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Abstract: Extensive hydrocarbon exploration activities have become a global environmental problem. 
Natural bioremediation is the only eco-friendly solution to resist its devastating environmental and 
economic damage. Polycyclic aromatic hydrocarbons (PAHs), as the major components of oil sludge, are 
hydrophobic and recalcitrant. In this investigation, petroleum degrading bacteria were isolated from oil 
contaminated samples from soil near petrol pumps of petrochemical industries of Kolkata. These 
organisms were studied using BUSHNELL HAAS medium (enrichment medium) supplemented with 
petrol as sole carbon source to determine their biodegrading activities on hydrocarbons (petrol). From 
the soil samples, four bacterial strains were isolated and were characterised by using standard 
biochemical tests and morphological studies. Amongst the isolates Organism 1 was found to be most 
effective in degrading petroleum hydrocarbon. 
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Introduction: Hydrocarbon degrading bacteria are ubiquitous in the environment and are widely 
distributed in nature and their use in bioremediation of hydrocarbon contaminated soils which uses 
their ability to degrade or detoxify organic contaminants, has been established as an efficient, 
economical, versatile and environmentally sound treatment [1, 2]  
 
Petroleum enters into the environment through waste disposal, accidental spills, leakage tankers and 
losses during transport or storage [3]. The fuel is a complex mixture of normal, branched and cyclic 
alkanes, and aromatic compounds obtained from the middle distillate fraction during petroleum 
separation. The toxic effects of crude oil and refined petroleum oils on plants, animals, humans and 
environment are devastating [4]. Oil toxicity is caused by the soluble fraction, which consist of low 
boiling point aromatic hydrocarbon including benzene, toluene, zylene, naphthalene, pentrathene etc. 
[5].  The extensive use of petroleum products leads to the contamination of almost all compartments of 
the environment, and biodegradation of the hydrocarbons by natural population of microbes has been 
reported to be the main process acting in the detoxification of hydrocarbon polluted environments [6]. 
Bioremediation process relies on the ability of microbes present naturally which are highly efficient due 
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to their simplicity and cost effectiveness. Bioremediation is a process of mineralization of organic 
chemicals leading ultimately to the formation of carbon-dioxide, water and biomass [7]. 
 
It has been reported that BUSHNELL HASS media when plated with petroleum selectively allows the 
growth of petrol degrading bacterial isolates [8]. The biochemical analysis of petroleum degradation was 
done with the help of DCPIP, which is a redox indicator and changes colour from blue to colourless 
when petroleum is degraded by the bacterial isolates [9] 
 
The purpose of this research was to isolate and identify bacteria, growing in oil contaminated soils near 
petrol pumps of Petrochemical Industries in Kolkata, which can degrade petroleum products. This area 
was chosen because the population of microbes found in oil polluted environment should degrade 
petroleum and in higher rates than microbes in relatively clean environment. In the present study, we 
have isolated bacterial strains from oil polluted areas and with the help of Dichlorophenolindophenol 
(DCPIP) as an indicator we have shown their petrol degrading capability and found the isolate that most 
effectively degrades petrol. 
 
Materials and Methods: 

Sample Collection: Soil samples were collected from oil contaminated sites in sterile containers. 
Samples were collected in 5 cm depth from the surface of soil to avoid surface contamination. Collected 
samples were transferred to the laboratory under sterile condition for analysis. 
 
Isolation of Bacterial Strain: 10 gm of soil sample was diluted into 90 ml of Phosphate Buffer Saline 
and dilutions were prepared. 0.1 ml of suspension from each dilution were spread into nutrient agar 
plate and incubated at 37

o
C for 24 hours. 

 
Isolation of Petroleum Degrading Bacteria: Bushnell Haas (BH) Medium was used for isolation of 
petroleum degrading bacteria. This medium contains all nutrients except the carbon source. The 
medium composition is as follows- 
MgSO4. 7H2O- 0.2 gm/L, CaCl2 - 0.02gm/L, NH4NO3 - 1gm/L, KH2PO4 - 1gm/L, K2HPO4 - 1gm/L, FeCl3 – 
0.05gm/L [10] 
The medium was supplemented with petrol to serve as only source of carbon and energy. Isolated 
bacterial cultures from nutrient agar plate were streaked on BH agar plate and 200 µl of petrol (1%) was 
spread onto the surface of each BH agar plates [11]. The plates were incubated for 5-7 days. After the 
incubation period, only petroleum degrading bacteria remained on the surface of the BH plates. 
 
