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Abstract
The biodegradation of PAHs can be considered on one hand to be part of the normal processes of the carbon cycle, and on the
other as the removal of man-made pollutants from the environment. In recent decades the major source of PAH pollution is
industrial production, transportation, refuse burning, gasification and plastic waste incineration. Polycyclic aromatic
hydrocarbons (also known as polynuclear aromatic hydrocarbons) are composed of two or more aromatic (benzene) rings
which are fused together when a pair of carbon atoms is shared between them. The environmentally significant PAHs are those
molecules which contain two (e.g., naphthalene) to seven benzene rings. In the present investigation, the oil contaminated soil
sample was collected from oil contaminated site, in Madurai. The oil degrading microorganisms (Pseudomonas sp, Bacillus sp,
Micrococcus sp) were isolated from oil contaminated soil by using enrichment technique. The colonies with different
morphological colonies were selected and further characterized by using standard characterization method. The organisms were
identified as Pseudomonas sp, Bacillus sp and Micrococcus sp. The degradation of aromatic hydrocarbon (petrol and crude oil)
was performed with 1% diesel and petrol in MSM medium. The results revealed that an enhanced degradation was observed in
Pseudomonas fluorescens. The effect of pH, temperature, carbon and nitrogen sources for hydrocarbon degradation was
performed for Micrococcus, Pseudomonas and Bacillus sp with petrol and crude oil as substrate. The emulsification stability of
crude oil and petrol for the hydrocarbon degrading microorganisms were also performed. In this present investigation, the
chemo taxis properties of the three microorganisms were performed.
Keywords: polycyclic aromatic hydrocarbons, pseudomonas sp, bacillus sp, micrococcus sp, and biodegradation
Introduction
Polycylic aromatic hydrocarbons (PAHs) are ubiquitous
contaminants in the environment and their fates in nature
were of great environmental concern due to their potential
toxicity, mutagenicity and carcinogenicity (Xiaojun Lia et
al., 2006).
Although PAHs may undergo chemical oxidization,
photolysis, bioaccumulation, volatilization and adsorption,
microbial degradation is the major process affecting PAH
persistence in nature (Yuan et al., 2000). The aromatics in
crude oils also have numerous adverse effects on the
environment particularly to the local microbial flora. It was
shown that α-pinene, limonene, camphene and isobornyl
acetate was inhibitory to the microorganisms. The phenolic
and quinonic naphthalene derivatives inhibited the growth of
the cells (Sikkema et al., 1995).
Oil spillage still occur through tanker accidents, well blow
out, sabotage and accidental rupture of pipelines, resulting in
the release of crude and refined oil in terrestrial and aquatic
environments (Atlas,1981; Colwell and Walker, 1977). The
highest incidence of oil spills occurred in the mangrove
swamps zones and near off shores areas of the Niger Delta
which was shown in an analysis of oil spillage statistics in
Nigeria during the period of 1976 to 1988 (Ifeadiand
Nwankwo, 1989; Awobajo, 1981).
The biodegradation of PAHs can be considered on one hand
to be part of the normal processes of the carbon cycle, and
on the other as the removal of man-made pollutants from the
environment (Mrozik 2002). Crude oil is a mixture of many
different types of hydrocarbons, such as aliphatic and
aromatic compounds (Lin et al., 2009). Hydrocarbons

