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ABSTRACT

Removal of Polycyclic Aromatic Hydrocarbons (PAHs) from the environment is important because
of their potentially deleterious affect human health. Biological methods that was applied in the
present study is typically contain microbial processes. It is the most innocuous and effective
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solution that transform pollutant to nontoxic or less toxic substances. The objectives of the present
study are enrichment, isolation and identification of PAHs degrading bacteria from oil-contaminated
soil by molecular detection methods. Eight indigenous bacteria were isolated from oil-contaminated
soils by using the enrichment methods. Two isolates with the highest optical density potentials were
selected in media with 12.8 mg. L™ of 16 PAHs as the sole source of carbon. They were identified
as Bacillus licheniformis ATHE9 and Bacillus mojavensis ATHE13 by subjected to polymerase
chain reaction with 16SrDNA primer and biochemically characterized. The bacterium strain
including Bacillus licheniformis ATHE9 was isolated and removed by Acenaphtylene, Acenaphtene
and Indeno pyrene in 72, 96 and 96 hours, respectively. The Bacillus mojavensis ATHE13 could
remove Naphthalene in 72 hours and Acenaphtene, Acenaphtylene, Benzo(ghi)prylene,
Dibenzo(ah)anthracene and Indeno pyrene in 96 hours. The results of this study strongly indicate
that some of the indigenous bacteria have the potential role to remediate polycyclic aromatic
hydrocarbons from oil-contaminated sites. These bacterial strains were able to grow in media with
12.8 mg. L™ of 16 PAHs and reach the stationary phase. The results showed that using native
bacteria with PAH-utilizing capabilities in contaminated sites could be useful for removal of these
compounds from the environment.

Keywords: Bacterial identification; gas chromatography; indigenous bacteria; pollution; remediation.

1. INTRODUCTION

Polycyclic aromatic hydrocarbons (PAHs) are
environmental pollutants generated from both
natural and anthropogenic processes that remain
for long periods in the environment and cause
serious concerns for human health [1].

Recently, there is an interesting in development
of biotechnologies to detoxify PAHs
contaminated sites. The elimination of PAHs
from the soil could be achieved through
bioremediation  strategies, where selected
microorganisms transform them to CO,, water, or
at least, less dangerous compounds. Although
attempts have been made since the 1950s to
select microorganisms with the capacity of
degrading PAHs from pure cultures, greater
attention has been paid in the last few years to
isolating microbes that effectively degrade PAHs
[2]. Bioremediation, which is based on microbial
transformation and degradation, is one of the
most promising methods applied in the field of
environmental biotechnology for cleanup of
contaminated environments [3]. Considerable
attention has been focused on the metabolic
pathways and genetics of degradation of low and
high molecular mass PAHs such as naphthalene,
phenanthrene, anthracene, pyrene, benzo(a)
pyrene and benzo(ghi)prylene, by bacteria [4].
Until now, various bacteria with the ability to
degrade each PAHs have been isolated [5,6,7].

Microbial activity has been deemed the most
influential and significant cause of PAHs removal
[8]. Pollution by petroleum hydrocarbons may
stimulate the growth of such organisms and

cause changes in the structure of microbial
communities in the contaminated area.
Hydrocarbon-degrading microorganisms usually
exist in very low abundance and diversity in the
environment. Soil could receive considerable
amounts of PAHs but microbial populations may
not have the metabolic ability to degrade these
compounds because of their structural
complexity and low solubility in soil solution
[9]. Therefore, identification of the organisms
that play role in pollutant biodegradation is
important for developing in situ bioremediation
[10].

The objectives of this study were to isolate and
identify PAHs degrading bacteria from oil-
contaminated soil, and the investigation of
biodegradation ability of them.

2. MATERIALS AND METHODS

2.1 Sampling

Soil samples were collected from the Isfahan,
Iran refinery (N, 51°30' 27.04" E, 32°46' 53.41"),
which had been contaminated for more than 10
years with oil sewage. These samples were
placed into sterile plastic bags, kept at
temperature of 4°C, and taken to the laboratory
immediately. Some properties of the soil such as
pH [11], EC [12], organic matter percentage [11],
microbial respiration [13], and concentrations of
10 PAHs (Naphthalene,  Acenaphthene,
Acenaphthylene, Phenanthrene, Anthracene,
Benzo(a)anthracene, Chrysene, Benzo(a)pyrene,
Dibenzo(a,h)anthracene and Benzo(ghi)
perylene) were measured [14].
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2.2 Soil PAHs Determination

