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ABSTRACT

Pollution of the environment by petroleum products poses a serious threat to all living organisms. Bioremediation
is considered as one of the most promising technologies for the removal of polycyclic aromatic hydrocarbons. The
present study was investigated to isolate bacteria from contaminated soil of motor mechanic workshop and
screened for degradation of kerosene oil by DCPIP test, and gravimetric analysis. The results revealed that THBC,
THUBC and THUBC % were found to be 41+ 1.7 x 10° CFU/g, 14 + 1x 10° CFU/g and 34.15 *+ 1.3 %. In the primary
screening by DCPIP assay the isolate PHDB3 exhibited highest percentage of degradation 21.42% was identified
as Proteus sp. The results of the gravimetric analysis showed that kerosene oil degradation percentage of Proteus
sp. was 75% after 30 days of incubation. The Proteus sp. isolated in this study could be a potential agent for
effective biodegradation of kerosene oil and other polycyclic aromatic hydrocarbons.
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1.INTRODUCTION which typically leads to mineralization of the compound

introduction of [8]. Bacteria generally use intracellular dioxygenase

enzymes for the degradation of PAHs [9]. The ability to

the
contaminants into the natural system that cause harm

Environmental pollution is

or discomfort to humans or other living organisms or
that damage the environment. Petroleum products
consist of extremely complex mixture of aliphatic and
[1,2].
emerging as one of the most promising technologies for

aromatic hydrocarbons Bioremediation is
the removal of hydrocarbons from the environment
[3,4]. Now more than 70 genera and 200 strains have
been found that can oxidatively biodegrade one or more
types of petroleum hydrocarbons [5,6]. In addition,
some algae can biodegrade oils as well [7]. Bacteria
degrade PAH compounds by an assimilative process

where they gain carbon and energy for the growth,

degrade hydrocarbon substrates is exhibited by a wide
range of bacteria namely Pseudomonas sp. Bacillus sp,
Alcaligenes  sp, Acinetobacter,  Flavobacterium,
Micrococcus and Corynebacterium sp. [10,11].

Kerosene is a flammable hydrocarbon derived from
fractional distillation of petroleum. Its toxicity varied
from moderate to high acute toxicity [12]. It is used as
solvent in paints, cleaners and pesticides and others etc.
Petroleum products such as engine oil, petrol, diesel and
kerosene used in various forms in mechanic workshops
tend to harden or change the texture of the soil and may

affect soil physicochemical properties. Therefore, there
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is need to remove them from the environment. Hence
the present study was aimed to isolate and identify
bacteria from the hydrocarbon contaminated soil of
motor vehicle workshop, Perambalur and to evaluate its
hydrocarbon degradation potential.

2. MATERIALS AND METHODS

2.1 Collection of Sample

Hydrocarbon contaminated soil samples were collected
from the motor mechanic workshop at Perambalur,
Tamil Nadu, India. The Perambalur is situated between
the latitude of 11.23° N and Longitude 78.88° E. Soil
samples were taken up to 5 cm depth in a suitable
container and were immediately transported to the
laboratory using an ice box and stored at 4°C for further
studies.
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2.2 Isolation of hydrocarbon degrading bacteria

Soil suspension was prepared by dissolving 1gm of soil
samples in 100ml of distilled water and kept in an orbital
shaker incubator (120 rpm) at 37°C for 30 mins and
serially diluted upto 107°. 0.1ml from 107 dilution was
transferred to Nutrient agar plate by spread plate
technique and incubated at 37°C for 24hrs [13] . Total
Heterotrophic bacterial count (THBC) was enumerated
as CFU/g. For Total Hydrocarbon Utilizing Bacterial
Counts 0.1ml from 10-5 dilution was transferred to
Mineral Salt Medium (MSM) agar as described by
Balogun and Fagade [14] with Kerosene 1% carbon
source and incubated at 37 °C for 5 days. The MSM
consist of Basal Salt Medium (BSM) (g/L): K2HPO4, 1.8;
KH2PO4, 1.2; NH4CL, 4.0; MgS04.7H20, 0.2; NaCl, 0.1;
yeast extract, 0.1 and FeCl2.4H20, 0.05. and trace
element (g/L): H3BOs, 0.1; ZnS04.7H20, 0.1; CuS04.5H20,
0.05 and MnS0a4.H>0, 0.04 at pH of 6.5.

