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Accumulation of obsolete pesticides in the environment is a global problem.
The scale of the problem in different countries varies depending on economic situation
and social awareness. Only limited data are available on the microbial biodegradation of
fenitrothion. Biodegradation of fenitrothion by different microorganisms was investigated.
Six bacterial strains were isolated from an agricultural soil and found to be actively
utilizedfenitrothion,as a sole source of carbonand energy. Based on their morphological
and biochemical categorization, the six bacterial and fungal isolates were identified as
Pseudomonas sp.,  Trichoderma Viride,  Brady rhizobium sp.,  Aspergillus
niger,andAspergillus flavus. Results show that the degradation of fenitrothion by the
selected microorganisms was in order Trichoderma Viride Ã Aspergillus nigerÃ Brady
rhizobium sp. Ã Aspergillus flavus Ã Pseudomonas sp.,comparing to the control
(degradation rate in media without microorganisms). Trichoderma viridereported that
the highest degradation rate (t1/215.64 days), followed by Aspergillus nigerand Brady
rhizobium sp. with t1/2 were 22.63 and 26.58 day, respectively. While the normal degradation
in the culture media was reported as 76.41 days. Our results can conclude that these three
organisms can be used to degrade the obsolete fenitrothion formulation.
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Obsolete pesticides can  shortly  be
defined as stocked pesticides  that  can  no  longer
be  used  for  their  original purpose  or  any  other
purposes  and  therefore  require disposal. Such
pesticides can no longer be used because their
use  has  been  banned,  because  they  have  been
deteriorated, or because they are not suitable for
the use originally  intended  and  cannot  be  used
for  another purpose,  nor  can  they  easily  be
modified  to  become usable1. Obsolete pesticides,
as well as their preceding  utilitarian  versions,

consist  of  active substances, that is, chemical
compounds or substances which,  while
penetrating  natural  environment  (waters, soil,
food chain), modify and harm it, often becoming
an ecological  time  bomb2.  Spreading obsolete
pesticides in the environment is a global problem.
The scale of the problem varies depending on
economic situation and social awareness. Many
countries enacted strictly laws to pesticide trade
and its waste management. The efforts to resolve
the pesticide problem legally and effectively seem
to bring first results2.  There are yet some places in
developing countries where agricultural crops are
considerably contaminated with pesticide waste
as Ethiopia, Tanzania, Botswana, Mali, and
Madagascar3-5. If microorganisms are used to
biodegrade sustained, toxic pollutants such as
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persistent organic pollutants (POPs) to live
organisms6-9,  it  is  also  possible  to exploit  them
to  neutralize  organic  obsolete pesticides.
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 utilization4. Bacteria and fungi
show the biggest capability of degrading
pesticides.  Bacteria, actinomycetales (special
group of bacteria), and fungi show the biggest
capability of degrading pesticides. The species of
bacteria and soil 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, andTrichoderma10-13. Recent study by
Koliand others14-16 pointed out in their research,
the biggest Abd-Alrahman and Salem-Bekhit 331
biodegradation potential concerning bacteria
Pseudomonas sp. and Nocardioides sp.

Fenitrothion [O,O-dimethyl-(3-methyl-4-
nitro phenyl) phosphorothioate is an
organophosphorus insecticide, which has been
used widely because of its effectiveness against
many insects and crustaceans, and on which there
have been many studies of its metabolic effects.
Under aerobic conditions, fenitrothion is
biotransformed into 3-methyl-4-nitrophenol
(MNP)17, 18 amino-fenitrothion (O,O-dimethylO-(3-
methyl-4-aminophenyl)-phosphorothioate)19 and
fenitrothion-oxon (O,O-dimethyl O-(3-methyl-4-
nitrophenyl)-phosphate)20. Under anaerobic
conditions, fenitrothion isbiotransformed into
amino-fenitrothion18 and MNP21. The major
metabolites of fenitrothion under both conditions
are MNPand amino-fenitrothion. Other minor
metabolites havealso been reported17, 18, 20, and
theexistence of unknown metabolites has been
suggested22, 23. Our experimental approach is to
study biodegradation of fenitrothion in culture
media by different five resistance isolates from
Agricultural soil.

