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ABSTRACT

Crude oil being a a dark sticky liquid is heterogens mixture of varying molecular weight from whigtrious
petroleum products are extracted. There are variteghnological processes which are used for refjnininto
consumer products like paraffin oils, gasoline,rloants, vaseline, asphalt, domestic fuel oil aradymers. The
biological, chemical, and geochemical transformasioare responsible for formation of crude oil. Sale
microorganisms are associated with the crude aitfation. The type of substrate and microorganisraéebic or
anaerobic) are major parameters responsible for grdeation of different petroleum products. For thes
microorganisms the main source of carbon in crudea® hydrocarbons which are both aliphatic andoaratic,
but also include organic compounds that are mo#itly products of crude oil biodegradation. These ranic
organisms find application in enhancement of oibgarction using microbiological methods. The preseniew
highlights the biodegradation of crude oil by ba@kecommunity.
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INTRODUCTION

The German mineralogist Georg Bauer, in the yea61Bas used the term The word “Petroleum" whicla is
synonym to crude oil which was first used in theatise “De Natura Fossiliuhpublished in 1546[1]. Crude oil or
petroleum is a natural environmental resource whidlammable liquid that occur as rock formatiorthe earth. It

is a mixture of inorganic and organic compoundscivhinclude aliphatic and aromatic hydrocarbons. ba-
hydrocarbon compounds including sulphur compoufd¥l-8 %), mostly as hydrogen sulfide,&), mercaptans
(compounds containing the —SH group), thiophenalides and disulfides as well as naphthothiopheresd
benzothiophenes that exists in oil fractions . Agse compounds are inauspicious due to their clatmic
recalcitrance, so their presence is taken intoideration for evaluating crude oil quality (Suryga2001)[2].

Microbial interaction with hydrocarbons has atteatctthe attention of several groups of workers logkfor
desirable as well as detrimental activities inlifmegradation of hydrocarbons.

Widdel and Rabus (2001) reported that the formatddncrude oil includes the chemical, biologicaldan
geochemical transformations of organic matter, diégpd in favorable locations. Geochemical studies/gs that
higher volume of hydrocarbon is present in immatimen in crude oil with an odd number of carbonnasp
synthesized in plants [3].
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According to the studies conducted by Surygat@12€he organic origin of crude oil is suppliedigmarkers, i.e.
compounds whose carbon skeleton remain unchangegedachemical processes which is formed by living
organisms, e.g microorganisms like metalloporplegirterpenes and porphyrines [2].

The crude oil being a natural resource, but in ®nditions its presence is unfavorable and causssuttion of
the surroundings. The various autochthonous migarisms are associated with the settings wheresapildand
formation water in oil reservoirs with an extreme&vieonment are present. The relationship between
microorganisms and this extreme environment begimsn crude oil is formed and it ends when theseialized
microorganisms are applied for the bioremediatidnth® polluted environment by crude oil and oiligded
products.

Galuszka and Migaszewski,(2007) has reported crareioucture of the most hydrocarbon existing inder oil is
responsible for their toxic effect. Both aliphatind aromatic compounds, like polycyclic aromatiddogarbons
(PAHSs), come under these toxic hydrocarbons, wimseity increases in proportion to the number afbmn atoms
present in the compound [4].

According to Dandie et al. 2004, the main sourdesadbon for these microorganisms in crude oil tayérocarbon
which are both aliphatic and aromatic as well aganic compounds that are mostly the products oflecroil
biodegradation. These organic compounds includgaric acids like , benzoic, butyric, acetic, focppropanoic,
and naphthenic acids reaching up to 100 mM. Thetrele donors may be j41and in the case of immature oil —
asphalthenes and resins, whose metabolic availatsiliconfirmed by the fact that anaerobic micrgasisms may
develop in cultures with crude oil without any mitahtions of its composition. There is sufficientidence that
shows the role of number of microbial communiterade oil formation [5].

