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ABSTRACT
Due to careless waste disposal, illegal waste dampind accidental spills large number of hazardous
compound are released into the environment. The m@wamon chemicals involved in environmental
contamination are petroleum hydrocarbons, polynaicleromatic hydrocarbons (PAHSs).these products
are hazardous to the surroundings as well as t® fdrms. The most common technique to remove
pollutants from the natural environment and conubg pollutants to a less harmful product using the
microbiological community of the contaminated emwiment is bioremediation. Pseudomonas sp. is the
most frequently found bacteria in nature which sed in biodegradation process. Degradation of
petroleum hazards by Pseudomonas sp. sp. is tbe dagrier based inoculums. Pseudomonas sp.
degrades the various hydrocarbons by the diffecatabolic pathways. The final products can be carbo
dioxide, water and simpler compounds which do rifegca the environment. Pseudomonas sp. used to
biodegrade of Naphthalene, Pyrine and Phenanthrene.
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INTRODUCTION
The development of human society all over histay kead to rising disruption of the natural equillin

and the rate of different types of pollution. THanet depends on oil, and the use of oil as fuglléad to
intensive economic development worldwide. The gresgd for this power source has led to the gradual
exhaustion of normal oil capital. on the other hamdnkind will witness the results of oil utilizati for
centuries after its termination. Ecological polutiwith petroleum and petrochemical products hanbe
recognized as a significant and serious prohlem

Worldwide industrial and agricultural developmehése released a large number of natural and syothet
hazardous compounds into the environment due telesa waste disposal, illegal waste dumping and
accidental spills. There are numerous sites intbdd that require cleanup of soils and sludgethia
United States, it has been estimated that contaednsite treatment costs may approach 1.7 trillion
dollars over the next 30 years

Oil spills in the environment cause long-term daenagaquatic flora, soil ecosystems, human heaith a
natural resources. Petroleum oil spills tend tagsociated with offshore oil rigs and tankers inrinea
related accidents. In contrast, land oil spillenfgo unnoticed by everyone except environmentaiitt
land oil spills contribute to the pollution of watsupply and soil. Typical sources of land oil kjpitlude
accidents as well as oil from vehicles on the r@fthracterization of spilled oil and its derivatve very
important in order to predict the behavior of ailldats long-term effects on the environment, andriter

to select the proper cleaning methods. The poteddager which petroleum hydrocarbons pose to
humans and the environment makes testing and d¢hearation of the biodegradation and
biotransformation processes of hydrocarbons in atoittated soil necessary in order to develop
bioremediation techniques for cleaning such soilevels that ensures its safe disposal or feuse
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Polycyclic Aromatic Hydrocarbons (Pahs)

The most common chemicals involved in environmegtaitamination are petroleum hydrocarbons,
polynuclear aromatic hydrocarbons ( Benzo (a) pgyersolvents, pesticides, lead, chlorinated
hydrocarbons (CFH), heavy metals (Cr, Cd Pb, MTRiEand As) and Gasoline. Soil contamination with
polycyclic aromatic hydrocarbons (PAHS) is a vabblem worldwide. Soil organic carbon (SOC) is one
of the important factors that can influence the cemrations of PAHs in soils. Polycyclic aromatic
hydrocarbons (PAHSs) are widely distributed andaated in the environment because of the incomplete
combustion of organic matter.

Polycyclic aromatic hydrocarbons (PAHS) are a groLipompounds containing carbon and hydrogen and
are composed of two or more fused aromatic rindsear, angular and cluster arrangements. PAHs are
the pollutants present in air, soil and sedimefii@se compounds enter into the environment fromyman
ways. PAHs and their derivatives are results obimgplete combustion of organic materials which arise
from natural combustion like; forest fires and wlic eruptions. PAHs are widely found in high
concentrations at many industrial sites, partidyldrose associated with petroleum, gas produciiah
wood preserving industriésPAHs are a group of several hundred individual pigaompounds, which
contain two or more aromatics rings and generatfguo as complex mixtures rather than single
compounds. PAHs are classified by their melting boiting point, vapor pressure, and water solupilit
depending on their structdre