MATERIALS AND METHODS

Chemicals
Fenitrothion formulation (Sumithion 50%

EC) used for fortification was obtained fromDow

Agro-Sciences Ltd., Indiana, USA.The analytical
standard of fenitrothion(purity 99.5 %) was
purchased from Sigma-Aldrich Laborchemikalien
GmbH, UK (Fig. 1).A stock solution of fenitrothion
at a concentration of 10 mg ml-1 was prepared in
dimethyl sulfoxide (DMSO). Working solutions
were prepared from stock solutions. All solutions
were freshly prepared. All other chemicals used
were of analytical grade.
Microorganisms

Soil samples were collected from the
surface 10 cm layer at the agricultural ground of
contaminated field with fenitrothion. Fifty grams
soil were collected from 16 different sites of the
field, each sample in plastic bags and transported
at once in cold storage containers to laboratory
for further investigation.The soil samples were
spiked with fenitrothionsolution at concentration
10 mg l-1 after adding water to keep the soil moisture
at 50 %. Soil samples were incubated at 30 °C ±2
for three days. After the incubation the mass soil
was a little air-dried, thoroughly mixed, and then
sieved through 0.20 mm mesh sieve for
microorganism isolation experiment and chemical
analysis, respectively. The soil homogenate was
inoculated in 50-ml nutrient broth (Sigma, USA)
and Sabouraud dextrose broth (Difco, USA). All
purified microorganisms were tested for their
abilities to grow in the presence of fenitrothion
and butachlor individually in (nutrient agar
medium): Beef extract 3.0gm, Peptone 5.0gm, Agar-
agar 20.0 gm. and Distilled water to make 1 litter
(H

2
O) 1.0L at pH 7.2 23. The resulting colonies

were repeatedly subculture in medium containing
10 ppm fenitrothion and butachlor to confirm their
pesticides-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;Pseudomonas sp.,
Trichoderma Viride, Brady rhizobium sp.,
Aspergillus niger,andAspergillus flavuswere
carried out on the basis of the colony morphology,
biochemical characteristics and Polymerase Chain
Reaction used as a supporting tool in the
identification of the bacterial isolates 5.
Screening of isolates

The cultures obtained from soil
enrichment were screened for fenitrothion tolerance
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capacity by following the gradient plate method.
The fenitrothion concentration gradient was
prepared by adding a base layer of 20 ml of modified
agar media without fenitrothion to a9 cm square
petri plate tilted at an angle of 30. The agar was
allowed to solidify at room temperature into a
wedge-shaped layer. Onto the set base, another 20
ml of modified agar media with fenitrothion (10 mg
l-1) was poured to give afenitrothion gradient
across the plate surface. Plates were incubated at
28 p C for 3 days.
Degradation experiments

Fungi isolates culture, 7 days old, were
maintained at 27 ± 1°C on potato dextrose agar
(PDA) medium containing (in g/l sterilized
distillated water) peeled potato 200, dextrose 20
and agar 15 and served as a source of inoculum.
Bacteria isolates were grown at 27 ± 1°C for 48 h on
nutrient agar (NA) medium containing (in g/l
sterilized distillated water) beef extract, 3; peptone,
5; agar, 15 and glucose, 2.5, then suspended in
sterilized distillated water and adjusted to its optical
density at A650 nm to 0.01 (107 cell/ml). The pH of
the either PDA or NA media was adjusted to 7.0
using phosphate buffer. Bacterial suspension (1
ml) or one disc of the fungus (5 mm, diameter 1.6 ×
106 spore/disk) was added to 250 ml Erlenmeyer
flasks containing 100 ml of either NA broth medium
containing (in g/l) beef extract, 3; peptone, 5; and
glucose, 2.5 yielding dissolved organic carbon of
0.999 g/l or Czapek-Dox containing (in g/l)
NaNO3,2;K2HPO4, 1; MgSO4.7H2O, 0.5; KCl, 0.5;
FeSO4, 0.01 and sucrose, 30 yielding dissolved
organic carbon of 12.62 g/l, respectively, and spiked
with 0.1 ml of stock solution of fenitrothion
dissolved in dimethyl sulfoxide providing a final
concentration of 10 ppm. Flasks were kept at 27 ±
1°C for a period of 14 days without shaking.
Aliquots (20 ml each) of each media were withdrawn
by micropipette after 0, 3, 7 and 14 days of
incubation and subjected to chromatographic
analysis. A separate set of un-inoculated flasks
was maintained as reference. All experiments were
performed in triplicates.
Analysis fenitrothion residues in culture media

