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Abstract: Hydrocarbon compounds have been noted to reside the family of neurotoxic and xenobiotic organic pollutants
and nowadays petroleum hydrocarbon compounds continually being a major natural worry because of the development of
petroleum oil extraction and related products which have major ecological issue. Oil seepage normally happen by mishaps
pumping, transportation and refining and petroleum products consist of carcinogenic and mutagenic compounds which
could have several consequences on biotic and abiotic factors of the ecosystem. Mainly two methods such as mechanical
and chemical methods are normally used to remove hydrocarbons from contaminated places have effectiveness and can be
expensive. Bioremediation is the best and advance technology for the treatment of these contaminated places because it is
not much expensive and will lead to whole mineralization. Microbial degradation is the major and ultimate natural
mechanism by which one can clean up the petroleum hydrocarbon pollutants from the environment. Many indigenous
micro-organisms in water and soil are able to degrading hydrocarbon contaminants. A number of limiting factors have been
recognized to affect the biodegradation of petroleum hydrocarbons. This review summarizes the microbial degradation of
petroleum hydrocarbons aerobically and anaerobically and various factors that influencing the process. It may be concluded
that microbial degradation can be considered as a key component in the cleanup strategy for petroleum hydrocarbon
remediation.
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materials that may cause mutations and also maybe leads to
death [9]. Many scientific opinions have discussed about
various process that influences the rate of oil biodegradation
[10-15]. Normally, two main process to oil spills in
bioremediation 1) bio-augmentation, in which oil degrading
bacteria are indulged in existing microbial population and 2)
bio-stimulation, in which the growth rate of oil degraders is

1. Introduction

In industries and daily routine life, the petroleum based
products are the important source of energy and mainly
extraction, transportation, refinement, leakage becomes a
harmful contamination issue across the world [1-6].
Petroleum hydrocarbons are combinations of numerous o
carbon bonds that made complex structures when they cnhanced by the addition of supplements [16-19].
attached to each other such as aliphatic alkanes, alkenes and ~ Dioremediation process resolves most of physical and
polycyclic aromatic hydrocarbons. The amount of chemical —problems using the metabolic capability
indigenous crude oil seepage was measured to be 550000 expl(?ltatlon qf dlverse.remarkable. microorganisms. The
metric tons per annum with the approach of uncertainty of ~ Physico-chemical techniques evolving in biodegradation
200000 metric tons per year [7]. Due to human activities or ~ Process that degrading xenobiotic compounds because of
any other process that leads to release of hydrocarbons into ~ Nigh efficiency and effortlessness process [20, 21]. In this
the environment are the major agents of water and soil article, we focused on aerobic and anaeroblc. microbial
pollutions [8]. In terms of soil contamination with degradation of petroleum hydrocarbons with factors

hydrocarbons leads to extensive damage to animals and plant ~ influencing the process.
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Figure 1. Types of hydrocarbons in essence alkanes, alkenes, alkynes and
aromatics.

2. Microbial Degradation of
Contaminated Petroleum
Hydrocarbons

The bioremediation strategies are the convenient way for
microbial choice which had the capability to degrade
contaminants without losing the microbial growth and
competing other family of microorganisms such as Alkane
(Cs-Cy, n-alkanes), nah (naphthalene) and xylene (toluene)
were the most common microbial destructive pathways
related to petroleum hydrocarbon deterioration [22, 23].
Petroleum hydrocarbon can be divided into 4 classes in
essence saturates, aromatics, asphaltenes and the resins [24].
Microbial deterioration is the main indigenous mechanism in
which one can clear the contaminated petroleum hydrocarbon
from the environments [25-27].

The apperception of biodegraded sediments of petroleum
based aromatic hydrocarbon was noted by Jones et al [28].
Bacterial or microbial communities are the most known and
impressive in petroleum oil deterioration and considered as
major oil seepage degraders in environment and its particular
genes is correlated with hydrocarbon disintegration and now
an important part in the deterioration process of petroleum
sediments [29-31]. Biodegradation of petroleum based
hydrocarbon in the environment commonly by bacteria, fungi,
and yeast. Bacteria are the uttermost active agents in
petroleum deterioration and they work as initial degraders of
oil seepage in environment [31, 32] and various bacteria are
better to feed or degrade the hydrocarbons [30]. Floodgate [33]
noted 26 genera of hydrocarbon feeding bacteria and bacterial
genera namely Gordonia, Brevibacterium, Dietzia, and
Mycobacterium isolated from contaminated soil for
hydrocarbon degradation [34].

Polyaromatic hydrocarbon degradation by Sphingomonas
was observed by Daugulis and McCracken [35] and Fungal
genera commonly, Amorphoteca, Neosartorya, and
talaromyces as well as yeast genera namely, Yarrowia candida
were observed from contaminated petroleum soil [36].
Although protozoa and algae are the major unit of the
microbial family n both terrestrial and aquatic ecosystems and
observed their involvement in hydrocarbon deterioration.

