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Polycyclic aromatic hydrocarbons (PAHs) are of particular concern due to its
toxic and carcinogenic properties. The fate of these PAHs and other associated compounds
present in the environment is directly related to abiotic and biotic processes; including
oxidation, bioaccumulation and degradation by microbes. This study was conducted for
the isolation of bacteria with potential biodegradation abilities. Nineteen different
bacterial isolates were identified from soils contaminated with PAHs with biodegradation
capabilities of different hydrocarbon compounds (1 %) (Xylene, Benzene, Naphylamine,
Diphenylamine) added to nutritional media (L. agar and MM, Agar). These bacterial
isolates were found able to grow in the presence of different metals stress along with
hydrocarbon at different temperature (25 to 45) and pH (5 to 9) conditions. Majority of
the isolates were found belonging to Enterobacteriaceae family, while some of them were
from Pseudomonas and Azotobacteriaceae. The bacterial isolates were capable of degrading
a verity of different hydrocarbons with its ability to grow in different metals stress
environment. Such bacteria can be successfully used for the bioremediation of industrial
wastes.

Key words: Bioremediation, Heavy metals, Industrial wastes,
Environmental health, Biodegradation, Public health.

Polycyclic aromatic hydrocarbons (PAHS)
are common environmental pollutantsworldwide.
Human activities are directly responsible for its
accumulationt. These compounds are carcinogenic
and carry the ability to stay in living organisms
with long term resistibility to degrade®. Their
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bioavailability is limited by a low aqueous
solubility, which causes specific adaptations in
degrading bacteria®. Microorganisms are the
scavengers in nature, responsible for recycling
natural waste materialsinto harmless compounds*
5. Microorganismsare highly adaptive and devel op
the ability to degrade such recal citrant compounds
through evolution of new genes, which encoded
enzymes that can use these compounds as their
primary substrates’. In most cases, this has been
attributed to the production of extra cellular
emulsifying agents during the hydrocarbon
fermentation. A requirement for an extra cellular
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rhamnolipid in hydrocarbon utilization by strains
of Pseudomonas aeruginosa has been reported”8.

Some microorganisms can use different
complex hydrocarbons as their source of energy.
The hydrocarbons (Benzene, Naphthalene,
Phenanthrene, Xylene and Toluene) are readily
degradable in the presence of oxygen. There is
evidence, that under methanogenic conditionsthe
activation of aromatic ring involves the addition
of oxygen atom to the ring from water®. Reports
showed that hydrocarbons degradation bacteria
(Gram’s positive and negative) are mainly
associated with soil'°. Mutants of P. aeruginosa
which do not produce the rhamnolipid were found
to grow poorly on the hydrocarbon substrate.
Addition of rhamnolipid from the parental strain
stimulated the growth of such mutants on
hydrocarbons.

Presence and disposal of PAHsis highly
concerned due to its toxicological effectsin the
environment, as the low molecular weight
hydrocarbons areidentifiesaspotentially toxic>*3,
whereas the higher-molecular weight
hydrocarbons have genotoxicity and can
accumulate in food chain®. Bioremediation of
contaminated soil isan effective, environmentally
and economically sustainable way to degrade the
hydrocarbons. The microbes capableto biodegrad
hydrocarbons can be isolated from hydrocarbon
rich environment®. Researchers are investigating
different toolsand methods for an easy, economical
and sustainable ways for treatment and
bioremediation of naturally and anthropogenically
contaminated environments®.

Since microbes can be one important
option to exploit for biodegradation and pollution
eradication purpose. So it is highly needed to
identify and investigate microbes with potential
biodegradation abilities. The objective of the
current study was to isolate bacteria from the
hydrocarbon contaminated soil and to investigate
itsability of degrading different hydrocarbons. The
bacteriawerealso evolved for itsgrowthindiverse
stress conditionsin the presence of different metals
and pH.

