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ABSTRACT

An aerobic, rod-shaped gram-negative bacteria Brevibacillus bortelensis isolated from the cold region
above 4003 feet of Rajasthan. It was identified and characterized for evaluating its comparative
biodegradation ability with one of the known degrader MTCC culture (MTCC code-7199) Pseudomonas
aeruginosa. The growth profiles were determined by monitoring optical density, Total petroleum hydrocarbon,
Gas chromatography and mass spectroscopy etc. Bushnell Hass broth was used as selective enrichment
medium with 2T engine oil as a sole source of carbon and energy. Maximum oil degradation capacity of
isolated Brevibacillus bortelensis was found to be 53% after 14 days during fermentation process whereas for
Pseudomonas aeruginosa it was 41% after 28 days. Petroleum hydrocarbons in residual oil were analyzed
using Gas chromatography-Mass spectroscopy. Low molecular weight compounds were degraded and
breakdown of high molecular weight hydrocarbons by Brevibacillus bortelensis suggested that this isolate can
be used widely in the oil recovery treatments.

Keywords: 2T engine oil, poly aromatic hydrocarbons, toxicity, microorganisms, GC-MS, Gravimetric method,
etc.
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INTRODUCTION

Pollution by petroleum hydrocarbons had become a serious problem since years due to their
ubiquitous presence in nature and their carcinogenic and mutagenic characteristics. Environment
contamination with oil derivatives is a serious problem. Qil has become a well known major source of
environment pollution since many years. Petroleum is a complex structure of different hydrocarbons. They are
in linear or branched, mono and polyaromatic which are considered as priority pollutants by USEPA (1). These
Polyaromatic hydrocarbons (PAHs) are a large group of organic compounds. PAHs found in oil (2), soil (3, 4, 5,
6), air (7, 8, 9), water (10). They enter into the human body directly or indirectly through breathing or by eating
the food (11). These compounds contain 2 or more than 2 benzene rings in linear, angular and cluster
arrangements (12). Many PAHs and their epoxides have been found with exerting carcinogenic and neurotoxic
effects apart from increasing environmental hazards. The toxicity of PAHs is directly proportional to the
benzene rings. PAHs apart from being persistent in the environment are also carcinogenic and mutagenic,
which are harmful not only to humans but also for both flora and fauna (13).

On the basis of molecular weight, they may be classified as low molecular weight (LMW) compounds
which consist of two or three benzene rings and high molecular weight compounds (HMW) having four or
more fused benzene rings. The higher the molecular weight, the lesser will be the rate of degradation (14).
They are less soluble in water and hence are hydrophobic in nature (15). In other words, the solubility
decreases with the increase in hydrophobicity by the increasing number of fused rings.

The rate of contamination is high as comparative to its solution methods. Cleaning of the polluted
environment by chemical methods would upset the balance of living organisms but bioremediation is a
technique which refers the cleanup of toxic pollutants by the means of biological methods by using non
pathogenic microorganisms. This method established as an efficient, versatile, economic and environmentally
sound treatment method which provides a promising opportunity to make a better environment. Microbial
community is responsible at an enormous level in the process of biodegradation. Use of indigenous microbial
community in the biodegradation process suggests reducing the risk of contamination associated with
hydrocarbon contamination of soil. Several microorganisms are capable of degrading these hydrocarbons as
they used them as an energy source for their metabolic activity and therefore can be applied to rehabilitate
hydrocarbon contaminated site (16, 17) Microbial degradation in soil is a complex process and has been
revived in the past ( 18, 19, 20). Microorganisms have their own enzyme system which can lead to the initial
attack on the compounds and convert them to their lower forms or completely utilize (21, 22). Initially, by the
oxidation process degradation occurs with the help of oxygenase and peroxidases enzymes (23).

In the process of bioremediation, also there is complex structure of factors are also involved. Not only
the presence of microorganisms is good enough for the degradation but also the composition of hydrocarbons,
microbial population, oxygen availability, temperature, pH, organic nutrients etc. are the other major
components required for booming bioremediation. Bioavailability is one of the foremost factors which
influence the extent of hydrophobic compounds which is found to be a priority research objective in
bioremediation field (24). Moreover, these factors alone are not responsible for the desirable results but the
manipulations of related factors with good microbial growth assume importance. In the extreme conditions
such as low temperatures, high salinity, acidic or alkaline pH etc. these hydrocarbons have been shown to be
degraded (25, 26). The supply of minerals in the form of carbon and nitrogen ratio to the contaminated site
boosted the rate of degradation (27). The success has attained by many researchers by using microbial
community in various stress conditions and several environmental factors which make them more effective
and suitable in degradation of toxic hydrocarbons.

