Available online at www.ijpab.com

ISSN: 2320 — 7051

International Journal Int. J. Pure App. BioscR (3): 185-202 (2014)
of Pure & Applied _ i
’ Bioscience

INTERNATIONAL JOURNAL OF PURE & APPLIED BIOSCIENCE

Factors Affecting the Rate of Biodegradation of Pglaromatic Hydrocarbons

Shallu Sihag* Hardik Pathak ?and D.P.Jarol?
!Research Scholar, Department of Biotechnology, JECRiversity, Jaipur, India

2 Assistant Professoraind Head of Depitt of Biotechnology, JECRC Universiaipur, India
*Corresponding Author E-mail: cul.tanya@gmail.com

ABSTRACT
In the whole environment, one of the most vitatammations is caused by the petrochemical indestri
products, effluents which is released from the qutemical industries, road accidents, ship accislent
etc. These petroleum products contain the carcinimgand mutagenic compounds which are known as
poly aromatic hydrocarbons. In the present pictafevorld a major environmental pollution of soilén
water is due to hydrocarbon contamination resultmgthe petrochemical industries, refineries, human
activities etc. The better understanding of the matsms and factors which affect biodegradationfis
great ecological significance, since the choicebioiemediation strategy depends on it. For successf
implementation of bioremediation technologies omtaminated areas must be depends upon the
characteristics of the contaminated site and a dempystem of many factors that affect the petroleu
hydrocarbons biodegradation processes The maimfaethich limit the overall biodegradation rate can
be grouped as: soil characteristics, contaminantareleteristics, bioavailability, microorganism’s
number, catabolism evolution etc. In order to adepid implement some effective bioremediation
strategy it is extremely important to consider amdlerstand those limiting factors. The presentystud
explains some factors which can the rate of bioddgtion process.
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INTRODUCTION
The intent of the present review is to presentaathrand updated overview of the microbial ecolofjy o
hydrocarbon degradation, emphasizing both envirotahe@nd biological factors which are involved in
determining the rate at which an extent to whicdrbgarbons are removed from the environment by
biodegradation. Aspects of biodegradation of petmsi and individual hydrocarbons in marine,
freshwater and soil ecosystems are presented.
In the modern industrial age of technologies vagiaspects of human life changes. The quality efdif
earth is highly related with its environment. Itvisry important for life to sustain that the enwinoent
should remain clean and healthy. In recent timestduhe increase in industrialization and utilizatof
petroleum related products not to forget negligamsiag them, the environment is getting damaged. To
clean up especially the subsurface hydrocarbonertration is a worldwide problem.
The development of human society all over histay kead to rising disruption of the natural equillim
and the rate of different types of pollution. THanet depends on oil, and the use of oil as fugliéad 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 poliutiwith petroleum and petrochemical products hanhbe
recognized as a significant and serious prohlem
Today, the most common environment problem is chdse to petroleum products. If these products are
exposed to the environment they can be hazardahe wurroundings as well as to life forrvillions of
liters of petroleum enter into the environmentpdrboth natural and anthropogenic sources every year
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It has been estimated that global production ofierail more than twelve million metric tons annyall
and about 1.7 to 8.8 million metric tons of petumtehydrocarbon escapes into the terrestrial andhmar
environment.

In the whole environment the release of hydrocashwinether it is accidentally or due to human atitigi

is a main cause of water and soil pollution. Thié @antamination with hydrocarbons causes extensive
damage of local system since accumulation of pantiist in animals and plant tissue may cause death or
mutations. These accidental oil spills can eversealamage to the sea and shoreline orgaffisitise
other sources of contamination due to hydrocarliocisde service stations, garages, scrap yard,ewast
treatment plants and saw mills etc.

Petroleum is defined as any mixture of natural gasdensate and crude oil. Crude oil can consist of
thousands of individual compounds with hydrocarbmmesenting from 50 to 98 percent of the total
weight of crude oil. When petroleum compounds sagttrude oil are released into the environment, the
compounds undergo physical, chemical, and biolbégibanges collectively referred to as weathering.
The degree to which various types of petroleum dwaibons degrade under these changes depends on
the physical and chemical properties of the hychtwmad* 31324253

1.1 Poly Aromatic Hydrocarbons

The sites contaminated by automobile or relatedh wittrochemical compounds contain a variety of
aliphatic, aromatic and polyaromatic hydrocarbd®sHs). Among them, PAHs pose more threat to the
environment and human hedfthThe PAHs consists of two or more than two fusesimatic rings in
linear, angular and cluster arrangements. The Pdyshe pollutants which are present in air, sod a
sediments. PAHs enter into the environment fromiouar sources and their derivatives are results of
incomplete combustion of organic materials in theinment. They arise from natural combustion;like
forest fires and volcanic eruptions, activitiesatetl to chemical and petro-chemical industriescalgure
wastes, sludge wastes etc.

PAHSs are widely found in high concentrations at ynemtlustrial sites, particularly those associatéith w
petroleum, gas production and wood preserving itmighgs Due to their toxicity, carcinogenicity and
mutagenecity these PAHs have gained much corcériviore than 100 different PAHs are ubiquitously
distributed in environmentmany of them possess mutagenic, carcinogenictotsaic propertie
Among them, 16 PAHs have been identified as pyiopibllutants and seven of them classified as
probable human carcinogens by U.S environmentaépiion agency & European Unitin

In recent years the major sources of PAHs pollutmude industrial production, transportation,uisdf
burning, gasification and plastic waste incinermatibhe fate of PAHs in nature is related to envinent

due to their toxic, mutagenic and carcinogenic priips (phenanthrene is known to be a human skin
photosensitizer and mild allergen, Benzo (pyrese&jarcinogenic for humans). PAHs may get absorbed
to organic-rich soils/ sediments and get accumiitafesh and other aquatic organisms. From theey th
might be transferred to humans through food chains.

1.2 Bioremediation

There are several methods to treat the contamimatiased by petroleum and petroleum products ssich a
physical, chemical and biological treatment. Biddad) degradation appears to be the main process
responsible for the removal of PAHs in 8vif. Microorganisms, such as bacteria and fungi may
transform PAHSs to other less harmful organic conmasuor to inorganic end products such as carbon
dioxide and water”.