MATERIALS AND METHODS

| solation and identification of bacteria
Soil samples from the motor vehicles
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repairing workshop near M ozang L ahore Pakistan,
were collected for isolation of hydrocarbons
degrading bacteria. The soil was found enriched
with different type of petroleum cils. All thesamples
were transported to laboratory in sterile plastic
bags and further processed for chemical and
microbiological analysis. Two different methods
namely direct plating and dilution methods were
used for bacterial isolation.

In the direct plate method 50 mL of the
samplewaspoured over L-agar (Tryptone 10.0 gm/
L, Yeast Extract 5.0gm/L, NaCl 5.0gmv/L, Agar 12.0
gm/L, pH 7) and MM~ agars plates ((NH,), S0,
2.38gmiL, FeSO,. 7H,00.28mg/L, CaCl.. 2H,014.70
mg/L, MgSO,. 7H,0246.48 mg/L, NaCl 497.25 mg/
L, NaHPO,3.58gm/L, KH,PO,1.36gn/L,Agar 15
%, pH 7) supplemented with (1 %) Xylene, Benzene,
Diphenylamine and Naphylamine, and incubated
at 37 °C. Indilution method, different dilutionswere
madein sterilized test tubes. OnemL of thefiltrate
samplewas added to steriledistilled water to make
up the total volume of 10 mL. One ml from this
dilutionwasadded in sterile distilled water to attain
thetotal volume of 10 mL. From each dilution 50m
micro Liter was poured on L-agar plate and plates
wereincubated at 37 °C. Thecolonieswere purified
by continuous sub-culturing.

I dentification and char acterization of bacterial
isolates

The bacteria with abilities of degrading
hydrocarbons supplemented in the media were
further identified with the help of shapes and
colony morphology on L- agar along with
biochemical tests. Gram’s staining, spore staining,
capsule staining and hanging drop techniques
were performed for cell morphology and motility.

All the bacterial isolates were sub-
cultured on MacConkey agar (Himdia, India),
Brilliant green agar (Himedia), Eosine Methylene
Blue agar (Himedia), King'sagar (A) and (B) and
Simmon citrate agar (Himedia) at 37 °C for 24-48 h,
whereas anaerobi ¢ oxidation fermentation, urease,
nitrate reduction, de-nitrification test, catalase,
cytochrome oxidase, methyl red and H_S production
test were performed for bacterial identification.
Antibictic, metals, pH and temperatur esenstivity
test

Antibiotic sensitivity and resistance was
determined using disc diffusion test against
common antibiotics (Oxytetracycline, Penicillin,
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Chloramphenicol, Erythromycin, Gentamicin,
Minocyclin). Inhibition zoneswere observed after
16-24 h and recorded.

Metalscompound (PbNO,, ZnCl,, COCl,,
CdCl,, KCl,, Hg and NiClI2) were supplemented (50,
100, 150 mg/mL) to nutritional media, incubated at
37 °C for 24 48 h for determination of bacterial
resistanceto metals. Visible growth on solid media
and optical density (OD) measurement at 600 nm
for liquid mediawere observed.

The ability of the bacterial isolates to
resist different pH were studied by introducing it
topH (ranged from 5.0t09.0) of L. Broth previously
adjusted with 2M NaOH / HCI wasincubated at 37
°C for 24-48 h. Bacterial growth was conformed
with the help of measurement at 600 nm.

Fresh culture of the bacterial isolates
were introduced to L-Broth and incubated at
different temperature (ranged 25, 37°C, 45°C) for
24-48 h. Bacteria growth was conformed with the
help of measurement at 600 nm.

Hydr ocar bonsdegr adation ability determination

Inthismethod bacteriafrom the cultures
that were able to grow overnight on L-broth were
transferred with sterile tooth pick onto an MM.-
agar plates. Solutions 10 % of the hydrocarbons
i.e. Diphenylamine, Naphylamine, Xylene and
Benzene, were prepared in petroleum ether and
were used asfollows.

