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Abstract— Microorganisms use to reduce/minimize the
hazardous waste concentration from contaminated sites.
Presently accepted disposal methods of incineration or burial
insecure landfills have an expensive when amounts of
contaminants are large. Mechanical and chemical methods
generally used to remove hydrocarbons from contaminated sites
are limited effective and expensive. But the Bioremediation is
now used extensively for the biodegradation of hydrocarbon
contamination resulting from the activities related to the
petrochemical industry, which may refer to complete
mineralization of organic contaminants into carbon dioxide,
water, inorganic compounds, and cell protein or transformation
of complex organic contaminants to other simpler organic
compounds, by biological agents like microorganisms. Many
indigenous microorganisms in water and soil are capable of
degrading hydrocarbon contaminants. This paper presents an
updated overview of petroleum hydrocarbon degradation by
microorganisms.
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I. INTRODUCTION

Petroleum is a liquid mixture consisting of
complex hydrocarbons. It is the main source of energy for
industry and daily life. During the exploration, production,
refining, transport, and storage of petroleum and petroleum
products the amount of natural crude oil seepage was
estimated to be 600,000 metric tons per year [1]. The main
cause of water and soil pollution is the release of
hydrocarbons into the environment whether accidentally or
due to human activities [2]. Soil contamination with
hydrocarbons causes extensive damage of local system since
accumulation of pollutants in animals and plant tissue may
cause death or mutations [3]. The technology commonly used
for the soil remediation includes mechanical, burying,
evaporation, dispersion and washing are expensive and can
lead to incomplete decomposition of contaminants. The
process of bioremediation defined as the use of biological
agents, such as bacteria, fungi, or green plants, to remove or
neutralize contaminants, as in polluted soil or water. Bacteria
and fungi generally work by breaking down contaminants
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such as petroleum into less harmful substances [4]. It is a
noninvasive and relatively cost-effective technology [5]. Qil
spill bioremediation depends on presence of microorganisms
with the appropriate metabolic capabilities. The optimal rates
of growth and hydrocarbon biodegradation can be sustained
by the adequate concentrations of nutrients, oxygen & pH
values (6-9). Oil and oil surface area are also important
factors for bioremediation success. Qil spill bioremediation
can be done by two processes namely Bioaugmentation and
Biostimulation. Bioremediation has been used on very large
scale application, as demonstrated by the shore-line clean-up
effortsin Prince William Sound, Alaska, after the Exxon QOil
spill. Although the Alaska oil-spill cleanup represents the
most extensive use of bioremediationon any one site, there
have been many other successful application on smaller scale.
This paper provides extensive information on microbial
degradation of petroleum hydrocarbon contaminants towards
the better understanding in bioremediation challenges.

Il.  MICROBIAL DEGRADATION OF PETROLEUM
HYDROCARBONS

Rates of biodegradation depend greatly on the composition,
state, and concentration of the oil or hydrocarbons, with
dispersion and emulsification enhancing rates in aquatic
systems and absorption by soil particulates being the key
feature of terrestrial ecosystems. Hydrocarbon degradation
may be influenced by different factors such as their limited
availability to microorganisms. The susceptibility of
hydrocarbons to microbial degradation can be generally
ranked as follows: linear alkanes branched alkanes small
aromatics cyclic alkanes [6,7]. Microbial degradation is one
of the most promising mechanisms for removing the
petroleum hydrocarbon pollutants from the environment
[8-10]. There are different types of microorganisms such as
bacteria, fungi & yeast, which are responsible for degradation
of petroleum hydrocarbon pollutants. The microorganisms,
namely, Arthrobacter, Burkholderia, Mycobacterium,
Pseudomonas, Sphingomonas, and Rhodococcuswere found
to be involved for alkyl aromatic degradation in marine
sediments which was reported by Jones et al. Individual
population can’t degrade complex mixture of hydrocarbon
such as crude oil in soil, fresh water & marine environment,
but mixed population with overall broad enzymatic capacities
enhanced the rate. Bacteria are the most active & primary
agents in petroleum degradation. Several bacteria are even
known to feed exclusively on hydrocarbons [11]. Floodgate
[12] listed 25 genera of hydrocarbon degrading bacteria and
25 genera of hydrocarbon degrading fungi, which were
isolated from marine environment. Das and Mukherjee
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reported the crude petroleum oil from petroleum
contaminated soil from North East India. There are various
bacterial genera namely, Gordonia, Brevibacterium,
Aeromicrobium, Dietzia, Burkholderia, and
Mycobacterium isolated from petroleum-contaminated soil,
which have the capability for hydrocarbon degradation [15].
Some hydrocarbons such as poly-aromatic hydrocarbon may
not be degraded at all but now it can be done by
Sphingomonas. Fungal genera,
namely, Amorphoteca, Neosartorya, Talaromyces, and Grap
hium and yeast genera, namely, Candida,
Yarrowia, and Pichia were isolated from
petroleum-contaminated soil and proved to be the potential
organisms for hydrocarbon degradation [15].