In the present investigation, the capability of isolated soil microbe from Mount Abu, (Cold region in
Rajasthan situated at high altitude) and MTCC culture (purchased from IMTECH, Chandigarh) to degrade 2T
engine oil was studied. Various factors were examined for the process of biodegradation. The ability of an
isolate to utilize 2T engine oil was examined by using gravimetric assay. The GC-MS analysis was done for the
estimation of degradation of hydrocarbons. Breakdown of high molecular hydrocarbons of 2T engine oil was
examined by GC-MS data.
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MATERIAL AND METHODS
Collection of soil samples

The petroleum hydrocarbon contaminated soil samples were collected from the various automobile
workshops of Mount Abu (Rajasthan). It was collected from 3 cm depth of the surface and kept in the sterile
poly bags. The 2 stroke engine oil was obtained from the local petrol pump. Pre-preparation of samples by
drying crushing and sieving through different mesh size sieves was done.

Isolation and screening of hydrocarbon degrading microorganisms-

Petroleum hydrocarbons degrading microorganisms were isolated using enrichment culture plate
technique using Bushnell Hass media (28, 29). 1.0 g of soil sample was weighed and mixed with 100 mL of
autoclaved Bushnell Hass media (BH medium). It was supplemented with 1% of 2T engine oil which was served
as sole carbon and energy source. These flasks were kept on a shaker at 150 rpm for 7 days. After 7 days of
incubation 10 ml of enriched media was transferred to freshly prepared BH media and kept on a shaker in
same conditions as described. This cycle was repeated for 4 to 5 times. After every enrichment cycle, 1 mL of
culture media was diluted to 103 to 10® fold and these diluted cultures were plated on BH agar plates
supplemented with 2T engine oil at 37°C. The hydrocarbon degrading microorganisms colonies were counted
by colony counting method by using colony counter. By culturing and sub-culturing of colonies onto BH agar
plates pure culture of hydrocarbon degrading bacteria was obtained. At the end, these microbial strains were
kept in 40% glycerol at 70°C for future use.

Evaluation of degradation potential
Biodegradation assay

5 copies of 100 mL BH medium flasks were prepared by adding | mL of 48 hours old bacterial
inoculums and 5 g of 2T engine oil. These flasks were kept on a rotatory shaker for 7-14-21-28 and 35 days at
259C temperature. The concentrations of residual oil were determined by gravimetrically and chromatographic
analysis (30).

Gravimetric analysis

After every 7 days of incubation, 1 flask was taken out for gravimetric analysis. Absorbance was
analyzed at 620 nm by using a spectrophotometer. After that, 5 mL of n-hexane (petroleum fraction) was
added to the flask for the separation of a mixture of oil and broth and shaken vigorously. It was allowed to
stand for 5 minutes. Two layers were formed, upper layer contained oil mixed with n-hexane and the lower
layer was of broth medium. The residual oil was separated using separating funnel in pre-weighed petri-dish
after passing through sodium sulfate to remove the moisture. The petri-dish allows to stand for 24 hours to
evaporate n-hexane and the weight of residual oil was noted. 500uL of the residual oil was used for GC-MS
analysis (31, 32, 33).

Percentage of oil degraded was calculated using the formula:

Weight of residual oil = weight of beaker containing extracted oil — weight of empty beaker
Amount of oil degraded = weight of oil added in media — weight of residual oil

% degradation = Amount of oil degraded
Amount of oil added in the media X 100

GC-MS analysis
By chromatographic determination, the hydrocarbons present in the residual oil was separated and

identified. The GC-MS analysis was performed using Shimadzu model QP-2010 plus, column-Rtx-5MS, 30-
meter x 0.25 mm i.d. x 0.25 um film thickness.
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Characterization and Identification of Bacterial strain

The morphological and biochemical characterization of isolated microbial strain was identified and
characterized on the basis of Bergey’s Manual of Determinative Bacteriology (34, 35). 16sRNA sequencing was
performed at Xcelris Labs Ltd. India for molecular identification of hydrocarbon degrading microorganisms.