biodegradation in the presence of high salt concentrations is
of interest for the bioremediation of oil-polluted salt marshes
and industrial waste waters, contaminated with aromatic
hydrocarbons or with chlorinated hydrocarbons (Margesin
and Schinner 2001).
In the objective of this study is to develop a technology
which is cheap, easy to handle and feasible and can clean up
the oil spills and other aqueous environment. To screen
aromatic hydrocarbon degrading microorganisms from oil
contaminated sites. The isolates were identified to
hydrocarbon degrading microorganisms by standard
characterization
method.
The
PAHS
degradation
experiments were performed by flask culture method. To
quantify the hydrocarbons degradation by HPLC. To detect
the ability of chemo tactic movement of Pseudomonas to
ward hydrocarbons.
Materials and Method
Isolation Identification and Characterization of Bacteria
from Oil Contaminated Soil
From the collected soil samples the petrol was enriched to
the soil by using enrichment culture technique. 1ml of
enriched soil inoculums was serially diluted and placed on
separate nutrient agar plates and incubated for 24 hours at
room temperature.
Optimization Parameter Study
Carbon and Nitrogen sources
To 50 ml of MSM, the following carbon and nitrogen
sources were added in each test tubes sucrose, glycerol.
Fructose, Mannitol, starch, dextrose and ammonium
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sulphate, ammonium nitrate, peptone, beef and petrol were
used as substrate and added in each tube. The organisms
previously grown in MSM were added in each of the conical
flask. Incubation was done with agitation (120rpm) at room
temperature for 7 days. OD was taken after 7 days to
measure the growth of the organisms
Effect of PH and Temperature
To 50 ml of MSM, the following pH was followed in each
conical flask (5, 6, 7, 8, 9) and temperature was followed by
in each test tube (30, 35, 40, 45, 50) and petrol were used as
substrate and added in each tubes. The organisms previously
grown in MSM were added in each of the test tube.
Incubation was done with agitation (120rpm) at room
temperature for 7 days. OD was taken after 7 days to
measure the growth of the organisms.
Degradation of Hydrocarbon
The isolated microorganisms were grown in Erlenmeyer
flasks containing 20 ml of nutrient broth and incubate at
30℃ and 180rev/min for 12hrs. After shaking, an aliquot of
5ml of inoculum was transferred to 250 ml Erlenmeyer
flasks containing 100ml of Mineral salt medium that contain
K2HPO-1.71, KH2PO-1.32, NH4cl-1.26, Mgcl26Ho-0.011,
CaCl2 -0.02, Trace mineral salt-1ml with 1% petrol and
crude oil. The pH of the medium was adjusted to 7.0. The
flask was kept for in rotator shaker 15 days. At 2 days
interval the sample was mixed aseptically. The procedure
also was followed for control without microbial inoculums.

addition of 1% petrol after 24 hrs, the emulsification activity
was performed.
Determination of Emulsification Activity
The emulsification activity was determined by the addition
of the hydrocarbon (petrol and crude oil) to the same volume
of cell free culture broth, mixed with a vortex for two
minutes and measurements were made 24 hours later. The
emulsification activity was determined as the percentage of
height of the emulsified layer divided by the total height of
the liquid column and multiplying into hundred.
Results
Isolation of Microorganisms from Oil Contaminated Soil
The soil sample was collected from automobile oil
contaminated site and it was carried to the laboratory in a
polythene bag. The samples were enriched with petrol and
crude oil separately for 15 days.The enriched soil was
serially diluted and spread plated in specific medium. The
plates were kept for incubation at 37℃ for 24 hours. After
incubation, the colonies were observed for morphological
identification.The colonies which appeared morphologically
different from one another were picked up carefully and
transferred to nutrient agar plates for pure culture. Three
prominent isolates were selected and used for further studies.
The results depict in Plate: 1 and 1.1.

Hydrocarbon Estimation and Extraction
After incubation, the culture was centrifuged to separate the
supernatant. After centrifugation the supernatant was
dissolved in 1ml methanol. After dissolving the sample in
solvent, it was used for HPLC analysis.
Hydrocarbon Determination by HPLC Analysis
The extracted hydrocarbon was analyzed by HPLC (C 18
silica capillary column: 10AT VP Shimadzu company). Peak
obtained at 5 minute (retention time) has been considered as
level of hydrocarbon degradation, and it was compared to the
respective standard peak.
Chemo taxis Assay
Growth of bacterial strains
For chemo taxis assay, the bacterial culture (Pseudomonas
sp, Bacillus sp, Micrococcus sp) were grown in mineral salt
medium with 1% of petrol and incubated in mechanical
shaker (150rpm) at 37℃ for over night. After incubation cell
were harvested in log phase (optical density 600nm of
between 0.3 to 0.7), resuspended in chemotaxis buffer to an
OD660 approximately0.7
Chemotaxis Assay
Agarose plug assays were carried out with slight
modification. Plugs containing 0.5% of low melting
temperature agarose in chemotaxis buffer.
Bacterial Growth and Biosurfactant Production
A series of 500ml flask containing 200ml of sterile mineral
salt medium with 1% glucose as a substrate were prepared,
and the pH was maintained at 7.5. Each of the individual
bacterial cultures was inoculated and the flasks were
incubated at 30℃ in a shaker at 200rpm followed by the

Characterization of the Efficient
Degrading Microorganism
The
cultural,
morphological
and
characterization of isolates were carried out.