20 ml of culture media was collected at 0,
3, 7, 15 days, respectively during the experiment.
Aqueous samples were extracted twice using 20
ml of dichloromethane. After the extraction 35 ml
the organic solvent were collected in clean 50 ml

falcon centrifuge tube. Water was removed from
the extract using sodium sulphate anhydrous
column, then the clean organic phase was dried
under stem of nitrogen to dryness. The samples
were kept in the freezer at -20 p C till the
chromatographic analysis.
Chromatographic analysis

Agilent 6890 (USA) gas chromatography
coupled with flame photometric detector (GC-FPD)
was used. Separation was performed using
capillary column HP-5 (30m × 0.25mm × 0.25µm).
Nitrogen was used as the carrier gas at a flow rate
2ml/min. The following temperature program was
employed: initial temperature of 180 ºC held for 1
min; increased at 25 ºC min-1 to 220, held for 2
minutes; yet another increase at 3 ºC min-1 to reach
245 ºC. The injector temperature was 220 ºC. The
injection volume was 1 µl for all standard and
samples. Data analysis was performed using
Chemistation software. Calibration curves were
generated by plotting peak area versus
concentration. Standard calibration curves were
presented excellent linearity with regression
coefficient r > 0.995 with good separation and
repeatability for the two tested pesticides. The
calibration curve and recovery validation study
were all repeated three times (n = 3).
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

The  experiment  scheme  was  to  evaluate
the resistance of isolated microorganisms to
fenitrothion and determine the ability of these
microorganisms to degrade fenitrothion residues
in the culture media,  and  then  the materials
consisting  of  such  microorganisms  were analyzed
on  microorganism’s  biodegrading fenitrothion
content  to  determine  if  bacteria  and  fungi
strains  are responsible for biodegradation. This is
the first studythat examined the use of resistance
isolates from agricultural soil for biodegradation
of obsolete insecticide fenitrothion. Table 1, shows
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the characterization of the selected isolates which
used to degrade fenitrothion. The selected isolates
were two bacteria (gram negative bacteria)
Pseudomonas sp., Brady rhizobium sp. and three
fungi Aspergillus niger, Trichoderma Viride, and
Aspergillus flavus, which selected according there
resistance to fenitrothion at concentration of 10
ppm. The growth results reflect that there are
different resistant levels of the tested
microorganisms to fenitrothion.

The biodegradation experimenthad
studied the ability ofthe testedisolates to degrade
fenitrothion into a basal liquid media lacking
acarbon source for 14 days incubation time at
30°C±2. Results showed the microbial degradation
offenitrothion as the sole carbon and energy
sourcewithin 14 days incubation time at 30°C ±2.
Results indicated that all oftested microorganisms
can grow with the presence of fenitrothion and
able to use it as carbon and phosphate source.
This study report that different fenitrothion

biodegradation level was obtained with
Pseudomonas sp., Trichoderma Viride, Brady
rhizobium sp., Aspergillus niger,andAspergillus
flavus.

Results of the biodegradation of
fenitrothion as asole carbon and energy source
indicated thatfenitrothion was degraded by the
tested isolates from 0.0 %to 34.16, 73.22, 60.44, 66.52
and 46.06 after 14 days for Pseudomonas sp.,
Trichoderma Viride, Brady rhizobium sp.,
Aspergillus niger,andAspergillus flavus,
respectively. The half-life values were reached
to76.41, 49.03, 15.64, 26.58, 22.63and 29.18 days
forcontrol, Pseudomonas sp., Trichoderma Viride,
Brady rhizobium sp., Aspergillus
niger,andAspergillus flavus,
respectively.According to these results all of the
three isolates Trichoderma Viride, Aspergillus
niger and Brady rhizobium can use fenitrothion
as a source of carbon (Fig 2).