RESULTS AND DISCUSSION

From the previous data it has been observed that bioremediation is a method which is used to
remediate petroleum contaminated land, thus underscoring the importance of microorganisms in the
remediation technologies (36). The identity of the isolated isolate was confirmed by morphological properties,
biochemical tests, and molecular identification (Table 1, Fig.1). The isolate was showing the maximum
similarity to Brevibacillus borstelensis strain SRDTh1, (GenBank Accession Number: EU714902.1) based on
nucleotide homology and phylogenetic analysis was performed at Xcelris Labs Ltd. India. By using gravimetric
analysis the rate of 2T engine oil degradation was evaluated which was obtained rapidly for first 14 days for
Brevibacillus bortelensis whereas for Pseudomonas aeruginosa it was slow and showed maximum degradation
after 28 days. The pace of engine oil biodegradation obtained considerably swift for seven days with 51% for
Brevibacillus bortelensis. The utmost degradation was obtained after 2 weeks with 53% of degradation of 2T
engine oil then it was reduced. While for Pseudomonas aeruginosa the maximum degradation of 2T engine oil
was obtained after 28 days with 41%. The growth (cell density) was measured using absorbance at 620 nm
(Table 2, and graphically representation of absorbance and degradation rate in Fig 2, Fig. 3, Fig. 4 and Fig 5).

Table 1: Morphological and biochemical properties of Brevibacillus borstelensis

S.No. Biochemical test Reaction

Morphology Rod

Opaque +ve

Morphological 3 Convex +ve
characters

4 Diffusible pigment -ve

Color Pink

Gram’s Reaction -ve

Biochemical 8 Catalase +ve
characters

9 Oxidase +ve

10 Indole -ve

11 MR +ve

12 VP -ve

13 Citrate -ve

14 Starch -ve

15 Phenylalanine -ve

Deaminase

16 Gelatin +ve

17 Motility +ve

18 TSI agar -ve

19 Spirit blue agar +ve

20 Klinger Iron agar tve

Footnotes- + ve=Positive, -ve=Negative
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Fig 1: The phylogenetic analysis of Brevibacillus bortenlisis (16s rRNA sequencing)
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Fig 2. Graphically representation of degradation rate of B. bortenlsis

Table 2: Rate of Biodegradation (in %age) of Brevibacillus bortenlsis and Pseudomonas aeruginosa grew in
Bushnell-Hass medium amended with 2T engine oil as sole carbon and energy source and their microbial
growth at 620nm

7 days 14 days 21 days 28 days 35 days
Brewbac:lll.ls Blodegraci.atlon 51 53 50 24 43
borstelensis potential in (%)
0.D. at 620nm 0.14 0.16 0.74 1.06 1.27
PseudOfnonas Blodegrac:!atlon 25 15 59 a1 38
aeruginosa potential in (%)
0.D. at 620nm 1.69 0.46 1.25 1.02 1.21

Footnotes-0.D.=optical density
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Fig 4: Graphically representation of degradation rate of Psuedomonas aeruginosa
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Fig 5: Graphically representation of O.D. at 620 nm of Psuedomonas aeruginosa
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The concentration of crude oil and the microorganisms involved are some conditions on which the
process of biodegradation depends (37). Several microorganisms are capable of utilizing these highly toxic
hydrocarbons. Microorganisms can produce spore, which may shield them from the toxic effect of
hydrocarbons (38). Bacteria belonging to Pseudomonas genera, Acinetobacter, Flavobacterium were reported
to utilize engine oil up to 90% degradation (39). Biodegradation of diesel oil by Pseudomonas have been
studied by various researchers (40, 41, 42, 43, 44).

GC-MS was used to directly examine the compounds of residual 2T engine oil in each cycle of 7-14-21-
28 and 35 days of incubation period. Engine oil is a mixture of biodegradable hydrocarbons. These
hydrocarbons were categorized according to the carbon atom ranges and the percentage of each fraction was
calculated (C1-Cio, C11-C21, C21-C30, C31-Cao etc) of 7-14-21-28 and 35 days (Table 3 and 4 and their graphical
representations in Fig 6 and 7). From Table 3 and 4 is has been clearly shown that the percentage of higher
alkanes were decreased and lower alkanes were increased which means the conversion of higher alkanes into
lower alkanes occurred during the fermentation process of 7-35 days. The total ion chromatogram of 2T
engine oil degradation shows the majority of higher alkanes were significantly biodegraded. Some of the major
hydrocarbons found Hexacontane (CeoH122), Tetracosane (Ca2s4Hso), Docosane (C2zHas), Dotriaconatne (Cs2Hes)
converted into some lower forms such as Tetratetracontane (CasaHso), Tricosane (C23Has), Heneicosane (CaiHaa),
Octacosane (CagHss), Pentatriacontane (CssH72) to be found by GC-MS data.

