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Abstract.

Cypermethrin is a synthetic pyrethroid pesticide, widely used to control pests in
cotton and vegetable crops and other insect control activities. Nowadays environmental
concern is the contamination of aquatic ecosystem due to pesticide discharges from
manufacturing plant, agricultural runoff, leaching, accidental spills and other sources. An
effective pesticide waste treatment technology is needed to prevent water pollution and to
comply with increasing regulatory pressures. The microorganisms play a significant role in
detoxifying pesticides and pesticide-contaminated waste (water and soil) in the environment.
There are few reports on the degradation of pyrethroid insecticides in soils. This study may
provide a basis for prevention and control of pesticides pollution. The ability of five bacterial
isolates (Pseudomonas aeruginosa, Micrococcus sp, Staphylococci and Streptococcus sp,
Bacillus subtilis,.) isolated from cultivated field to degrade cypermethrin was studied using
enrichment technique, with varying concentrations of cypermethrin in the medium. The
P.aeruginosa was enumerated with and without adding cypermethrin. The concentration of
cypermethrin and its intermediates during the biodegradation experiment analyzed on GC-
MS. In these five different bacterial colonies, degradation was found to occur to a great
extent only in the presence ofP.aeruginosae culture. P.aeruginosae, Micrococcus sp and
Bacillus subtilis were found active in utilizing cypermethrin (3%) whereas Staphylococci and
Streptococcus sp, were moderately active in utilizing cypermethrin (0.5 and 1 %). These
findings suggest that the utilization of cypermethrin by Pseudomonas sp. and Bacillus subtilis
may be feasible and this treatment option for the removal of pesticide from the soil and
degradation observed only in the presence of microorganisms.
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Introduction

Cypermethrin is co metabolized by bacteria in the soil. Isolation of indigenous
bacteria capable of metabolizing pyrethroid insecticides has received considerable attention
because these bacteria provide an environmentally friendly method of in situ [6, 8]. In some
contaminated environments, autochthonous microbial populations have evolved to adapt to
these contaminants. These sites are therefore the most appropriate ecological niches to find
and isolate strains capable of degrading organophosphate insecticides [7, 9]. Cypermethrin
was selected as it belongs to a group of biodegrading resistant compounds which are not
normally removed by conventional treatment plants. The research aim was to identify the

potential microbial strain able to utilize cypermethrin from the soil.

Materials and Methods

The soil samples were collected from Agriculture field soil from vilagam village
Cuddalore, Tamilnadu, India. These fields had been already treated with cypermethrin for
about the past five years. Soil samples were collected at different sites of the field and then,
these soil samples were transferred to sterile polythene bag and used for analysis. The
bacterial culture capable of degrading cypermethrin was isolated from agricultural soil using
enrichment technique, with varying concentrations of cypermethrin in the medium. The soil
sample (5 - 10 g) from an agricultural site was inoculated into 500 ml of nutrient broth
operating at 250 rpm for seven days at room temperature (ranged from 25 - 28°C). At daily
intervals, one loop full of enrichment culture from the flasks was streaked on nutrient agar
plates supplemented with cypermethrin (0.5 - 10%) and incubated at 35°C for 24 - 48 h.
Individual colonies were subcultures into nutrient agar plates containing the same
concentration of cypermethrin until the pure culture was isolated. The isolates were
maintained at 4°C and subcultures after every three months. The identification and
characterization of the isolates were performed using morphological, cultural and
biochemical characteristics up to the stage of the genus [1]. The enumeration of viable cell
count was performed with cypermethrin and without adding cypermethrin. An aliquot (2.5
mL) of 24 h culture grown in the nutrient broth was inoculated into 25 mL nutrient broth
flask containing different concentrations of cypermethrin and tested their ability to degrade
supplemental substrate (the cypermethrin). Control flasks of an equal volume of nutrient
broth medium containing culture but no cypermethrin were run in parallel to confirm that

significant die-off was not occurring throughout each test. Growth of the isolate was
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determined by viable cell enumeration immediately after inoculation and at 2, 4, 6 and 24 h
later. Miles and Misra technique was used for bacterial growth study. Sample of bacterial
culture (1 mL) was drawn at regular intervals and serial dilutions (10-5-10-8) of bacterial
culture with and without the addition of pesticide (control) was performed using 9 mL sterile
saline blank (0.85 % NaCl; pH = 7). Appropriate dilutions of bacterial samples were plated in
triplicate on nutrient agar medium. Each plate divided into four segments and used for
different dilutions. Three drops of culture were placed in each section of the nutrient agar
plate and were allowed to dry followed by incubation at 35 °C for 24 h. After incubation, the
viable colonies were counted using the method described by Collins and Lyne’s (1985) and

results were reported accordingly.