Freshly prepared ether solution of
Diphenylamine immediately sprayed uniformly
over the surface of the agar plate. The ether
immediately vaporized from the surface at room
temperature and layer of Diphenylamineremained
on the entire surface. The plates were then
incubated at 37 °Cfor 4to 5 days. Similar procedure
was used for the growth of bacteria utilizing
Xylene, Benzene and Naphylamine. Appearance
of clear zones around bacterial growth indicated
positive test i.e. the ability of bacteriato degrade
this hydrocarbon.

RESULTS

The soil samples collected from
hydrocarbons contaminated soil were analyzed
chemically and microbiologically. Chemical
analysis of the soil showed the pH level (8.0 £
0.11), electric conductivity (4.6 + 0.22 mS/Cm),
amount of phosphorus (16.0 + 0.09 ppm), organic
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matters (presence), available potassium (320 + 0.31
ppm), and texture of soil (sanolly lome) and
saturation percentage (26 %).

Nineteen different strains were isolated
on L-agar and MM, media supplemented with
hydrocarbons (Xylene, Benzene, Diphenylamine,
Naphylamine). These strains were labeled with
identification codeas XA, XB, X10F, XF, XJ, XJ,,
XZ, XZ,,DI,DG,DN, DH,ND, NK, NE, BO, BR,
BC, and BM. Theinitial letter of the strains name
representing the hydrocarbon name e.g. X is for
Xylene, D for Diphenylamine, and N for
Naphylamineand B for Benzene. These strainswere
characterized, classified and their hydrocarbons
degrading ability were analyzed. The bacterial
isolateswereidentifiedinitially withthe help of its
morphology and cultural characteristicsand finally
confirmed to family level by using different
biochemical testing media (Table 1). It was
observed that majority of theisolateswere Gram-
negative rods, only two strains; XF and BO were
coccusin shape. All the strains were found motile
except XB, XJ1, DI, DN, and DH which were non-
motile. All the strainswere capsul ated except BM.
The bacterial isolates were able to survive in
diverse conditionsof different pH and temperature
on MM, and L-brothwith (1 %) (Xylene, Benzene,
Diphenylamine, Naphylamine) supplementation
and without hydrocarbons (Table 2).

The survivability of the isolates in the
presence of metal supplemented in the nutritional
media at concentrations 50, 100, 150 mg/mL
reveal ed that mgjority of theisolateswere growing
in the presence of different metal stress. It was
observed that &l thebacteriasensitive to the metals
has shown sensitivity even at lowest used
concentration (50 mg/mL), whereas the resistant
bacteria showed resistance to the highest
concentration (150 mg/mL.) used in the study. Detail
of theisolatesresistance and sensitivity to different
metals are shown in Table 3. All the bacterial
isolates were grown in the mediain the presence
of specific hydrocarbons substrate and metals.
Antibiogram pattern of the isolates showed that
all isolateswere sensitiveto Oxytetracyclin except
DG, NK, NE and BO, whereasall were sensitiveto
Gentamicinand Minomycin except NK, NE, BRP.All
the isolates were found resistant to Penicillin and
Erythromycin. Theisolates XA, XB, XJ,, XJ,, XZi,
XZii, ND, BM were sensitive to chloramphenicol
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Table 2. Growth of the isolates at different temperature and pH in L-broth
Isolates  Temperature (°C) pH
25°C 37 45 5.0 6.0 7.0 8.0 9.0

XA + + + + + + + +

XB + + + + + + + +

XF + + + + + + + +

X10F + + + + + + + +

XZi + + + + + + + +

XZii + + + + + + + +

X3, + + + + + + + +

XJ, + + + + + + + +

NK + + + + + + + +

NE + + + + + + + +

ND + + + + + + + +

DI + + + + + + + +

DG + + + + + + + +

DN + + + + + + + +

DH + + + + + + + +

BO + + + + + + + +

BP + + + + + + + +

BC + + + + + + + +

BM + + + + + + + +

+ = Positive, - = Negative

Table 3. Effects of different metals on hydrocarbon degrading bacterial isolates survival

