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Abstract

The worldwide increased demand of crude oil (also known as petroleum hydrocarbon) has elevated the
obligation of clean-up technologies for the oil-spillage treatments. Bioremediation, an effective measure
for eradication of this hazardous contaminant is exploited unanimously but there arise major challenges
because the process proceeds in a sluggish way and is time consuming which cannot meet up the instant
requirements of clean-up of the marine environment. This review article is focused on the different sources
of microorganisms studied in the last two decades and their beneficial involvement in the biodegradation
of hydrocarbons. Moreover, the immeasurable consumption of plastic in our daily life is becoming life
threatening for the environment. This review is principally aimed to study the different bacterial species
predominantly the Bacillus strains and fungal isolates acting as predominant protagonists in the

biodegradation process of complex hydrocarbons such as plastic.
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Introduction:

Over the last three decades, bioremediation is used as an alternative source for clean-up technology
for immediate restoration of affected areas. Crude oil is composed of aromatic and aliphatic

hydrocarbons, which are released naturally, accidentally or purposefully to the aquatic
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environment especially to the marine ecosystem. Moreover, the increased consumptions of
petroleum products by human activity is becoming life threatening for the aquatic life. The oil

enters into the feathers of birds and fur of the animals which decreases their buoyancy due to

variation in temperature [1]. This is hazardous and often prove fatal to the marine flora and fauna.
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Figure 1 Marine ecosystem is regularly affected with oil spillage and human activity where the
hydrocarbons are degraded therough the Bioremediation process by microorganisms.

Microorganisms are omnipresent which utilize these hydrocarbons present in the petroleum oil
and decompose it to release hydrocarbons and energy. Bioremediation is the use of specific
microorganisms which metabolize to remove harmful substances from the environment or add
pollutant specific microbes to the affected area. Abundant species of microorganisms are present
in nature but only a limited number of archaea, bacteria and fungi are present which degrade

petroleum (Figure 1).
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Biodegradation:

The recent developments in the offshore oil transportation industry led to a high risk of chances of
pollution in coastal waters due to oil leakage [2]. Crude oil is made up of mixtures of aromatic and
aliphatic compounds and each microbe can break down and utilize only a part of the hydrocarbons
as its substrate. Hence, a diverse range of micro-organisms play a key role in the degradation of
hydrocarbons [3,4]. There are various bacterial strains that can degrade or transform the various
products of crude oil into nontoxic, nonhazardous, biodegradable and environmentally friendly

components. This process is known as the biodegradation of crude oil.

Biodegradation is the method to remove the oil pollutants from the environment with the
most eco-friendly method without damaging the environment. The most primary and suitable
method to eliminate the effect of crude oil with the help of microorganisms is through the
procedure of biodegradation [5]. The significant role is played by bacterial strain for degradation
of hydrocarbons. In addition to this, it has the ability to completely absorb the hydrocarbon and
provide enough energy to the cells for growth. Marine sources such as the coastal regions and the
contaminated soil samples provide the main source for isolation of bacteria. These isolated
bacterial strains provide a range of microorganisms which can consume and metabolize

hydrocarbons and release CO2 and H20 to the environment [6].

Petroleum is used as an alternative source in terms of fossil fuel as it is a non-renewable
source of energy. Petroleum is used as an energy source and plays an important role in daily life.
Frequent worldwide transport has increased the chances of oil spillage in the coastal region or the

soil leading to oil pollution.[7].

Biodegradation is the main process in order to break down the crude oil or to reduce the
effect of oil pollution in the environment. Various microorganisms like bacteria and fungi can
degrade a large range of crude oil. The renowned but most common names are Bacillus sp,

Pseudomonas sp, Corneybacterium sp and biodegrading fungi such as Aspergillus sp, Penicillium
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sp and Trichoderma sp which can degrade a wide variety of hydrocarbons. Ding and co-workers

investigated that the soil from contaminated sites showed the presence of Bacillus sp [8].

Various factors such as temperature, oxygen, and nutritional requirement, pH of the source
of contamination is responsible for biodegradation of crude oil [9]. Bacillus sp has the ability to
grow on different substrates. They have the ability to degrade different hydrocarbons by the
production of Biosurfactants (BIO), which facilitates the hydrocarbon degradation. Bacillus has
the ability to grow on crude oil hence degrading crude oil and reducing oil pollution. Apart from

this, Pseudomonas species is considered one of the best species which can degrade crude oil [10].

Biodegradation of Petroleum hydrocarbon by beneficial micro-organisms

Biodegradation is a multifaceted process which is largely dependent on the natural habitat and
mainly the temperature and soil conditions. Petroleum hydrocarbon can be alienated into four
components mainly: the saturates, the aromatics, the aliphatics like asphaltenes (for instance:
porphyrins and fatty acids), and the resins (such as pyridines, quinolones, sulfoxides) [11]. A large
number of factors like pH condition, climate affect the hydrocarbon degradation. Due to
urbanization, there is the limited availability to microorganisms which is one of the major
limitations studied so far. Moreover, the chemical petroleum hydrocarbon binds to the soil in such
a complex manner that it becomes a difficult process to be removed or biodegraded.