Fungi also have petroleum hydrocarbon deterioration
efficiency by the chemical process and upgraded availability
of pollutants and possess many non-specific enzymes that
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arises the degradation mechanism [37]. Laccases, transferase,
cytochrome P450 monooxygenase and various enzymes are
used as basic process of microflora activities in contaminated
soil [38]. Mycoflora role in biodegradation mechanism of
different petroleum outcomes has been widely tested such as
Aspergillus, Cephalosporium, Gliocladium, paecilomyces,
Mucor, and Torulopsis [39, 40]. First filamentous fungi
Cladosporium resinae with the capability to absorb petroleum
products was found in contaminant jet fuels and cause serious
problems in aircraft industries [41-45]. Investigated around 50
fungal strains for their abilities to utilize crude oils and the
isolated oil degrading fungi from contaminated soil were
Verticillium  spp.,  Scolecobasidium  obovatum  and
Tolypocladium inflatum.

Yeast also has a major concurrence in microbial
deterioration of petroleum hydrocarbons like Candida
lipolytica and geotrichum sp., which are observed from
petroleum contaminated water and might degrade various
petroleum factors [45]. Pleurotus tuberregium raises the soil
content to reducing heavy metal concentration after half a year
of incubation and a report showed the capacity of Lentinus
squarrosulus, white rot fungus to increase the nutrient
concentrations in the same oil engine contaminated soil. Algae
are treated as microbial conference in aquatic and terrestrial
environments and there are limited proofs about algae
degradation capability of petroleum contaminants in
indigenous environments [46, 47].

Hydrocarbon Degradation scales [48, 49]

Fresh-water environment
Maximum degradation
(20°C —-30°0C)

Soil environment
Maximum degradation
(30°C- 40°C)

Coastal environment

Maximum degradation
(15°C —20°C)

Figure 2. Hydrocarbon degradation scales in soil, fresh-water and coastal
environments.

3. Aerobic and Anaerobic Routes in
Petroleum Hydrocarbon
Biodegradation

Petroleum hydrocarbons are biodegraded both aerobically
and anaerobically process by yeast, fungi, and bacteria with
different degradation amounts [21, 50]. Presence or absence of
oxygen is considered for basic deterioration of compound
mixtures of petroleum hydrocarbon contaminants such as
presence of oil in soil.

Aerobic degradation is the largest responsive and complete
mechanism for the removing of petroleum hydrocarbon
contaminants from the environments mainly aromatic types
and with the help of enzymes and metabolic pathways in
petroleum hydrocarbon deterioration has been considered, for
example alkane monooxygenase, and cytochrome P450
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members are correlated with petroleum removal pathways [51,
52]. Under aerobic process, oxygenase initiates to cover
benzene ring and start continuous ring cleavages [53]. One
more study revealed that biodegradation of petroleum oil in
gasoline-contaminated soil was fastest when oxygen
consumption was 8% in oxygen concentrations.

Anaerobic degradation of contaminated hydrocarbons by
microorganism in the absence of oxygen is significant
pathway for microbial degradation of petroleum hydrocarbons

that doesn’t utilize the oxygenases aerobically [10, 54, 55].
Under anaerobic condition, microbes appeared to utilize
various electron acceptors such as sulphate and iron that
multiply the molecular oxygen in perspective of oxygen and
oxidize various hydrocarbons petroleum groundwater [56-58].
Anaerobic metabolic pathways like deep soil where oxygen
diffusion is restricted. In presence of oxygen, aliphatic and
aromatic hydrocarbon deterioration is faster and may leads to
hydrocarbon compound complex [59-61].

Table 1. Enzymes convoluted in bio-degradation of petroleum hydrocarbons.

Enzymes Activators

Micro-organisms References

Solvable Methane Monooxygenases

Crude Methane Monooxygenases
Alkane correlated with Alkane
Hydroxylases

Eukaryotic P450s

(Cs-Ci6)
(C10—C6) alkanes, fatty acids

Microbial P450s oxygenase enzyme
Di-oxygenases

(Cs—Ci¢) alkanes, and cycloalkanes
(C10—C30) alkanes

Alkanes alkenes and Cyclo-alkanes (C;-Cs)

Halogenated alkanes and cycloalkanes (C;-Cs)
Alkanes, fatty acids, alkyl benzenes, cycloalkanes

Methylococcus, Methylosinus, Methylocystis,
Methylomonas
Methylobacter Methylococcus, Methylocystis [62]

[62]

Pseudomonas, Burkholderia, Mycobacterium [63]

Candida maltosa Candida tropicalis Yarrowia

lipolytica [64]
Acinetobacter, Caulobacter, Mycobacterium [65]
Acinetobacter spp. [66]

4. Factors Influencing the Microbial
Petroleum Hydrocarbons
Deterioration

4.1. Chemical and Physical State of Oil

Microbial deterioration of petroleum hydrocarbons varied
on their different chemical compositions. Shorter chain
compounds are more toxic than longer chain like n-alkanes of
intermediate length (C;,-C,s) [66] and longer chain alkanes
are hydrophobic solid in nature and very hard to degrade due
to poor water solubility. Branched chain alkanes and also
cycloalkanes degraded more slowly in process than common
alkanes [65]. Dispersion of petroleum hydrocarbons in liquid
column increases the surface area for microbial attack [66-67].
High concentration of hydrocarbons may be correlated with
heavy formation of thick rafts which can be lead to the
inhibition of microbial biodegradation by less oxygen [68].

