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Fenitrothion and butachlor are widely used pesticides in pest control. These
pesticides are released into the environment presenting a potential hazard risk. Only
limited data are available on the microbial biodegradation of fenitrothion butachlor.
Biodegradation of fenitrothion and butachlor by different six microorganisms were
investigated. These strains were isolated from an agricultural soil and found to actively
utilized butachlor, as a sole source of carbon and energy. Based on their morphological
and biochemical categorization, the six microorganisms isolates were identified as
Pseudomonas alcaligens, Bacillus licheniformis, Bacillus megaterium, Trichoderma
viride, Rhizobium huakuii and Bradyrhizobium japonicum. Results showed that the
Trichoderma viride and Pseudomonas alcaligens presented an average value of
degradation of 98% and 75% respectively in a medium containing 50 mg/kg of butachlor
after 15 and 21 days. According to these results, both organisms revealed considerable
potential for application in bioremediation of contaminated water with fenitrothion
butachlor residues.
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The extensive use of pesticides in
agriculture has led to their widespread release into
environment. Environmental contamination with
pesticide residues increasing the accumulation of
these pesticides in environment resources and
different food chain (Purkait et al., 2009). Microbial
degradation is an important process affecting the
fate and behavior of pesticides. The bioremediation
techniques have become a popular alternative to
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chemical or physical remediation because of their
relatively low cost and minimal impact on the
environment (Akiner & Caglar 2012, Diez 2010).
Techniques using microorganisms to degrade
contaminates in polluted sites have been
commercially available since the 1970s (Newcombe
& Crowley 1999).

Fenitrothion and butachlor are model
xenobiotic pollutants in environment for
biodegradation studies, because it is one of the
most widely use in agriculture for pest control.
They have been detected in different
environmental sources in several monitoring
programs. The ability of different microorganisms
to degrade the fenitrothion and butachlor for
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environment has been studied in this
investigation. Fenitrothion [O,0-dimethyl-(3-
methyl-4-nitro phenyl) phosphorothioate, an
organophosphorus pesticide] is mainly used
against spruce bud worms and cotton pests.
It is widely used in tropical countries against
malaria. Fenitrothion shows low toxicity
against mammals (Nishizawa et al., 1961).
Butachlor (N-butoxymethyl-2-chloro- 2,6-
diethyl acetanilide) is one of the most widely
recommended herbicides. It is a preemergence
herbicide belonging to chloroacetanilide
group used widely in oriental countries for the
control of annual grasses for rice cultivation
(Jena 1987, Yu et al., 2003). The recent studies,
reported that the application of butachlor has
adverse environmental impact; butachlor was
found to flow out with effluents, causing
contamination of river and ground water
(Natarajan et al., 1993, Ohyama et al., 1986,
Yamagishi &Akiyama 1981), it has toxicity to
aquatic organisms. (Ateeq et al., 2002, Ateeq
etal., 2006, Lin 1997).

Nowadays, the use of microorganisms
to biodegrade this kind of waste is almost
imperceptible, as the most popular way of
managing with them is thermal utilization
(Martinez November 2004). Bacteria,
actinomycetales (special group of bacteria), and
fungi showed the biggest capability of degrading
pesticides. The species of bacteria and fungi
distinguishing the strongest activity in
degrading pesticides are: bacteria of the genera
Arthobacter, Bacillus, Corynebacterium,
Flavobacterium, and Pseudomonas;
actinomycetales of the genera Nocardia and
Streptomyces; and fungi Penicillium,
Aspergillus, Fusarium, and Trichoderma (Feakin
1995, Kucharski 2009, Omar 2001, Rousseaux et
al.,2001). (Kolia 2007, Topp 2001, Vibber et al .,
2007) point out that in their research, the biggest
biodegradation potential concerned bacteria
Pseudomonas sp. and Nocardioides sp.

The aim of this study is to determine the
ability of six different microorganisms to degrade
fenitrothion and butachlor to investigate the
biodegradation rate provide basic information for
developing regulations regarding environmental
contamination by fenitrothion and butachlor and
their potential public health effects.
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MATERIALSAND METHODS

Search for biotopes consisting of butachlor-
degrading microorganisms

Six different microorganism strains were
obtained from from the microbiology laboratory,
Department of life science, faculty of science, King
Saud University. All purified microorganisms were
tested for their abilities to grow in the presence of
pesticides used butachlor in nutrient agar medium
(Sigma, USA): Beef extract 3.0gm, Peptone 5.0gm,
Agar-agar 20.0 gm and Distilled water to make 1
litter (H20) 1.0L at pH 7.2 (Jacobs 1960). The
resulting colonies were repeatedly subcultured in
M9 medium containing 10 ppm butachlor to confirm
their butachlor-catabolising ability. Inoculated
plates were incubated at (30°C +2) for 7days. The
growth of microorganisms used for standing the
toxicity of pesticide was determined and recorded
as growth or inhibition. Identification and
characterization of the isolates were carried out on
the basis of the colony morphology, biochemical
characteristics (Singh 2009).