Isolates PbNo, Hg Cocl, Cdcl, K,Cr,O, ZnCl-, NiCl,
ID (150mg/ml)  (150mg/ml)  (150mg/ml) (150mg/ml) (150mg/ml)  (150mg/ml) (150mg/ml)
On Xylene supplemented media
XA Rt Sen Rt Rt Rt Rt Rt
XB Rt Rt Rt Rt Rt Rt Rt
XF Rt Sen Rt Rt Rt Rt Rt
X10F Rt Sen Rt Rt Rt Rt Rt
XZi Rt Sen Rt Rt Rt Rt Rt
XZii Rt Sen Rt Rt Rt Rt Rt
XJ, Rt Sen Rt Rt Rt Rt Rt
XJ, Rt Rt Rt Rt Rt Rt Rt
On Diphenylamine supplemented media
DI Rt Rt Rt Rt Rt Rt Rt
DG Rt Rt Rt Rt Rt Rt Rt
DN Rt Rt Rt Rt Rt Rt Rt
DH Rt Rt Rt Rt Rt Rt Rt
On Naphylamine supplemented media
NK Rt Rt Rt Rt Rt Rt Rt
NE Rt Rt Rt Rt Rt Rt Rt
ND Rt Rt Rt Rt Rt Rt Rt
On Benzene supplemented media
BO Rt Sen Rt Rt Rt Rt Rt
BP Rt Rt Rt Rt Rt Rt Rt
BC Rt Sen Rt Rt Rt Rt Rt
BM Rt Rt Rt Rt Rt Rt Rt

Rt = Resistant,Sen = Sensitive
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Table 4. Antibiotic sensitivity pattern of the bacterial isolates

Isolates ID Oxytetracycline  Penicillin  Chloramphenicol ~ Erythromycin Gentamicin ~ Minocyclin
XA Sen Rt Sen Rt Sen Sen
XB Sen Rt Sen Rt Sen Sen
X10F Sen Rt Rt Rt Sen Sen
XF Sen Rt Rt Rt Sen Sen
XJ, Sen Rt Sen Rt Sen Sen
XJ, Sen Rt Sen Rt Sen Sen
XZi Sen Rt Sen Rt Sen Sen
XZii Sen Rt Sen Rt Sen Sen
DG Rt Rt Rt Rt Sen Sen
DN Sen Rt Rt Rt Sen Sen
DH Sen Rt Rt Rt Sen Sen
DJ Sen Rt Rt Rt Sen Sen
NK Rt Rt Rt Rt Rt Rt
ND Sen Rt Sen Rt Sen Sen
NE Rt Rt Rt Rt Rt Rt
BO Rt Rt Rt Rt Sen Sen
BP Sen Rt Rt Rt Rt Rt
BC Sen Rt Rt Rt Sen Sen
BM Sen Rt Sen Rt Sen Sen

Rt = Resistant, Sen = Sensitive

(Table 4). The hydrocarbon degradability of the
isolates were reconfirmed by observing clear zone
around the colonies of isolates after theinoculation
of MM_-Agar supplemented with 10 % Xylene,
Benzene, Diphenylamine and the Naphylamine.

DISCUSSION

Microbial xenobiotic removal has
received much attention in the last years due to
the potential use of microorganisms for cleaning
anthropogenically polluted environment?®. In some
instances effective expression of the genes
involved in biodegradation of toxic hydrocarbons
leads to better utilization of these substances by
bacteria”. This maximized or optimized genes
expressioninvolvesin operon regulation, and gene
transfer through plasmid®. Nineteen hydrocarbon
degrading bacterial strains were isolated in this
study. These bacterial isolateswerefound capable
of degrading the pollution causing hydrocarbons.
Bacteria with similar properties have also been
reported by other researchers'®?. Dyksterhous et
al., reported gram-negative matile rods having
the ability to degrade naphthalene, phenanthrene
and anthracene. Colonies capable of clearing the
opaque PAH layer by solubilization of the
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substrates were readily detected. The most
prominent genus of bacteria, frequently reported
for the degradation of environmental
hydrocarbons is Pseudomonas’.