PAHs concentrations in the soil samples were
determined by GC-FID using a soxhlet extraction
system (5 g soil with 5 g Na,SO,4 anhydrous) with
250 mL DCM-Acetone (1:1 v/v) mixture. The
extract was concentrated by rotary and cleaned
up by silica gel column. Then the solvent was
changed with n-Hexane. The internal standard
m-terphenyl was added to each vial before
injected to the GC-FID. The Agilent 7090A Gas
Chromatography used in this study with capillary
column (30 m x 0.25 mm I.D. 0.25 ym film
thickness, Agilent) was equipped with a FID
model 6870 Agilent. The flow rate of carrier gas,
N,, was 1.5 mL.min. The injector and detector
temperatures were set at 260C and 270C,
respectively. The temperature program for target
PAHs was 1 min hold at 70C, ramp to 290<C at
5C.min, ramp to 305C at 1T.min *. The
aliquot of 1 pL in 500 pL solvent was injected into
the GC-FID [15].

2.3 Enrichment of
Bacteria

PAH-degrading

Nutrient agar plates were used for heterotrophic
plate count of bacteria. Mineral salt medium
(MSM) was used for the enrichment and isolation
of PAHs-degrading bacteria. It contained the
following compounds (g.L™"): K,HPO,, 0.27;
CaCl,.2H,0, 0.1; FeCl,.4H,0, 0.009 and
MnCl,.4H,0, 0.004. The pH was adjusted to 7.2,
and the medium was autoclaved (121°C for 15
min) prior to the addition of 16 PAHs as the sole
source of carbon and energy. The solution of 16
PAHs contained: Naphthalene, Acenaphthene,
Acenaphthylene, Fluorene, Phenanthrene,
Anthracene, Fluoranthene, Pyrene,
Benzo(a)anthracene, Chrysene,
Benzo(b)fluoranthene, Benzo(k)fluoranthene,
Benzo(a)pyrene, Dibenzo(a,h)anthracene,
Benzo(ghi)perylene, and Indeno(1,2,3-cd)pyrene
in n-Hexane as 12.8 mg.L™" concentration was
added to a 100 mL conical flask. After the
evaporation of n-Hexane, the mineral medium
was added. Then, 1 gram of oil-contaminated soil
was added to the conical flask and kept in the
shaker incubator at 150 rpm and 37°C. Upon
observing the growth, enrichment culture of 5 mL
was transferred to a fresh medium and incubated
under the same conditions. Subsequently, the
culture was transferred three times to enrich the
degrading bacteria. The solid medium was
prepared with 2% (w: v) agar [16].

2.4 I1solation of the Best PAH-degrading
Bacteria

The isolation and purification of bacterial isolates
were based on the colony morphology such as
size, shape, color, margin and texture. The
separate colonies of degrading bacteria on the
solid medium plates were picked and cultured in
MSM. After 24 hours, two isolates with the
highest growth rate in presence of PAHs in 12.8
mg. L™ were selected as the best bacteria and
were streaked on to LB media plates for
identification.  Pre-selected isolates  were
repeatedly streaked on to agar plates in order to
obtain a pure culture of bacteria [16].

2.5 Biochemical Analysis of Isolates

Gram staining of each bacterium was conducted
before identification. The catalase activity, nitrate
reduction, indole production, acid or gas
production from D-glucose, D-monitol and
sucrose, citrate utilization test and hydrogen
sulfide production, anaerobic growth, growth
temperature and salt tolerant were tested as
described in Bergey’'s Manual of Systematic
Bacteriology [17].

2.6 Bacterial PAH Biodegradation

Each isolate was inoculated into test tube
containing 25 mL of MSM media supplemented
with 12.8 mg. L™ of 16 PAHSs as the sole source
of carbon and energy. The incubation was done
in a shaker incubator at 150 rpm and 37°C.
Every 24 hours, 5 mL of the media was
extracted, and the cell density of each isolate
was monitored  spectrophotometrically by
measuring the absorbance at 560 nm. An
increase in turbidity indicated the ability of an
isolate to utilize PAHs. This sample size (5 mL)
was also used for the assay of PAHs
biodegradation. After the addition of 15 mL
dichloromethane, the sample was vortexed for 5
min and then centrifuged at 3000 rpm for 10 min.
The extract was concentrated by rotary, cleaned
up by silica gel column and dried with N, gas.
The solvent was exchanging with n-Hexane and
Phenanteren d;;, was added in specific
concentration as an internal standard to all
samples. The supernatant of 1 pl was injected to
GC-MS [18].