Our results are in agreement with the

Table 1. Characterization of the fenitrothion resistant isolates under condition of 10 ppm

No.             Isolates Description

1 Bacteria Pseudomonas sp. (Gram-negative) aerobic gammaproteobacteria
2 Brady rhizobium sp. (Gram-negative) soil bacteria
3 Fungi Aspergillus niger A. niger is a fungus, it is ubiquitous in soil, produce

potent mycotoxins called ochratoxins
4 Trichoderma Viride Fungus and a biofungicide.

(Used in soil treatment for suppression of various
diseases caused by fungal pathogens.)

5 Aspergillus flavus Aspergillus flavus is asaprotrophicandpathogenicfungus

Fig. 2. Fenitrothion degradation kinetics in culture media fortified with 10ppm fenitrothion (A), and the first order
kinetics (B).
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results of24-26, who examined the role of
microorganisms in the degradation of
organophosphorus pesticides in soil.
Resultsshowed that fenitrothion as
organophosphoruspesticide, was biodegradable
bythe co metabolic activities of soil
microorganisms.Also interestingly results
indicated the importantrole of nitrogen fixing such
as Brady rhizobiumsp. in the degradation of
fenitrothion as the solecarbon source.

During periodic cultivation,
representative samples were taken approximately
0, 3, 7 and 14 days.  Results show that the strains,
Trichoderma Viride, Aspergillus niger andBrady
rhizobiumquickly degraded fenitrothion reached
nearly 73.22, 66.52 and 60.44%, respectively. Figure
2 shows the degradation rate of fenitrothion by all
tested microorganisms.

Fenitrothion residue analysis proved that
the strain T. viride as a fungus of the Trichoderma
genus was frequently recognized as good at
fenitrothion biodegradation.  Although the
microbial degradation of fenitrothion is  too  weak
but  Trichoderma  showed  good ability  to  degrade
fenitrothion  which  might  be  due  to  the mycelium
of Trichoderma which  can  produce  a  wide variety
of  enzymes,  including  cellulases  (degrading
cellulose)  and  chitinases  (degrading  chitin),  so
it  can grow  directly on  wood and can be a parasite
of  other fungi  because  the  cell  walls of fungi  are
primarily composed of chitin, a polymer of n-acetyl-
glucosamine.

Results  obtained  from  this  work  can  be
compared  to the  results  of  many  other  works
concerning  pesticides biodegradation of
organophosphorous pesticides using
microorganisms as well as with the results  of  works
concerning  mechanisms  of  active pesticides
degradation.  However, for our knowledge there is
only very few data available in the research
database regarding the use of biodegradation to
utilize obsolete pesticides.

The  mineralization  rate  of  the  herbicides
depends  on environmental factors, which was
proved by Kodama, 200127.Changing  the  substrate
reaction and incubationtemperature, he  determined
optimal parameters ofsimazine biodegradation for
Penicillium steckii  and Moraxellaovis. In the case
of fungi, the best were: pH 7 to 8, 30°C, and traces
of glucose and yeast extract insubstrate (over 50%

subsidence of simazine in 5 days); in the case of
bacteria, it was pH 5 and 35°C. Nearly 100% of
simazine was degraded after 40 days of incubation
of mixed bacteria culture.
Recovered and removal of fenitrothion from media
inoculated withselected microorganisms

The recovered amount of fenitrothion
significantly declined from the initial concentration
with increasing the incubation period in the media
amended with the tested microorganisms, while
media without any amendment (i.e., un-inoculated
control) showed less dissipation of fenitrothion
(Fig 2).