Hydrocarbons used in this study were
Diphenylamine, Xylene, Benzene and
Naphylamine. These PAH are regularly
encountered in environment, and have
carcinogenic chemical structure?. The
hydrocarbons degrading bacteria isolated from
environment XA, XB, XF, X10F, XZi, XZii, XJ,,
XJ,,NK,NE,ND, DN, DI, DH, DG, BO, BP, BC, and
BM were able to degrade diphenylamine after 4
days of incubation at 37 C. Leahy and Colwel?
studied the conditions for the hydrocarbon
degradation. They found that rates of
biodegradation depend greatly on the
composition, state, temperature, oxygen, moisture,
salinity and pH. They reported pH 7 as optimum
pH for al strain. The strainsisolated in this study
weremesophilicin natureand grownwell on 37 °C.
In a study, Yanase et al.,?® reported that
thermophilic (50-60 °C) bacteria could degrade
benzoate and phenol. The present study proved
that mesophilic bacteriacan degrade hydrocarbons
aswell.

It has been established by many studies
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that bioremediation, i.e., the exploitation of
microorganismsfor detoxifications of heavy metal
ions, aromatic hydrocarbons, petroleum products,
pesticides and other toxic organic moleculesisthe
method of choice owing to fewer secondary
hazards and generally low cost?*. Studies showed
that hydrocarbon degrading bacteria are
ubiquitously distributed in soil and aquatic
environments. However, their populations
constitute less than 1 % of total microbial
communities. Many of the microorganisms
proposed for biodegradation and bioremediation
have been isolated from contaminated soils and
waters® 2, Rapid adaptation of microbes has been
observed in the presence of xenobiotic pressure
when the pollutant load israised. Increased number
of hydrocarbon degrading microorganisms has
been reported at sites within the path of the ail
slick as compared with reference sites after the
famous Exxon Valdez il spill?. Inarelevant study,
benzene degrading bacteria were readily isolated
from benzene contaminated work place®.
Themicrobial profile of certain polluted
areas is very informative concerning the type of
pollution present is such areas. As these
microorganisms are directly affected by the
selection pressure exerted by the particular toxic
substances, a related resistance, tolerance or
metabolic capability develops in such
microorganisms. This degradative ability gives
good information concerning the type of
environmental pollution prevalent in that area. In
the present study the isolated bacterial strains are
collectively resistant to Xenobiotic pollutants
including heavy metals, antibiotics and
hydrocarbons (Benzene, Xylene, Naphylamine and
Diphenylamine) and are adaptable to local
conditions of environment (temperature and pH).
So they can be used for the bioremediation of
contaminated soil such as aromatic hydrocarbons
and for proper treatment of industrial effluents®.

CONCLUSON

In this study a group of bacteria were
isolated and identified from hydrocarbon
contaminated soil of automobile workshop in
Mazang area Lahore, and its ability for
bioremediation of hydrocarbon (Benzene, Xylene,
Naphylamine and Diphenylamine) were
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characterized for the treatment of hydrocarbon
contaminated soils. The bacteriawere found with
significant ability of bioremediation of different
hydrocarbon compound supplemented in agar. The
bacteria were also able to survive in the presence
of different metals and antibiotics. The growth of
isolatesin the presence of metals on hydrocarbon
supplemented media can be helpful for itsusein
soil and industrial waste bioremediations. The
ability of such bacteriacan be exploited efficiently
for sustai nable environment management.

ACKNOWLEDGMENTS

Theauthors highly acknowledge the staff
of Department of Microbiology and Molecular
Genetics, Punjab University Quaid-e-Azam
campus Lahore, Pakistan and all others, helpful in
different stages of this research and manuscript
improvement.