Microbial degradation is the most popularly used method and ultimate natural mechanism
to clean up the crude oil pollutant from nature. Immense studies have been conducted on the
breakdown of alkyl aromatic compounds present in the marine world. Different tropical areas of
Lagos Nigeria were manifested with microflora in the soil and the main strains were Pseudomonas
fluorescens, P. aeruginosa. Bacillus subtilis, Bacillus sp., Acinetobacter iwoffi, Flavobacterium

sp., Micrococcus eosus, and Corynebacterium sp [12].

Yeast, fungi and bacteria are the naturally occurring group of micro-organisms widely

distributed which assist in the degradation of hydrocarbons. The biodegradation range of soil fungi
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is from a lower percentage of 6 and extends largely upto 82 percentage. Soil bacteria extends from
0.13 to 50 percentage, and for marine bacteria the range is between 0.003 to 100. Many scientists
come to the conclusion that the mixed population of all microorganisms are required to degrade
the crude oil from soil, freshwater and aquatic habitat. Bacteria are the most extensively used agent
in degradation of petroleum and they help in the degradation of all types of oil spillage in the
environment. Floodgate listed about 25 bacterial genera and 25 fungal genera which degrade
hydrocarbons and these were isolated from the marine habitat where it was found that

Acinetobacter sp. utilize n- alkanes of chain length of C10 — C40 as the main carbon source [13].

Bioremediation:

Bioremediation is considered as the alternative source to treat the residual oils and considered for
cleanup technology [14]. Bioremediation is proved to be the cheapest and most efficient method
to resolve the oil spills from the discharge from the oil refineries, shipping or tankers spillage,
accidental breakage of pipelines and offshore production which greatly affect the environment.
Bioremediation based on the metabolic activity of microorganisms has certain advantages; also, it

is cheaper than many other remediation technologies [15,16].

Bioremediation by bacteria

It is reported that Acinetobacter sp named as D-32 isolated from contaminated soil samples
consume hydrocarbons as their sole energy source and act as a biosurfactant achieving production
level of 0.52gL"! with a reduction of surface tension from 48.02 to 26.30mNm~.The capacity to
degrade hydrocarbons was found to be 82% [17].

N-alkanes and crude oil (C13 to C18) were found to be biodegraded by Aspergillus niger,
Aspergillus ochraceus and Penicillium chrysogenum utilizing C15, C16, C17 and C18 and was
statistically insignificant for biomass and oil utilization out of ten fungal species isolated from the
beaches of Oman [18].

Deqgradation of diesel oil present in contaminated soil by Bacillus subtilis and fungal isolates.
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Extensive studies have been done on Bacillus sp and it was observed that Bacillus subtilis, Bacillus
cereus, Trichoderma harzanium and Trichothercium roseum are amongst the outstanding bacterial
strains. They possess the highest capacity to consume the carbon source of hazardous hydrocarbon.
Studies have been carried out in contaminated soil samples considering Bacillus subtilis as the
control. Gravimetric study was carried on for a period of twenty-seven days to monitor the
breakdown of diesel. Serial breakdown of the diesel compounds was observed on each day. Fungal

isolates observed which are responsible for breakdown of diesel crude oil is shown in Table 2.

Diesel is the major constituent product of crude oil, contributing a major source in
environmental pollution. In Arctic tundra soil, 7.5%10° colony forming unit (CFU) was observed
in control whereas 41 x 107 CFU was observed in the test sample which was polluted for a stretch
of fourteen months. colony-forming unit [19]. A detailed CFU of the commonly used bacteria is

provided in Table 2.

For a better understanding of the degrading effect of Bacillus species hydrocarbon
utilization test was done by first isolating the bacteria to study their efficacy. Determination of
colony numbers through counting of colony forming units, sample collection, and preparation were

carried on for further diesel oil degradation studies.

Table : 1 Characteristic fungal morphology of the various fungal species that can biodegrade

crude oil.

Isolated | Morphology of the | Microscopic view Microorganism

serial no. | colony

F1 Colony is whitish green | Presence of well branched | Trichoderma harzanium
in colour with reverse | Condiophore  with  short
side being colourless branches in the apical region

F2 Fungilose which | Condiophore has a zigzag | Trichothercium roseum

spreaded from the centre | appearance  with  canidia
to the exposed surface | obliquely based scares

while the underlying
surface was light brown
colour in appearance.
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Table: 2 Micro-organisms (bacterial strains) producing CFU

Name of the microorganism CFU colony forming units)
Bacillus subtilis 5.1*105
Bacillus cereus 2.8*103
Trichoderma harzanum 1.2*102
Trichothercium roseum 1.1*102

Studies have revealed that Bacillus subtilis shows biodegradation effectively with combination of
paraffin supported fertilizer (PSF) as a Nitrogen source. Inorganic fertilizer is also reported to

augment the process of biodegradation [20].