Hydrocarbon
biochemical

Cultural Characteristics
On nutrient agar plate, strain-1 produced irregular, smooth to
wavy, flat to raised, transparent, light yellow colored
colonies. On Cetrimideagar plate, it produced medium sized
greenish colonies.
The strain-2 produced slightly brown color, dull, rough
surface with irregular colonies on nutrient agar plate. The
strain-3 produced circular, entire, convex, smooth, yellow
colored colonies on nutrient agar plate.
Morphological and Biochemical Characteristics
The isolated bacteria were identified based on the cellular
morphology, growth condition and gram nature. The
biochemical tests were used to identify the isolates according
to Bergey’s Manual of Systematic Bacteriology. From the
obtained results it was conformed that the isolate 1 belonged
to the genus Pseudomonas sp, the strain-2 was identified as
Bacillus sp and strain-3Micrococcussp. The results were
noted in (Table:1).
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Optimization Parameters for Hydrocarbon Degradation
Effects of Carbon and Nitrogen Sources on Hydrocarbon
Degradation
Carbon sources are among the various sources that are
important for the production of energy in microorganisms for
enhancing the rate of degradation. This carbon and sources
binds to the hydrocarbon and help in utilizing by the
microorganisms. In the present investigation, MSM medium
was supplemented with different carbon sources like sucrose,
Mannitol, starch, dextrose, glycerol and fructose and
nitrogen source like ammonium sulphate, ammonium nitrate,
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peptone and beef extract. Among the different carbon
sources tested, sucrose was found to be the enhancing
substrate for degradation of petrol for Pseudomonas sp.
Dextrose was found to be the best carbon source for Bacillus
sp and sucrose exhibited enhanced degradation in
Micrococcus sp. Among the various organic nitrogen sources
tested peptone was found to have significant effect on the
degradation of petrol for Pseudomonas sp, Bacillus sp,
Micrococcus sp. The addition of beef extract, ammonium
nitrate and ammonium sulphate decreased the rate of
degradation. The results were depicted in (Fig: 1 and 1.1).
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Degradation of Hydrocarbon
In the present investigation degradation of petrol product
PAH and crude extracts obtained from automobile industry

soil amended with oil were analyzed by HPLC technique
level in low concentration of petrol and crude oil
compounds. (Plate: 2 and 3)
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Hydrocarbon Determination by HPLC Analysis
The degradation of hydrocarbon petrol (PAH) and crude oil
obtained from automobile industry were analyzed by HPLC.
The peak quantification was made subject to a specific
retention time. The subsequent HPLC analysis of petrol and
crude oil is best achieved with automated injection system
for high repeatability and improved sample throughout the
study.
Microorganisms possess ubiquitous enzymes which cleave
the hydrocarbons and degrade PAH to some degree. In the
present study petroleum products and oil contaminant soil
samples were enriched by using enrichment culture
technique. Specific microorganisms were identified and
characterized.
HPLC analysis of a control treated with Petrol revealed a
prominent peak of 2.903, 3.527 consecutively (Figure:2).
The degradation of petroleum product with Pseudomonas
fluorescens was found to be a potential strain degrading the
hydrocarbons a prominent peak of 2.413 at the retention time
of 10 minutes. A similar peak was obtained 3.173 followed
by consequence peak of 3.587 indicating the intermediate

isomers of PAH occurred due to enzymatic cleavage of
Pseudomonas fluorescens during the degradation (Figure:3).
Simultaneously on treatment with Bacillus licheniformis
with the petroleum product analyzed by HPLC revealed an
important and prominent intermediate compound which is
considered to be a best level of hydrocarbon degradation in
the (Figure: 4).
An analysis with petroleum product PAH incubated with
Micrococcussp revealed peaks of 2.420 and 2.567, 2.727
were shown in the (Figure:5). HPLC analysis of a control
treated with crude oil revealed a prominent peak of 2.903,
3.527 consecutively (Figure: 6) indicate another prominent
peak of 6.503 with the retention time of 7 minutes before
incubation with microorganisms that is control. Similarly,
when crude oil treated with bacterial inoculum of
Pseudomonas fluorescens with the duration of 15 days,
revealed a remarkable peak at 5.257 with 5 minutes retention
time which indicated rapid degradation of crude oil by
Pseudomonas fluorescens (Figure:7).
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Chemo taxis Assay
In the chemotaxis assay, a chemotatic response was observed
in the form of a banded cell that accumulated in the ring
surrounding, but not touching, the petrol containing agarose
plug the Pseudomonas fluorescence showed a positive