In the present study, fenitrothion was
used at concentration of 10 ppm (Initial
concentration) without inhibitory effects to either
bacteria or fungi (data not shown). In normal
agriculture concentration fenitrothion did not
exhibit measurable effect on soil bacteria
populations28. The culture of Aspergillus niger
could tolerate 400 ppm of technical grade of
endosulfan29. On the other hand, complete
degradation of DDT at concentrations up to 15
ppm in flasks, with shaking, had been achieved
but inhibitory effects were observed at 50 ppm30.
Kinetic studies

A biphasic model was assumed in order
to carry out the statistical study of the loss of
fenitrothion according to the Eq.(1).= 0 − + 0 −  

Where R is the recovered amount of
fenitrothion at t days, A

0
 and B

0
 are the

concentrations of DCF at t= 0 and  and  are the
disappearance rate constants for the first and
second phase model, respectively. The half-life
(t

1/2
) of the exponential decay was calculated

according to the Eq. (2)

1/2 = 2.303 log 2  

The biphasic model is characterized by a
rapid phase which appears to be over in a few
hours or days, and a much slower phase which
may continue over weeks or even months31, 32. The
remaining residues are often quite resistant to
degradation33. The data indicated that there was a
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faster rate of fenitrothion degradation was follow
the first order kinetics as shown in figure2. This is
clearly reflected in the t

1/2
values, where the half-

lives of fenitrothion were 15.64, 22.63, 26.58, 29.18,
and 49.03 days for Trichoderma Viride, Aspergillus
niger, Brady rhizobium sp.,Aspergillus flavus, and
Pseudomonas sp., respectively. Whilet

1/2
 of

fenitrothion in control media (non-treated with
fenitrothion) was 76.41 days.

This finding are in accordance with many
investigators who reported that the kinetics of
pesticides degradation in soil is commonly biphasic
with a very rapid degradation rate at the beginning
followed by a very slow prolonged dissipation31,

32. The relative importance of the phases depends
on the availability of the pollutants, hydrophobicity
and affinity for organic matter. Fenitrothion was
found to be more easily degradable than DDT and
other organochlorine insecticides34 showing the
lowest accumulation hazard. Indeed, the
trichloromethyl group of fenitrothion is
extraordinary susceptible to carbon–carbon bond
cleavage to form 4,4-0-dichlorobenzophenone14-36.

In our experiment fenitrothion was
detected in the culture media using the GC-FPD
during the biodegradation of fenitrothion either
by bacteria or fungi. However, in some cases the
degradation of other organochlorine pesticides
such as lindane has also been successfully
conducted under aerobic conditions by white-rot
fungi37.

CONCLUSION

Degradation of fenitrothion proceeded
rapidly in pure media amended with Trichoderma
Viride, Aspergillus niger and Brady rhizobium,
with t1/2 values of 15.64, 22.63, 26.58 days
compared with 76.41 days. The relatively fast rate
of fenitrothion degradation may be attributed to
the adaptation of the tested microorganisms to
degrade fenitrothion. During the incubation of
fenitrothion with these microorganisms, no known
intermediate or dead-end product could be detected
using GC-FPD. These results demonstrate that
fungi and bacteria can reduce the persistence of
fenitrothion in liquid media culture. Our results can
conclude that these three organisms can be used
to degrade the obsolete fenitrothion formulation.

ACKNOWLEDGMENTS

This project was supported by King
SaudUniversity, Deanship of Scientific
Research,College of Science Research Center.

REFERENCES

1. FAO.: Pesticide disposal, series 2. Prevention
of accumulation of obsolete pesticide stocks.
Provisional guidelines of the United Nations
(FAO) under project GCP/INT/572/NET:
“Prevention and Disposal of Unwanted Pesticide
Stocks in Africa and the Near East”. FAO
pesticide disposal series. FAO, Rome. In.: FAO;
1995.

2. Egenhofer C, & Vijgen, J.: Obsolete pesticides:
a ticking time bomb and why we have to act
now. . In: Energy CEPS Special Reports Brussels:
CEPS.; 2009.

3. Aqiel Dalvie M, Africa A, London L: Disposal
of unwanted pesticides in Stellenbosch, South
Africa. Sci Total Environ 2006, 361(1-3):8-17.

