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Abstract

Lambda-cyhalothrin (LC), synthetic pyrethroid pesticide is used to control awide range of pestsin
variety of agricultural fields. Pesticides are potentially harmful environmental pollutants and pose
serious threat to human hedth. Very limited options are available for environment friendly
removal of LC. Interestingly, soil microbes have been known to possess remarkable genetic
makeup that helps them to perform vital job in cleaning-up harmful pollutants from the
environment. In present study, two LC-degrading bacteria viz. Mesorhizobium sp. strain S,B
(Accession no. gh|MF471843)) and Bartonella sp. strain S,B (Accession no. gb|MF471844|) were
isolated by soil enrichment technique from cotton crop soil and characterized taxonomically using
conventional methods and molecular PCR-based 16S rRNA sequence homology. The bacteria
strains S;B and S,B achieved 29% and 40% removal of LC (conc. 250 mg/L, w/v), with maximum
growth absorbance (OD) of 1.19 + 0.06 and 1.13+ 0.09, respectively, during 20 days of incubation
at 30°C and agitation 200 rpm under experimental |aboratory circumstances. The percent removal
of LC was estimated using UV-Vis Spectroscopy at 287 nm (A max) against the standard curve
plotted at different LC concentrations. The bacterial isolates of present study have exhibited
substantial efficiency for environmental biodegradation of the pesticide.
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Bartonella sp.

I ntroduction

The day by day increased use of pesticide in an
agricultural  field enhances the environmental
pollution and hazards to the biodiversity [1].
Lambda-cyhalothrin (LC) is a synthetic pyrethroid
insecticide, with its chemical name as (RS)-alpha
cyano-3-phenoxybenzyl 3-(2-chloro 3,3,3 trifluoro-
propenyl)-2,2, dimethyl cyclopropane carboxylate,
introduced in 1988 [2]. Pyrethroid pesticides are
highly active neurotoxic and have been mostly
used in agricultural filed to control large number of

insects [3]. Although, a broad range of pests
attacking several crops, i.e. cotton, cereals, hops,
ornamentals and vegetables have been managed
through application of proposed concentrations of
LC [2]. However, it is highly lethal to organisms
when discharged into natural environment. The LC
is unusua amongst pyrethroids compounds and
cause lethality by means of the external dermal
exposure [2]. The chemical structure of LC is
giveninFig. 1.
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Figure 1. Chemical structure of Lambda-cyhalothrin

Environmental exposure of pesticides is a
significant health risk for humans and other
animals [4-5-6]. Pegticides not only cause many
chronic irregularities in human beings but may aso
degrade biodiversity and overall environmental
quality [7-8]. To address this life-threatening
environmental issue, different physicochemical
methods such as incineration, land filling, burning
or composting, and chemical amendments have
been used over the last few decades to remove
pesticide pollution from the contaminated
environments [9-10-11-12-13-14-15 and 16].
However, high cost and low efficiency often limit
their use in remediation [14-15]. Pesticides are
degraded by chemica and microbiological
processes. Chemical degradation occurs through
reactions such as photolysis, hydrolysis, oxidation
and reduction [11]. Whereas biological degradation
takes place when soil microbes utilize or break
down pesticides because soil is the sink which
receives the pesticides and it is the soil that uses
microorganisms, which are responsible to degrade
the compounds [10-12-13]. Bioremediation is
innovative technology that has the potentia to
aleviate pesticide contamination. The process of
bioremediation usually occurs in soil, whereby
pesticides are broken down into less active/toxic
compounds by fungi, bacteria, and other
microorganisms that use pesticides as energy
and carbon sources [16]. The decontamination
and detoxification of the polluted environment
are essential. A number of methods, including
chemical treatment, volatilization, photodecom-
position and incineration, can be applied for the
detoxification of LC [17]. Bioremediation offers
several advantages over the conventional chemical
and physical treatment technologies, especially for
diluted and widely spread contaminants [17].
Bioremediation, which involves the use of
microbes to detoxify and degrade pollutants, has
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received increased attention as an effective
biotechnological approach to clean up polluted
environments [18]. Studies of microbid
degradation are useful for the development of
bioremediation processes to detoxify pesticides
[19]. Thus present study sought to explore the
degradation  of LC using indigenous
Mesorhizobium sp. (S;b) and Bartonella sp. (S;b)
strains isolated from cotton crop soil where LC
was applied as pesticide.