Percentage of THUBC = (THUBC) / THBC x100 [15]

2

.3 Primary Screening of Hydrocarbon degradation by
DCPIP test

Based on the morphology five distinct bacterial isolates
(PHDB1 TO PHDB5) were investigated for their potential
to utilize hydrocarbon by using DCPIP as redox indicator
[16]. Five bacterial isolates 100ul (O.D. 0.5 at 600nm)
were inoculated separately into 5ml of MSM medium
incorporated with 50 pL of kerosene as hydrocarbon
substrate. Then, 40 uL of 2,6-Dichlorophenol
Indophenol (DCPIP) was added and incubated at 37°C
for 5 days. The medium was observed for decolorization
of blue colour. After incubation period the medium was
the
absorbance of the supernatant was read at 609 nm

centrifuged to separate the biomass and

using UV-VIS spectrophotometer (Systronics117) with
control without inoculum and performed in triplicates
[17].

2.4 Characterization of the isolates

The isolate PHDB3 which was selected on primary
screening was identified by morphological and
biochemical characteristics with reference to the to the
Bergey's manual of determinative bacteriology [18].
2.5 Secondary Screening of Hydrocarbon degradation
by gravimetric method

The isolate PHDB3 1% inoculum was inoculated onto
50ml of MSM medium with two gram of kerosene oil
separately and incubated at room temperature for 30
days. At a regular interval of 10 days to assess residual
concentrations of kerosene oil, the content was
transferred to a separating funnel and extracted with of
5 ml of Benzene twice and organic phase was
centrifuged at low speed for 10 mins. After the
evaporation of benzene, the residual kerosene oil was
[19].
biodegradation was calculated as follows:

quantified gravimetrically Degree of

Weight of residual kerosene oil

% of residual kerosene oil =

X 100

Weight of kerosene oil added in the media

% of kerosene weight of kerosene oil degraded

(Hydrocarbon) degradation =

X100

weight of kerosene oil added in the media
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3 RESULTS AND DISCUSSION

3.1Isolation of hydrocarbon degrading microbial strain
Generally, almost all of the microbial species in the
environment have genetic ability to utilize the
hydrocarbons as carbon source [20]. This property of
microorganisms comes into expression when they are
[21].
Therefore, soil from petroleum oil contaminated sites

inhabiting hydrocarbon rich environment

could be a potential source of microbes with
hydrocarbon degradation capability. Hence, soil sample
was collected from the hydrocarbon contaminated site
motor mechanic workshop Perambalur, Tamilnadu. The
total (THB) Total
Hydrocarbon Utilizing Bacterial Count were found to be
41+ 1.7 x 10° CFU/g and 14 + 1x10°CFU/g (fig.1). The
THUBC% from the hydrocarbon contaminated soil
sample was 34.15 + 1.3 %.

3.2 Primary screening by DCPIP test

heterotrophic bacterial count,

Based on the morphology five predominant bacterial
isolates PHDB1 to PHDB5 were screened for their
potential to utilize Kerosene as carbon source by DCPIP
test. The percentage of degradation of the five isolates
were4.3+1.43%,1.43+0.28%,21.42+0.71%,10+£1.2
% and 7.14 + 0.72% (Fig.2). The isolates PHDB3 showed
highest percentage of degradation 21.42% among the
Hence PHDB3 was further
biodegradation studies. The previous reports also

other. selected for

showed that degradation of crude oil by the strain 2-1V
was 77% [22].
cultures in the complete reduction of DCPIP in 75 hrs for