Analysis of polycyclic aromatic hydrocarbons
was carried out by an Agilent GC Model 6890
coupled to a quadrupole mass spectrometer



Eskandari et al.; JGEESI, 11(2): 1-11, 2017; Article no. JGEESI.35447

(5975C). The system was operated in electron
impact mode (El, 70 eV). A HP-5 MS column (30
m x 0.25 mm 1.D. 0.25 uym film thickness, Agilent)
was used for separation of polycyclic aromatic
hydrocarbons. In order to get the proper GC
separation, a temperature programming was
used. Temperature started from 80°C with a 5
min hold time, it was then increased to 150°C at
a rate of 10°C.min™. It was then increased to
300°C at a rate of 5°C.min™, keeping the final
temperature for 5 min. Injection was performed in
the split less mode. Helium gas was used as a
carrier gas at a constant flow rate of 1.5 mL.
min™. Injector, transfer line temperatures were
250 and 280°C, respectively. lons were selected
after considering the total ion chromatogram of
solution of compounds. The ions were divided
into four groups. Peak detection and integration
were carried out using Chemstation software and
AMDIS (automated mass spectral deconvolution
and identification system).

2.7 DNA Extraction and PCR Application

The genomic DNA extraction of best isolates was
done using the DNA extraction kit (Sinaclon
Bioscience Co.). The extraction procedures were
carried out according to the manufacturer's
instructions. In brief, 100 pyL of overnight
bacterial culture was pelleted by protease buffer;
this was followed by the addition of 5 pL of
protease to the mixed cells and then placed at
55 for 30 min. 100 pL of the obtained sample
was mixed with a lysis solution, and a short
vortexing at the lowest vibration setting was done
to lyses the bacterium cell wall. The precipitation
solution of 400 yL was added to precipitate the
DNA. The DNA was washed with 1 mL washing
buffer, dried, and dissolved with solvent buffer.
The extracted DNA was analyzed by 1% agarose
gel electrophoresis. The extracted and purified
DNA was stored at -20°C before use.

Standard PCR amplification was performed in 25
ML of reaction volume using smart-Taq DNA

polymerase. The reaction mixture consisted of
2.5 unit smart-Taq polymerase, 2 mmol dNTP
mix, 100 pL of 10X PCR reaction buffer, 2 mmol
MgCl, and 2 pL of 100 pmole each of primers
F27 (5-AGCGGTCCAGAGTTTTCCTGG-3) and
R1492  (5-CTCTCTGCAGCCCTTGTTACG-3).
The reaction mixture was subjected to an initial 5
min of incubation at 95C to denature the DNA.
This was followed by 33 cycles of amplification,
which included 20 seconds denaturalization at
94<C, 25 seconds annealing at 60C and 30
seconds extension at 72€C. 1min extension at
72C was performed at the end of the final cycle.
The amplified products were stored at 4C prior
to analysis by agarose gel 1% electrophoresis
[19].

2.8 Statistical Analysis

The statistical analyses in this study were done
with SAS and Excel software.

3. RESULTS

3.1 Chemical Soil Properties

Some properties of the contaminated soil, such
as pH, EC, organic matter percentage, microbial
respiration, and PAHs concentration, are shown
in Table 1.

3.2 Isolation of Bacteria

From the contaminated soil samples, 8 bacterial
strains were isolated and labeledas 1234567
8 and 9. Five isolates were gram negative, and
the others were gram positive. Bacterial strains 1
and 8 experienced more growth than others in
the presence of 16 PAHs as the sole source of
carbon and energy (Fig. 1).

3.3 Identification of Bacteria

The more efficient isolate 1 and 8 were isolated
in high purity and selected for more investigation

Table 1. Some properties of the oil-contaminated soil

Parameter Amount Parameter Amount
Acidity 7.24+0.03 Anthracene (mg.L™) 7+2
Electrical conductivity (dS/m) 3.4+0.2 Benzo(a)anthracene (mg.L™) 31+4
Organic matter (%) 2.8 Chrysene (mg.L™) 64+11
Naphthalene (mg.L™) 3245 Benzo(a)pyrene (mg.L™) 62
Acenaphthene (mg.L™) 3749 Dibenzo(a,h)anthracene (mg.L™")  8+4
Acenaphthylene (mg.L™) 4445 Benzo(ghi)perylene (mg.L™) 7+0.5
Phenanthrene (mg.L™) 1045 Microbial respiration 6648+50

(mg CO,.(g.d)™)
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of PAHs removal and strain identification. These
isolates were subjected to PCR with 16S rDNA
primer and biochemically characterized as
according to Bergey’'s Manual of Determinative
Bacteriology. The biochemical characteristics
of the isolated bacteria (1 and 8) are shown in
Table 2.

A gene sequence analysis was performed to
further identify the bacteria and to support the
results of the biochemical analysis. The
percentage of maximum similarity and the gene
bank accession numbers are shown in Table 2
too.

3.4 Growth Curve of Bacteria in Presence
of PAHs

The PAHs degrading strains obtained a specific
growth rate after 24 hours of incubation as seen
in Fig. 2. Two bacterial isolates grew without any
lag phase.