Results

The study aimed to determine the total heterotrophic and Cypermethrin resistant
bacterial population. The physic-chemical characteristics of soil were carried out. The data in
Table 1 were indicated the presence of organic carbon, nitrogen, phosphorus, sulphate,
calcium, chloride, sodium, potassium and magnesium in the soil. The total heterotrophic
bacterial populations isolated from the soil contaminated with cypermethrin was represented.
The data indicates the presence of bacteria, fungi and actinomycetes in the soil in Table 2.
Nearly 22 bacterial colonies were isolated and identified. The isolated bacteria were few of
these gram-positive bacteria and the rest of them gram-negative bacteria. The findings
showed that five bacterial isolates were active in dye removal based on the screening results.
The most effective isolate, which showed the highest biodegradation potential for tested
pesticide in aerobic condition, were selected for further studies. These different colonies were
identified on nutrient agar medium enriched with Cypermethrin according to, Bergey’s
Manual of Determinative Bacteriology (1994). In table 3, One of the largest, most rapidly
growing colonies of bacterial isolates was P.aeruginosae that selected for a series of growth
curve experiments. Growth curve experiment was performed with 0.5, 5 and 10 % dose of
cypermethrin to determine the viable count of P.aeruginosaethe optimum concentration of
Cypermethrin that supports the growth of isolates was also evaluated in Figure 1. A control
test without adding pesticide in the nutrient broth was conducted to evaluate the
mineralization potential of isolated strains when exposed to different concentrations of
Cypermethrin. In table 4, The bacterial isolates were identified as a member of the genus
Pseudomonas aeruginosa, Micrococcus sp, Staphylococci and Streptococcus sp, Bacillus

subtilis, P.aeruginosa was predominant (27.4%) followed by Micrococcus sp (23.8%) and
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Bacillus subtilis (13.2%), , Staphylococci and Streptococcus sp were (5.5%) and (4.5%)
respectively. The isolated native bacteria exhibited remarkable resistance to the cypermethrin.
The generic composition of total viable bacterial strains at different concentrations of
cypermethrin has been shown in Figure 2. This study revealed that except Staphylococci and
Streptococcus sp. All other species including Pseudomonas aeruginosa, Micrococcus sp and
Bacillus subtilis utilized cypermethrin as a carbon source at 2 to 10 % concentrations. On
comparing the growth of P. aeruginosa in presence of Cypermethrin with that of control, it
becomes clear that the P.aeruginosa grows faster and a higher number of cells were observed
in, 0.5 to 10 % concentration of Cypermethrin that the phase of acclimation of P.aeruginosa
continued up to almost 2 h., after the initial inoculation. The count at 0 h. was 7x10° CFU/mL
and then started increasing slowly. At 8h., the total viable count was 78x10® CFU/mL with a
generation time of 57 min. At 24h., the total viable count at control was 189 + 10.53 x 10’
CFU/ml. The findings showed that the total viable counts significantly increased, indicating
that the culture after remaining in the lag phase for 2 h. entered into the phase of positive
acceleration. The growth of P.aeruginosa in the presence of Cypermethrin continued and
proved that even high concentration of Cypermethrin is not toxic to P.aeruginosa, however,
its mineralization potential decreased, which prolonged the lag phase. The concentration of
cypermethrin and its intermediates during the biodegradation experiment carried out and
analyzed quantitatively and qualitatively on GC-MS. The data showed that cypermethrin was

hydrolyzed to 3-phenoxy benzaldehyde and 3-phenoxy-benzyl alcohol.
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Table 1: Physico-Chemical characteristics of cultured soil

Parameters Soil
PH 7.7+0.1
Moisture 85%z0.2
Alkalinity/100gms 0.7 meq
Dissolved Oxygen 13 mg/kg
Temperature 23°C +2
Cation Exchange | 300meq
Capacity/100gms
Magnesium 976 mg/kg
Potassium 231 mg/kg
Chloride 149 0mg/kg
Calcium 2385 mg/kg
Sulphate 1.0 mg/kg
Kjeldahl Nitrogen 1290mg/kg
Phosphorus 0.74 mg/kg
Organic Carbon 5.12 %
Table 2: Soil isolated microbes
Parameters Soil
Total viable count/g 1116
Total coliform count/g 790
Total Yeast & Mould count/g 92
Actinomycetescount/g 77
Pseudomonas count/g <75
E.coli count/g Nill
Anaerobic bacterial count Nill
Thermophilic bacterial count <14
Anaerobic spore count <18
Thermophilic spore count <20
Anaerobic thermophilic spore Nill
Nocardia <30
Salmonella spp. Present
Enterobacter spp. Present
Pseudomonas spp. Present
Corynebacterium spp. Present
Flavobacterium spp. Present
Alcaligenes spp. Present
Serratia spp. Present
Bacillus subtilis Present
Bacillus spp. Present
Alcaligenes spp. Present
Providencia spp. Present
Agrobacterium spp. Present
Mucor spp. Present
Aspergillus spp. Present
Penicillium spp. Present
Micrococcus spp Present
Staphylococcispp Present
Streptococcusspp Present
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Table 3. Bacterial population and cypermethrin resistance at (0.5 and 10%) Concentrations
in Agriculture field