Types of microorganisms

1) Fermentation bacteria

Till date various species of fermentation bactenia found in crude oil as reported by Nazina et(2007).The
bacterial strains which are competent for reductidn thiosulfate (80;) and elemental sulfur {5 are also
discovered. These microorganisms posses electronrsidike proteins, hydrogen, carbon dioxide, ssgand
hydrocarbons. The products of metabolic reactidmesdrganic acids and gases, eg aid CQ, may increase the
reservoir pressure. These microorganisms find egipdin in the enhancement of oil production using
microbiological method[6].

The thermophilic fermentation bacteria are morenalant than mesophilic ones as reported by Naztirsd (2007).

[6]. During carbohydrate fermentation, acetate timaeol are produced by the activity of first growp
haloanaerobes likelaloanaerobium acetoethylicyril. congolenseandH. salsugo The parameters like type of
substrates used and their tolerance to salt corftgntto 10 %) mainly marked the difference amongséh
microorganisms.As an exampkgpirochaeta smaragdinasolated from a Congo oil field prefers salt comsenf up
to 5 %. Dethiosulfovibrio peptidovaransith specific metabolism is also isolated from teme source. These
bacteria are also responsible for biodegradationpoftein extracts and the organic acids like acésiobutyric,
isovaleric, and 2-methylbutyric acids are produasé result of their metabolism [6].

Magotet al. (2000) has reported that in crude oil resentbiijr exists various group of microorganisms alwiittp
water. For example, the formation water of the fs#m and western Siberia reservoirs existence of
Acetoanaerobium romaskovwiihich uses amino acids, acetates, hydrogen, cditecide and sugars as sources of
energy and carbon are reported. Thermostable ermyhs are present in thermophilic micro organidike
Thermotoga: T. elfjiT. sub terraneamndT. hypogeaare capable of resisting temperatures exceedieg #9006 C

and posses ability of reducing thiosulfate to si@éi. The bacteria similar Tdhermotogacan reduce elemental sulfur
andexists at low salt content of 2.4% of NaCl and dgriglucose degradation, they even can producéc st

and L-alanine [7].

2) Sulfate reducing bacteria (SRB)
According to report of Rabus et al., (2000), on@agthe primitive microorganism on earth belongth®group of
sulfate reducing bacteria (SRB). As per their histaf development and activity, they resemble trgaoism of the
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Proterozoic Era. The first study was conducted hia year 1864 on the biology and metabolism of these
microorganisms [8].

Voordouw, (1992) has reported that the metaboltbygay of dissimilation of sulfate reduction is ottt did not
show horizontal gene transfer and mutations [9dkding to the report of Baket al.,,(2003) there are evidence
that proof that the gene coding the enzyme catadyzhe first stage of dissimilative reduction isnserved
evolutionarily and remains unchanged from the @éftés formation [10]. The sulfur isotopic studidsne by Kopp
et al, (2005) reveals that bacterial sulfate reductionld have developed earlier than oxygen photoggis{11].

The biogenic origin of hydrogen sulfides in marisediments was first observed by Meyer (1864) andnCo
(1867)[12,13]. Acoording to Bastin (1926) , the SBBsts in the area of crude oil exploitation afidt sporing
thermophilic SRB was reported. These reports, hewehows the role of microorganisms in the cormosid
drilling equipment. For understanding the metabgpliocesses conducted by SRB, first attempts wagerted in
the year 1950s and 1960s [14].

According to Postgate, (1984) and Gibson, (1998B &re heterotrophic organisms and absolute anegftblat use
sulfates as well as other oxygenated sulfur comgssulfites, thiosulfites, trithionate, tetrathide, and elemental
sulfur) as final electron acceptors in respiratiwocesses [15,16]. Except the specieBesulfonemaall SRB are
gram negativeThis group of bacteria exhibits diversity and was types of bacteria based on the soil and water
composition, can be found within this group suchpsgchro, meso, thermophilic, halo and barophilice spore
developing ability is possessed by few species BB Sike Desulfosporosinus orientis , Desulfotomaculum
halophilum sp. Nov [17] andDesulfosporosinus meridiegp. nov. [18] The activity of these microorganisms
decreases the permeability of reservoir rocks chbgehe precipitation of insoluble sulfides, adlvas carbonates

as reported by Magot et al., (2000) and Nematl.ef2001). Postgate has shown that SRB alwaysnapaay crude

oil and therefore for long time were consideredhdgcator organisms when searching for new reses\ab].