The biological methods like natural attenuatiomshimulation, bioaugmentation and bioremediatian ar
efficient and adequate methods to clean up soh wétroleum hydrocarbons as contaminants because
these methods do not adversely affect the site. biblemediation is one of the economical methods
compared to the other methods like incinerationwasdhing of the soil etc Bioremediation is the ofie
the useful and inexpensive method to achieve tlienam biodegradation condition, in which by the use
of microorganisms hydrocarbons degraded which i $ources of carbon and energy for the
microorganisms.
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Bioremediation has potential to provide a low casbh-intrusive, natural method to render toxic
substances in soil less harmful or harmless owee.tiCurrently, research is being conducted to ingro
and overcome limitations that hinder bioremediatafrpetroleum hydrocarbons. On a broader scope,
much research has been and continues to be dededopance understanding of the essence of microbial
behavior as microbes interact with various toxintaminants. Additional research continues to evalua
conditions for successful introduction of exogerand genetically engineered microbes into a
contaminated environment. These new techniquebrargght into commercial practice, the importance
of sound methods for evaluating bioremediation witlrease. And that will help to create a bettedt an
cleaner environment.

1.3 Factors

The cleaning up of petroleum hydrocarbons in thié esavironment is a real world problem. Better
understanding of the mechanisms and factors whifictabiodegradation is of great ecological
significance, since the choice of bioremediaticateyy depends on it. Microbial degradation proegss
aid the elimination of spilled oil from the envimment, together with various physical and chemical
methods. This is possible because microorganisws diazyme systems to degrade and utilize different
hydrocarbons as a source of carbon and energy. iEte® optimal conditions for microbial degradatio
are provided, the extent of hydrocarbon removaltisngly affected by its bioavailability and stageds
weathering. As a consequence, some fractions abbgidbons remain undegraded. This residual fraction
of hydrocarbon in soil can represent an acceptalé point for bioremediation ifhydrocarbon
biodegradation is too slow to allow further biorafiagion, in which case other technologies must be
applied? those concentrations are unable to release framstil and pose adverse effects to the
environment and human health, like those presenttte given case studies

Various studies have addressed the successfukcapptis of remediation of hydrocarbon contaminated
soil and water. It was carried out integrated stofdgontamination caused by hydrocarbon and PAHKs an
its treatment with bioremediation metfddBy inoculating an enzymatic microbial compound isw
measured concentration of hydrocarbon and PAHs.eSean-toxicological and microbiological tests
were performed and reductions of pollutants weriobd while toxicological and phytotoxicity tests
evidenced a great improvement of the soil.

The maximum biodegradation occurred when conditians favourable for microorganisms. It is
important to know the characteristics of the coriteted site before beginning the treatments. Thsicbha
information such as residual oil concentration, wapon density of hydrocarbon degrading
microorganisms and the biodegradation potentiavirenmental factors such as pH, temperature etc. a
some of the key factors to be considered for biediatiort>***

Degradation of PAHs in situ is often slow, and esh over the last decades has shown that these
compounds very often are persistent. This pergistenay be due to several factors such as nutrients,
bioavailability of PAHs (sorption to particles),ntperature, oxygen, and presence of PAH-degrading
microorganisms.

A full factorial design can be used to test everggible combination of different environmental tast
Successful implementation of bioremediation tecbgigls on contaminated areas depends on the
characteristics of the contaminated site and a toogystem of many factors that affect the petnoleu
hydrocarbons biodegradation proce$$eBhe main factors which limit the overall biodedgtion rate
can be grouped as: soil characteristics, contarhioharacteristics, bioavailability, microorganism’s
number and catabolism evolutforin order to adopt and implement some bioremeatiasirategy it is
extremely important to consider and understandethiogiting factors. For the effective bioremediatio
information regarding the physicochemical propert@ad the indigenous microbial community of the
automobile contaminated soil are essetftial

A large part of the oil resources in our planetasstituted by heavy oil, i.e., oil reservoirs tiaive
suffered biodegradation at a certain extent .Tlageemany factors contributing to the oil degradstio
including physical-chemical factors, such as thérenmental pH, organic matter content, temperature
and the oil chemical composition, as well as biaabfactors, such as the microbial distributiontfie
environment, physiological and metabolic.
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Many published studies have investigated the efficd bioremediation on a bench scale and undex ide
laboratory conditions, such as a circum-neutralapid mesophilic temperatures. However, it is apgaren
that environmental factors that vary from site tt® §such as soil pH, nutrient availability and the
bioavailability of the contaminant) can influende tprocess of bioremediation by inhibiting growth o
the pollutant-degrading microorganisms.
There are a variety of factors like pH, temperatosygen, nutrient availability etc., which caneadf the
rate of degradation of poly aromatic hydrocarBbrisstudied the effect of temperature, salinity anld oi
concentration on biodegradation of crude oil, tlwstrfactant activity and naphthalene degradatipa b
newly identified strairBacillus cereus 28BNvas investigated the metabolic capability of 15tbaal
isolates isolated from oil contaminated site byngsénrichment culture technique which were able to
degrade aromatic and polyaromatic fract/8f%
Various factors, including the additional presenfearbon sources, pH, moisture content and size of
inoculums, influenced the degradafi@ecause of the toxicity and carcinogenicity of PAH#& more
important to reduce its effect. By the manipulationhe factors pH of the soil microbial maniputetithe
rate of degradation of Polyaromatic Hydrocarbomshmaenhancéd
However, determination of the optimization values the degradation process of abiotic factors
[(CIN/P/), the nitrogen source, the iron source, itlon concentration, the pH and the carbon sowte]
PAHs (naphthalene, phenanthrene and anthracen&) eeeried out by isolating bacterial consortium
belonging to C2PL0%".

