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ABSTRACT

INTRODUCTION

Endosulfan (6,7,8,9,10,10-hexachloro-1,5,5a,6,9,9a-
hexahydro-6,9-methano-2,3,4-benzo-dioxathiepin-3-oxide),
an organochlorineinsecticide and acaricide, isused for con-
trolling different insect pests of vegetables and fruit crops.
It isamixture of two stereoisomers, aphaand betaendosulfan
intheratio of 70:30. Theformer ismorevolatile and thought
to be more toxic (Goebel 1982, Siddique et al. 2003a). It is
extremely toxic to humans, animals and aguatic organisms
and itsresidues are detected in air, water and soil environ-
ments, which gain entry during its usage and manufacture.
It is highly hydrophobic and persists in the soil for more
than 6 months (Rao & Murthy 1980).

Organic pollutants like endosulfan can serve either as
carbon source (Guerin 1999) or sul phur source (Awasthi et
al. 1997) for micraobial growth. Microorganismsbeing apo-
tential source of xenaobiotic degrading enzyme (Chen &
Mulchandani 1998), have been extensively used for the de-
toxification of endosulfan. Some microbia enzymesare pe-
cificto oneisomer or catalyse both the isomers at different
rates (Kwon et al. 2005). Severa studies have been carried
out on the isolation of fungi (Shetty et al. 2000, Katayama
& Matsumura1993) and bacteria (Miles& Moy 1979, Suth-
erland et al. 2000) capable of degrading endosulfan.
Endosulfan produces endosulfan sulphate, a toxic product
through oxidative pathway (Martens 1976) and endosulfan
diol, anon toxic product through hydrolysis pathway. Mi-
crobial degradation depends not only on the presence of ap-
propriate degradative enzymes, but also on awide range of
environmental parameters (Hussain et al. 2007, Kumar &

In the present study an attempt has been made to enrich and isolate bacterial species capable of degrading
endosulfan isomers from different soil habitats. The two potent isolates showed about 51% endosulfan
degradation during first eight days of incubation. However, the degradation reached between 63-82% after
16 days of incubation. Further, the degradation of the insecticide increased concomitantly with the growth of
the bacteria at pH 8.0 and at 30°C. The results suggest that these novel strains could be used as potent
agents for biodegradation of endosulfan pesticides.

Philip 2006). The present study describesthe isolation and
characterization of bacterial isolates capable of degrading
endosulfan.

MATERIALS AND METHODS

Study area: A Chemical farm (CF) of about 6 acres near
Bangalore (India), with mango cultivation was selected. Pes-
ticideslike endosulfan (35% EC) was used in thisland since
10 years and sprayed twice a year to control leaf miners,
thripsand caterpillars.

Enrichment and isolation: About 15 g of soil sample was
transferred to an Erlenmeyer flask containing nutrient me-
diaand kept onarotary shaker maintained at 150 rpm and at
30°Cfor 12 hours. The solid particleswereallowed to settle
downfor 1 hour and the supernatant was collected. One mL
of the supernatant was inoculated into a flask spiked with
endosulfan (technical grade, SigmaAldrich, USA) and con-
taining freshly prepared nutrient mediaand kept for incuba-
tion at 30°C for 15 days. Further, ImL of the sample was
reinoculated into a fresh flask. This enrichment process
(Fig. 1) was carried out thrice and 0.1mL of the enriched
broth wastransferred to Petri plate containing nutrient me-
dium with agar and endosulfan. The nutrient medium used
was the nonsulphur medium consisted of (g/L): KH,PO,,
0.225; K,HPO,, 0.225; NH,Cl, 0.225; MgCl..6H,0, 0.845;
CaCO,, 0.005; FeCl,.4H,0, 0.005; D-glucose, 1.0; and I mL
of trace element solution per litre. The trace element solu-
tion prepared for the nonsul phur medium contained (mg/L):
MnCl,.4H,0, 198; ZnCl,, 136; CuCl,.2H,0. 171,
Cod,.6H,0, 24; and NiCl,.6H,0, 24 (Sddique et al. 2003).
The pH was adjusted to 8.0.
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Fig. 1: Flasks showing enrichment of cultures.

Screening and identification of bacteria: Screening of the
bacterial isolates was carried out to identify the potential
endosulfan degraders wherein each of the bacterial isolate
was treated with different concentrations of endosulfan
spiked into Petri plates containing nutrient agar medium and
incubated at 28°C for 24 hrs.

Endosulfan Biodegradation

Cultureof bacterial isolateswith endosulfan: The bacte-
rial strainsisolated by enrichment technique on nonsul phur
medium containing endosulfan asa sole sul phur sourcewere
used for biodegradation sudy. Erlenmeyer flask containing
nonsul phur media adjusted to pH 8.0, was autoclaved at
121°Cfor 15 minutes. After cooling to approximately 50°C,
endosulfan dissolved in acetone was spiked to theflask to a
final concentration of 50mg/L . The flaskswere then inocu-
lated with 800pL of the two bacterial isolates (OD,,, = 0.9)
separately and incubated at 30°C on an orbital shaker at
150rpm. Preparation of inoculum was carried out from late
log phase cellsthat were harvested by centrifugation for 10
min at 5000 rpm. Uninocul ated control swere al o maintai ned
to check abi otic degradation under the same conditions. The
experiment was carried out intriplicate.