I1l. FACTORS INFLUENCING PETROLEUM HYDROCARBON
DEGRADATION

The fate of petroleum hydrocarbons in the environment is
mainly determined by abiotic factors, which influence the
Weathering, including biodegradation of the oil. Factors
which influences rates of microbial growth & enzymatic
activities affect the rates of petroleum pollutants depends on
the quantity & quality of the hydrocarbon mixture & on the
properties of the affected ecosystem. In one environment
petroleum hydrocarbon can persist indefinitely, where as
under another set of conditions the same hydrocarbons can be
completely biodegraded within a relatively few hours or days.
Brusseau discussed the number of limiting factors that affect
the biodegradation of petroleum hydrocarbons [16]. Among
physical factors, temperature plays an important role in
biodegradation of hydrocarbons. Atlas [17] found that at low
temperatures, the viscosity of the oil increased, while the
volatility of the toxic low molecular weight hydrocarbons
were reduced, delaying the onset of biodegradation.
Temperature also affects the solubility of hydrocarbons [21].
Although hydrocarbon biodegradation can occur over a wide
range of temperatures, the rate of biodegradation generally
decreases with the decreasing temperature.

Nutrients (such as nitrogen, phosphorus & in rarely iron) also
play a very main role in biodegradation of hydrocarbon
pollutants. Some of these nutrients could become limiting
factor thus affecting the biodegradation processes. Atlas [11]
reported that when a major oil spill occurred in marine and
freshwater environments, the supply of carbon was
significantly increased and the availability of nitrogen and
phosphorus generally became the limiting factor for oil
degradation. In marine environments, it was found to be more
pronounced due to low levels of nitrogen and phosphorous in
seawater [12]. Freshwater wetlands are typically considered
to be nutrient deficient due to heavy demands of nutrients by
the plants [22]. Therefore, additions of nutrients were
necessary to enhance the biodegradation of oil pollutant
[23,24]. On the other hand, excessive nutrient concentrations
can also inhibit the biodegradation activity [25]. Several
authors have reported the negative effects of high NPK levels
on the biodegradation of hydrocarbons [26,27] especially on
aromatics [28].
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IV. MECHANISM OF PETROLEUM HYDROCARBON
DEGRADATION

The most rapid and complete degradation of the majority of
organic pollutants is brought about under aerobic conditions.
Oxygenases & Peroxidases are the main enzymes, which are
used, in intracellular attack of inorganic pollutants and
activation as well as incorporation of oxygen in the enzyme
key reaction. Peripheral degradation pathways convert
organic pollutants step by step into intermediates of the
central intermediary metabolism, for example, the
tricarboxylic acid cycle. Biosynthesis of cell biomass occurs
from the central precursor metabolites, for example,
acetyl-CoA, succinate, pyruvate. Sugars required for various
biosyntheses and  growths are synthesized by
gluconeogenesis. The degradation of petroleum hydrocarbons
can be mediated by specific enzyme system.