3.5 PAH Biodegradation
Biodegradation of PAHs by two isolated bacteria

was investigated for 120 hours. The results are
shown in Tables 3 and 4.
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Table 2. Biochemical characteristics of the isolates

Isolate 1 Isolate 8
Morphological characteristic
Type of colony Roud, 2-4 mm diameter, fimbriate Circular, 2 mm diameter,
margins, whitish color, rough smooth margins, white
surface. Opaque color
Endospore + +
Motility + +
Gram nature + +
Biochemical characteristics
Catalase + +
Oxidase + +
Maximum temperature 50°C 50°C
Growth at pH=5.6 + +
Growth at NaCl 5% + +
Growth at 7% + +
Growth at 10% + +
Acid from Glucose - +
Monnitol + +
Lactose - +
Citrate utilization + +/-
Nitrate reduction + +
Indol production - +
H,S production - +
Anaerobic growth + -
Growth at 5°C - -
Growth at 10°C - +
Growth at 55°C - -
Growth at 65°C - -
Isolate Bacillus licheniformis Bacillus mojavensis
Identity 99% 98%
Accession No. KC329470.1 KC469987.1
Strains name of organism on  Bacillus licheniformis ATHE9 Bacillus mojavensis ATHE13
NCBI site
Table 3. Removal percentage of 16 hydrocarbons by Bacillus licheniformis  ATHE9 during
120 hours
Time (h) 0 24 48 72 96 120
PAH (%)
Naphtalene 0 53 67 83 83 100
Acenaphtylene 0 54 68 100 100 100
Acenaphtene 0 35 55 71 100 100
Flourene 0 51 68 69 69 69
Phenanteren 0 30 66 67 73 73
Antracene 0 33 65 67 73 75
Floranthene 0 5 59 70 69 83
Pyrene 0 3 25 42 42 56
Benzo(a)antracene 0 23 55 61 65 66
Chrysene 0 22 22 72 73 74
Benzo(b)floranthene 0 10 58 58 68 65
Benzo(k)floranthene 0 10 58 59 69 69
Benzo(a)pyrene 0 12 59 62 71 72
Benzo(ghi)prylene 0 35 55 55 100 100
Dibenzo(ah)anthracene 0 28 55 55 56 100
Indeno pyrene 0 27 54 55 100 100
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Table 4. Removal percentage of 16 hydrocarbons by Bacillus mojavensis ATHE13 during

120 hours

Time (h) 0 24 48 72 96 120
PAH (%)
Naphtalene 0 53 68 100 100 100
Acenaphtylene 0 54 59 72 100 100
Acenaphtene 0 35 41 60 100 100
Flourene 0 33 65 67 73 75
Phenanteren 0 30 41 74 87 93
Antracene 0 33 41 74 89 92
Floranthene 0 5 18 59 58 64
Pyrene 0 3 18 34 34 35
Benzo(a)Antracene 0 23 23 43 69 71
Chrysene 0 22 22 53 59 70
Benzo(b)floranthene 0 10 23 55 70 70
Benzo(k)floranthene 0 10 16 40 55 55
Benzo(a)pyrene 0 12 25 34 40 40
Benzo(ghi)prylene 0 35 54 55 100 100
Dibenzo(ah)anthracene 0 28 56 56 100 100
Indeno pyrene 0 27 53 61 100 100

4. DISCUSSION

The biodegradation of PAHs has been
extensively studied and microbial strains have
been isolated for their ability to metabolize PAHs
at varying degradation rates. It has been known
that some soil bacteria are able to degrade toxic
organic compounds [20]. Many soil
microorganisms having the ability to degrade
chemicals, including herbicides, pesticides,
solvents and other organic compounds have
been found. They provide a reasonable and
effective way to remove chemical wastes. The
degradation of PAHs in soil has been
successfully demonstrated for large scale
remediation [9]. Microorganisms capable of
degrading PAHSs exist in most environments [21].

Polymerase Chain Reaction (PCR) and DNA
hybridization have also proven useful in the
detection of polycyclic aromatic hydrocarbon
degradation genes in different soil bacteria.
Different strains of Mycobacterium,
Sphingomonas, Rhodococcus and Xanthomonas
which degrade polycyclic aromatic hydrocarbons
have been characterized for gene encoding
degradation enzymes for PAH [22,23].

In this study between eight isolated bacteria, two
gram positive bacilli belonging to the genus
Bacillus were found to be more efficient in the
biodegradation of PAHs than other isolates. The
strains were identified as Bacillus licheniformis
ATHE9 and Bacillus mojavensis ATHE13 with

accession Nos. KC329470.1 and KC469987.1
respectively (Table 2).