Materials and M ethods

The present study was carried out in Post-
Graduate-Research Laboratory (PGRL), Institute
of Microbiology, Shah Abdul Latif University,
Khairpur, Sindh, Pakistan. Some of the analytical
studies were aso performed collaboratively at
Microbiology Research Laboratory (MRL),
Department of Microbiology, Faculty of Biological
Science, Quaid-i-Azam University, Islamabad,
Pakistan. All the values reported in this manuscript
represent average readings of replicated
experiments unless mentioned otherwise.

Samples collection

Pesticide polluted soil samples (n = 02)
were collected after three days of pesticide
fumigation from cotton crop fields in a depth of
approximately 20 mm using agricultural knife.
Samples were collected asepticaly in sterilized
polyethylene bags from two different fields of
Taluka Kingri, District Khairpur Mir's, (1) Kacha
Territory (K.T) Pir Sahib and (2) K.T Laan Shah.
The collected samples were labeled (date, day,
time, sample type, and quantity) and transported to
the PGRL where stored at 4°C until inoculation.

I solation of LC-degrading bacteria

The soil samples collected from both sites
were suspended into sterile distilled water (1 gram
per 100 ml) each in 250 ml conical flask. The sail
suspension was then mixed and kept at agitation in
the environmental shaker (100 rpm, 30 minutes).
Afterwards, this suspenson was left a room
temperature for 30 minutes to alow the settling of
soil particles. The shaking flask containing 49.9 ml
Mineral salts medium (MSM) broth was then
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separately inoculated with the 0.1ml sample to
make total volume of 50ml for the isolation of
bacteria The medium containing (in gram per
liter); NaHPO, 20 g, , KH,PO, 0.75 g,
MgS0,.7H,0 0.5 g, NH,Cl 1.0 g, was used for the
isolation of bacteria strain according to previously
reported method [20]. The mineral salts medium
was sterilized separately by autoclaving at 121°C
for 15 minutes under 15lbs pressure. The pesticide
(LC) was filter sterilized using an dterile
membrane filter (Pore Size, 0.22 um. Millex GP.,,
Millipore, Bedford, Mass) and added aseptically to
the medium at a fina concentration of 250 mg/L
(w/v). The pH of that medium was adjusted to 7.0
+ 0.2 using 6 N HCl and / or 1 M NaOH solution
and used for isolation of LC-degrading bacteria by
shaking flask method. All inoculated flasks were
incubated at 30°C temperature for 20 days at 200
rpm in Multi-tier environmental shaker (Innova
4900, Germany). The experiments were performed
in triplicate for both samples including positive
and negative controls. The samples yielding
maximum optical density (OD) were selected for
the isolation of bacteria. The selected samples were
streaked on the surface of MSM agar (MSM added
with 1.5 % Agar-agar) plates and incubated at 37°C
for 24 to 72 h. After incubation, the bacterial
cultures were observed for their colony
morphology and the bacterial colonies showing
dissmilar features were purified and grown on
nutrient agar medium for further identification
process.

I dentification of LC-degrading bacteria

The sedected pure bacterial isolates
showing LC-degradation were identified using
routine  microbiological  taxonomic  studies
followed by the molecular confirmation using 16S
rRNA gene sequence homology carried out
commercially at Macrogen Inc., Seol, Korea
Consequently, 16S rRNA gene was amplified
using set of forward and reverse universa primers,
i.e. 27F (5-AGAGTTTGATCMTGGCTCAG-3)
and 1492R (5-TACGGYTACCTTGTTACGAC
TT-3'), respectively. Later, the amplified 16S
rRNA gene was sequenced using universal 518F
(5'-CCAGCAGCCGCGGTAATACG-3) and
800R (5-TACCAGGGTATCTAATCC-3)
primers. Finaly, the gene sequences of approx.
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1400bp were retrieved and studied for their
sequence homology using bioinformatics tools like
basic local aignment search tool (BLAST)
software available a national center for
biotechnology information (NCBI) database. The
evolutionary relationship of the isolates was
computed and a phylogenetic tree was
reconstructed using Molecular Evolutionary
Genetics Anaysis (MEGA) software (Version,
6.0). The nucleotide sequence of 16S rRNA gene
of each isolated strain were then submitted to
NCBI GenBank for obtaining the accession
numbers against each sequence.