The degrading potential of bacterial

mineral oil, 87 hrs for used oil, 125 hrs semi-synthetic
oil, and 138 hrs for synthetic oil have been reported [23]
. Mariano et al. [24] also performed the DCPIP assay and
reported that the color change from blue to colorless
indicated the ability of bacteria to degrade crude oil.
3.3 Characterization of the isolates

The hydrocarbon degrading bacterial isolate PHDB3 was
lactose

identified by gram staining, motility test,
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IMVIC
production test and urease test. The results are

fermentation, test, hydrogen sulphide
presented as in the table 2. The isolate was confirmed
to be Proteus sp.

3.4 Secondary Screening of Hydrocarbon degradation
by gravimetric method

The bacterial isolate PHDB3 Proteus sp. was screened
for hydrocarbon degradation by gravimetric method.
The Proteus sp. was grown on MSM medium
supplemented with 2g kerosene and incubated at room
temperature. At a regular interval of 10 days residual oil
was extracted and percentage of kerosene oil
degradation was calculated by gravimetric method. The
results showed percentage of residual oil and
percentage of kerosene oil degradation after 10, 20
and30 days of incubation were 70%,30%, 60%, 40% ,
25% and 75% respectively (Table 2& fig 3). Jayashree
et al. [25] reported that Pseudomonas degraded 90.2%
of kerosene in 30 days followed by 82.3% of degradation
by Bacillus, 78.8% of degradation by Serratia and 25.5%
of oil degraded by Staphylococcus. Vinothini et al. [26]
studied the degradative potential of Pseudomonas
putida and Bacillus cereus isolated from crude oil
contaminated soil samples. They also reported
Pseudomonas putida more efficiently degrade crude oil
than Bacillus cereus. Similarly, Streptococcus sp. is the
potential bacteria for petrol and engine oil degradation,
degraded 89.6% of petrol and 84.6 % of engine oil.
Pseudomonas sp. is the potential bacteria for diesel
degradation, degraded 97.8% of diesel [19]. Many other
bacterial species also have the potential to be good
bioremediation agents as a result of their ability to
degrade petroleum wastes and toxic organic solvents
[27,28]. Different species of Bacillus are well known for
their hydrocarbon degradation ability. Bacillus anthracis
was found to be degrading 67, 57, 72 and 42% of diesel,
kerosene, crude oil and used engine oil, respectively

after 28 days [29].

Table 1. Identification of the bacterial isolate

Isolate | a b c

dle|fg[n[ilij

PHDB3 | G-ve | Rods

motile | - [+ |+ | - | - |+ |+

a. Gram staining, b.shape, c. motility, d. lactose fermentation, e. Indole, f.MR, g. VP, h. citrate, i. H2S and j. urease.
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Table 2 Hydrocarbon degradation of Proteus sp.by gravimetric method

Amount of Amount of

Incubation . Amount of . % of % of kerosene

days kerosene oil residual oil (g) kerosene oil residual oil Degradation
added (g) degraded (g)

10 days 2 1.4 0.6 70 30

20 days 2 1.2 0.8 60 40

30 days 2 0.5 1.5 25 75

Figure 1. Total Heterotrophic bacterial count (THBC), Total Hydrocarbon Utilizing Bacterial Count.
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Figure 2 Primary Screening of hydrocarbon degradation by DCPIP test.
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Figure 3. Hydrocarbon degradation of Proteus sp.by gravimetric method.
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CONCLUSION

Bacteria are diverse and are capable of utilizing
pollutants as energy and carbon source to survive in
[30].
hydrocarbon utilizing bacteria was isolated from soil of

natural environment In the present study

(8]

(9]

Haderlein A, Legros R, Ramsay BA. Pyrene mineralization
capacity  increased  with  compost
Biodegradation.2006; 17: 293-302.

Johnsen AR, Wick LY, Harms H. Principles of microbial
PAH degradation in soil. Environ Pollut.2005; 133:71-84.

maturity.