REFERENCES

1. Geetha, S.J., Joshi, S.J., Kathrotiya, S. Isolation
and characterization of hydrocarbon degrading
bacterial isolate from oil contaminated sites.
APCBEE Procedia. 2013; 5:237-241.

2. Farzadkia, M., Dehghani, M., Moafian, M. The
effects of Fenton process on the removal of
petroleum hydrocarbons from oily sludge in
Shiraz oil refinery. Iran J Environ Health Sci
Eng. 2014; 12:31.

3. Nicholson, C.A., Fathepure, B.Z.
Biodegradation of Benzene by Halophilic and
Hal otol erant Bacteriaunder Aerobic Conditions.
Appl Environ Microbiol. 2004; 70(2):1222-1225.

4, Akbar, A., Sitara, U., Ali, |., Muhammad, N.,
Khan, S.A. Isolation and characterization of
biotechnologically potent Micrococcus luteus
strain from environment. Pak J Zool, 2014; 46(4):
967-973.

5. Lazaroaie, M.M. Multiple responses of gram-
positive and gram-negative bacteriato mixture
of hydrocarbons. Braz J Microbiol. 2010; 41:
649-667.

6. Parsek, M.R., McFall, S.M., Chakrabarty, A.M.
Microbial degradation of toxic, environmental
pollutants: Ecological and evolutionary
considerations. Int Biodeterior Biodegrad. 1995;
35:175-188.

7. Itoh, S., Zuzuki, T. Effect of rhamnolipids on
growth of Pseudomonas aeruginosa mutant
deficient in n-parafin utilizing ability. Agric Biol

J PURE APPL MICROBIO, 8(6), DECEMBER 2014.



4516

10.

11.

12.

13.

14.

15.

16.

17.

18.

ATHAR et a.: CHARACTERIZATION OF HYDROCARBON DEGRADING BACTERIA

Chem. 1972; 36:2233-2241.

Sotirova, A., Spasova, D., Vasileva-Tonkova, E.,
Galabova, D. Effects of rhamnolipid-
biosurfactant on cell surface of Pseudomonas
aeruginosa. Microbiol Res. 2009; 164: 297-303.
Fedorak, PM., Grbic-Galic, D. Aerobic microbia
cometabolites of benzothiophene and 3-
methylbenzothiophene. Appl Environ Micrabiol.
1993; 57: 932-940.

Zhang, H., Kallimanis, A., Koukkou, Drainas,
C. Isolation and characterization of novel
bacteria degrading polycyclic aromatic
hydrocarbons from polluted Greek soils.
Environ Biotechnol. 2004; 65: 124-131.
Rosenberg, E., Perry, A., Gibson, D.T., Gutnick,
D,L. Emulsifier of Arthrobacter RAG-1:
Specicity of hydrocarbon substrate. Appl
Environ Microbiol. 1979; 37: 409-413.

Myla, J., Chandrasekaran, R., Saravana, R.
Screening of bacteria from hydrocarbon
contaminated soil in and around Mayiladuthurai
with reference to biosurfactant production and
bioremediation. J Pure Appl Microbiol. 2010;
4(1): 343-348

Darville, R.G., William, J.L. The effect of
naphthalene on oxygen consumption and
hemoglobin concentration in chironomus
attenuatus and on oxygen consumption and life
cycle of tanytarus dissimilis. Environ Toxicol
Chem. 1984; 3:135-141.

Morehead, N.R., Eadie, B.J., Lake, B., Landrum,
P.D., Berner, D. The sorption of PAH onto
dissolved organic matter in Lake Michigan
waters. Chemosphere. 1986; 15:403-412.