Preparation of bacterial inoculum

The pure bacterial isolates were grown in
nutrient broth for 18-20 h at 37°C and cell pellet
was collected after centrifugation at 8000 rpm for
five minutes. The cell pellet was washed thrice
with sterile norma saline to make it free from
media ingredient. These pellets were re-suspended
in 5ml of MSM, which served as inoculum for
each of the biodegradation experiments.

Biodegradation of Lambda-cyhalothrin

The shake flasks containing MSM and LC
(conc. 250 mg/L, w/v) were inoculated with
freshly grown bacterial inoculum having growth
absorbance of 1.0 at 620,,, at a final concentration
of 2% (v/v) and bioremediation experiments were
run for 20 days at 30°C under agitation (200rpm).
The bacterial growth kinetics were recorded every
4™ day including zero day of incubation by taking
growth absorbance at 620nm using
spectrophotometer  (Jennway 6300, Germany).
Control experiments were run without inoculum
under similar experimental conditions. All the
experiments were run in triplicate and data records
were presented as mean of three values + standard
deviation. The percent removal of LC was
determined by using UV-Vis Spectrophotometer
(Agilent Technologies, Inc., USA) a 287 nm
(A max). The unknown concentration of residual
pesticide (i.e. LC) in the samples was estimated by
using equation given below:

_ y+0.9955
1.1483
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Where, “X” is the unknown concentration in the
sampleand “y” isthe absorbance at 287 nm.

Results and Discussion

Environmental  contamination is a
worldwide problem and risk to public wellbeing.
These contaminants contain special harmful effects
and are responsible for environmenta imbalance.
These can either be natural pollutants or
extraneous substances to contaminate air, water or
soil [21]. It is also a matter of apprehension that a
few of the contaminants persist for extensive
period of time in the environment [22], whereas in
additional cases, their derivatives could be more
toxic than main contaminants. Acero et al., [23]
categorized the pesticides among the major
environmental contaminants throughout the world.
A few studies illustrated that, a smaller amount as
1% of the tota mass of pesticides applied into
farming attained its target area. The remaining
amount polluted the soil and other ecological
compartments, like as air, exterior and
groundwater as well as causing human heath
problems due to their persistent nature and toxicity
[24]. It is now evident that once the pesticide
pollutants persist, they come into contact with
water, soil and air; while the native microbes take
part in the natural process of biodegradation.
Several research workers have reported the
degradation of different pesticides under various
physiological circumstances and isolated severa
bacterial strains having potential to degrade the
pesticides from environment [25]. Many
researchers have previoudy reported the isolation
of pesticide degrading bacteria from agricultural
soil environments [26-27-28-29- and 30]. Similarly
the present study was aimed at “bioremediation of
LC (pesticide) by bacterial strains Mesorhizobium
sp. (S1B) and Bartonella elizabethae (S2B)
isolated from cotton crop fields of District
Khairpur. In this case LC was used as
representatives of pyrethroid pesticides (sole
source of carbon and energy) during ex-situ
biodegradation studies. It is believed that one gram
of soil have approximately more than one hundred
million bacteria and 5000-7000 different bacterial
strains [31]. The different microbes have been
isolated from polluted soils having ability to
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degrade pesticides [32-33]. However the isolation
of pesticide-degrading bacteria by using
enrichment technique is more preferred over
simple isolation techniques and this reveaded a
positive association between isolation of LC-
degrading microbes vs. enrichment technique in
MSM [34]. In present study, two different soil
samples of cotton crops soil were preferred and
selected for bacterial isolation. Moreover, the
isolation of LC-degrading bacteria was carried out
using enrichment technique on the basis of best
growth ODs. Both the soil samples gave
significantly higher OD values, as 0.53+0.07 and
0.629+0.02 when compared to control during
treatment of 20 days as shown in Fig. 2.
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Figure 2. Growth of LC- degrading bacteria in MSM broth
supplemented with Lambda-cyhalothrin as sole carbon source.
Note: NC= Negative control, K.T.P= Kacha Territory Pir sahib
and K.T.L=Kacha Territory Lalan Shah.