Table 1.1:- Factor affecting microbial degradation

Limiting factors Effect
Weathering Aggregation, spreading, dispersion, rqudiem.
Water potential Evaporations, photo oxidation.
Temperature Osmotic and matrix forces, exclusion of water frpm
hydrophobic aggregates
Oxidant Influence on evaporation and degradation rates.
Mineral nutrients O, required toinitiate oxidation, NO or SQ” to
sustain, PHC biodegradation.
Reaction N,P, Fe may be limiting
Low pH may be limiting
Microorganisms PHC degraders may be absent ordawimbers

Table 1.2: Optimal conditions for microbial growth and hydrocarbon biodegradation

Parameter Microbial growth HC biodegradation
Water holding capacity 25 -28 40-80
pH 5.5-8.8 6.5-8.0
Temperature®C) 10-45 20-30
Oxygen(air-filled pore space) 10% 10-40%
C:N:P 100:10:1(0.5) 100:10:1(0.5)
Contaminants Not too toxic HC 5-10% of dry weighsaoil
Heavy metals <2000 ppm <700 ppm

FACTORS AFFECTING BIODEGRADATION OF POLYAROMATIC HY DROCARBONS
The main environmental factors that could affeetfdasibility of bioremediation are discussed.
2.1 Temperature
Temperature has a considerable effect on the yabilithein situ microorganisms to degrade PAHs and,
in general, most contaminated sites will not behat optimum temperature for bioremediation during
every season of the year. The solubility of PAHgéases with temperature, which ultimately, inoesas
the bioavailability of the PAH molecules. In additi oxygen solubility decreases with increasing
temperature, which reduces the metabolic activitparobic microorganisms. Biodegradation of PAHs
occurs over a wide temperature range; however, stadies tend to focus on mesophilic temperatures
rather than the efficiency of transformations atew or high temperatures. However, it is appathat
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microorganisms have adapted to metabolize PAHztegrae temperatures. For example naphthalene and
phenanthrene degradation was reported from crudm sieawater at temperatures as low 4€0In
comparison, the laccase and manganese peroxidagmes of ligninolytic fungi were reported to have a
temperature optimum o£50 C and>75 -C respectively in spent-mushroom compost during the
degradation of PAHs. Over 90% degradation of thetaminating PAHs was occurred at these
temperatures.

Various environmental factors were investigatethenwater soluble fraction of Kuwait crude oil. Bis
were indicate almost all PAHs were degraded &€ Hhd at an oxygen level of 4ppm on the other tand
40°C most of PAHs degraded optimally at Oppm oxygemifé

The microorganisms which degrade hydrocarbons arst active in specified temperature ranges that
govern the production of enzymes. The three classeb their optimum temperature ranges are
Psycrophiles (below 2@), mesophiles (f&8-45C), and thermophiles (above’®). Most oil degrading
microorganisms are active in the mesothermic rafg@’C to 38C and provide optimum degradation
rates at these temperatures. Temperature willéterto a certain extent the types of organismiswiia

be present for degradation. In general, degradatites will be slower in colder waters that in warm
climates. At lower temperatures, the oil viscosilgreases, the volatility of the lower chain hydndaons
decreases and solubility increases, making thenoie toxic and less appealing to degrading microbes
Seawater ranges from°@2 to 35C, with over 90% of the oceans having a temperabaiew 5C.
Biodegradation has been observed in this entirgpéeature range. One experiment showed that a
temperature drop from 35 to 5C caused a tenfold decrease in response®falsgradation has been
observed in Arctic ice and frozen tundra, but afligéble rate§'. Heat is released during degradation
processes, but a fire by spontaneous combustiantipossible. Temperatures do not exceetC7the
limiting maximum temperature for microbial survivadigher temperatures would be required for most
products to ignite, but the chance remains smalltduhe volatization of these molecules.

It is an important factor to govern the metabolativaty of the degrading microorganisms as well as
physical and chemical nature of hydrocarbons. Atrttesophilic and thermophilic range of temperatures
it is been found that the enzyme activity of miegamisms increases which helps in increasing tteeafa
hydrocarbon degradation. Therefore majorly thdC30 40C temperature in the mesophilic range or
sometimes 6T temperatures in thermophilic range is used. Thadtigs been also observed that some
hydrocarbons like, diesel can be degraded at Icemperatures i.e. betweed-10°C. But at low
temperatures the viscosity of oil increases whigbpsesses the spreading of oil on surface whichesak
the degradation difficult. Moreover, in the mesdighiange more variety of organisms can be avadlabl
for degradation so mesophilic or thermophilic terapgres are the better choice for bioremediation

2.2 Soil Characteristics

Soil characteristics are especially important forcessful hydrocarbon biodegradation, some of thieam
limiting factors are: soil texture, permeabilityH pwater holding capacity, soil temperature, nuirie
content and oxygen content. Soil texture affectsnpability, water content and the bulk density aif.s
Soil with low permeability (such as clays) hind&ansportation and the distribution of water, rerits
and oxygen. To enable the bioremediation of sudhisshould be mixed with amendments or bulking
materials (straw, sawdust etc.), as the bioremediaprocesses rely on microbial activity, and
microorganisms require oxygen inorganic nutriewster and optimal temperature and pH to suppotrt cel
growth and sustain biodegradafiof®

2.3pH

Many sites contaminated with PAHs are not at thiénag pH for bioremediation. For example, retired
gasworks sites often contain significant quantittésdemolition waste such as concrete and brick.
Leaching of this material will increase the pH loé native soil and/or made ground of the site, ltiegu

in less favorable conditions for microbial metabwli In addition, the oxidation and leaching of coal
create an acidic environment by the release arthtign of sulfides. As the pH of contaminated sitas
often be linked to the pollutant, the indigesanicroorganisms at the sites will not have theacép to
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transform PAHs under acidic or alkaline conditioltswas studied the effect of pH on the ability of
sodium phosphate (Na3PO4) in degrading polycydamatic hydrocarbons (PAHS) in contaminated
soil. Results obtained from Gas Chromatography/Mgsctroscopy (GC/MS) analyses indicated that
23% of 2-methylnaphthalene was degraded as thalbvéghest polycyclic aromatic hydrocarbon at pH
2.0 using 2 g N#0Q,, while acenaphthene (1.7%) was the least oveslatied polycyclic aromatic
hydrocarbon at pH 2.0 using 4 g JR®, powder. An increase in PAHs degraded trend wasrobd
using 4 g NgPO, as the pH was increased from 2.0 to 4.0.