Dilutions
viable Total Cupermethrin resisting bacterial
S.No counts counts (CFU/qg)
(CFU/g)
Cypermethrin concentration
10% 0.5%

1 10* 7.55x10°  3.25x 10° 2.22x10°
2 10° 6.25x10"  3.22x10’ 1.45x10’
3 10° 5.12x108  2.78x10® 1.25x10°
4 10’ 3.20x10®°  2.21x108 1.1x108
5 108 2.1x108 1.5x10° 0.94x10®

Table 4. Cypermethrin resistance pattern of native bacterial isolates
Cypermethrin(C  resistin

Bacterial Isolates bacterial counts
FU/Q) g _ _
Cypermethrin concentration
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Fig. 1: Growth of P.aeruginosain the presence of Cypermethrin
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Fig. 2: Generic composition of total viable bacterial strains isolated from cultivated field at
0.51t0 10 (%)

Discussion

Based on the results from this study and that by and other researchers it may be
concluded thatP.aeruginosastrain is able to grow in the presence of added pesticide and
therefore it could be effectivelyused for the treatment of pesticide contaminated soil or water
[3]. However, further research is necessary tounderstand the fundamental mechanism of
enhancement and inhibition in microbial degradation at highconcentration of pesticides. The
present research findings described that this may be the first instance inwhich high
concentration of cypermethrin degradation has been achieved in short retention time of
24h.Although, transformation of pyrethrins (50 mg/L) by pure culture of pseudomonas
fluorescence in thepresence of tween 80 under aerobic conditions with a half-life of less than
5 days [2,5]. It is reported thattechnical grade of cypermethrin can be reduced from 60 mg/L
to 6 mg/L by pseudomonas sp. in 20 days [4,12]. The overall findings suggest that using of
native isolates for the degradation of cypermethrin is reasonabletreatment option for the
removal of pesticide wastes from contaminated soil or wastewater as biodegradationobserved
only in the presence of acclimated microorganism under aerobic conditions. In result, surface
soiltreatment technique used for bioremediation of pesticides using soil microflora would be

an effectivetreatment technology for other group of pesticides and its effluents.

© Associated Asia Research Foundation (AARF)

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 45



References

1. Bergey H. W.R., Manual of Determinative Bacteriology, Edited by, Williams &
Wilkins, Baltimore, Mass.1994.

2. Grant R.J., Daniell T.J., & Betts W.B., Isolation and identification of synthetic
pyrethroid-degrading bacteria.

3. Journal of Applied Microbiology.2002, 92, 534-540.

4. Hashmi 1., Microbiological transformation of hazardous waste during biological
treatment. Ph.D. Thesis. Institute of Environmental Studies, University of Karachi.
Pakistan.2000.

5. Horne I, Harcourt R.L., Sutherland T.D., Russell R.J., &Oakeshott J.G., Isolation of a
Pseudomonas monteillistrain with a novel phosphotriesterase. FEMS Microbiol
Lett.2002, 206(1), 51-5.

6. Maloney S. E., Maule A., Smith A. R. W., Microbial transformation of the pyrethroid
insecticides: Permethrin, Deltamethrin, Fastac, Fenvalerate and Fluvalinate. Applied
and Environment Microbiology.1988, 2874-2876.

7. Mulchandani A., Kaneva I. and Chen W., Detoxification of organophosphate
pesticides by immobilized Escherichia coli expressing organ phosphorus hydrolase on
cell surface. Biotechnol Bioeng.1999, 63, 216-223.

8. Ortiz-Herndndez M. L., & Sanchez-Salinas E., Biodegradation of the
organophosphate Pesticide tetrachlorvinphos by bacteria isolated from agricultural
soils in México. Rev. Int. Contam. Ambient.2010, 26(1), 27-38.

9. Richins D., Kaneva I., Mulchaldani A, and Chen W., Biodegradation of organ
phosphorus pesticides by surface expressed organ phosphorus hydrolase. Nature
Biotechnol.1997, 15, 984-987. [9] Ramos T. L., Duqu, E., Huertas M.

10. Ramos T. L., Duqu, E., Huertas M. J., Haidour A., Isolation and expansion of the
catabolic potential of a Pseudomonas putidaestrain able to grow in the presence of
high concentration of aromatic hydrocarbons. J. Bacterial.1995, 177, 3911-916.

11. Saraswat R., Gaur A.K., Bioremediation of endosulfan by Rhodococcussp., Ind. J.
Microbiol.1995, 35(3), 249 — 253.

12. Shanmugananthan, S and mullai P. Biodegradation of the insecticide Cypermethrin by
pseudomonas from agriculture field.Journal of Ecotoxicology and Environmental
Monitoring.2011, 21:125-131

© Associated Asia Research Foundation (AARF)

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 46



13. Wauchope R.D., Buttler T.M., Hornsby A.G., Augustijn-Beckers P.W.M., Burt J.P.,
Pesticide properties database for environmental decision making. Rev. Environ.
Contam. Toxicol.1992, 123, 1-157.

© Associated Asia Research Foundation (AARF)

A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories.

Page | 47