Bioremediation

Bioremediation is a complex process, with biolobickegradation taking place in the cells of
microorganisms which absorb pollutants, where #ytthave specific enzymes, the degradation of
pollutants and their corresponding metabolites talle place. Hydrocarbons from oil are used asiecso

of nutrients and energy for microorganism growtid at the same time microorganisms decompose them
to naphthenic acids, alcohols, phenols, hydropdesi carbonylcompounds, esters, and eventually to
carbon dioxide and wafer

Bioremediation is best technique to completely reenBAHs from the environment or convert them to
less harmful compounds. Bioremediation of suspendgihthalene or 2-methylnaphthalene as a single
substrate and their mixture was studied using #utdoiumPseudomonas sp. putidaolycyclic aromatic
hydrocarbons (PAHSs) are one of the major groughese contaminartsPAHs constitute a diverse class
of organic compounds consisting of two or more atitnrings with various structural configuratiéns
Being a derivative of benzene, PAHs are thermodyreliy stable. In addition, these chemicals tend to
adhere to particle surfaces, such as soils, beadukeir low water solubility and strong hydropligty,

and this result in greater persistency under nhtwaditions. This persistency combined with their
potential carcinogenicity makes PAHs problematiciemmental contaminarts’

Bioremediation is the use of living organisms tagmele or detoxify hazardous wastes into harmless
substances such as carbon dioxide, water and iceflalss. It uses relatively low-cost, low-technology
techniques, which generally have a high public ptzoee. Bioremediation is considered a non-
destructive, cost- and treatment effective and siomes logistically favorable cleanup technology,ieth
attempts to accelerate the naturally occurring égpadation of contaminants through the optimizatibn
limiting conditions. Bioremediation is an optiorathoffers the possibility to destroy or render hiassa
various contaminants using natural biological distivAs such, it uses relatively low-cost, low
technology techniques, which generally have a Ilpigblic acceptance and can often be carried out on
sitel. It will not always be suitable, however,the range of contaminants on which it is effective
limited, the time scales involved are relativelpdo and the residual contaminant levels achievalzg

not always be appropriate?

Bioremediation can be divided into two types: fisshatural attenuation, which can be applied wihen
natural conditions are suitable for the performaot®ioremediation without human intervention, and
second is engineered bioremediation, which is wgeeh is necessary to add substances that stimulate
microorganisms. The first one is more attractiveaose of its low cost, minimum of maintenance and
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minimal environmental impact. Still, this technojog applicable only in cases when the naturalllefe
biodegradation is higher than the degree of paltutinigration. Nevertheless, this technology is more
often used as a supplement to the other technalogieafter finished engineered bioremediationrifeo

to prevent migration of pollution from the treatagta. Engineered bioremediation is faster thanralatu
attenuation because it includes microbial degradastimulation, by controlling the concentratiorfs o
pollution, oxygen, nutrients, moisture, pH, tempeara, et¢>'*. Engineered bioremediation is applied
when it is essential to carry out cleaning in arstime or when the pollution is very rapidly exjpéamg.

Its application reduces the costs due to the shodatment of land and lower number of samplind an
analysis, and it is important for political and plsglogical needs when the community is exposed to
pollution.

Pseudomonas sp. Involved in Biodegradation:

Some microorganisms found are capable of the wwaméfig and degrading the pollutants, which can also
contaminate the environment. Some species of migamisms: bacteria, yeasts, and fungi obtain both
energy and tissue-building material from petroledime fuel eating bacteria known Bseudomonas sp.
have evolved a taste for hydrocarbons are the nwajmponent of fossil fuels. Degradation of oils by
Pseudomonas sjs the best carrier based inoculums. These baaegidound in different environments
such as soil, water, and plant and animal tissuariods different species of this bacterium are
opportunistic pathogens that affect humans, aninaald plants.

Biodegradation is a natural process by which miesobreak down oil into other substances. The final
products can be carbon dioxide, water, and simpbenpounds which do not affect the environment.
Pseudomonas sp.sp. ubiquitous in soil and water are considereds@entific and technological
importance. They comprise a taxon of metabolicaedlysatile organisms which is capable of utilizing a
wide range of simple and complex organic compoumtey are known to be involved in biodegradation
of natural or man-made toxic chemical compothdsPseudomonas spis a prolific producer of a
number of extra cellular enzymes (like lipase).rBioediation is the optimization of biodegradatiowo
forms of technology can accomplish this accelematione is fertilizing (adding nutrients) and thaeatis
Seeding (adding microbes). These additions aressapgto overcome certain environmental factors tha
may prevent biodegradation. Petroleum is a compliexure of thousands of compounds.