The maximum OD was obtained after 8"
day of incubation that gradually declined
afterwards in both soil samples. The samples
showing highest ODs were selected for the
isolation and screening of pesticides degrading
bacteria on pesticide containing MSM agar plates.
A number of the bacterial strains interfere in the
biodegradation course into innate environments
cannot be obtained in a laboratory. Though, the
isolation of bacteria that may be used in the clean-
up of wastes or contaminated environments is very
significant [35]. The only two bacteria strains, one
from each K.T Pir Sahib and K.T Laan Shah, were
capable of using LC as a source of energy were
isolated on MSM agar plates. The pure bacterial
isolates were identified by routine microbiological
and molecular PCR-based characterization
methods. The phylogenetic trees and similarity
index of the selected bacterial species indicating
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evolutionary correlation to the closely related
bacteria aready available in the NCBI GenBank
database confirmed isolate S;B as species of genus
Mesorhizobium sp. sharing 99% similarity with
Mesorhizobium sp. STM 4018 gb[EF100516.1] as
shown in (Fig. 3). Contrarily, the isolate S,B
shared up to 95% identity with Bartonella
elizabethae strain R-5 dbj[AB246801.2] and up to
93% with other species of Mesorhizobium, thus
based on its similarity index, the bacterial isolate
S,B was preliminarily named as Bartonella sp.

k0

991 GU257961. 1 Bartonella elizabethae

43
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strain S;B (Fig. 4). Though, keeping in view of its
similarity index, the strain was considered for
reclassification and probably renaming as one of
the novel species of genus Bartonella (unpublished
data). Meanwhile, the nucleotide sequences
obtained were submitted to NCBI GenBank
database and accession numbers gb|MF471843|
and gb|MF471844| were received against
Mesorhizobium sp. and Bartondla sp.,

respectively.

AB246801.2 Bartonella elizabethae strain: R-5
KX417295.1 Bartonella sp. TI6R-289
KJ491019.1 Paramesorhizobium deserti strain A-3-E
KU753914.1 Mesorhizobium sp. strain LCD71b

|NR 146362.2 Ochrobactrum endophyticum strain EGI 60010

1001 KP721485.1 Ochrobactrum endophyticum strain EGI 60010
@ MF471843.1 Mesorhizobium sp. strain S1B ]

o EF100516.1 Mesorhizobinm sp. STM 4018
99 k.}NI 19831.1 Mesorhizobium sp. HN3
76 HQ836166.1 Mesorhizobinm sp. E231a

LT614649.]1 Phyllobacterium sp. strain LLANG]
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77
53

NR 114122.1 Mesorhizobium amorphae strain NBRC 102496
NR 113738.1 Mesorhizobium huakuii strain NBRC 15243
NR 135858.1 Mesorhizobinm jarvisii

; 72 (HF931074.] Mesorhizobium sp. CCANP100
HF931073.1 Mesorhizobium sp. CCANP99
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U50166.1 Rhizobium loti
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Figure 3. Phylogenic tree (a) and similarity index (b) of Mesorhizobium sp. strain S;B
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Figure 4. Phylogenic tree (a.) and similarity index (b.) of Bartonella elizabethae strain S;B

Figure 5 illustrates the growth and LC-
degradation by isolate Mesorhizobium sp. (S,B)
and which did not display any prominent log,
stationary and decline phases, however the growth
OD of strain randomly increased only up to 1.19 £
0.06 till last day of incubation. Contrarily, the
growth OD of Bartonella sp. (S;B) demonstrated a
rapid growth OD 0.93+0.03 till fourth day of
incubation that kept on increasing and reached
maximum growth OD. 1.13+0.09 during 16 days
of incubation. Later, the growth OD of S,B strain
dlightly dropped to 1.05+0.07 till the last day of
incubation. The biodegradation results of isolate
Mesor hizobium sp. (S,B) displayed 4.98% removal
of the LC during 4 days of incubation, and reached
15.11% removal during 8th day of incubation,
while removal of LC was found to be 30.78%

during 4th day of incubation with Bartonella sp.
($B). The concluding results of growth and
biodegradation  experiments of LC give
explanation that isolate Mesorhizobium sp. (S;B)
showed a continuously increasing trend of growth
and biodegradation as shown (Fig. 5a), while
bacterial isolate Bartonella sp. (S;B) has revealed
best growth as well as biodegradation of LC
(Fig. 5h).