3. M ethanogenic archaea

Nazinaet al, (2007) has reported the existence of next imporggoup in crude oil reservoir ie. Methanogenic
archaea bacteria. Methane is produced due to aledirity which in turn is measured by their prodontrate [6].
These bacteria are found in diverse settings. Tieenacal and physical factors like pH, salt contamd temperature
effect their development and activity. However, Inagtogenes are mostly mesophilic, but some extreiespare
also found like Mthanopyrus kandlerioccurring at 110C [19]. However few reports are available in kiterre on
psychrophilic methanogenic archaea. The salt cordérenvironment and anaerobic conditions are twajom
parameter necessary for the activity and developaiemethanogenic archaea. Elias et al., (1999x&@psrted that
at very low concentrations of oxygen (even in savppm range), they are very sensitive [20].

According to Zeikus and Wolfe, (1972), prototropkjaecies of methanogenic bacteria require only ralrealts,
hydrogen and carbon dioxide for their growttethanobacterium thermoautotrophicwhthis group is one among
them. Most methanogenes usually needs electroordas H and CQ as their electron acceptor. Methane is
produced as the final product in this process. Miethanogenesis is the process of formation of icg@ethane,
which is a type of anaerobic respiration with lewergy yield. At very low reduction potential andaarobic
environment, these methanogenic archaea degrgdaiomatter in their final stage [21].

The varying salt content are favourable for ocawreeof mesophilic and thermophilic methanogenidhaea If
high temperatures and salt concentrations areepresmultaneously, they may restrict the microlsietivity of
methanogenic archaea. Among methanogenic caryddsthanococcoides (Methanohalophilus) euhalobizs
detected which uses methylamines as found in sl oil well during their drilling.

The hydrogen oxidizing species of methanogenica@ahare most prevailing group in formation wafdow salt
content. The disc-shapddethanococcus termolitotrophicuMethanoplanus petroleariysand Methanocalculus
halotolerans and the rod-likeMethanobacterium thermoautotrophicul. bryantii, andM. ivanoviiare included in
the group According to Ollivier et al., (1998), during mettenesis the oxidation of hydrogen may take place
below 9 percent NaCl concentrations. As an exanitéthanocalculus halotolerans cararry out this metabolic
activity up to 12 percent salt content [22].
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4. lron Il reducing bacteria

Grenneet al., (1997) has reported that the iron reducing ectike Shewanella putrefacienmsses potential for
reducing elemental sulfur, sulfites, and thios@$atio sulfides. This bacteria can survive in tldwease environment
of oil wells.Hydrogen or formate may act as electdonor and iron oxide and hydroxide as accepfolmcterium
namedDeferribacter thermophilughat not only reduces iron but also capable oficed) nitrates and manganese
using peptone or yeast extract. The hydrogen anceraus organic acids serves as source of energytdlaek of
information regarding iron and manganese contéeiy exist doubt on occurrence of such type of imatam in
such type of conditions [23].

CONCLUSION

Biodegraded oil resulting from the action of miag@nisms that destroy hydrocarbons and other aiipuments
have been a problem for the petroleum industrytlie,paper highlights an overview of the presesevell as the
involvement of microbial community in degradatioh lydrocarbon and formation of crude oil in suclpeyof
environment. These microorganisms posses potdatialegrading hydrocarbons and include a wide ifistion of
bacteria for example fermentation bacteria, suphatiucing bacteria (SRB), methanogenic archeairand(lll)
reducing bacteria respectively. The concentratibthese microorganisms is affected by physical,nibel and
biological factors. Stetter & Huber, (1999) repaolrithat the temperature is one of the importansighay factor
affecting microorganism activity [24]. Magot et,a2000) has reported that at temperatures abo®&td350 C,
the living organisms does not survive theoreticady biological compounds become unstable. Thesditomms
prevail at the depth from 4030 to 4700 m in dedpesiervoirs. We thus conclude that bacteria agentost active
agents that play a key role in the formation ofderoil through microbial degradation [7].
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