These can be divided into four major groups: tlkaras, the aromatics, the resins, and the aspbalten
general, the alkane fraction is the most biodedrgdeather than the polar fraction (i.e., the resand
asphaltenes) is resistant to biological degradaflidre aromatic compounds, especially the polycyclic
aromatic hydrocarbons (PAHSs) are of intermediatel®gradability, but these are of most concern owing
to their toxicity and tendency to bioaccumiflafThe bioavailability of weekly soluble hydrophobic
compounds for microbial conversion is usually lomdahus limits their degradation rate in aqueous
medium. The use of surfactants has been foundgmdation of crude dil*®

Contamination of groundwater is also a potentiabfgm. The other impact noticed was on surface
water, mostly nearby the streams, which receivet @fl untreated effluent containing oil and grease
well as non-biodegradable detergents. Emt&zal., studied the biodegradation of petroleum oil by a
Pseudomonas spsolated from a petroleum-contaminated soil watainle. They were showed that the
isolates were immobilized on Perlite, they were enstiable for oil degradation. The generation tinas w
for degradation of petroleum oil, dodecane anddetane was 20, 22, and 25%.

Catabolic Pathways of PAHs degradation:-(Naphthalea and Pyrine)

Joneset al., recognized the biodegraded petroleum-derived aiorhgdrocarbons in marine sediments.
They investigated the immense biodegradation ofl alkomatics in marine sediments which eventuate
prior to detectable biodegradation of n-alkane ifgra#f the crude oil and the microorganisms namely:
Arthrobacter, Burkholderia, Mycobacterium, Pseudomm sp. Sphingomonas, and Rhodococoeusre
observed to be involved for alkyl aromatic degramé!.

Zhanget al., investigated a bacterial isolate, designated a8,@s capable of degrading diesel, crude
oil, n-alkanes and polycyclic aromatic hydrocarb@&HSs) in petroleum. Strain DQ8 was assigned to
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the genusPseudomonas sp. aeruginobased on biochemical and genetic data. The métebol
identified from n-docosane as substrate suggebtdPt aeruginosa DQ8 could oxidize n-alkanes via a
terminal oxidation pathway,

Malik et.al.,investigated the metabolic capability of 15 baeteigolates isolated from oil contaminated
site by using enrichment culture technique whichrewvable to degrade aromatic and polyaromatic
fractions. The results showed that the aromatio:mpomunds (benzene, toluene and xylene) were
vaporized in the 4th day of incubation, while thficeency on polyaromatic fractions (anthracene,
phenanthrene and pyrene) was 46.17 to 55.3% afteags of incubation. The ability of degrading long
chain n-alkanes and crude oil at high concentratiorekes the consortium potentially useful for
bioremediation and microbial enhanced oil recof%eryshoket.al., isolated four bacterial strains which
were able to degrade naphthalene, anthracene tummiaf both from the soil of oil refinery. Out fafur
isolates two of them were identified as belongmghe genuslicrococcusand other two were identified
asPseudomonas spandAlcaligenesrespectively. These species degrade at the ra88%f 67.5% and
92.1°/0of high molecular weight plasmid DNA

Naphthalene

Naphthalene is the primitive and most soluble PAature. It is found naturally in fossil fuelsdikcoal
and oil. Burning of fuels, tobacco or wood produgaphthalene as a product. It has a strong odoglissm
like coal tar or mothballs. It is used to make prtd like; moth balls, dyes, leather goods, ané as
household fumigant. Its melting point is 80.2°C dahd molecular weight is 128.2. It degrades more
rapidly as compared to other PAHs found in natB@cterial strains that are able to degrade aromatic
hydrocarbons have been isolated mainly from the $hiese generally belong to gram-negative and are
from the genu®seudomonas sp.