Evidently, the bacterial isolate
Mesorhizobium sp.  (S§B) resulted 29.24%
percentage remova of pesticide on 20 day of
incubation while the isolate Bartonella sp. (S:B)
was able to decrease LC concentration 40% in
MSM at similar experimental conditions. Selvam,
et al., [36] discussed the formation of severd
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intermediates as well as disappearance of
compounds in the degradation of 500ppm of
fenvalerate for the treatment of eight days using B.
cereus. Jin, et al., [37] reported the degradation
rates of a 100 mg/L concentration of f-
cypermethrin, cypermethrin, fenpropathrin,
fenvalerate, and deltamethrin by Acinetobacter sp.
strain JN8 in mineral sat medium were 74.1%,
64.9%, 57.9%, 48.1% and 34.9%, respectively. At
the optimum growth conditions, Streptomyces
parvulus strain (HU-S-01) efficiently degraded 10-
250 mg/L cypermethrin  within 48 h and
completely degraded cypermethrin within 30 h at
the concentration lower than 50 mg/L. This is an
important feature of an organism to be utilized for
biodegradation of cypermethrin  residue in
environment because the reported contamination of
cypermethrin in soil or water is not as high as 250
mg/L [38].
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Figure 5. Bioremediation of LC by isolate Mesorhizobium sp.. S,B
(a) and Bartonella alizbathae strain S;B (b)

Conclusions

The utilization of xenobiotic compounds
by soil microorganisms is a crucia phenomenon
by which these compounds are removed from the
environment, preventing environmental pollution.
This research focused on laboratory culture based
enriched techniques which have limited the
diversity of isolated bacteria. The present study
suggests that microorganisms are capable of
degrading LC. The bacterial strains Mesorhizobium
sp. (SB) and Bartonella sp. (S:B) provide a
sustainable option for improvement of the soil
quality because, on one hand, they utilize the
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environmenta pollutants like LC and, on the other
hand making soil more suitable for the crop
cultivation by improving its fertility. Additionally,
the application of cell free enzymes might be an
option for the detoxification of pesticide residues
on the surface of fruits and vegetables.

Acknowledgments
All the authors thank to the Chairperson,

Department of Microbiology, Quaid-i-Azam
University, Islamabad, for providing laboratory

facilities to cary out analysis of the
bioremediation assay’s using Uv-Vis
spectrophotometer and FTIR (Agilent

Technologies, Inc., USA).
References

1. S. Adhikari, Res. J. Environm. Toxicol., 4
(2010) 147.

2. L. M. He, J. Troiano, A. Wang and K. Goh,
In Reviews of Environmental Contamination
and Toxicology (2008) 71. Springer New
York.

3. P. Guo, B. Z. Wang, B. J. Hang, L. Li, S. P.
Li and J. He, Int. J. Syst. Evol. Mic., 60
(2010) 408.
doi: 10.1099/ijs.0.009795-0

4, M. A. Azmi, S. N. H. Nagvi, M. A. Azmi
and M. Adlam, Chemosphere, 64 (2006)
1739.
doi: 10.1016/j.chemosphere.2006.01.016

5. J. Rothlein, D. Rohlman, M. Lasarev, J.
Phillips, J. Muniz and L. McCauley,
Environm. Health Perspect., (2006) 691.
http://wwwv.jstor.org/stabl /3651039

6. M. C. Kefer and J Firestone, J.
Agromedicine, 12 (2007) 17.
doi: 10.1300/J096v12n01 03

7. N. Benachour, S. Modemi, H. Sipahutar
and G. E. Sedini, Toxicol. Appl.
Pharmacoal., 222 (2007) 129.
doi: 10.1016/|.taap.2007.03.033

8. G. Matthews, Pesticides. Health, Safety and
the Environment, (2015) John Wiley & Sons.

9. G. Wehtje, R. H. Waker and J. N. Shaw,
Weed Sci., 48 (2000) 248.
doi: 10.1614/0043-1745(2000)048[0248:
PRBISA]2.0.CO;2




119

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Pak. J. Anal. Environ. Chem. Vol. 18, No. 2 (2017)

H. Ghadiri, J. Environm. Manage., 62 (2001)
55.

doi: 10.1006/jema.2001.0428

R. Kodaka, T. Sugano, T. Katagi and Y.
Takimoto, J. Agric. Food Chem,, 51 (2003)
7730.

doi: 10.1021/jf0346049

A. Nawab, A. Aleem and A. Mdik, Biores.
Technol., 88 (2003) 41.

doi: 10. 1016/S0960-8524(02)00263-8

S. A. Sassman, L. S. Lee, M. Bischoff and R.
F. Turco, J. Agric. Food Chem, 52
(2004) 747.

doi: 10.1021/jf035200;