Ali, 1., Akbar, A., Yanwisetpakdee, B.,
Prasongsuk, S., Lotrakul, P, Punnapayak, H.
Purification, characterization, and potential of
saline waste water remediation of a
polyextremophilic 5@uP-amylase from an
obligate halophilic Aspergillus gracili. 2014;
ArticleID 106937, 7 pages.

Ledin, M. Accumulation of metals by
microorganism'’s processes and importance for
soil systems. Earth-Sa Rev. 2000; 51:1-31.
Kuhner, S., Wohlbrand, L., Fritz, |., Wruck, W.,
Hultschig, C., Hunfnagel, P., Kube, M.,
Reinhardt, R., Rabus, R. Subtrate-dependent
regulation of anaerobic degradation pathways
for toluene and ethylebenzene in denitrifying
bacterium, strain EbN1. J Bacteriol. 2005; 187:
1493-503.

Kim, D., Chae, J.C., Zylstra, G.J,, Kim, SK.,
Nam, M.H., Kim, Y.M., Kim, E. Identification
of anovel dioxygenaseinvolved in metabolism

J PURE APPL MICROBIO, 8(6), DECEMBER 2014.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

of Xylene, Toluene and Ethylbenzene by
Rhodococcus sp. strain DK17. Appl Environ
Microbial. 2004; 12:70-90.

Young, L.Y., Phelps, C.D. Metabollic biomarkers
for monitoring in situ anaerobic hydrocarbon
degradation. Envion Health prespect. 2005; 113:
1-7.

Kim, M.N., Park, H.H., Lim, W.K., Shin, H.J.
Construction and comparison of E. coli whole
cell biosensors capable of detecting aromatic
compounds. J Microbiol Methods. 2005; 2:60-
45,

Dyksterhous, S.E., Gray, J.P, Herwig, R.P, Lara,
J.C., Staley, J.T. Cycoclasticus pugetti gen. nov.
sp. nov. an aromatic hydrocarbon degrading
bacterium from marine sediments. Int J Syst Bact.
1995; 45:116-123.

Leahy, J.G., Colwell, R.R. Microbia degradation
of hydrocarbonsin the environment. Microbial
Rev. 1990; 54:305-315.

Yanase, H., Zuzan, K., Kita, K., Sogabe, S., Kato,
N. Degradation of phenols by thermophilic and
hal ophilic bacteriaisolated from amarine brine
sample. J Ferment Bioeng. 1992; 74:297-300.
Das, N., Chandran, P. Microbial degradation of
petroleum hydrocarbon contaminants: an
overview. Biotech Res Inter. 2011; Article
ID 941810, 13pages.

Tao, Y., Fishman, A., Bentley, W.E., Wood, T.K.
Oxidizing of benzene to phenol, catechol, and
1,2,3-trihydrooxybenzene by tolene 4-
monooxygenase of Pseudomonas mendocina
KRI and toluene 3-monooxygenase of Ralstonia
pickettii PKO1. Appl Environ Microbiol. 2004,
7: 70-3814-20.

Katsivela, E., Moore, E.R., Maroukli, D.,
Strompl, C., Pieper, D., Kalogerakis, N. Bacteria
community dynamics during in-situ
bioremediation of petroleum wastesludgein land
farming sites. Biodegrad. 2005; 2:169-80.
Braddock, J.F., Lindstrom, J.E., Brown, E.J.
Distribution of hydrocarbon degrading
microorganismsin sedimentsfrom Prince William
Sound, Alaska, following the Exyon Valdezoil
spill. Mar Pollut Bull. 1995; 30:125-132.
Lanyon, Y.H., Marraza, G., Tothill, I.E.,
Mascini, M. Benzene analysisin work placeair
using an FI A-based bacterial biosensor. Biosens
Bioelectron, 2005; 10: 2089-96.

Olivera, N.L., Commendator, M.G., Delgado,
O., Esteves, J.L. Microbial characterization and
hydrocarbon biodegradation potential of natural
bilge waste microflora. J Ind Microbial
Biotechnal. 2003; 30: 542-540.