results a chemotaxis assay within 30 minutes and Bacillus
and Micrococcus do not exhibit positive results to the
chemotaxis assay even after 45 minutes (with in 1 hour). The
results were depicted in Plate:4.

Determination of Emulsification Activity (Petrol and
Crude oil)
The emulsification rate was measured by height of the
emulsify layer divided by total height of the reaction mixture
and multiply into 100.The emulsification activity petrol and

crude oil rate was increased in Pseudomonas
fluorescence(45.5% and 40%) followed by Bacillus sp
(38.2% and 66.67%) and Micrococcus sp (16.3% and 60%).
The results are noted in thePlate: 5.

Table 1: Biochemical Characterization of the Hydrocarbon Degrading Microorganisms
Tests
Gram Staining
Spore Staining
Methyl Red Test
Vogues- Proskauer Test
Citrate Utilization Test
Nitrate Reduction Test
Gelatin Hydrolysis Test
Triple Sugar Iron Test
Starch Hydrolysis Test
1.Sucrose
2.Dextrose
3.Mannitol
4.Lactose

Strain 1
Strain 2
Negative rods
Positive rods
Absent
Present
Negative
Negative
Negative
Negative
Positive
Positive
Negative
Positive
Positive
Positive
Alkaline slant
Alkaline slant
Negative
Positive
Carbohydrate Fermentation
Negative
Positive
Negative
Positive
Negative
Positive
Negative
Negative

Discussion
Environmental pollution with petroleum and petro- chemical
products has attracted much focused attraction in the recent
decades. The pollution of soil and the sub surface
environmental by petroleum products spills is a major
concern in the industrial world (Salanitro, 2001). Petroleum
spills may persistent in the soil as a source of hazardous
hydrocarbons for a long time because of the solubility and
the moderate to low volatility of this compounds.

Strain 3
Positive cocci
Absent
Positive
Negative
Positive
Negative
Positive
Acid slant
Positive
Negative
Negative
Positive
Negative

Contamination of this type is common because of storage
tank and piping, leaks, spills on land surface and improper
disposal practices (Efsunet al., 2013).
Generally the natural degradation is slow due to various
reasons. They may be due to bioavailability, physico
chemical factors, unsatisfactory pH, oxygen requirement,
moisture, redox potential, concentration of pollutant,
recalcitrance (basic chemistry of pollution responsible), and
xenobiotic nature of pollutant. Bioremediation ameliorates
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these factors through optimization of environmental
conditions (Romasetal., 1995).
Bioremediation is a nondestructive cost and treatment
effective and sometimes logistically favorable clean up
technology. Bioremediation can be described as the
conversion of chemical compounds by microorganisms into
energy, cell mass and biological waste products (Rehman et
al., 2002).
In the present investigation the hydrocarbon degrading
microorganisms is obtained from the automobile oil
contaminated site. The preliminary study on the enrichment
culture technique was performed in order to isolate the
efficient hydrocarbon degrading bacteria. Five isolate
capable of utilizing crude oil/ petrol as a sole carbon and
energy source were isolated. Among the isolates three
isolates were capable of growing on petrol substrates
efficiently.
These three isolates were identified as Pseudomonas sp,
Bacillus sp, and Micrococcus sp. The results were compared
in accordance with the Bergey’s manual determinative
bacteriology. Surfactant is an application in many areas such
as agriculture, healthcare, food, cosmetics, paper, textiles
and industrial cleaning. Waste utilization and environmental
pollution control that is degradation of hydrocarbon, present
in this soil and oil dumped soil (Karanth, et al., 1999).The
bio surfactant play an important role in degradation of
hydrocarbon.
In this study, the Pseudomonas sp. was found to be capable
of producing surfactant exhibited emulsification activity to
enhance and to identify and quantify biosurfactants produced
by microbial culture of three Pseudomonas sp.
Among
the
three
different
microorganisms
of
Pseudomonasfluorescens, Bacillus sp and Micrococcus sp.
Bacillus sp revealed higher emulsification activity and also
the amount of biosurfactant production simultaneously
increased when compared to the Pseudomonas
fluorescensand Micrococcus sp.
Besides, the roles of biosurfactant property in biodegradation
were analyzed. Generally aromatic hydrocarbon compounds
bind to soil components and are difficult to remove or
degrade due to their limited availability to microorganisms.
This is in accordance with the work of Banat et al., 2000.
According to him the biosurfactant (BS) can emulsify
hydrocarbons, thus enhancing their water solubility,
decreasing surface tension and increasing the displacement
of oily substances from soil particles.
In these respects the data obtained from the strains Bacillus
sp, Micrococcus sp, Pseudomonas sp showed that Bacillus
sp exhibited on enhanced emulsification stability when
compared with Micrococcus sp and Pseudomonas sp.
The microorganisms use the hydrocarbon as their carbon and
energy source. Usually microorganisms convert the
hydrocarbons into energy, cell mass and biological waste
products. The rates of uptake and mineralization of many
organic compounds by a microbial population depends on
the concentration of the compound (Ron and Rosenberg,
2012).
Nutrients may influence the biodegradation of various oil
components to a difference extent. Biodegradation of
aromatic hydrocarbon appears to be sensitive to pH and
possibly also to byproduct of the biodegradation of the
saturate fraction which could explain the persistence of
aromatic petroleum hydrocarbon in the environment
(Margesin and Schinner 2001).