Microorganisms, which were able to
utilize Butachlor as a sole carbon and/or nitrogen
source, were tested for their abilities to degrade
these pesticides. Tested microorganism was
incubated into liquid aqueous (basal medium):
KHZPO4 1.0gm, KZHPO4 1.0gm, NH4NO3 1.0gm,
MgSO,.7H,0 0.2 gm, CaCl, 0.02gm, Fe(SO,), 0.01gm
and Distilled water to make 1 liter (H,0)1.0 L at pH
7.0 (Miles 1996), with pesticide used for 21 day at
(30°C +2). Samples were taken from treatments and
control at intervals of 0, 1,3, 6,9, 12 and 15 days
for determination. Each culture was filtered through
whatman No.1 filter paper. Pesticide residues were
extracted from filtrate using the method adopted
by Letizia (Letizia 1992).

Standard calibration curves

Analyses of butachlor and fenitrothion
were performed using certified analytical standard
of butachlor and fenitrothion (Fig. 1). The Stock
solution of fenitrothion and butachlor was prepared
by dissolving 50 mg of the analyte (accurate
weight) in 50 mL n-hexane to obtain concentration
1 mg mL'. Working standard solutions of 0.05, 0.1,
0.25, 0.5 and 1.0 ug mL! were prepared by
appropriately diluting the stock solution with n-
hexane. Stock solution was stored at -20 + 2 °C,
and working standard solutions were stored in d”
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4 °C when not in use. Calibration curves were
generated by plotting peak area versus
concentration.
Chromatographic analysis

Agilent 6890 (USA) gas chromatography
coupled with electron capture detector (GC-ECD)
was used for determination of butachlor residues,
for fenitrothion residues GC-with nitrogen
phosphorus detector (GC-NPD) was used.
Separation was performed using capillary column
HP-5 (30m x 0.25mm x 0.25um). Nitrogen was used
as the carrier gas at a flow rate 2ml/min. The
following temperature program was employed:
initial temperature of 180 °C held for 1 min;
increased at 25 °C min™' to 220, held for 2 minutes;
yet another increase at 3 °C min™ to reach 245 °C.
The injector temperature was 220 °C. The injection
volume was 1 pl for all standard and samples. Data
analysis was performed using Chemistation
software.
Statistical analysis

Data were statistically evaluated by one-
way analysis of variance (ANOVA). Determination
of the differences among means were carried out
by using the least significant differences (LSD)
test. All statistical analyses were done using the
Statistical Package for social sciences (SPSS 16.0)
program.

RESULTS AND DISCUSSION

This experiment aimed to clarifying the
effect of fenitrothion and butachlor on the growing
of different microbial strains to determine capability
of these bacteria and fungi strains for
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biodegradation of these two tested pesticides. Data
in (Table 1) showed the inhibition of microbial
strains growth by pesticide residues on nutrient
agar medium. Five strains of these microbes can
be growing without any inhibition with fenitrothion
and butachlor pesticides, while other strains
showed different trends. The second experiment
had studied the biodegradation of both tested
pesticides, butachlor and fenitrothion by selected
microbial strains into a basal liquid media lacking a
carbon source for 15 days incubation time at 30°C
+2. Results showed the microbial degradation of
Butachlor as the sole carbon and energy source
within 15 days incubation time at 30°C +2. The
obtained results indicated that strains of Bacillus
megatherium, Trichoderma viride, Brady
rhizobiumsp., E. coli, and Pseudomonas sp. clearly
degraded Butachlor from 0.0 % to 28.4,75.1,41.7,
43.6 and 71.4% loss, respectively (Table 2 and fig
1). The highest degradation rate was observed with
Trichoderma viride and Pseudomonas sp., it’s
reached to 75.1 and 71.4 % loss respectively. These
results are in agreement with that obtained by
(Anwar et al., 2009, Mandelbaum et al., 1995), who
isolated also a pseudomonas sp. capable of
degrading a chlorinated herbicide atrazine at conc.
1000 ppm. The organism was isolated from a
nutrient agar solid medium and didn’t show
inhibition zone that indicated that the resistance
of pseudomonas to atrazine. A biotic degradation
was also noticed in the same table via control
treatment, Butachlor degraded from (0.0 to 19.9 loss
%). This could be related to physicochemical
degradation. The effect of both a biotic and biotic
degradation was clearly illustrated via half-life

Table 1. Pesticide-tolerance of microorganisms.

Microorganism

Pesticides were treated at conc. (5 ppm)

Fenitrothion

Butachlor

Pseudomonas sp.
Bacillus megatherium
Trichoderma viride
Rhizopus sp.
Rhizobium sp.