4. Martínez J: Practical guideline on
environmentally sound management of obsolete
pesticides. In. Edited by Basel convention
coordinating centre for Latin America and the
Caribbean M, Uruguay,; 2004.

5. Naidoo V, & Buckley, C. A. : Survey of pesticide
wastes in South Africa and review of treatment
options. In. Edited by 1128/1/03. WRN, 64:
Pretoria: WRC.; 2003.

6. Alexander M: Bioremediation technologies: in
situ and solid phase. In Biodegradation and
bioremediation In.: San Diego: Academic Press.;
1999: (pp. 159–176). .

7. Kulkarni MA, & Chaudhari, A. B. :
Biodegradation of p-nitrophenol by P. putida.
Bioresource Technology 2006, 97: 982–988.

8. Nishino SF, Spain JC: Degradation of
nitrobenzene by a Pseudomonas
pseudoalcaligenes. Appl Environ Microbiol 1993,
59(8):2520-2525.

9. Oh BT, Shea PJ, Drijber RA, Vasilyeva GK,
Sarath G: TNT biotransformation and
detoxification by a Pseudomonas aeruginosa
strain. Biodegradation 2003, 14(5):309-319.

10. Feakin SJ, Blackburn, E., & Burns, R. G.:
Inoculation of granular activated carbon in a fixed
bed with s-triazinedegrading bacteria as a water
treatment process.Water Research 1995;
29(3):819-825.

11. Kucharski J, Baæmaga, M., & Wyszkowska, J.:
Effect of soil contamination with herbicydes on



J PURE APPL MICROBIO, 8(SPL. EDN.), MAY 2014.

279ABD-ALRAHMAN et al.:  MICROBIAL BIODEGRADATION OF FENITROTHION POLLUTION

the nitrification process. Ecologocal Chemistry
and Engineering A 2009, 16((8)):947–952.

12. Omar SA, & Abdel-Sater, M. A. : Microbial
populations and enzyme activities in soil treated
with pesticides. Water, Air, and Soil Pollution
2001, 127:49–63.

13. Rousseaux S, Hartmann A, Soulas G: Isolation
and characterisation of new Gram-negative and
Gram-positive atrazine degrading bacteria from
different French soils. FEMS Microbiol Ecol
2001, 36(2-3):211-222.

14. Koliæ NU, Hrasak, D., Begonia, A. K., Petriæ,
I., Stipicevic, S., Soulas, G., et al.: Combined
metabolic activity within an atrazine-
mineralizing community enriched from
agrochemical factory soil. International
Biodeterioration and Biodegradation 2007; 60:
299–307.

15. Topp E: A comparison on three atrazine-
degrading bacteria for soil bioremediation. .
Biology and Fertility of Silos 2001; 33: 529–
534.: 33, 529–534.

16. Vibber LL, Pressler MJ, Colores GM: Isolation
and characterization of novel atrazine-degrading
microorganisms from an agricultural soil. Appl
Microbiol Biotechnol 2007; 75(4):921-928.

17. Alonso JL, Sabater, C., Ibanez, M.J., Amoros,
I., Botella, M.S., Carrasco, J., : Fenitrothion and
3-methy1-4-nitrophenol degradation by two
bacteria in natural waters under laboratory
conditions. J Environ Sci, Health A 1997;
32(3):799–812.

18. Mikami N, Sakata, S., Yamada, H., Miyamoto,
J., Further studies on degradation of fenitrothion
in soils. J Pesticide Sci 1985, 10(3):491–500.

19. Sato Y: Degradation of fenitrothion by bacteria
isolated from forest soil. . J Jpn For Soc 1992;
74:6482–6487.

20. Shalini R, Reena, K., Sharmila, R., Sharma, C.B.,
: Biodegradation of fenitrothion in soil. Biomed
Chromatogr 1996, 10:60–64.

21. Adhya TK, Sudhakar-Barik, Sethunathan, N., :
Stability of commercial formulation of
fenitrothion, methyl parathion, and parathion
in anaerobic soils. . J Agric Food Chem 1981;
29(1):90-93.