The ability of the Bacillus species to degrade
PAHs has been reported by a number of
investigators. The Bacillus spp. are more tolerant
to high concentrations of poly cyclic aromatic
hydrocarbons in soil due to their resistant
endospores so the isolates belonging to the
Bacillus sp. could be effective in removal of
PAHSs in the contaminated soils [24].

The results show that, the Bacillus species were
able to grow in the presence of 12.8 mg. L™
PAHs. Similarly, there are several reports of
pollutant bioremediation by the action of Bacillus
sp. occurring in extreme environments [25].
Recent studies have shown that PAHs can be
used by Bacillus and especially B. licheniformis
as carbon sours [26].

ljah et al. [27] reported that Bacillus spp. are the
predominant isolates of all crude oil-utilizing
bacteria characterized from highly polluted soil
samples.

Two isolates in this study also showed a very fast
growth rate and high growth capacity, as
evidenced, in the fact that they showed a very
high exponential phase. The results provide
evidence of the usefulness of the bacteria B.
licheniformis ATHE9 and B. mojavensis ATHE13
for  bioremediation of PAH-contaminated
environments (Fig. 2).
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According to Tables 3 and 4, the present study
has demonstrated that the bacterium Bacillus
mojavensis ATHE13 carry out rapid degradation
of PAHs from the liquid medium rather than B.
licheniformis ATHEO.

In the study by Kumar et al. [5], Bacillus sp.
strain isolated from oil-contaminated soil grew
and produced biosurfactant in the presence of
crude oil. It was capable of utilizing PAHs as a
sole carbon and energy source across a wide
range of temperatures and salinity levels.
Through 16S rDNA analysis, this strain was
related to Bacillus licheniformis.

One bacterium was isolated from petroleum-
contaminated soil from the Shanghai oil field in
northern China. This bacterium was used to treat
oily sludge. Based on morphological and
physiological characteristics and molecular
identification, it was identified as Bacillus
amyloliquefaciens [6].

Cunha et al. [7] isolated seven spore-forming,
gram-positive bacteria from the rock of an oll
reservoir located in a deep-water production
basin in Brazil. These strains were identified
using polymerase chain reaction (PCR) as
belonging to the genus Bacillus. The strains were
tested for oil degradation ability in microplates,
and they showed positive results.

Concurrent with the growth curve of each isolate
at a specified time, it was attempted to
investigate their ability to remove hydrocarbons.
Every 24 hours, one sample taken from the
culture and the hydrocarbons concentrations in it
were measured. The results are presented in
Tables 3 and 4. The bacterium strain Bacillus
licheniformis ATHE9 was isolated in this study
removed acenaphtylene in 72  hours,
acenaphtene and indeno pyrene in 96 houres,
and Dibenzo (ah) antracene and naphthalene in
120 hours. This isolate also removed about 70%
of flourene, antracene and phenantheren, 83% of
flourantene, and 72% of benzo (a) pyrene in 120
hours as shown in Table 3.

The results shown in Table 4 indicate that the
bacterium strain Bacillus mojavensis ATHE13
could remove naphthalene from media in 72
hours and acenaphtene, acenaphtylene, benzo
(ghi) prylene, dibenzo (ah) anthracene and
indeno pyrene from media in 96 hours. This
isolate could also remove 64% flouranthene,
75% flourene, 92% antheracene and
phenenteren in 120 hours (Table 4).

Maiti et al. [28] were isolated and identified one
strain of Bacillus from oil contaminated soil in
India that it could mineralized antheracene,
Fluoranthene, pyrene and benzo (a) pyrene,
[29,30,31,32].

Toledo [29] isolated fifteen bacterial strains from
solid waste oil samples for their capacity to grow
in the presence of naphthalene, phenanthrene,
fluoranthene, or pyrene as the sole carbon
source. The isolates were identified by PCR, and
results showed that the strains belonged to
the genera Bacillus, Bacillus pumilus (eight
strains), and Bacillus subtilis (two strains)
[33,34,35].

Velayutham et al. [30] isolated two efficient PAH-
degrading strains and identified them as
Pseudomonas stutzeri and Bacillus subtilis.
These bacterial strains were able to degrade
within a period of 6 days 95.1% and 99.4% of
naphthalene (100 mg. L™") and 99.5% and 94.6%
anthracene (50 mg. L'l), respectively, as the sole
source of carbon and energy in the liquid phase
[36,37,38,39].

Abd-Elsalam [31] identified some bacterial
strains isolated as Escherichia coli (EF105548),
Soil bacterium (EF105549), Alcaligenes sp.
(EF105546), and Thiobacter subterraneus
(EF105547) that have the ability to degrade
PAHs. The average degradation rates of
anthracene by these bacteria were 28.6, 30.2,
26.6 and 32.1%, while those of phenanthrene
were 42.45, 48.44, 34.35 and 40.45% for these
strains, respectively [40,41,42,43].