Therefore, it is common practice to adjust the pkhase sites, for example by the addition of lifff.
Phenanthrene degradation in liquid culture has leegstigated at a range of pH values (pH 5.5-7.5)
with Burkholderia cocovenenasn organism isolated from a petroleum-contamihawf®. Although
bacterial growth was not significantly affected twe pH, phenanthrene removal was only 40% at pH
5.5after 16 days, whereas at circum-neutral pHeslphenanthrene removal was 8@phingomonas
paucimobilis(strain BA 2) was however, more sensitive to thegbldrowth media, with the degradation
of the PAHs phenanthrene and anthracene signifjcanfibited at pH 5.2 relative to pH®%

PAH degradation has been recorded in an acidiqdil2) contaminated by coal spoil by the indigesou
microorganisms, with the concentrations of napleth@l phenanthrene and anthracene reduced over a 28-
day period’. Naphthalene concentrations were reduced by 5086ils downstream of a nearby coal pile,
with phenanthrene and anthracene reduced by betd@eand 20%. It was found that some of the
environmental isolates were able to both reducethef the liquid media from 9 to 6.5 within 24dnd
also utilize naphthalene as a sole source of catharontrast, the naphthalene degrading microdsgas
Pseudomonas fredrikbergen$i3SM 13 022) and°seudomonas fluoresce(@SM6506), were severely
inhibited by the elevated pH. It suggests timasitu microorganisms at a contaminated site may be not
only tolerant of the site conditions, but may hake potential to metabolize PAHs in sub-optimal
conditions (in this case, high pHJhe choice of pH depends on the microorganismsetaded for the
degradation. Fungal strains are found to carry dmoadation at lower temperatures. Even when
indigenous microbial consortium inclusive of funggast and several bacteria is used they are faund
survive at pH 2. Although there are certain baatérat are alkaliphiles found in alkaline lakegldt7.5-

10. Salinity many isolates are capable of growihgalinity comparable to sea water. The significant
hydrocarbon degradation was observed with 0.1-2MCIN@&here maximum was at 0.4M i.e. almost
equivalent to natural sea water. Though at higladinity level, the degradation rate was found to
decrease.

2.4 Oxygen

Though it is now well established that bioremediatf organic contaminants such as PAHs can proceed
under both aerobic and anaerobic conditions, mosk Was tended to concentrate upon the dynamics of
aerobic metabolism of PAHs. This is in part dueth® ease of study and culture of aerobic
microorganisms relative to anaerobic microorganisiaring aerobic PAH metabolism, oxygen is
integral to the action of mono- and dioxygenaseyees in the initial oxidation of the aromatic rifig
Ways in which to maintain adequate oxygen levelsaerobic metabolism foin situ treatments are
discussed below and include hydrogen peroxide fab-surface contamination. For surface
contamination, simple soil tilling and/or mixingprf example using compost turners, can aerate
contaminated material well enough to allow PAH sfarmation to proceed. There is still debate as to
whether the benefits of anaerobic bioremediati@n artweighed by the negatives, with the aeration of
contaminated anaerobic aquifers successfully usatdimulate aerobic microbial communities resulting
in significant reductions in PAH concentrations groundwater. This has been accomplished using
hydrogen peroxide, sodium nitréteand perchloraf@ In addition, the aerobic biodegradation of
hydrocarbons has been reported to be up to an aflenagnitude higher relative to anaerobic
biodegradatioff. However, it has also been reported that rates atrabic PAH degradation under
denitrifying conditions were comparable to thoselemaerobic conditiori$ Though it appears that the
future of anaerobic bioremediation is promisingeréh are several drawbacks to the promotion of
anaerobic bioremediation.
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Not all environments contain an active populatibramaerobes that are able to degrade PAHSs. This has
been shown in creosote-contaminated sediment, wimited biodegradation of PAHs was seen under
denitrifying, sulfate-reducing and methanogenicditions?® even though there was an actively respiring
anaerobic community present in the sediment. Simglsults were found when investigating the po&nti
for PAH degradation in sediment samples from Saeg®iBay, Californi&. Metabolism of PAHSs in
these sediments that had had low levels of previoymsure to PAHs only occurred after a long lag
period, and was promoted when they were ‘spiketh WAH-contaminated sediments that contained an
active community of PAH-degraders. This suggests the dominanin situ microbial community did
not consist of PAH-degrading microorganisms and tharemediation was limited by low numbers of
PAH-degrading microorganisms rather than adverseir@mmental conditions. another potential
disadvantage of the promotion of situ anaerobic bioremediation is that the geochemisfryhe
subsurface will be altered by the imposition of ugidg conditions. As an environment is driven
anaerobic, all residual oxygen is depleted, andt@le acceptors such as nitrate, ferric iron arlthsu
are reduced during respiratién This results in the mobilization of ferrous ir@nd therefore the release
of phosphate Fro iron (lll)-phosphate complexeghRid these are toxic to the environment; iron i@l)
rapidly oxidized when exposed to oxygen, causingoaange precipitate in freshwater frequently
associated with acid mine draindyand excess phosphate in freshwaters can causepleisition. In
addition, there is often a concomitant increaspHi which can result in the solubilization of canlate
minerals and the release of trace métaRespiration will also produce potentially potgmeenhouse
gases such as,H, CH, and NO". It is clear that more research is needed to fuliderstand the
implications associated with the promotion of apb&r bioremediation. The discovery of a wide
diversity of pollutant-transforming anaerobes wignificant step forward in understanding the psses
involved in bioremediation, and the design and igpfibn of anaerobic remediation bathsitu andex
situto the contaminated site.

Dissolved molecular oxygen is required for respiratof the microbe and is used throughout the
subsequent degradation pathway. Requirements fareoxuptake are significant. It usually takes 3 to
ml of dissolved oxygen to oxidize 1 ml of hydrocams to carbon dioxide and waferThis relatively
high demand is due to the high concentration ofrdiyen and carbon in the oil, but very low
concentrations of oxygen. Surface waters, suclcaans, harbors, and lakes, essentially have amtafi
supply of oxygen due to the air/water interface drelwind and wave action. But, oxygen becomes the
rate limiting effect as depth increases. At sudfiti depths and in deep water sediments, degradation
the hydrocarbons can turn anaerobic when the oxggeply is depleted. Thus, oil that is dispersed an
sinks to the deep oceans and is covered by sedinwitit take much longer to degrade. Oxygen
replenishment can be hindered by large, thick poblsil on water surfaces due to the blanketinghef
air/water interface. This problem is most likelydocur in marshes, harbors, and inlets that relyhen
flushing process provided by tidal movements. Meida removal is required to increase the air
interface boundary necessary for oxygen replenishnf®r soil environments, the availability of oxyg

is dependent on the type of soil, amount of moistand the rate of microbial degradation that has
occurred. Oxygen is plentiful on beach surfaces suld surfaces where wave and tidal mechanisms
contribute to re-aeration and replenishment. Oxygmrent will be high also near jetties, pier stuves,
and retaining walls subject to crashing waves. @rygill be limited in fine grain soils, beach frenwith
little or no tidal movements, and as soil deptlgaase. Oxygen has been--shown to be the raténigmit
step of degradation of hydrocarbons in deep saifisgroundwater. To alleviate these 3 problemssdile
can be mechanically tilled to provide aeration, for, deeper soils and groundwater, oxygen can be 3
supplied bypumping it into a series of buried perforated pjg®ssoil venting, air sparging, injection of
hydrogen peroxideand by aerating the water to provide the necessaounts of oxygen.