Extraction and analysisof endosulfan resdues: Endosulfan
was extracted by adding equal volume of n-hexane with 30
mL broth culture and shaken vigoroudy to separate the wa-
ter and hexane layer that containsendosulfan. 1t waswashed
thrice and the extract was collected separately. The hexane
layer collected was dehydrated by passing through anhydrous
Na, SO, and concentrated to dryness using rotary evapora-
tor. Finally, thevolumewas made upto5 mL using n-hexane.

Theextract containing the endosulfan was analysed with
agas chromatograph (Agilent GC-6890N series) equipped
with auto injector (7683b) and a DB-MS capillary column
(internal diameter, 0.25mm,; film thickness, 0.25 um). The
injector was operated at 290°C and detector wasoperated at
320°C. Theinitial oventemperaturewas60°C and it was set
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Fig. 2: Bacterial strainsisolated from soil for endosulfan degradation.

for alinear increase of 4°C/min to attain the final tempera-
ture of 320°C. Carrier gas (nitrogen) was maintained at a
flow rate of 1.0 mL/min and the make up gasat aflow rate
of 50mL/min.

RESULTS

Enrichment and isolation: Four visibly distinct colonies
were isolated and pure cultures were obtained by repeated
subculturing. One set wasmaintained asstock and the other
set was used for further study.

Screening and identification of bacteria: Two bacterial
isolates (Fig. 2) were selected based ontheir growth at highest
concentration of endosulfan. Thebacterial isolatesexhibiting
maximum biodegradation of endosulfan pesticide were
preliminarily identified according to the key of Bergey’s
Manual of Determinative Bacteriology (Kreig & Holt 1984)
through staining and biochemical tests. Both the strainswere
Gram positive short rodsin chainstypical of Bacillusspecies.

Endosulfan degradation by bacterial isolates: Substan-
tial degradation of endosulfan was observed by theisolated
cultures, which were analysed by GC after 16 daysof incu-
bation. During thefirst seven daysof incubation, the degra-
dation of endosulfan was about 51% by both the bacterial
isolates, which increased to about 60-82% after 16 days of
incubation (Table 1).

Bacterial density: The bacterial density was assessed by

Table 1: Biodegradation of endosulfan by bacterial isolates.

Bacterial Isolates %Degradation of Endosulfan

8 days 16 days
Uninoculated control 53+03 85+03
Bacterial isolate 1 49.0+0.6 81.0+ 0.6
Bacterial isolate 2 50.0+ 0.6 63.0+ 0.6
F vaue 2536*** 5700% **

Note: + Standard error; F value followed by one way analysis of variance
at ***P < 0.001
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Fig. 3: Changesin the optical density of the culture broth of
the bacterial isolates.

recording the changes in the optical density of the culture
medium. It was observed that the OD increased proportion-
ately with theincreased growth of the bacteria after 16 days
incubation. Further, B1isolate showed highest OD compared
toB2isolate (Fig. 3).

Changesinthe pH: The pH of the culture broth wasfound
to be reduced to 3.8 and 5.16 from 8.0 by B1 and B2 iso-
lates, respectively after 16 days of incubation when com-
pared with the 7.47 in uninocul ated control (Fig. 4).

DISCUSSION

The present study describes enrichment and i sol ation of mi-
crobial strains capable of degrading endosulfan. Enrichment
wascarried out by the addition of endosulfan asa sole source
of sulphur to the minimal medium containing endosulfan
contaminated soil. Kumar & Philip (2006) have successfully
enriched and isolated bacterial isolates using endosulfan as
asource of energy, which were further used for the degrada-
tion of endosulfan with both mixed and pure cultures. Inour
study endosulfan was used as a sole sulphur sourceto find
out the degradation rate of endosulfan.

A significant difference was observed in the biodegra-
dation of endosulfan among the control and bacterial iso-
lates. The bacterial isolatesefficiently degraded endosulfan
isomersin the range of 60- 82% after 16 days of incubation,
which are higher than the earlier reports, by bacterial iso-
latesutilizing endosul fan either as sul phur source or carbon
source (Sutherland et al. 2002a, Awasthi et al. 1997,
Shivaramaiah & Kennedy 2006). This might be attributed
tothe efficient enzymatic system responsible for endosulfan
degradation.

In the broth inoculated with B1 and B2 isolates, the pH
decreased from 8.0 to 3.82 and 5.16 respectively at the end
of theincubation proportionately with the progressive deg-
radation of endosulfan i.e., higher degradation resulted in
lower pH and viceversa. Thedecreasein pH could be dueto
dehal ogenation of endosulfan and subsequent production of
organic acids which are in accordance with the earlier re-
ports (Kwon et al. 2002, Awasthi et al. 2003, Hussain et al.
2007). They interpreted that the decrease in pH may be due
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Fig. 4: Changesin the pH of the culture broth of the bacterial isolates.

to theformation of HCI and/or organic acids by the microbes.
After the incubation period of 16 days B1 and B2 showed
the OD value between 0.78 and 0.532 respectively at pH 8.0
and at 30°C. Sutherland et d. (2000) and Awasthi et al. (1997)
also observed asubstantial disappearance of endosulfanwith
asimultaneousincrease in bacterial biomass.

In the control, about 15-20% disappearance of the
substrate was observed after incubation for 16 days, which
indicatesthat the natural processof degradation of endosulfan
isvery negligible. Further, endosulfan sulphate, the oxida-
tion product and a persistent metabolite of endosulfan, was
not detected in the broth during the study.

Thesefindings demonstratethat the bacterid isolateshave
the efficiency to degrade endosul fan through a distinct path-
way and have valuable applications in the removal of
endosulfan from the contaminated sites.
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