4.2. Temperature State

In case of low temperature, the rates of volatilisation leads
to low molecular mass of hydrocarbon which may be harmful
to bacteria due to delay of biodegradation of oil. The optimal
temperature ranges for petroleum hydrocarbon degrading
microorganism are psychrophiles (below 20°C), mesophiles
(15°C —45°C), and thermophiles (above 50°C). Oil degrading
microbes are active in the range of 20°C to 35°C temperature
and commonly deterioration rates are slower in cold
atmosphere than warm environments [48]. That is why the
best option for biodegradation of petroleum hydrocarbons is
mesophilic and thermophilic temperature ranges [48, 49].

4.3. Water Enterprise

All biological mechanism needs humidity for better

transport of food and waste components in and out of the
microbial cells. The water activity or water enterprise of soils
may range from 0.1 to 0.99 in contrary to marine atmosphere
in which water potential is suitable at near 0.98 values [54].
Biodegradation of hydrocarbon n terrestrial ecosystem can be
done by limited water for microbial viability and the optimal
ratio of humidity will depend on whether and soil type and
leads to ratio from 30% to 90% capacity [69].

4.4. pH and Oxygen Effect

pH effect on contaminated petroleum hydrocarbon can be
good for terrestrial ecosystems as soil pH is extinct from 2.5 to
11 and mostly microbial families recommended neutral pH
[70, 71]. Involvement of oxidation of the substrates by
enzymes such as oxygenase for molecular oxygen leads to
destruction of aliphatic and aromatic hydrocarbons by
microbes like fungi [72]. The presence of oxygen absorbs the
different types of soil and soil textures which can lead to
oxygen depletion [73]. In the absence of oxygen, the
petroleum hydrocarbon by microbes has been shown in some
studies [74].

4.5. Salinity and Pressure

Microbes are commonly well adapted to wide range of
salinities in world’s ocean [70] and there is no important proof
to suggest that microbes are affected by another saline climate
such as saltwater. Salinity values changes periodically in
levels compare to ocean that is why if microbes came to
climate through bio-augmentation process, it must be known
if they are suitable with the saline levels present in atmosphere
[74, 75]. Biodegradation of contaminated hydrocarbons is
most obviously restrained to deep sea atmosphere. The
ambient temperature was noted less than the climate pressure
therefore, oil present in deep ocean ecosystem will be
deteriorated at a very slow rate by hydrocarbon degrading
microbes.
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5. Role of Phytoremediation in
Contaminated Hydrocarbons

In case of phytoremediation, the various strategies like
phytovolatilization, rhizoremediation, and
phytotransformation can be used for the remediation of a
broad variety of pollutants. And phytoremediation is a
promising technology that uses plants to stable a wide variety
of environmental contaminants. This type of strategies can be
expensive for broad sites with shallow residual levels of
pollutants by organic nutrient where pollutant doesn’t require
where vegetation is utilized as a final closure of places [76].

Benefits of using phytoremediation indulge aesthetic
changes, long term process, and cost effectiveness,
furthermore the use of this type of strategies as an in-situ
treatment step minimizes land disturbance and deletes
transportation and associated with offsite treatment of waste
materials. Recent studies revealed that phytoremediation for
the cure of petroleum hydrocarbon pollutants over the past 10
years have done much research that may be used to develop
better technologies and further improvement and innovation.
Microbial deterioration in the roots could be the most proper
mechanism for reducing or eliminate of diesel range organics
in vegetated contaminant soils [77] and it occurs because of
pollutants like PAHs are highly hydrophobic n nature.

6. Conclusion

The process of the microbial degradation of petroleum
hydrocarbons and other related contaminants product in the
climate is a major issue and several factors like high
concentration of the hydrocarbons are present. And the
increasing viability of hydrocarbon degrading microbes in the
environment could influence the mechanism of biodegradation.
Bacteria and fungi are the prevalent microbial families that care
the process of petroleum hydrocarbon biodegradation. Recently,
the advance technologies like metagenomics analyses and other
OMIC techniques which are friendly to ecosystem and have
been introduced to analyse the genomic makeup of
atmospherically microbes towards appraising their abilities and
biodegradation of petroleum hydrocarbons.
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