Identification of Petroleum Degrading Bacteria: Identification of potential petroleum degrading 
bacteria was carried out by using DICHLOROPHENOLIODOPHENOL (DCPIP) as Redox Indicator. 
During the microbial oxidation of hydrocarbons, electrons are transferred to electron acceptor DCPIP 
from the culture medium. Due to this electron transfer, blue colour of DCPIP (oxidized form) becomes 
changed to colourless (reduced form). By observing this colour change, it is possible to ascertain the 
hydrocarbon degrading character of the microorganisms. 
 
For this reason, isolated organisms are regenerated in nutrient broth medium. After preparing some 
sterile BH plates, 0.5ml of 0.01% DCPIP solution was spread on to the plates. After that, 0.1 ml of culture 
suspensions and 200ul (1%) of petrol was spread on to that BH plates and incubated at 37

0
C for 5-7 days. 

Colour changes were observed in every 2 days interval. 
 
Study of Growth pattern of isolates on Bushnell Haas (BH) Medium: Isolated bacterial strains were 
tested for determination of efficiency of utilisation of Bushnell Haas (BH) Medium hence the efficacy of 
using petroleum as soul carbon source. Growth curve pattern was studied in a nephalometric flask and 
gowth at 540nm was documented on three day (72hrs) basis. 
 
Morphological and Bio-Chemical Tests of Isolates: Different morphological tests (Gram staining, 
Capsule staining, Endospore staining) and biochemical tests (IMViC test) were done with isolates. 
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Gram Staining: Four clean grease free slides were taken and a drop of each type of bacterial culture was 
placed to the centre of the slides and then the drops were spread to make smears. Then the slides were 
air dried and heat fixed. Then few drops of crystal violet were added onto each of the slides and were 
kept for one minute. After that the slides were washed to remove the excess stain and air dried. Then 
gram’s iodine was added to the slides and were kept for one minute. After a gentle wash, the slides were 
decolourized with absolute alcohol and immediately washed with tap water. After air drying, the slides 
were stained with saffranine and were kept for one minute. Then after a gentle wash and air drying, the 
stained slides were viewed under 100x oil immersion magnification of microscope.  
 
Negative Capsule Staining: Four grease free slides were taken and a loop full of nigrosine was placed 
to one end of the each four slides. A loop full of each of the four petroleum degrading bacterial culture 
was transferred to the drop of stain separately. The mixtures of stain and bacterial culture were spread 
into the entire length of the respective slides to make a thin film. These stained slides were then dried 
and viewed under 100x oil immersion magnification of the microscope.  
 
Positive Endospore Staining: Four clean grease free slides were taken and a drop of each type of 
bacterial culture was placed to the centre of the slides and then the drops were spread to make smears. 
After air drying, the slides were placed on a boiling water bath and few drops of malachite green were 
added on the slide and they were kept on water bath for ten minutes. After removal, the slides were 
rinsed with water and counterstained with safranine and were kept for 5 minutes. After removing the 
excess saffranine stain, the slides were observed under 100x oil immersion magnification of microscope. 
 
Indole and MR-VP Tests: Four tubes of SIM broth medium and 8 tubes of Glucose-Peptone broth were 
inoculated with four bacterial cultures separately and incubated for 24 hours at 37*C. Then the Kovac’s 

reagent was added into each of the SIM medium tube and Methyl red indicator was added into one set 
of the inoculated MR-VP broth and Barritt’s reagent was added into another set of inoculated MR-VP 
broth .The tubes were shaken gently and allowed to stand to observe the colour change. 
 
Results: 

Colony Characteristics Of Bacteria Isolated On BH Agar Plates From Oil Polluted Soil: At first 
the bacteria were isolated on Nutrient Agar medium. Further the samples were screened for the 
presence of hydrocarbon degrading bacteria on mineral salt medium (Bushnell Haas Medium) with 1% 
of the hydrocarbon as sole carbon source namely petrol. Though hydrocarbons are used here as sole 
carbon source, it can be toxic to microbes due to solvent effects of petrol that could destroy cell 
membrane. A total of four petroleum degrading bacteria were isolated from these plates.  
 