The microorganism utilizes and degrades the hydrocarbon as
sole carbon source and energy. The addition of nutrients to
the medium helps the microorganisms to enhance the rate of
degradation. In the present study, the addition of sucrose and
dextrose in the medium enhanced the rate of degradation.
Among the various nitrogen sources tested, peptone was
found to have significant effect on the degradation of petrol.
Temperature plays a significant role in controlling the nature
and the extent of microbial hydrocarbon metabolism which
is of special significance for insitu bioremediation.
(Alexander 1999).
In our present investigation, the optimum temperature for
hydrocarbon degradation appeared to be 40℃ for all strains
Pseudomonas sp, Bacillus sp, Micrococcus sp. Our results
are in total agreement with the work of (Deepika and
Rajalakshmi 2013).
In the present investigation degradation of petrol product
PAH and crude extracts obtained from automobile industry
soil amended with oil were analyzed by HPLC technique
level in low concentration of petrol and crude oil
compounds.
An important observation was made during the degradation
process in petrol and crude oil the process of degradation is
slow it is presumed that due to abounded spillage of crude
oil over the soil lead to capacity of microbes in the oil
contaminated soil. Among the different microorganisms
tested for efficiently in the degradative pattern of PAH petrol
and crude oil Pseudomonas fluorescens a versatile
microorganism. Advocate for better activity of degradation
crude oil and petrol.
In this study the chemotaxis properties of the
microorganisms were analyzed. In the chemo toxis assay, a
chemotactic response was observed in the form of a band of
cells that accumulated in a ring surrounding, the agarose
plug containing petrol. Diffusion of petrol from the agarose
plug into the surrounding pool of cells, results from the
development of a concentration gradient of dissolved petrol.
This assay was particularly useful for testing response to
volatile compounds. Even it was found out, the
Pseudomonas fluorescens easily diffused than the culture of
Bacillus sp and Micrococcus sp (Parales, et al., 2000).
In our study much important was also given for the
chemotaxis movement of microorganisms which unable for
better degradation by Pseudomonas fluorescence sp rather
compared to Bacillus spore relating microorganisms and
Micrococcus.
Conclusion
Among the various type of microorganisms such as
Pseudomonas fluorescence, Bacillus licheniformisand
Micrococcus sp used in the biodegradation process,
Pseudomonas fluorescence play a vital role in the
degradation of petrol and crude oil. Hence Pseudomonas
fluorescence is recognized as one of the most important
ecofriendly microorganisms in the world for adapting clean
up technology. The enzyme pathway and their role in
hydrocarbon degradation studies will be performed in future
research.
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