Brady Rhizobium sp.
E. coli

L+ o+

(+): growth was inhibited

(-): no inhibition
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values was reached to 73.72, 40.57, 11.61, 18.78,
22.17 and 8.51 days for control, Bacillus
megatherium, Trichoderma viride, Brady
Rhizobium, E. coli, and Pseudomonas sp.,
respectively, which were determined according to
a kinetic model approach for determination of
biodegradation half-lives (Matthies et al., 2008).
Results of the biodegradation of fenitrothion as a
sole carbon and energy source indicated that
fenitrothion was microbially degraded from 0.0 %
to 44, 48.5,45.9,77.9 and 52.1% loss for Bacillus
megatherium, Trichoderma viride, Brady
rhizobium sp., E. coli, and Pseudomonas sp.,
respectively. The half-life values were reached to
32.77,28.1,16.05,17.11, 6.51 and 13.07 days for
control, Bacillus megatherium, Trichoderma
viride, Brady rhizobium sp., E. coli, and
Pseudomonas sp., respectively (Table 3 and fig 2).
Our results are in agreement with the results of

(Baczynski et al., 2010, Kadian et al., 2008, Singh
et al., 2003), who examined the role of
microorganisms in the degradation of
organophosphorus pesticides in soil. Results
showed that chlorpyrifos as organophosphorus
pesticide like fenitrothion, was biodegradable by
the co metabolic activities of soil microorganisms.
Also interestingly results indicated the important
role of nitrogen fixing such as Brady rhizobium
sp. in the degradation of fenitrothion as the sole
carbon source. From the above-mentioned results,
it could be conclude that both Butachlor and
Fenitrothion are biodegradable pesticides. The
different microorganisms used could have
dioxygenases enzymes, which could initiate alpha
or Beta cleavage and subsequent mineralization of
both pesticides. This could be noticed with strains
Trichodermaviride, E. coli, and Pseudomonas sp.

Table 2. Biodegradation of Butachlor by different microorganisms

Time Control M1 M2 M 3 M 4 M5
in days (ug) %loss (ug) Ploss (ug) %loss (ug) %loss (ug) Ploss (ug) % loss
0 100 0 100 0 100 100 0 100 0 100 0
1 100 0 100 0 97.6 2.4 98.1 1.9 98.2 1.8 89.9 10.1
3 98.5 1.5 93.5 6.5 87.2 12.8 86.5 13.5 90.1 9.9 76.2 23.8
6 93.9 6.1 89.3 10.7 71.7 28.3 77.4 22.6 85.6 14.4 65.3 34.7
9 89.3 10.7 84.8 15.2 56 44 70.8 29.2 74.8 25.2 54.7 45.3
12 84.7 15.3 78.1 21.9 40.5 59.5 64.3 35.7 63.2 36.8 43.1 56.9
15 80.1 19.9 71.6 28.4 24.9 75.1 58.3 41.7 56.4 43.6 28.6 71.4
TO0.5 7327 40.57 11.61 18.78 22.17 8.51
(M1): Bacillus megatherium, (M2): Trichoderma viride, (M3): Brady Rhizobium sp.,
(M4): E. coli, (M5): Pseudomonas sp.

Table 3. Biodegradation of fenitrothion by different microorganisms
Time Control M1 M2 M 3 M 4 M5
in days (ug) %loss (ug) Ploss (ug) %loss (ug) %loss (ug) Ploss (ug) % loss
0 100 0 100 0 100 100 0 100 0 100 0
1 99.3 0.7 100 0 95 95.8 4.2 84.8 15.2 91.5 8.5
3 95.6 4.4 94.3 5.7 89.1 10.9 89.8 10.2 71.9 28.1 88.6 114
6 88.2 11.8 86.9 13.1 79.4 20.6 80.9 19.1 59.3 40.7 78.7 21.3
9 79.8 20.2 75.2 24.8 69.2 30.8 69 31 46.8 53.2 64.8 35.2
12 70.1 29.9 66.0 34 57.9 42.1 57.1 42.9 33.5 66.5 53.9 46.1
15 64.5 353 56.0 44 51.5 48.5 54.1 45.9 22.1 77.9 479 52.1
TO0.5 32.77 28.1 16.05 17.11 6.51 13.07

(M1): Bacillus megatherium, (M2): Trichoderma viride, (M3): Brady Rhizobium sp.,

(M4): E. coli, (M5): Pseudomonas sp.
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Fig. 1. Biodegradation of Butachlor by different microorganisms.
100
5
= 30
= ——Contr ol
.'=;
ki . —m—h1
= M2
@
£ M3
40 -
% —— 4
™
& —+— M5
= 20
0 T T T T ]
1] 5 10 15 20 25
Time ( days )
Fig. 2. Biodegradation of Fenitrothion by different microorganisms
CONCLUSIONS respectively. These results presented that both of

Six different microorganisms’ strains were
tested to degrade butachlor. Results showed
growth inhibition of two microorganisms and four
of these tested microorganisms had different
degradation rate of butachlor. According the data
Trichoderma viride has the highest degradation
rate followed by Pseudomonassp. 97.6 % and 94.7
% butachlor reduction in 15 and 21 days,

these two organisms can be used to degrade the
butachlor formulation. These results provide basic
information for developing regulations regarding
the safe disposal of butachlor using eco-friendly
method. We suggest that further studies use
different microorganisms in the degradation of
different pesticides, to protect the environment and
public health.
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