Table 1: The Colony Characteristics of These Bacterial Isolates 

ISOLATE 
DESIGNATION 

COLOUR SHAPE SIZE TEXTURE OPACITY TYPE 

ORG  1 RED CIRCULAR SMALL SMOOTH OPAQUE NUCLEATED 

ORG  2 YELLOW CIRCULAR SMALL GLOSSY TRANSLUCENT 
NON- 

NUCEATED 

ORG  3 BROWN 
CONCENTRIC 

RINGS 
MEDIUM SMOOTH OPAQUE NUCLEATED 

ORG  4 WHITE CIRCULAR MEDIUM ROUGH OPAQUE 
NON- 

NUCLEATED 
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Fig. 1(a)                               Fig. 1(b) 

Fig 1: Growth of bacterial colonies on Bushnell-Haas agar media with Petrol as the Carbon source 
 

   
Fig. 2(a) Fig. 2(b) Fig. 2(c) Fig. 2(d) 

 
Fig 2: Pure culture of bacterial isolates in Bushnell-Haas agar slants. (a)Organism 1 (Red colonies). (b) 
Organism 2 (Yellow colonies). (c) Organism 3 (Brown colonies). (d) Organism 4 (White colonies). 
 
All these isolates were found to grow effectively on BH agar supplemented with petrol. In BH broth, 
those isolates were found to degrade petroleum and showed growth. But their growth ceased within the 
incubation period of 3 days. Growth characteristics of the bacterial isolates are shown in Figure 3.  
 

 
Fig 3: Graph showing the growth characteristics (O.D. values) of the bacterial isolates in 
Petrol containing Bushnell-Haas Broth medium for a period of 3 days of incubation.  
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Colour Change Observed In DCPIP Containing BH Agar Plates on Reduction Of DCPIP: These 
isolates were further identified as petroleum degrading microbes by observing DCPIP reducing property 
of the microbes. Due to the reduction of DCPIP, by the growing bacterial isolates, the colour of the 
DCPIP containing plates were changed.  
 

Table 2: The Colour Change Observed in DCPIP Plates 

ISOLATE 
DESIGNATION 

TIME REQUIRED FOR TOTAL 
DECOLOURATION OF BH PLATE 

(DAYS) 

ORG  1 2 

ORG  2 3 
ORG  3 3 

ORG  4 4 

 
So it can be observed that ORG 1 can degrade hydrocarbon more efficiently than the other isolates and 
ORG 4 can degrade petrol with lesser efficiency. So, all these isolates could be potentially used for 
bioremediation purposes for cleaning up oil polluted area. 
 
Morphological and Biochemical Characteristics of Bacterial Isolates: To understand the 
morphological characteristics of the bacterial isolates different staining procedures like gram staining, 
endospore staining and capsule staining were. After that, to understand the biochemical characteristics 
of the bacterial isolates, IMVic tests were also done as indicated.  
 
                             Table 3: Morphological and Biochemical Characteristics of Isolates 

ISOLATE 
DESIGNATION 

ORG  1 ORG  2 ORG  3 ORG  4 

GRAM CHARACTER -VE -VE -VE -VE 

SHAPE COCCI COCCI COCCI OVAL 

ENDOSPORE -VE -VE +VE -VE 

CAPSULE +VE -VE +VE -VE 

INDOLE TEST -VE -VE -VE -VE 
MR-VP TEST -VE -VE -VE -VE 

                         
Conclusion: In this study, four petroleum degrading bacterial isolates were isolated from oil polluted 
soil.  Out of all organism 1 was found to degrade petrol very efficiently and rapidly and can be used 
potentially to decontaminate oil spillage.  
 
Bioremediation is one of the most rapidly growing areas of environmental biotechnology, which has 
been used for the cleaning up of pollutants. This is because of its low costs and its public acceptability. 
Degradation of hydrocarbons by environmental micro flora involves having specialized metabolic 
capacities. It is evident from the studies that, hydrocarbon degrading organisms are ubiquitous in 
environment and they can be isolated from hydrocarbon polluted sites. 
 
This study can focus on more cost effective applications of native bacterial strains for petrol degradation 
at large scale in industries, where it is an alarming problem due to its detrimental health effects on 
different organisms and human beings. 
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