In another study, Eman et al. [32] were isolated
three different bacterial strains (Klebsiella
oxytoca, Klebsiella pneumonia, and
Acinetobacter sp.) from crude petroleum oil
samples that were able to utilize four different
PAHs (phenanthrene, fluoranthene, pyrene, and
benzene). Klebsiella oxytoca is the most efficient
utilizer of PAHs compared with Klebsiella
pneumonia and Acinetobacter. It can utilize
almost 83% benzene after 48 hours of shaking, if
supplemented with a nitrogen source [44,45].
The isolates have been molecularly identified by
partial sequencing of the 16S rDNA gene
(approximately 900 bp), and the results
demonstrate they have a high degree of
homology to Klebsiella oxytoca (up to 99%
similarity), Klebsiella pneumonia (from 97 to 99%
similarity), and Acinetobacter sp (up to 99%
similarity) [46,47].
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Individual bacterial strain can metabolize only a
limited range of hydrocarbon substrates due to
specific enzymatic capacities. Because of this
behavior, any special bacteria have special
ability to degrade some PAHSs.

5. CONCLUSION

Bioremediation is a method used to transform
compounds to less hazardous or non-hazardous
forms with less input of chemicals, energy, and
time. There are a number of bacterial species
capable of degrading PAHs that have been
isolated from different environments. In this study
two degrading bacterial strains were isolated
from contaminated soil and identified as Bacillus
licheniformis ATHE9 and Bacillus mojavensis
ATHE13. These bacterial strains were able to
grow in media with 12.8 mg. L™ of 16 PAHs and
reach the stationary phase. These bacterial
strains were also able to remove some PAHSs in
the media. The results show that using native
bacteria with PAH-utilizing capabilities in
contaminated sites could be useful for removal of
these compounds from the environment.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES

1. Lee KH, Byeon SH. The biological
monitoring of urinary 1 hydroxypyrene by
PAH exposure among smokers. Int. J.
Environ. Res. 2010;4(3):439-442.

2. Zheng ZM, Obbard JP. Polycyclic aromatic
hydrocarbon removal from soil by
surfactant solubilization and
phanerochaete chrysosporium oxidation. J.
Environ. Qual. 2002;31(6):1842-1847.

3. Atlas RM, Cerniglia CE. Bioremediation of
petroleum pollutants. BioScience. 1995;
45(5):332-338.

4, Williams PA, Sayers JR. The evolution of
pathways for aromatic hydrocarbon
oxidation in Pseudomonas.
Biodegradation. 1994;5(3-4):195-217.

5. Kumar M, Leén V, Materano ADS, llzins
OA. A halotolerant and thermotolerant
Bacillus sp. degrades hydrocarbons and
produces tensio-active emulsifying agent.
World J. Microbiol. Biotechnol. 2007;23(2):
211-220.

6. Liu W, Wang X, Wu L, Chen M,
Tu C, Luo Y, Christie P. Isolation,
identification and characterization of

10.

11.

12.

13.

14.

15.

16.

17.

Bacillus  amyloliquefaciens BZ-6, a
bacterial isolate for enhancing oil recovery
from oily sludge. Chemosphere.
2012;87:1105-1110.

Cunha CD, Rosado AS, Sebastian GV,
Seldin L, Von der Weid | Oil
biodegradation by Bacillus strains isolated
from the rock of an oil reservoir located in
a deep-water production basin in Brazil.
Appl. Microbiol. Biotechnol. 2006;73(4):
949-959.

Agbozu IE, Opuene K. Occurrence and
diagenetic evolution of perylene in the
sediments of Oginigba creek, southern
Nigeria. Int. J. Environ. Res. 2009;3(1):
117-120.

Johnsen AR, Karlson U. PAH degradation
capacity of soil microbial communities.
Does it depend on PAH exposure? Microb.
Ecol. 2005;50(4):488-495.

Harayama S, Kasai Y, Hara A. Microbial
communities in oil-contaminated seawater.
Curr. Opin. Biotech. 2004;15(3):205-214.
Rhoades JD. Cation exchange capacity.
In: Methods of soil analysis. Part 2.
Chemical and Microbiological Properties
(Page, A.L., Miller, R.H., Keeney, D.R.)
(Eds.) American society of agronomy, Inc.
Soil science society of america. Inc.
Madison, Wisconsin. 1982;149-157.

Hogg TJ, Henry JL. Comparison of 1:1 and
1:2 suspensions and extracts with the
saturation extract in estimating salinity in
Saskatchewan soils. Can. J. Soil Sci.
1984;64:699-704.