E. Dijkgraaf and H. R. Vollebergh, Ecolo.
Econ., 50 (2004) 233.

doi: 10.1016/j.ecolecon.2004.03.029

J Jn Z Wang and S Ran, Waste
Manag., 26 (2006) 1045.

doi: 10.1016/j.wasman.2005.08.006

S. Hussain, T. Siddigue, M. Arshad and M.
Saleem, Crit. Rev. Environm. <.
Technol., 39 (2009) 843.

doi: 10.1080/10643380801910090

F. I. Eissa, H. A. Mahmoud, O. N. Massoud,
K. M. Ghanem and |I. M. Gomaa, IM, J. Am.
i, 10 (2014) 98.

M. Vidali, Pure Appl. Chem., 73 (2001)
1163.

K. Maya, R. S. Singh, S. N. Upadhyay and S.
K. Dubey, Process Biochem., 46 (2011)
2130.

doi: 10.1016/j.prochio.2011.08.012

N. Sakia, S. K. Das, B. K. Pad,
R. Niwas, A. Singh and M. Gopdl,
Biodegradation, 16 (2005) 581.

doi: 10.1007/s10532-005-0211-4

L. A. Kapustka, B. A. Williams and A.
Fairbrother, Environm. Toxicol. Chem., 15
(1996) 427.

doi: 10.1002/etc.5620150404

E. R. Bandda, S. Gelover, M. T. Led, C.
Arancibia-Bulnes, A. Jimenez and C. A.
Estrada, Catal. Today, 76 (2002) 189.

doi: 10.1016/S0920-5861(02)00218-3

J. L. Acero, F. J. Benitez, F. J. Real and M.
Gonzalez, J. Hazard. Mat., 153 (2008) 320.
doi: 10.1016/j.jhazmat.2007.08.051

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

M. M. Veiga, D. M. Silva, L. B. E. Veiga
and M. V. D. C. Fariayz Cad. Saude
Publica, 22 (2006) 2391.

doi: 10.1590/S0102-311X 2006001100013

K. M. Omolo, G. Magoma, K. Ngamau and
T. Muniru, Afri. J. Environm. Sci. Technol., 6
(2012) 104.

doi: 10.5897/AJEST11.067

A. K. Singh, A. Walker and D. J. Wright,
Soil Biol. Biochemi., 38 (2006) 2682.

doi: 10.1016/j.s0ilbi0.2006.04.019

A. Fenlon, K. C. Jones and K. T. Semple, J.
Environm. Monit., 9 (2007) 510.

doi: 10.1039/B700668C

L. Philip and M. Kumar, J. Environm. <ci.
Health, 42 (2007) 707.

doi: 10.1080/03601230701465940

S. Shi and G. D. Bending, FEMS Microbiol.
Lett., 269 (2007) 110.

doi: 10.1111/j.1574-6968.2006.00621.x

S. S. Kalyani, J. Sharma, S. Singh, P. Duregja
and Lata, J. Environm. Sci. Health Part B, 44
(2009) 663.

doi: 10.1080/03601230903163665

J. C. Anhdt, T. B. Moorman and W. C.
Koskinen, J. Environm. <ci. Health Part
B, 42 (2007) 5009.

doi: 10.1080/03601230701391401

A. E. Chirnsdde, W. F. Ritter and M.
Radosevich, Soil Biol. Biochem., 39 (2007)
3056.

doi: 10.1016/j.s0ilbio.2007.06.018

S. Hussain, M. Arshad, M. Saleem and A.
Khalid, Biodegradation, 18 (2007) 731.

doi: 10.1007/s10532-007-9102-1

S. Bhanu, S. Archana, K. Ajay, J. L. Bhatt, S.
P. Bajpai, P. S. Singh and B. Vandana, Inter.
J. Envir. i, 1 (2011) 977.

M. L. Ortiz-Herndndez and E. Sanchez-
Sdlinas, Rev. Int. Contam. Ambient, 26
(2010) 27.

A. D. G. Sdvam, A. J. Thatheyus and R.
Vidhya, World J. Environm. Eng., 1 (2013)
21.

doi: 10.12691/wjee-1-2-2

Z Jn, Q. Guo, Z Zhang and T.
Y an, Canadian J. Microbiol., 60 (2014) 541.

doi: 10.1139/cim20140104.