It is one of the basic requirements for the bioddgtion. But again the concentration of oxygen weitid
highly depend on the choice of microorganism used.aerobic bacteria, stoichiometrically 3.1mg/rhl o
oxygen is required for the degradation of 1mg/mdriogarbons without taking into consideration thtalto
mass of bacteria. So it may vary with increasingdecreasing mass of bactéri&ven anaerobic
biodegradation has proved its importance. Miiffgrent types of bacteria are tested and diaiorbe
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useful in degrading hydrocarbons like benzene,ra&atoluenes etc, hydrocarbon degradation rates in
soil, fresh water, and marine environménts

2.5 Nutrient availability

In addition to a readily degradable carbon soumEroorganisms require mineral nutrients such as
nitrogen, phosphate and potassium (N, P and K¢dtular metabolism and therefore successful growth
In contaminated sites, where organic carbon leaeds often high due to the nature of the pollutant,
available nutrients can become rapidly depletedihdumicrobial metabolisfil. Therefore it is common
practice to supplement contaminated land with ants, generally nitrogen and phosphates to stigulat
the in situ microbial community and therefore enhance bioreata®’® The amounts of N and P
required for optimal microbial growth and hencerbinediation have been previously estimated from the
ratio of C:N:P in microbial biomass (between 10081% and 120:10:F". However, a recent study has
shown that optimal microbial growth and creosotalbgradation occurred in soil with a much higher C:
N ratio (25:1) than those predicted from the ratiamicrobial biomass, with lower C: N ratios (5:1)
causing no enhancement in microbial grdtfhe level of nutrients required for PAH transfaition

are generally thought to be similar to those remlifor other organic pollutants such as petroleum
compounds. However, little work has been done diggrthe most favorable nutrient levels required fo
the optimal degradation of PAHs, and further warlkhis area would benefit future bioremediatioalsi

It is worth noting that fungi are able to effectiveecycle nutrients (specifically nitrogen), artuht
excessively high nutrient loadings may in fact bihimicrobial metabolism. In addition, the high
molecular weight PAH-oxidizing ligninolytic enzymes$ the white-rot fungi are produced under nutrient
deficient (often low nitrogen) conditio¥fs It therefore appears imperative that the nutriatus of the
site is established prior to the supplementatiothefsite with additional nutrients. Even thougltmbial
metabolism may be temporarily increased, the l@ngtinhibition of functionally important organisms
may result in the failure of the bioremediatiorhafh molecular weight PAHs (such as be@dojrene).
Nutrients are required to support the biologicdiivity, and hence bioremediation. Microorganisms
commonly require carbon, nitrogen and phosphoroutht degradation of hydrocarbons. The amount of
various nutrients and ratio of particularly, nuttie like C, N and P is quite conceivable regarding
success of the bioremediation process. Varioudiegtuhave been conducting to evaluate the factors
which enhance the remediation process. It was figaed the degradation of phenanthrene by natural
micro flora present in seawater samples from Guéligamay by the addition of KN@as a source of
inorganic nitrogen which was resulted 10 fold imse in the phenanthrene degradafion

The organic carbon content in hydrocarbon contateih site is found to be very high attributed to
constant input of hydrocarbons. Because of the haytbon content of oil and the low level of other
nutrients essential for microbial growth, the ratel extent of degradation are, in general, limiigdhe

low availability of nitrogen and phosphorus. Consatfly, growth of hydrocarbon-degrading bacteria
and hydrocarbon degradation can be strongly enkdabgefertilization with inorganic N and P. In
majority of the treatments the C:N:P ratio is maiméd as 120:10°4%

The types and quantities of nutrients present éenstystem play a much more important role in lingjtin
the rate of hydrocarbon degradation. Many studaseshown that an in adequate supply of nutrients
may result in a slower rate of degradation for bgdrbons (Roberts, 1992). The capacity of the
microorganism to grow in a given system dependghenorganism’s ability to utilize any available
nutrient. Aerobic microorganisms utilize varioupdg of nutrients including nitrogen, phosphorugl an
trace amounts of potassium, calcium, sulfur, magnesiron, and manganese. Nitrogen and phosphorus
are vital nutrients especially since oil contaiesyittle of eithe?. The lack of either nutrient will retard
natural degradation rates. Seawater is often déetficin these nutrients because non-oil degrading
microorganisms consume them as well as the oil wnitgy species. Also, phosphorus precipitates as
calcium phosphate in the presence of sealat@oncentrations of nitrogen compounds in seawatege
from .1 to 1 mg/l, and phosphorus ranges from @%omg/l, depending on seasonal temperaturEs
compensate for the lack of nutrients, fertilizees/dn been applied. Amending the soil in this manner
improves the nutritional status of microorganisnm&l @ncourages growth. The amount required to
degrade a certain volume of oil has not yet beemotighly understood, though the subject is being
researched,
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2.6 Microorganisms Number and Catabolism Evolution

The ability of the soil's microbial community to glade hydrocarbons depends on the microbe’s number
and its catabolic activity. Microorganisms can selated from almost all environmental conditionsil S
microflora contains numbers of different microorigams including bacteria, algae, fungi, protozoa and
actinomycetes, which have a diverse capacity fiaccking hydrocarbons. The main factors which affect
the rate of microbial decomposition of hydrocarbame: the availability of the contaminants to the
microorganisms that have the catabolic ability tegmhde them; the numbers of degrading
microorganisms present in the soil; the activityle§rading microorganisms, and the molecular siract
of the contaminafit The soil microorganisms number is usually in thaege 16to 10 CFU, for
successful biodegradation this number should noloter than 1&per gram of soil. Microorganism
numbers lower than $@FU per gram of soil indicate the presence ofd@dncentrations of organic or
inorganic contaminants® The activity of soil microflora can be controlléy the factors discussed
above - pH, temperature, nutrients, oxygen etc.sbocessful biodegradation, it is also necessatytlie
microorganisms can develop catabolic activity, Hy following activities: induction of specific enngs,
development of new metabolic capabilities througmedic changes, and selective enrichment of
organisms able to transform the target contamfféht