[10] Ryan RP, Germaine K, Franks A, Ryan DJ, Dowling DN.
motor mechanic workshop by serial dilution technique. Bacterial endophytes: recent developments and
Five bacterial isolates were screened for hydrocarbon applications. FEMS microbiology letters. 2008; 278(1): 1-
degradation by DCPIP redox indicator test. The isolate 9.

PHDB3 which showed 21.42% degradation was [11] Adebusoye SA, fllori, MO, Amund OO, Olatope

identified as Proteus sp. and screened for the SO.Microbial degradation of petroleum in a polluted

. . . . . tropical stream. World J Microbiol Biotechnol.2007; 23:
degradation of kerosene oil by gravimetric method in 11491159
which it exhibited 75% of degradation. Hence the use of ] i
) ? -g ) [12] Agarry SE, Owabor CN, Yusuf RO. Enhanced

Proteus sp. will be effective and eco-friendly for the bioremediation of soil artificially contaminated with

degradation of kerosene oil and other polycyclic kerosene: Optimization of biostimulation agents

aromatic hydrocarbons. Further research on in situ through statistical experimental design. J Pet Environ

bioremediation approaches will reveal the potential Biotechnol. 2007; 3:120.

applications of this bacteria. [13] Jahir AK, Syed HAR. Isolation and characterization of

microoragnisms from oil contaminated sites. Advances

REFERENCES in Applied Science Research. 2‘01.1; 2(3):455‘—4.60.

- - - - [14] Balogun SA, Fagade OE. Emulsifying bacteria in produce

[1]  InesZ Amina B, Mahmoud R, Dalila SM. Aliphatic and water from Niger Delta, Nigeria. Afr. J. Microbiol. Res.
aromatic biomarkers for petroleum hydrocarbon 2010; 4(9): 730-734.
monitoring in Khniss Tunisian Coast, [15] Joshi PA, Pandey GB. Screening of Petroleum degrading
(MediterraneanSea). ~ Procedia  Environmental bacteria from cow dung. Res. J. of Agri. Sci.2011; 2(11):
Sciences.2013; 18: 211-220. 69-71.

[2] Ekhaise FO, Nkwelle J. Microbiological and [16] Hanson KG, Desai JD, Desai AJ. A rapid and simple
physicochemical analyses of oil contaminated soil from screening technique for potential crude oil degrading
major motor mechanic workshops in Benin City microorganisms. Biotechnol Tech. 1993; 7(10):745-748.
Metropolis, Edo State, Nigeria. J.Appl. Sci. Environ. [17] VarjaniSunita J, Rana Dolly P, Bateja S, Upasani Vivek N.
Manage. 2011; 15(4): 597-600. Isolation and screening for hydrocarbon utilizing

[3] Sebiomo A, Bankole SA, Awosanya AO. Determination of bacteria (HUB) from petroleum samples. Int. J. Curr.
the ability of microorganisms isolated from mechanic Microbiol. App. Sci.2013; 2(4): 48-60
soil to utilize lubricating oil as carbon source. Afr. J. [18] Holt JG, Krieg NR, Sneath PHA, Staley JT, Williams ST.
Microbiol. Res.2010; 4(21): 2257-2264. Bergeys Manual of Determinative Bacteriology.1994,

[4] Youssef M, El-Taweel GE, EI-Naggar AY, El-Hawary SE, EI- 9th edn. Baltimore: Williams &Wilkins.

Meleigy et al., Hydrocarbon degrading bacteria as (19] vignesh R, Arularasan A, Gandhiraj V, Deepika RC.
indicator of petroleum pollution in Ismailia Canal, Egypt. Isolation Identification and Characterization of Potential
World Applied Sciences Journal. 2010; 8(10): 1226-1233. Oil Degrading Bacteria from Oil Contaminated Sites.

