriched by multiple pesticides.
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Fig. 2:Bacteria capable of lindane degradation from mixed populationenriched
by multiple pesticides.

3.2 Morphological and biochemical behavior of bacterial strains
Morphology including cell shape, cell arrangement and Gram staining were done with the help of a light
microscope. For biochemical behavior, many tests such as catalase, nitrate reduction, indole test, H2S
production, citrate utilization test, starch hydrolysis and gelatin hydrolysis were carried out. Response of
cultures can be observed in Table 1.

Table 1:Biochemical testing (triplicate) of four isolates SRJ1, SRJ2, SRJ3 andSRJ4
Bacterial strains
S.No.

Test

SRJ1

SRJ2

SRJ3

SRJ4

Rods

Cocci

Short rods

Cocci

1

Shape

2

Motile (Aerobic)

Non- Motile

Non- Motile

Motile

Non- Motile

3

Motile (Anabolic)

Non- Motile

Non- Motile

Motile

Non- Motile

4

Gram staining

+

+

+

+

+

+

+

+

+

-

-

-

5

Catalase

-

-

-

+

+

+

+

+

+

+

+

+

6

Nitrate Reduction

+

+

+

+

+

+

+

+

+

+

+

+

7

Indole Test

-

-

-

-

-

-

-

-

-

-

-

-

8

H2S Production

-

-

-

-

-

-

-

-

-

+

+

+

9

Citrate utilization Test

-

-

-

-

-

-

-

-

-

-

-

-

10

Starch hydrolysis

-

-

-

-

-

-

+

+

+

-

-

-

11

Gelatin hydrolysis

+

+

+

+

+

+

+

+

+

+

+

+
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3.3Antibiotic sensitivity of bacterial strains
The diameters of the zone of inhibition are shown in Fig 3. During the incubation period, the
antibiotics/chemicals diffuse outward from the disks into the agar. This will create a concentration gradient
in the agar which depends on the solubility of the chemical and its molecular size. The absence of growth of
the organism around the antibiotic disks indicates that the respected organism is susceptible to that antibiotic
and the presence of growth around the antibiotic disk indicates the organism is resistant to that particular
antibiotic. This area of no growth around the disk is known as a zone of inhibition, which is uniformly
circular with a confluent lawn of growth in the media. The diameters of the zone of inhibition are measured
including disk using a scale (Table 2).

Fig. 3: Antibiotic sensitivity. The test was conducted using antibiotic-impregnated discs placed over
the culture spread on nutrient agar and incubating for 18 h at R.T.

Table 2:Antibiotic sensitivity of four isolates SRJ1, SRJ2, SRJ3 and SRJ4

SRJ1

SRJ2

SRJ3

SRJ4

Sensitivity

Radius(mm)

Sensitivity

Radius(mm)

Sensitivity

Radius(mm)

Sensitivity

Radius(mm)

K-5

+

11

+

6

-

-

+

5

Nx-5

+

14

+

17

+

16

+

16

S-10

+

15

+

13

+

8

+

13

Rif-5

+

10

+

9

+

14

+

6

P-10

-

-

-

-

-

-

-

-

Cfm-5

-

-

+

10

-

-

-

-

Na-30

+

11

+

10

+

15

+

9

Enrichment process was succeededwith thesame compound [5, 9, 10, 14, 15, 16, 17]orthe correspondents of the
compound [18, 19] that needs to be acclimatization and degraded bythemicrobes. Many microbes were present
in environment that naturally degrade toxic substance, such as Eschericiacoliwas obtained from animalsfaeces
which degraded 10%of the added 0.04%lindane,whenenrichment of soil and sewage could notyield
anypromisingstrain [20].
In our study, it was observed that there was utilization of organophosphatesand pyrethroids as a carbon source
during enrichment process. Similar study was done by Siddique et al [21] where 3 bacterial strains exhibited
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almost equal capability to utilize endosulfan as a sole carbon source. Morphological and biochemical tests are
helpful for identification of bacterial strains. From health point of view antibiotic resistance/ susceptibility is a
very important parameter. Here we used 7 antibiotics with different concentrations like 5 og/disc, 10 og/disc and
30 og/disc, while Naphadeet al [22] used 15 different antibiotics and Kumariet al [23] applied two different
antibiotics with different levels, like 10 og/ml to 50 og/ml.

IV. CONCLUSION
Thefact that our four bacterial strains may be constituted into a defined microbial consortium that could
degrade different commercial formulations of pesticides.The consortium is best suited for application in the
contaminated water bodies. The microbial components of the consortium, namely SRJ1, SRJ2, SRJ3 and
SRJ4 can also be exploited for various bioremediation processes where their individual capabilities can be
explored before application. The avenues are still open for a better combinatorial bioremediation strategy
to clean our environmentforthe upcominggenerations.
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