Hydrocarbons are a rich source of carbon and erteegymicrobes need for growth. Before the carlson i
available for use, larger hydrocarbon moleculestrhasroken down into simpler molecules suitable fo
use by other microbes. More than 70 microbial geraee known to contain organisms that can degrade
hydrocarbon molecules. Hydrocarbons released irfiv@onment are biodegraded primarily by bacteria
and fungi. These microbes are ubiquitous in soil, fresh wated sea water environments. Of the many
bacteria found to degrade hydrocarbons, the maggbitant found in marine and soil environments are
Achromobacter, Acinetobacter, Alcaligenes, Arthribg Bacillus, Flavobacterium, Nocardizand
Pseudomonad Among the fungi listedAureobasidium, Candida, RhodotorundSporobolomyceare
common in marine environments antfichoderma and Mortierella are most common in soll
environment®. In marine environments, bacteria are consideretetcthe predominant hydrocarbon
organism. Both bacteria and fungi contribute to rbgdrbon degradation in soils, with percent
contributions ranging from 50-50 to 80-20 in fawdbacteria. Even less is known about the comperati
roles of bacteria, fungi, and yeasts in freshwadsr,are the roles of protozoa and algae in overall
degradation rates. The microorganisms which usedegtbons as a food source can readily be found in
vast quantities near places subjected to oil goltsuch as natural oil seeps, shipping lanesdnsy oil
fields, fuel terminals, and similar facilities. RéVely few hydrocarbon utilizers live in virgin if@r in

the vast open sea. Few to none reside in petroteutnemerges from the deep underground, as shgpwn b
the vast amount of oil that still remains undergmbeven after millions of years. The population of
microorganisms will vary from sample to sample, efefing on the location at which it was taken. Oil
polluted harbors can contain 1EIOA3 to IEIOA6 mlmes/ml. In terms of percentages, water not polluted
by hydrocarbons typically have one percent of iygutation made up of hydrocarbon degrading bagteria
whereas in polluted areas they can constitute éecept or more of the total microbial populatiohus
cleanup of long standing military facilities such fael depots and harbors may be easier than trat o
isolated accident using bioremediation technologe do an increase of hydrocarbon utilizing
microorganisms.

2.7 Consortium of Microorganisms

A consortium may be defined as a mixture of différdrydrocarbons utilizing microorganism.
Hydrocarbons range in size from single to many@anolecules. The microorganisms produce enzymes
(groups of proteins that mediate or promote thasfiamation of the hydrocarbon into a simpler
compound) that attack the hydrocarbon molecule.

Some microorganisms can produce enzymes whichapabte of attacking almost any size or type of
hydrocarbon; others can only produce enzymes ttlatkaand breakdown one specific type or size
molecule. Once the hydrocarbon is broken, otheymes may be required to further break the remaining
hydrocarbon. Lack of a specific enzyme to attaekrimaining molecule further may provide a batder
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the complete degradation and stop the proces$,amgtiis introduced to the system. This compleieser
of steps by which degradation occurs is called tabwdic pathway. No single species of microorganism
is capable of degrading the many different hydregarcomponents in oil products, thus many different
enzymes and metabolic pathways are required tadeghe significant number of compounds contained
in petroleum and related products. When a petrolspifh occurs, certain microorganisms in the system
will exhibit rapid growth due to the vast availatyil of easily degradable hydrocarbons. These fast
growing species may hinder other species by degleikygen or nutrients in the system. When those
easily degradable hydrocarbons are depleted, tlieoarganisms may lack the enzyme necessary to
degrade the other hydrocarbons available, and flieOther microorganisms capable of utilizing the
remaining hydrocarbons will then exhibit growth dladirish in the system. Thus, the cycle continaess,
species flourish and recede as the hydrocarbons ekeel at degrading become available, then are
depleted.

Microorganisms that readily degrade the hydrocastfonnd in petroleum products can usually be found
near the surfaces of soil and water. The main reémothis is the availability of oxygen, moistuiamd

the food source (the hydrocarbon) near the surfalteough some microbes are anaerobic (not growing
in the presence of molecular oxygen), the vast ritgj@of microbes that degrade hydrocarbons are
aerobic (those that utilize molecular oxygen).

2.8 Bioavailability

Bioavailability can be defined as the effect of glspchemical and microbiological factors on thesrat
and extent of biodegradatirand is believed to be one of the most importactiofa in bioremediation.
PAH compounds have a low bioavailability, and dessed as hydrophobic organic contaminafits.
These are chemicals with low water solubility tha¢ resistant to biological, chemical and photolyti
breakdowfl’. The larger the molecular weight of the PAH, tbeér its solubility, which in turn reduces
the accessibility of the PAH for metabolism by tinérobial celf>®® In addition, PAHs can undergo
rapid sorption to mineral surfaces (i.e. clays) anganic matter (i.e.humic and fulvic acids) in gl
matrix. The longer that the PAH is in contact vstil, the more irreversible the sorption, and thedr is

the chemical and biological extractability of trentaminarft’. This phenomenon is known as ‘ageing’ of
the contaminant. Therefore the bioavailability ofpallutant is linked to its persistence in a given
environment.

Release of PAHs from the surface of minerals agaric matter can be achieved by the use of surface-
active agents (also known as surfactants or detesgeThese are compounds that contain both a
hydrophobic and hydrophilic moiety, thus providiagbridge’ between the hydrophobic PAH molecule
and the hydrophilic microbial cell. Some microorgams can produce surfactants (bio surfactants) that
can enhance the desorption of PAHs from the soitixfa® These are potentially more effective than
using synthetic surfactants, as they are thoughettess toxic to this situ microbial community and do
not produce micelles, which can encapsulate commiPAHs and prevent microbial acé&s3he
bioavailability of PAHs in soil can be assessedgdioth chemical and biological methods; though it
guestionable which type of test(s) is most repriedime of the bioavailability of hydrophobic organi
contaminants in soil, as both approaches haveénhémitationS®. There are many biological techniques
to assess the bioavailability of PAHs in soil. Tdhe&mn be based upon the monitoring of biological
function, such as microbial respiration rates (malieation) of 14C-labelled contaminants, the
bioluminescence of microorganisms sucHuxsmicroorganisms and/dux-tagged pollutants that are in
contact with a contaminated matetialand by assessing the degree of dermal diffusiod an
gastrointestinal sorption of PAHs in earthworms hadce the bioavailability and ecotoxicity of PAids