Davies and Evans were the first ones who invegtibdiochemical sequence and enzymatic reactions
which leads to the degradation of naphthalene. tiagidne dioxygenase enzyme is required for studying
naphthalene activity however; it is unstable irunat Naphthalene oxygenase has also been isotated f
cells of Corynebacterium renalevhich was able to use naphthalene as a main saifrcarbon and
energy®. Degradation of naphthalene is best studied dusetstosimplicity. It starts through the
multicomponent enzyme called naphthalene dioxygemdsch attacks on the aromatic ring to focis

(1R, 2S)-dihydroxy-1,2-dihydronaphthalenecis{naphthalene dihydrodiol). Thecis-naphthalene
dihydrodiol formed by naphthalene dioxygenase andsi subsequently dehydrogenated to 1,2-
dihydroxynaphthalene by an enzynws-dihydrodiol dehydrogenase. 1,2-dihydroxynaphthales
metabolized to salicylate via 2-hydroxi#Zhromene-2-carboxylic acidiis-o-hydroxybenzalpyruvate
and 2-hydroxy-benzaldehyde. However, 1,2-dihydraxtihalene is non enzymatically oxidized to 1,2-
naphthaquinone. Salicylate convert to catecholdéiearboxylated, and it is further metabolized g ri
fission inmetaandortho-pathways.

Plasmid NAH7 inPseudomonas putida7 used to encode bacterial degradation of namrtbaNAH7
has two operons which contain the structural gémesaphthalene degradation. One operon contais th
gene for the upper catabolic pathway and encodesetizymes necessary for the conversion of
naphthalene to salicylate. The second operon aenthie gene for the lower catabolic pathway and
encodes the enzymes necessary for the metabolissaliof/late through the catechol meta-cleavage
pathway to pyruvate and acetaldehyde. Parglled., reported aspartate 205 in the catalytic domain of
naphthalene dioxygenase which is a necessary eesidthe major pathways of electron transfer to
mononuclear iron at the active site. Several nagétte degrading bacteria were isolated from oil
contaminated soil in a crude oil extraction andatleation center in Omidieh, Ahvaz, Iran. Bacterial
strains were isolated and identified by biochemaa morphological tests. This investigation exkitbi
the most of the isolated bacteria were belon&taphylococcus sp, Corynebacterium sp, Pseudomonas
sp. Bacillus sp, and Micrococcus §ihese species were able to degrade naphthaleneffltiency of
naphthalene as the only source of carbon and enemg evaluated by High performance liquid
chromatography (HPLC) analysis. HPLC analysis slhibthat theBacillus sp.andPseudomonas spre
capable to degrade naphthalene 86% and 80%, rasdgendCorynebacterium sp and Staphylococcus
sp degrade77% and 69% after one week incub&tion
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Fig.1:The proposed pathway for naphthalene biodegradatin by bacterie
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Surveyet al, studied the soil near several gas stations in Kér&akistan. He has isolated and identi
60 bacterial strains includincStaphylococcus(11.5.) Corynebacterium (5%), Bacillus (10%),
Pseudomonas sp(8.3%), Escherichia(33.3.) and Klebsiella(10%). These bacteria were capable
degradation of the hydrocarbons. Ccet al successfully isolated 50 bacterial strains thabalbng tc
Pseudomonas spand were capable of degrading naphthalene. Sintbeenaacteria of contaminatt
areas are in contagtith aromatic compounds, these bacteria shouldbbe t# degrade the materi:
surrounding them. 38

Walczaket aland Bestetet al., have studied the degradability of naphthalene hiwadacteria. In thi
study, the most dominant naphthalene degr: bacteria isolated from the Maroon Il oil field begged tc
Pseudomonas spandBacillus Therefore, the results of this study showed these bacteria are nati
in this are®?’