Cytochrome P450 alkane hydroxylases constitute a super
family of ubiquitous Heme-thiolate Monooxygenases which
play an important role in the microbial degradation of oil and
other compounds. Higher eukaryotes generally contain
several different P450 families that consist of large number of
individual P450 form. Cytochrome P450 enzyme systems was
found to be involved in biodegradation of petroleum
hydrocarbons. Yeast species are capable to use n-alkanes &
other aliphatic hydrocarbons as a source of C and energy & it
is governed by multiple microsomal cytochrome P-450 forms
isolated from yeast species such as Candida maltosa, Candida
tropicalis, and Candida apicola .

V. UPTAKE OF HYDROCARBON BY BIOSURFANTS

Biosurfactants are heterogeneous group of surface-active
chemical compounds produced by a wide variety of
microorganisms  [18-20, 31-33]. Surfactants enhance
solubilization and removal of contaminants [34,35].
Biodegradation is also enhanced by surfactants due to
increased bioavailability of pollutants. Bioremediation of oil
sludge using biosurfactants has been reported by Cameotra
and Singh [36]. Pseudomonads are the best known bacteria
capable of utilizing hydrocarbons as carbon and energy
sources and  producing  biosurfactants  [13,36,37].
Among Pseudomonads, P. aeruginosa is widely studied for
the production of glycolipid type biosurfactants. However,
glycolipid type biosurfactants are also reported from some
other  species like P.  putidaand P.  chlororaphis.
Biosurfactants increase the oil surface area for bacteria to
utilize it [38].

VI. COMMERCIALLY AVAILABLE BIOREMEDIATION AGENTS

Microbiological cultures, enzyme additives, or nutrient
additives that significantly increase the rate of biodegradation
were defied as bioremediation agents by USEPA [39].
Bioremediation agents are classified as bioaugmentation
agents and biostimulation agents based on the two main
approaches to oil spill bioremediation. Numerous
bioremediation products have been proposed and promoted
by their vendors, especially during early 1990s, when
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bioremediation was popularized as “the ultimate solution” to
oil spills [40]. Studies showed that bioremediation products
may be effective in the laboratory but significantly less so in
the field [41]. This is because laboratory studies cannot
always simulate complicated real world conditions such as
spatial heterogeneity, biological interactions, climatic effects,
and nutrient mass transport limitations. Therefore, field
studies and applications are the ultimate tests or the most
convincing demonstration of the effectiveness of
bioremediation products.

VIl. PHYTOREMEDIATION AND GENETICALLY MODIFIED
BACTERIA

Phytoremediation is an emerging technology that uses plants
to manage a wide variety of environmental pollution
problems, including the cleanup of soils and groundwater
contaminated with hydrocarbons and other hazardous
substances. The different mechanisms, namely, hydraulic
control,  phytovolatilization,  rhizoremediation,  and
phytotransformation. Could be utilized for the remediation of
a wide variety of contaminants. Phytoremediation can be
cost-effective (a) for large sites with shallow residual levels of
contamination by organic, nutrient, or metal pollutants, where
contamination does not pose an imminent danger and only
“polishing treatment” is required; (b) where vegetation is used
as a final cap and closure of the site. Phytoremediation could
be applied for the remediation of various contaminated sites.
Genetically engineered microorganisms (GEMs) are useful to
improve the degradation of hazardous wastes under
laboratory conditions. The genetically engineered bacteria
showed higher degradative capacity. However, ecological and
environmental concerns and regulatory constraints are major
obstacles for testing GEM in the field. These problems must
be solved before GEM can provide an effective clean-up
process at lower cost. The use of genetically engineered
bacteria was applied to bioremediation process monitoring,
strain monitoring, stress response, end-point analysis, and
toxicity assessment.

VIIl. CONCLUSION

e Bioremediation has high ecological significances
that depend on the indigenous microorganisms to
mineralize the organic contaminants.

e Microorganism has enzymes systems to degrade and
utilize different hydrocarbons as a source of carbon
and energy.

e Bioremediation is a more promising technology than
mechanical, burying, evaporation dispersion and
washing because these technologies are expensive
and can lead to incomplete decomposition of
contaminants.

e The use of genetically modified bacteria represents
research frontier with broad implications.
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