the soil*. In addition, bioavailability can be measured bygnitoring changes in the expression of genes
that code for PAH degradation using molecular psplb@d also by the extraction of soil pollutants\gis

a simulated mouth and gut digestive fluid such a#/a, in order to demonstrate the risk that the
contaminant will pose if ingest&d Biological assays are often supported by perfogra chemical
assay of the bioavailability of the contaminanthia soil, which physically extracts the contamirfaom
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the soil matrix using a chemical solvent. Orgamilvents have been traditionally used to extracaoig
contaminants during harsh extraction processesh(ascSoxhlet extraction), although this does not
demonstrate the true bioavailability of the contzami, but the total contaminant concentration egdil.
However, a more representative approach was usddatginger and Alexand&?,who extracted the
contaminants with mild organic solvents (such athar#ol) to represent the bioavailable proportiothiz
soil. As microorganisms can mostly only accesseatmmmtaminants that are in the aqueous phase,-water
based solvents are also being used to more acluratedict the bioavailable fraction of organic
contamination in soil. One such compound is hydpoagyl-8-cyclodextrin® (HPCD), which can
encapsulate hydrophobic contaminants. In additiB®CD does not appear to inhibitix-type
microorganisms, allowing for a combined biologiaatl chemical assessment of bioavailability.

The bioavailability of hydrocarbons is also depeatiden physical state, hydrophobicity; sorption onto
soil particles, volatilization and solubility of gocarbons greatly affects the extent of biodegrada

Even if the optimal conditions for hydrocarbon k@gdadation are provided at the field, it has béwmwa
that a residual fraction of hydrocarbon remainsagndded. Mainly, after its arrival in the soil, @iganic
contaminant may be lost by biodegradation, leaclhingolatilization, or it may accumulate within the
soil biota or be sequestered and complex withirstiks mineral and organic matter fractions. Taterat
which hydrocarbon-degrading microorganisms can ednshemicals depends on the rate of transfer to
the cell and the rate of uptake and metabolismhieyniicroorganisms. It is controlled by a number of
physical-chemical processes such as sorption/désormliffusion, and dissolutidf. The mass transfer
of a contaminant determines microbial bioavail&pillThe term "bioavailability" refers to the framti of
chemicals in soil that can be utilized or transfedrby living organisms. The bioavailability of a
compound is defined as the ratio of mass transféisail biota intrinsic activities. Most soil contanants
show biphasic behaviour, whereby in the initial gghaf hydrocarbon biodegradation, the rate of rexhov
is high and removal is primarily limited by micrabdegradation kinetics. In the second phase,ateeaf
hydrocarbon removal is low and removal is generdillyited by slow desorption. Altogether, less
bioavailable fraction of hydrocarbon contaminatisrformed by hydrocarbons which desorb slowly in
the second phase of bioremediatforiThe biodegradation of an oil-contaminated soih Gdso be
seriously affected by the contamination time, doe weathering processes, which decrease the
bioavailability of pollutants to microorganisms. ®ikering refers to the results of biological, cheahi
and physical processes that can affect the typaydfocarbons that remain in a $of**2 Those
processes enhance the sorption of hydrophobic wrgamtaminants to the soil matrix, decreasing the
rate and extent of biodegradation. Moreover, a naad oil-contaminated soil normally contains a
recalcitrant fraction of compounds composed bdsiazl high molecular weight hydrocarbons, which
cannot be degraded by indigenous microorgarfisth’ In contrast, a recently oil-contaminated soil
contains a higher amount of saturated and aliphadimpounds, which are the most susceptible to
microbial degradation. However, the pollutant coomus in a recently contaminated soil are potentiall
more toxic to the native microorganisms, leadingatdonger adaptation time (lag phase) before
degradation of the pollutant and even to an iniaibiof the biodegradation procéss

As was mentioned above, sequestration and weaghefiorganic contaminants in the soil reduces the
bioavailability of organic compounds and resultsian-degraded residues in the soil. Contaminarais th
have been weathered and sequestrated in soil aravaibable for biodegradation in soil, even though
freshly added compounds are still biodegradatSerption is a major factor preventing the coneplet
bioremediation of hydrocarbons in soil. Slow sarptileads to the hydrocarbon fraction becoming
resistant to desorption and increases its persistevithin the soil organic matrix. The following
hypotheses have been proposed as a explanatiore&dhering: weathering results in a slow diffusion of
the hydrocarbon fraction in the solid fraction bétorganic matter in the soflthe contaminant slowly
diffuses through the soil and becomes sorbed appéd in the soil nano-and micropdfés
2.9Contaminant Characteristics

Petroleum hydrocarbons contain a complex mixtureashpounds; all the components of petroleum do
not degrade at the same rate. The rate bghwhicroorganisms degrade hydrocarbons depends upo
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their chemical structure and concentration. Peafiralehydrocarbons can be categorized into four
fractions: saturates aromatics, resins and aspigalteThe various petroleum fractions, n-alkanes of
intermediate length (GC,s) are the preferred substrates for microorganisnistand to be the most
readily degradable, whereas shorter chain compoarelsather more toxic. Longer chain alkanes-(C
C,40) are hydrophobic solids and consequently arecdlilifito degrade due to their poor water solubility
and bioavailability, and branched chain alkanes @mtbalkanes are also degraded more slowly than th
corresponding normal alkanes. Highly condensed ationand cycloparaffinic structures, tars, bitumen
and asphaltic materials, have the highest boiliminte and exhibit the greatest resistance to
biodegradation. It has been suggested that theéuasinaterial from oil degradation is analogousarog

can even be regarded as, humic mafefiar®

The rate of microbial uptake and biodegradatiohyafrocarbons is dependent on the solvent solulafity
the hydrocarbons. Hydrocarbons that are highly ldelun water their degradation rates are almost
proportional to the concentration but it differs fess aqueous hydrocarbons. It needs to be caadide
that high solubility may become detrimental to tlegrading organisms. Usually oil loading greatanth
5% leads to decrease in the microbial actiVity In addition to this high concentration may dista: N:

P ratio and create oxygen limitations.