22. Spillner CJ, Thomas VM, DeBaun JR: Effect of
fenitrothion on microorganisms which degrade
leaf-litter and cellulose in forest soils. Bulletin of
environmental contamination and toxicology
1979; 23(4-5):601-606.

23. Spillner J, C.J., DeBaun, J.R., Menn, J.J., :
Degradation of fenitrothion in forest soil and
effects on forest soil microbes. J Agric Food
Chem 1979. , 27(5):1054–1060.

24. Baczynski TP, Pleissner D, Grotenhuis T:
Anaerobic biodegradation of organochlorine
pesticides in contaminated soil - significance of
temperature and availability. Chemosphere 2010;
78(1):22-28.

25. Kadian N, Gupta A, Satya S, Mehta RK, Malik
A: Biodegradation of herbicide (atrazine) in
contaminated soil using various bioprocessed
materials. Bioresour Technol 2008; 99(11):4642-
4647.

26. Singh BK, Walker A, Morgan JA, Wright DJ:
Effects of soil pH on the biodegradation of
chlorpyrifos and isolation of a chlorpyrifos-
degrading bacterium. Appl Environ Microbiol
2003; 69(9):5198-5206.

27. Kodama T, Ding, L., Yoshida, M., & Yajima,
M.: Biodegradation o f an s -t ri az ine h er bi ci
de, s im az ine. . Journal of Molecular Catalysis
B: Enzymatic 2001; 11:1073–1078.

28. Brunninger BM, Mano DM, Scheunert I,
Langenbach T: Mobility of the organochlorine
compound dicofol in soil promoted by
Pseudomonas fluorescens. Ecotoxicol Environ
Saf 1999; 44(2):154-159.

29. Bhalerao TS, Puranik, P.R. : Biodegradation of
organochlorine pesticide, endosulfan, by a fungal
soil isolate, Aspergillus niger. Int Biodeter Biodegr
2007; 59:315–321.

30. Barragán-Huerta BE, C. Costa-Pérez, J. Peralta-
Cruz, J. Barrera-Cortés, F. Esparza-García, R.
Rodríguez-Vázquez, : Biodegradation of
organochlorine pesticides by bacteria grown in
microniches of the porous structure of green
bean coffee. Int Biodeter Biodegr 2007; 59:239–
244.

31. Pignatello JJ, B. Xing, : Mechanisms of slow
sorption of organic chemicals to natural particles.
Environ Sci Technol 1996; 30:1–11.

32. Rigas F, Papadopoulou K, Dritsa V, Doulia D:
Bioremediation of a soil contaminated by lindane
utilizing the fungus Ganoderma australe via
response surface methodology. Journal of
hazardous materials 2007; 140(1-2):325-332.

33. Alexander M: Biodegradation and
Bioremediation. In. Edited by Press A. San
Diego, CA, USA; 1994.

34. Van Dijck PJ, H. Van De Voorde,:
Biodegradation of methoxychlor and kelthane.
Eur J Appl Microbiol 1976; 2:277–284.

35. Bumpus JA, Aust SD: Biodegradation of DDT
[1,1,1-trichloro-2,2-bis(4-chlorophenyl)ethane]
by the white rot fungus Phanerochaete
chrysosporium. Appl Environ Microbiol 1987;
53(9):2001-2008.

36. Walsh PR, Hites RA: Dicofol solubility and



J PURE APPL MICROBIO, 8(SPL. EDN.), MAY 2014.

280 ABD-ALRAHMAN et al.:  MICROBIAL BIODEGRADATION OF FENITROTHION POLLUTION

hydrolysis in water. Bulletin of environmental
contamination and toxicology 1979; 22(3):305-
311.

37. Quintero JC, T.A. Lu -Chau, M.T. Moreira, G.

Feijoo, J.M. Lema, : Bioremediation of HCH
present in soil by the white-rot
fungusBjerkandera adustain a slurry batch
bioreactor. Int Biodeter Biodegr 2007; 60(4):319–
326.