Pyrene

Pyrene is a polycyclic aromatic hydrocarbon, comeposf four fised benzene rings and the chemr
formula is GgHyo It forms during incomplete combustion of organ@mmpounds. It is a byproduct
gasification processes and other incomplete congsuptocesses. This colourless solid is the smte
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peri-fused PAH (one where the rings are fused tjinomore than one face). Its melting point is 145-
148°C. Many bacteria have been isolated which apalde of degrading pyrendycobacterium(Gram-
positive species) use it as a sole carbon and gnsogrce to perform their metabolic activity.
Mycobacteriumspp. is known to have high cell surface hydrophibpiand adhere to the emulsified
solvent droplets. Other pyrene degrading straimtatied includeRhodococcussp., Bacillus cereus
Burkholderia cepaciaCycloclasticus spP1, Pseudomonas sp. fluoresceRseudomonas sp. stutzeri
Sphingomonas spVYKM B-2434, Sphingomonas paucimobilind Stenotrophomonas maltophilia
Heitkampet al.,found the three products of ring oxidation, pyreie4,5-dihydrodiol, pyrendérans-4,5-
dihydrodiol, and pyrenol, and four products of rifigsion, 4-hydroxyperinaphthenone, 4-phenanthroic
acid, phthalic acid, and cinnamic acid by multiplealyses, including UV, infrared, mass spectrometry
NMR, and GC. The formation of pyrewés-4,5-dihydrodiol by dioxygenase and pyrereas4,5-
dihydrodiol by monooxygenase suggested multipléaindxidative attacks on pyrene. Pyrene-1,2-diol
derived from the dioxygenation at pyrene 1,2-C fims$ is metabolized to 4-hydroxyperinaphthenone
via cis2-hydroxy-3-(perinaphthenone-9-yl)-propenic acitl 2-hydroxy-H-1-oxa-pyrene-2-carboxylic
acid’®

Kafilzadehet. al., isolated bacterial strain from soil of the landfiin Shiraz and evaluation of their
growth kinetic and investigated the pyrene degiadat The isolated bacterial strains were
Mycobacterium sp., Corynebacterium sp., Nocardia, $§seudomonas sp. Rhodococcus apd
Micrococcus sp.which were potentially capable to degrade pyregdrdtarbon. After 10 days of
incubation, the pyrene biodegradation value evatliaty high performance liquid chromatography
(HPLC) was 89.1%, 79.4%, 75.3%, 68.2%, 62.3% an8%6or each strain respectively. Therefore these
bacteria could be used to clean the soils whictpalieted with pyren€. Moodyet.al., reported that the
degradation of anthracene and phenanthremdylopbacteriunsp. strain PYR-1. After the incubation of
14 days 92% and 90 % of degradation was obtainednttiracene and phenanthrene, respectively.
Metabolites of anthracene and phenanthrene by Mevikible light absorption, high-pressure liquid
chromatography (HPLC) retention times and masstepeetry analysis were also identiffédSchneider
et.al., studied the degradation of three polycyclic ardmlaydrocarbons (PAH), pyrene (PYR), beaf [
anthracene (BAA), and benzal [pyrene (BaP), by isolated thdycobacteriunsp. strain RJGII-135 from
abandoned coal gasification site soil by analogchment techniques. By high-resolution mass spectra
and fluorescence metabolites of these PAHs werdiftbal. The ability of this bacterium to degrathese
PAH is well supported and used in remediation tefsstontaining mixtures of these PAH

Bisht et.al., isolated naphthalene and anthracene degradingrizadtom non-contaminated soil of
rhizosphere ofPopulus deltoids Four isolates were determined by HPLC analyss Kurthia sp.,
Micrococcus varians, Deinococcus radioduraarsd Bacillus circulansutilizing the chrysene, benzene,
toluene and xylene. Among these isolakagthia sp andB. circulansshowed positive chemotactic
response for naphthalene and anthracene. Aftery§ dfincubation it was found thaB. circulans
SBA12 andKurthia SBA4 degraded 87.5% and 86.6% of anthracene wKilethia sp. SBA4,B.
circulans SBA12, andM. varians SBA8 degraded 85.3 %, 95.8 % and 86.8 % of napdnkal
respectively”. Pathaket al. investigated 4T engine oil biodegradation potémiaPseudomonas sp.
serratia strains, were isolated from contaminated soil fiSitapura industrial area Jaipur. MSM broth
was used in enrichment technique supplemented 18ithv/v hydrocarbon substrate (4T engine®dil)
Juhaszt.al., analyzed that the degradation of low moleculaghePAHs by isolating numerous genera
of bacteria, fungi and algae have been done whiedegradation by high molecular weight PAHs
compounds are generally recalcitrant to microli@ck, although some fungal and bacterial isolete®
identified which were able to degrade four ring PA&k sole carbon and energy source. This review
concern about the presence of benzo [a] pyrenkeeirehvironment and the ability of bacteria, fungi a
algae to degrade the toxic, carcinogenic and matageur fused benzene ring compound, benzo [a]
pyrené”.