Sylvia DM, Fuhrmann JJ, Hartel PG,
Zuberer DA, Ed. Principles and
applications of soil microbiology, 2" ed.
Prentice-Hall, Inc., Upper Saddle River,
NJ; 2005.

Su YH, Yang XY. Interactions between
selected PAHs and the microbial
community in rhizosphere of a paddy
soil. Sci. Total Environ. 2009;407(3):1027-
1034.

Guo CL, Zhou HW, Wong YS, Tam NFY.
Isolation of PAH-degrading bacteria from
mangrove sediments and their
biodegradation potential. Mar. Pollut. Bull.
2005;51:1054-1061.

Lee SH, Lee WS, Lee CH, Kim JG.
Degradation of phenanthrene and pyrene
in rhizosphere of grasses and legumes. J.
Hazard. Mater. 2008;153(1-2):892—-898.
Holt JG. Bergeys manual of systematic
bacteriology. First edition. Wiliams and
Wilkins, Gram-positive Bacteria. 1994;2.



18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Eskandari et al.; JGEESI, 11(2): 1-11, 2017; Article no. JGEESI.35447

Al-Thani RF, Abdel-Haleem DAM, Al-
Shammri M. Isolation and characterization
of poly aromatic hydrocarbons-degrading
bacteria from different Qatari soil. Afr. J.
Microbiol. Res. 2009;3(11):761-766.
McPherson MJ, Moller SG. PCR (the
Basic). New yourk Oxford: Springer-Verlag
Telos Publisher; 2000.

Lease C. Biodegradation of high molecular
weight polycyclic aromatic hydrocarbons in
soils by defined bacterial and fungal
cocultures. A Thesis for the degree of
PhD. School of biological sciences
Flinders University of south Australia
Adelaide, south Australia; 2004.

Zhang GY, Ling JY, Sun HB, Luo J, Fan
YY, Cui ZJ. Isolation and characterization
of a newly isolated polycyclic aromatic
hydrocarbons-degrading Janibacter
anophelis strain JY11. J. Hazard. Mater.
2009;172(2-3):580-586.

Dean-Ross D, Moody JD, Freeman JP,
Doerge DR, Cerniglia CE. Metabolism of
anthracene by a Rhodococcus species.
FEMS Microbiology Letters. 2001;204(1):
205-211.

Siunova TV, Anokhina TO, Mashukova

AV, Kochetkov VV, Borodin AM.
Rhizosphere strain of Pseudomonas
chlororaphis  capable of degrading
naphthalene in the presence of

Cobalt/Nickel.
182-188.

Ghazali FM, Rahman RNZA, Salleh AB,
Basri M. Biodegradation of hydrocarbonsin
soil by microbial consortium. Int.
Biodeterior. Biodegrad. 2004;54(1):61-67.
Sorkhoh NA, Ibrahim AS, Ghannoum MA,

Microbiology. 2007;76(2):

Radwan SS. High-temperature
hydrocarbon degradation by Bacillus
stearothermophilus  from oil  polluted

Kuwaiti desert. Appl. Microbiol. Biotechnol.
1993;39(1):123-126.

Thenmozhi R, Praveenkumar D, Priya E,
Nagasathy A, Thajuddin N. Evaluation of
aromatic and polycyclic hydrocarbon
degrading abilities of selected bacterial
isolates. J. Microbiol. Biotech. Res. 2012;
2(3):445-449.

liah UJ, Antai SP. Removal of Nigerian
light crude oil in soil over a 12-month
period. Int. Biodeterior. Biodegrad. 2003;
51:93-99.

Maiti A, Das S, Bhattacharyya N. High
gelatinase activity of a newly isolated
polycyclic aromatic hydrocarbon degrading
bacteria  Bacillus  weihenstephanensis

10

29.

30.

31.

32.

33.

34.

35.

36.

37.

strain  AN1. Journal of
Research. 2013;6(1):199-204.
Toledo FL, Calvo C, Rodelas B, Gonzalez-
Lopez J. Selection and identification of
bacteria isolated from waste crude oil with
polycyclic aromatic hydrocarbons removal
capacities. Syst. Appl. Microbiol. 2006;29:
244-252.

Velayutham T, Arutchelvan V, Nagarajan

Pharmacy

S, Muralikrishnan V. Isolation and
identification ~ of  polycyclic  aromatic
hydrocarbon—degrading  bacteria  from

crude oil exploration bore well sludge.
Biorem. J. 2012;16(3):141-146.
Abd-Elsalam HE, Hafez EE, Hussain AA,
Ali AG, El-Hanafy AA. Isolation and
identification of three-rings poly aromatic
hydrocarbons (anthracene and
phenanthrene) degrading bacteria.
American-Eurasian J. Agric. & Environ.
Sci. 2009;5(1):31-38.