2.10 Toxicity of end-products

The principle of bioremediation is to remove oraéfly a contaminant from a given environment using
microorganisms. Most commercial bioremediationld¢riznd to monitor the success of the treatment by
the degree of removal of the parent contaminant dmahot consider the possibility of the biological
production of more toxic breakdown metabolites. ldger, it is important to ensure that the contaneidat
material is suitably detoxified at the end of theatmerit®®® A recent study using a bioreactor to treat
PAH contaminated gasworks soil monitored both #mmaval of PAHs and the accumulation of oxy-
PAHSs, such as PAH-ketones, quinones and couniarifibese compounds are formed during the
microbial metabolism of PAHs and can also be forfinech chemical oxidation and photo transformation
of PAHS”. Such transformation products can be equally tdkisot more toxic, to human health when
compared with the parent PARiwith many of the oxy-PAHs formed during the treatthof PAH
contaminated soils more persistent than the pa@mpound¥. In this study, Lundstedt and colleagues
investigated that although there were no new oxy#®Aormed during the bioremediation of an aged
gasworks soil, the concentrations of 1-acenaphtieeramd 4-oxapyrene-5-one increased in the soil by
30% and 60% respectively over 30 days of biosltnegtment. In addition, they showed that some oxy-
PAHs actually increased in concentration duringittreent, and were subsequently more persistent to
microbial degradation than their corresponding palRAH compound. As oxy-PAHs are more toxic than
the parent PAHS, this study highlights the impartanf monitoring the metabolites of bioremediation,
specifically for toxic dead-end products, and asisgsthe toxicity of the material both before affitira
treatment.

However, it is important to understand the releeant ecotoxicity tests to the overall toxicity dfet
remediated land. Many of these tests monitor foute' toxicity of compounds (via organism death),
whereas it would be more representative, partifulhen assessing the carcinogenic and mutagenic
PAHSs, to consider the ‘chronic’ toxicity of thesals, such as monitoring for organism DNA damage an
the occurrence of DNA adduéts

2.11 Moisture

Moisture is required for all biological processestlp transport nutrients, foods, and waste prizdinc
and out of the microorganisms. For oceans, laked,ather surface water environments, this poses no
immediate problems. For soil environments, somestapté must be present for degradation to occur. Too
much water can impede the re aeration of the aoil,the process may turn anaerobic. The optimuim rat
of moisture will depend on the climate and soiletyRatios range from 30-90% in one study and 12-32%
in others and the aerobic biodegradation of hyditmas in soils is greatest in ranges of 50-70%hef t
soil water holding capacity®® whereas waves and tidal actions are useful inlgingpaerated sea water
to beaches and marshes, rainfall is useful in ibéegradation of inland soils by supplying moistarel
useful dissolved oxygen to the microbes.
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2.12 Organic matter

The presence of naturally occurring organic mattan have different affects on soils, such as water
retention, soil temperature, and the ability of marganisms to degrade pollutafitThe role it plays in
sorption processes can affect the availability wfients for the microorganisms. Contaminants tede
for biodegradation can be resistant of alter entigmattack by sorption onto soil particles. The haou
material becomes unavailable for the attack. Additbf organic material can slow the natural rate of
biodegradation due to increased competition, bog Ierm it can increase infiltration and permeapili
and porosity’. The addition of the material can be helpful iw lmoisture retaining soil environments.
2.13 Qil surface and concentration

Since the majority of the biodegradation of hydrboas occurs at or near the air/water interfacgdter
environments and the air/soil interface in soil iemvments, the amount of oil surface area exposed a
these interfaces will affect the rate of degradatibhe greater the area exposed, the fasters tukigir
will degrade. Concentration of the hydrocarbonekted to oil surface area. Thick rafts, blankets,
pools of oil or other petroleum products constitathigh concentration/low surface are a situatidre
available sites that can be attacked are redudesloil acts as a blanket, hindering the replenistiroé
nutrients or oxygen to the microbes. Thus, at lighcentrations those compounds most readily dedrade
will be attacked, leaving the more resistant congods behind. These in turn combine to form everemor
resistant compounds, such astar balls that havtetirmoisture contact and surface area. Concentisati
of hydrocarbons in the range of 1 to 100 ug/ml ¢éwar 1 to 100 ug/g of soil (dry weight) are not
generally considered toxic to common bacteria ngff.

Thus, dispersants and emulsifiers used at sea arylmncentrations of oil increase the oils abitiy
spread and volatilize, which in turn allows for@rerall increase in the rate of degradation, pemthiere
are no adverse toxic effects of the type of disp#trased. Other means of removing heavy concemtiati
of oil and products should first be employed pt@remediation, such as using skimmers, vacuunkstuc
adsorbents, and earth moving equipment.

2.14 Salinity

Microorganisms are typically well adapted to copihvwthe wide range of salinities common to the
world’s oceaf?. There is little evidence to suggest they are adfitcby other than hyper saline
environments, such as saltwater from oil wells.ukses may present a special case because salinity
values will vary in levels as compared to leveldtia oceafi. Thus, if microbes are to be added to the
environments, it must be known if they are competitith the saline levels present in the system.

CONCLUSION
In the present scenario major environmental paltutof soil and water is due to hydrocarbon
contamination resulting by the petrochemical indestactivities. It can cause by accidental liherabf
petroleum industries discharge in the environmerit oan also cause by human activity. Hydrocarbon
compounds are known for its carcinogenic and nexiotehavior.
Many published studies have investigated the afficaf bioremediation on a bench scale and
under ideal laboratory conditions, such as a ciro@utral pH and mesophilic temperatures. However, i
is apparent that environmental factors that vamsynfisite to site (such as soil pH, nutrient avaligband
the bioavailability of the contaminant etc) canluehce the process of bioremediation by inhibiting
growth of the pollutant-degrading microorganisms.
These factors play significant role in the biodegtion process of polyaromatic hydrocarbon and
contaminated soils, such as physical conditiong;itimn, the ratios of various structural hydroocanks
present, the bioavailability of the substrate amal diversity of the bacterial communities involved,
water holding capacity of the soil, microorganisnithere are some standard conditions on which these
factors play their role like water holding capaaitfythe soil for the microbial growth is 25-28 afut
hydrocarbon degradation is 40-80. The range ofipHrom 5.5-8.8 for microbial growth and for
hydrocarbon degradation is 6.5-8.0. The favorabbaditions of temperature for the growth of
microorganisms vary from 10-#8 and for the degradation of contaminants are 26r30°C.
Therefore, this mini review touches upon varioupeass of environmental factors which affects the
biodegradation of polyaromatic hydrocarbons.
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