www.ijpab.com 218



Shivendra Sharmaet al Int. J. Pure App. Biosgi(1): 213-222 (2014) ISSN: 232005

Pyrene is a tetracyclic aromatic hydrocarbon witblyenmetrical structure which is one of the top 129
pollutants as ranked by the U.S Environmental Rtmte Agency. Scientists collected sample fromehre
different stations in landfills areas in the cityShiraz, Iran. The bacterial strains were isolaad then
identified by standard bacteriological tests. Ismdabacteria includiniylycobacterium spPseudomonas
sp. Rhodococcus spnd Micrococcus spwere potentially capable of degrading pyrene hyalrioon.
They showed high growth rate during increasingdhpgcal density (OD600). Its biodegradation value
evaluated by high performance liquid chromatogra@ptiyL.C) was 89.1%, 79.4%, 75.3%, 68.2%, 62.3%
and 56.8% for each strain respectively 10 days aftaibation. The highest pyrene degradation rate w
found in Mycobacteriumsp. andCorynebacteriunsp. with 89.1% and 79.4% values; therefore these
bacteria could be used to clean the soils which po#uted with pyrene degradation occurred in
Mycobacteriumand CorynebacteriumThis indicates the high potency of these bact@rieontact with
most PAHs. Thus, these two bacteria were introdudthe indicator degrader strain in the landfills’
ared”.

Fig. 2:Proposed catabolic pathways of pyrene by béaria
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Compound designations: 1, pyrene; 2, pyrene-cis-1,2-dihydrodiol; 3, pwenh2-diol; 4, 2-hydroxy-3-
(perinaphthenone-9-yl)-propenic  acid; 5, 2-hydr@ky-1-oxa-pyrene-2-carboxylic  acid; 6, 4-
hydroxyperinaphthenone; 7, 1,2-dimethoxypyrenepyggene-trans-4,5-dinydrodiol; 9, pyrene-cis-4,5yditodiol;
10, pyrene-4,5-diol; 11, phenanthrene-4,5-dicarboxgcid; 12, 4-carboxyphenanthrene-5-ol; 13, 4oay-5-
hydroxy-phenanthrene-9,10-dihydrodiol; 14, 4-cagghenanthrene-5,9,10-triol; 15, 2,6,6’-tricarboxy-2
hydroxybiphenyl; 16, 2,2’-dicarboxy-6,6’-dihydroxiyghenyl; 17, phthalic acid; 18, 4-phenantroic ad®;, 3,4-
dihydroxy-3,4-dihydro-phenanthrene-4-carboxylicda@0, phenanthrene-3,4-diol; 21, 4-phenanthroid agethyl
ester, 22, 4-hydroxyphenanthrene; 23, 7,8-benzoadum?24, 2-hydroxy-2-(phenanthrene-5-one-4-engbtic
acid; 25, 5-hydroxy-5H-4-oxa-pyrene-5-carboxyliecda@6, pyrene-4,5-dione; 27, 4-oxa-pyrene-5-one.
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Bishnoiet al.,studied pyrene degradation Bgeudomonas PutidendPseudomonas paucimobiliere
selected for further study. After 42 dayBseudomonas Putidalegraded 59.8% of pyrene and
Pseudomonas Paucimobildegraded 52% of pyrene. In the current study, baisterium also was
isolated as the pyrene-using strain and its detjmadaalue was 68.28% In another study in normal
conditions by Shafieet al., after 10 days 60% of pyrene was consumed by switelia. Studies on
compounds with low molecular weight, e.g., the agerof phenanthrene and anthracene degradation by
soil bacteria, was reported as 48.44% and 30.168pectively, after 24 1.

CONCLUSION

Bioremediation offers an alternative method forod#ication of contaminant. It is a natural prese
which relies on bacteria, fungi and plants dlter contaminants. These organisms carrylmit t
normal life processes using these contaminanteeas gource of nutrients. Metabolic processes ef¢h
organisms are capable of using chemical contansnastenergy source, rendering the contaminants
harmless or less toxic in most cases. This studyl ginovide a better solution for bioremediation of
spilled petroleum hydrocarbons in soil and watersgstems. It will provide an idea on distributioh o
microorganisms in the environment which have thétalbo degrade the hydrocarbons and investigation
of the response of microorganisms towards diffepettoleum oils.
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