Eman AHM, Naeima MHY, Azza GF.
Isolation and molecular identification of
poly aromatic hydrocarbons- utilizing
bacteria from crude petroleum oil samples.
Afr. J. Microbiol. Res. 2012;6(49):7479-
7484.

Ostad-Ali-Askari K, Shayannejad M. Study
of sensitivity of autumnal wheat to under
irrigation in Shahrekord, Shahrekord City,
Iran. International Journal of Agriculture
and Crop Sciences. 2015;8(4):602-605.
Shayannejad M, Akbari N, Ostad-Ali-Askari
K. Study of modifications of the river
physical specifications on muskingum
coefficients, through employment of
genetic algorithm. International Journal of
Development Research. 2015;5(3):3782-
3785.

Ostad-Ali-Askari K, Shayannejad M. The
reviews of Einstein's equation of
logarithmic distribution platform and the
process of changes in the speed range of
the Karkheh River, Khuzestan Province,
Iran. International Journal of Development
Research. 2015;5(3):3786-3790.
Ostad-Ali-Askari K, Shayannejad M,
Ghorbanizadee-Kharazi H. Assessment of
artificial neural network performance and
exponential regression in prediction of
effective rainfall. International Journal of
Development Research. 2015;5(3):3791-
3794.

Shayannejad M, Akbari N, Ostad-Ali-Askari
K. Determination of the nonlinear
Muskingum model coefficients using
genetic algorithm and numerical solution of



38.

39.

40.

41.

42.

Eskandari et al.; JGEESI, 11(2): 1-11, 2017; Article no. JGEESI.35447

the continuity. Int. J. of Science: Basic and
Applied Research. 2015;21(1):1-14.

Ostad-Ali-Askari K, Shayannejad M. The
study of mixture design for foam bitumen

and the polymeric and oil materials
function in loose soils consolidation.
Journal of Civil Engineering Research,

2015;5(2):39-44.

DOI: 10.5923/j.jce.20150502.04
Sayedipour M, Ostad-Ali-Askari K,
Shayannejad M. Recovery of run off of the
sewage refinery, a factor for balancing the
Isfahan-Borkhar plain water table in
drought crisis situation in Isfahan Province-
Iran. American Journal of Environmental
Engineering. 2015;5(2):43-46.

DOI: 10.5923/j.ajee.20150502.02
Ostad-Ali-Askari K, Shayannejad M.
Developing an optimal design model of
furrow irrigation based on the minimum
cost and maximum irrigation efficiency.
International Bulletin of Water Resources
& Development. 2015;3(2):18-23.
Ostad-Ali-Askari K, Shayannejad M.
Presenting a mathematical model for
estimating the deep percolation due to
irrigation. International Journal of Hydraulic
Engineering. 2015;4(1):17-21.

DOI: 10.5923/j.ijhe.20150401.03
Ostad-Ali-Askari K, Shayannejad M. Usage
of rockfill dams in the HEC-RAS software
for the purpose of controlling floods.
American Journal of Fluid Dynamics.
2015;5(1):23-29.

DOI: 10.5923/j.ajfd.20150501.03

43.

44,

45,

46.

47,

Raeisi-Vanani H, Soltani Todeshki AR,
Ostad-Ali-Askari K, Shayannejad M. The
effect of heterogeneity due to inappropriate
tillage on water advance and recession in
furrow irrigation. Journal of Agricultural
Science. 2015;7(6):127-136.
Soltani-Todeshki AR, Raeisi-Vanani H,
Shayannejad M, Ostad-Ali-Askari K.
Effects of magnetized municipal effluent on
some chemical properties of soil in furrow
irrigation. International ~ Journal of
Agriculture and Crop Sciences. 2015;8(3):
482-489.

Ostad-Ali-Askari K, Shayannejad M.
Optimal design of pressurized irrigation
laterals installed on sloping land.
International Journal of Agriculture and
Crop Sciences. 2015;8(5):792-797.

ISSN: 2227-670X

Ostad-Ali-Askari K, Shayannejad M,
Eslamian S, Navab-Pour B. Comparison of
solution of saint-venant equations by
characteristics and finite  difference
methods for unsteady flow analysing in

open channel. International Journal of
Hydrology Science and Technology.
2016;6(3):9-18.

Ostad-Ali-Askari K, Shayannejad M,
Eslamian S, et al. Deficit Irrigation:
Optimization Models. Management of

Drought and Water Scarcity. Handbook of
Drought and Water Scarcity, Taylor &
Francis Publisher, USA. 1" Edition.
2017,;3:373-389.

© 2017 Eskandari et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution
License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://sciencedomain.org/review-history/20362

11