Biodegradation of plastics by microorganisms

The use of plastics is reliable and very important in our daily lives but it also has harmful side-
effects to the environment. Due to availability of various types of plastic product easily, and their
advantage of low weight, it is durable for long term use and it is cheaper from production point of
view [21,22,23]. But the consequences is really freaking. It doesnot undergo biodegradation easily
and the combustion leads to release of harmful gases to the environment [24]. There are various
chemicals that are released from decomposition of the plastics waste. Plastic degradation takes a
long time to degrade and complete the process [25]. Plastics not only create pollution in soil but
also in marine region also. The bacteria which uses the polyethene as the sole carbon source to
degrade the plastics are mainly Kocuria palustris M16, Bacillus pumilus M27, and Bacillus subtilis
H1584 [26]. The different strains of these bacteria were isolated from the pelagic waters. An

overview of the biodegradation process of plastics by bacteria is shown in Figure 2.
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There are many types of plastics which are present worldwide, some of them are nylon,
polyesters, polylactic acid (PLA), polyvinyl alcohol (PVA), polyhdroxybutryrate (PHB) and many
others [27]. To mostly degrade the plastics from the environment the most easy and efficient way

are biotic and abiotic factors which helps to break down the polymers of plastics constituting

[ 2. Bio-fragmentation

1.Bio-deterioriation

Extracellula

[ 4, Mineralisation

‘ 3. Assimilation

Figure 2 Steps of biodegradation of plastic by microorganisms

hydrocarbons into simpler forms [28,29]. Nowadays the various steps that are involved in
biodegradations of plastics process are (bio deterioration, assimilation, bio fragmentation and
mineralization) clearly depicted in Figure 2.

Bacteria and fungi family which can degrade plastics are Bacillus sp., Clostridium
botulinum, Pseudomonas sp, Rhodococcus sp, Streptomyces, gram-positive and gram-negative
bacteria, Staphylococcus sp, Diplococcus sp, Micrococcus sp, Moraxella sp [30]. Studies showed
that Pseudomonas sp has high probability to degrade the main plastics like PHB and PVC. There

are numerous ways through which the microorganism can utilize plastic, some of the most
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convenient methods are the specific enzymes released by the microorganism. The exoenzymes
secreted by the microorganism can degrade a wide range of polymers that are available in outer
layer/boundary of the plastic [31]. One of the most renowned fungal isolates that can degrade
plastic is Phanerochaete chrysosporium. This fungus has the capacity to degrade high molecular
weight of polyethylene (PE) [32]. A wide range of micro-organisms playing an important role in

the effective biodegradation process is tabulated in Table 3.

Table 3: Degradation of plastic by different microorganisms

SI.No. | Plastic Microorganism Research Papers

1. Polyethylene Rhodococcus rubber, Sivan et al. (2006),
Pseudomonas chlororaphis | Zheng et al. (2005)

2. Polyvinyl chloride Pseudomonas putida Anthony et al (2004)

3. Poly(3-hydroxybutyrate- Schlegelella Elbanna et al.(2004)

co-3-mercatopropionate) thermodepolymerans
Pseudomonas indica K2

4. Poly(3-hydroxybutyrate- Clostridium botulium, Abou Zeid et al. (2001)
co-3-hydroxyvalerate) Clostridium acetobutylicum
5. Polycaprolactone Clostridium botulium, Abou Zeid et al. (2001)

Clostridium acetobutylicum

In addition to degradation of plastics with the help of microorganisms, an alternative way
is to recombine the chemicals with the microbes which can alleviate the process of biodegradation
by plastic. The recombination of alkane hydrolase (AH) with Pseudomonas sp E4 expressed in
Escherichia coli BL21 can convert 20% of polyethylene [PE] and can reduce its molecular weight
to lower dry weight percentage. The petroleum-based plastics are less likely to be degraded more

quickly and hence it’s a time-consuming process to degrade these kind of plastics [33,34,35,36].
Conclusions

Oil spillage and use of plastic by human activity and its disposal on aquatic eco-system has become
life threatening for the marine environment. Different microorganisms specially Bacillus sp and

fungal isolates such as Trichoderma sp play an effective role on the biodegradation process.
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Although the process by microorganisms is quite beneficial to the environment, the major
bottleneck is that plastic is composed of complex hydrocarbons, so the effectiveness is quite
sluggish. Moreover, urbanization has lead to diminished soil quality, so the microflora is reduced

in nature.
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