Table 3: The carbon atom number (range-) wise degradation of compounds obtained from GC-MS analysis of
Brevibacillus borstelensis

RANGE C1-Ci0 Peak C11-Ca0 C21-Cao0 C31-Ca0 C41-Cso NSO Peak Ul Peak %
/DAYS % area Peak % Peak % Peak % Peak % % area area
area area area area
7-Days 5.57 61.53 13.96 1.71 0.24 10.25 6.7
14-Days 0.62 67.33 17.44 1.61 Nil 9.32 3.65
21-Days 0.99 72.27 15.12 nil Nil 10.36 1.29
28-Days 1.54 69.48 7.44 1.15 0.82 17.49 3.24
35-Days 2.88 54.44 21.81 0.95 Nil 18.82 1.07

Table 4: The carbon number (range-) wise degradation of compounds obtained from GC-MS analysis of
Pseudomonas aeruginosa

RANGE C1-C10 C11-C20 C21-C30 C31-C40 C41-C50 NSO Peak Ul Peak %
/DAYS Peak % Peak % Peak % Peak % Peak % % area area
area area area area area

7-Days 2.37 66.02 20.25 1.16 1.52 5.97 2.7
14-Days 0.46 56.41 31.6 2.58 0.19 7.26 1.48
21-Days 0.23 53.52 37.17 0.33 0.8 7.4 0.52
28-Days nil 41.06 34.79 1.75 0.41 6.63 15.39
35-Days 0.13 78.96 17.81 0.32 nil 2.77 nil
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Fig 6: The graphical presentation of carbon range wise peak percentage area (% area) of Brevibacillus

borstelensis
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Fig 7: The graphical presentation of carbon range wise peak percentage area (%area) of Pseudomonas
aeruginosa

From the studies, it has been concluded that aliphatic fractions were degraded more rapidly than the
branched aromatic hydrocarbons (45). In the microbial degradation of petroleum hydrocarbons, n-alkane
chain length is one of the important factors because the short chain length hydrocarbons oxidized rapidly as
comparative to higher chain length hydrocarbons (46, 47, 48). The complex structure of the hydrocarbons is
oxidized slowly as comparative to simple structures. In addition to the chain length, petroleum hydrocarbon
degradation efficiency also determined by the organisms involved, the medium in which it was developed and
structure of oil hydrocarbons. For this reason, the longer enrichment period was selected for the fresh medium
of toxic metabolites, which enhanced the proliferation of bacteria to utilize more complex compounds. The
ability of an isolate to degrade engine oil is taken as evidence that these microorganisms are the active
degraders of the environment (49, 50). From the chromatograms obtained by GC-MS, the reduction in the
height and density of peaks confirmed that there is a reduction in the 2T engine oil from 7 to 35 days (Fig 8 and
9).
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Fig 8: The chromatograms obtained by GC-MS analysis of biodegradation by Brevibacillus

Borstelensis of 7-14-21-28 and 35 days respectively
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28 Days Chromatogram 35 Days Chromatogram
Fig 9: The chromatograms obtained by GC-MS analysis of biodegradation by Pseudomonas aeruginosa of 7-
14-21-28 and 35 days respectively

The main goal of this research was to judge the potential of isolated isolates to utilize 2T engine oil by
gravimetric method and their comparison with the best-known degrader purchased. The decrease in the
weight of oil and n-hexane removal of residual oil was conducted to determine biodegradation and
concentrations of residual engine oil. The conversion of higher molecular weight hydrocarbons to lower
molecular weights hydrocarbons from GC-MS data suggests the microorganism has the efficient capability to
utilize petroleum hydrocarbons. An effort was designed to understand the ability of cold region isolate to
degrade hydrocarbons.

CONCLUSION

It has been stated that the bioremediation is one of the prominent methods which converts the highly
toxic compounds to lower toxic compounds and also, may remove completely. The hydrocarbons degradation
can be enhanced in many types of environments, have contributes to the development of oil bioremediation
technique (51). Various factors are involved in the process of degradation such as the nutrient availability,
concentration of hydrocarbons, physical factors etc. (52).

The knowledge on the ability of microorganisms to utilize toxic hydrocarbons has accumulated
considerably in the past two decades. These observations suggest that the isolated bacterial strain is capable
of utilizing 2T engine oil as a carbon source. This capability to utilize engine oil as a carbon source makes it a
potential biodegrader however. A mixture of the microbial population gives successful results for the complete
biodegradation of complex hydrocarbons (53).
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