[5] Fengl, Wang W, ChengJ, Ren Y, Zhao G et al., Genome International Rsearch Journal of Engineering and
and proteome of long chain alkane degrading Technology. 2016; 3(4): 2503 — 2508
Geobacillus therm?denitr/fic.ans NG80-2 isolated from a [20] McGenity TJ, Folwell BD, McKew BA, Sanni GO. Marine
deep-subsurface oil reservoir. Proc. Natl. Acad. Sci. USA. crude-oil biodegradation: a central role for interspecies
2007; 104: 5602-5607. interactions. Aquatic Biosystems.2012; 8: 10.

(6] Lla?ng Y, Van Nostrand J, YVang J, Zhang X, Zh-ou 34, G [21] Ghosal D, Ghosh S, Dutta TK, Ahn Y. Current State of
Microarray based functional gene analysis of soil Knowledge in Microbial Degradation of Polycyclic
microbial communities during ozonation and Aromatic Hydrocarbons (PAHs): A Review. Front
biodegradation of crude oil. Chemosphere. 2009; 75: Microbiol. 2016: 7: 1369
193-199. [22] Anwar Y, El-Hanafy A A, Sabir J S, Al-Garni S M, Al-

[71 Naik SN, Goud VV, Rout PK, Dalai AK. Production of first
and second-generation biofuels: a comprehensive
review. Renew. sustain energy rev..2010; 14(2): 578-
597.

Ghamdi K et al., Characterization of Mesophilic Bacteria
degrading crude oil from different sites of Aramco, Saudi
Arabia. Polycyclic Aromatic Compounds. 2017; 1-9.

International Journal of Pharmacy and Biological Sciences

Jeya, K R*etal | 587 J

L’

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

6

[23]

[24]

[25]

[26]

ISSN: 2230-7605 (Online); ISSN: 2321-3272 (Print)

Bidoia E, Microbial
biodegradation potential of hydrocarbons evaluated by

Montagnolli R, Lopes P.
colorimetric technique: a case study. Appl Microbiol
Biotechnol.2010; 7:1277-1288.

Mariano AP, Bonotto DM, Angelis DDFD, Pir6llo MPS,
Contiero J. Biodegradability of commercial and
weathered diesel oils. Braz. J. Microbiol. 2008; 39(1),
133-142.

Jayashree R, Nithya SE, Rajesh PP, Krishnaraju M.
Biodegradation capability of bacterial species isolated
from oil contaminated soil. J Academia Indust Res.2012;
1(3): 127-135.

Vinothini C, Sudhakar S, Ravikumar. Biodegradation of
petroleum and crude oil by Pseudomonas putida and
Bacillus cereus. Int J Curr Microbiol App Sci.
2015;4(1):318-329.

[27] Santisi

(28]

[29]

(30]

Int J Pharm Biol Sci.

S, Cappello S, Catalfamo M, Mancini G,
Hassanshahian M et al., Biodegradation of crude oil by
individual bacterial strains and a mixed bacterial
consortium. Braz J Microbiol. 2015; 46(2):377-387.
Rajaei S, Seyedi SM, Raiesi F, Shiran B, Raheb J.
Characterization and potentials of indigenous oil-
degrading bacteria inhabiting the rhizosphere of Wild
Oat (Avena Fatua L.) in South West of Iran. Iran J
Biotechnol. 2013; 11(1):32-40.

Borah D, Yadav RNS. Biodegradation of Complex
Hydrocarbon by a Novel Bacillus cereus Strain. Journal of
Environmental Science and Technology.2014; 7(3), 176-
184.

Singh C, Lin J. Bioagumentation efficiency of diesel
degradation by Bacillus pumilus JL and Acinatobacter
calcoacetics LT in contaminated soils, Afr. J. Biotechnol.
2010; 9(41): 6881-6888.

*Corresponding Author:
Jeya, K. R*
Email: krjaya5@gmail.com

International Journal of Pharmacy and Biological Sciences

Jeya, K R*etal | 688

www.ijpbs.com or www.ijpbsonline.com


http://www.ijpbs.com/
http://www.ijpbsonline.com/

