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Abstract:  One of the major environmental problems today is hydrocarbon contamination resulting from accidental oil spills & 

petrochemical industrial effluents. Exposure to such hazardous components lead to various adverse effects on aquatic & terrestrial 

ecosystems. Many of these compounds and their derivatives have carcinogenic, mutagenic & cytotoxic properties etc. Conventional 

methods to reduce levels of contamination has proved to be quite ineffective. Many indigenous microorganisms in water and soil 

are capable of degrading hydrocarbon contaminants. Bioremediation is the promising technology for the treatment of this 

contamination.  

In this study, an attempt is being made to assess the ability of bacterial isolates to degrade hydrocarbon (kerosene & petrol) and 

also studying the effect of magnetic field on rate of degradation. The isolates obtained from a grease sample showed the ability to 

tolerate 5%v/v of kerosene & petrol, and the rate and percentage of degradation in kerosene was measured using gravimetric method. 

Biochemical tests indicate that the obtained isolates may belong to Pseudomonas, Burkholderia, Neisseria sp. Further, two of the 

isolates showed increased rate of degradation under magnetic fields of 50+20 gauss.  
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I. INTRODUCTION 

  

Petroleum products are a major source of energy for industries and in daily life. A major environmental problem today ensues from 

the accidental release of these products into the environment resulting in water and soil pollution. Soil and water contamination 

with hydrocarbons have considerable negative effects on aquatic and terrestrial life. Many of these products are known to be 

carcinogenic, mutagenic and immuno-toxic. Bioaccumulation of hydrocarbons in plant tissues may result in death or mutations 

[Ganesh and Lin, 2009]. Soil contamination may also be accompanied with contamination of ground water. In the nine-year period 

2010-2018 there have been 59 spills of 7 tonnes and over, resulting in 163,000 tonnes of oil lost [International Tanker Owners 

Pollution Federation Ltd (ITOPF)].  

Kerosene is composed essentially of alkanes and cycloalkanes (65–70%), benzene and substituted benzene (10–15%), and 

naphthalene and substituted naphthalene [ASTM 2011]. The typical number of carbon atoms in the mixture of molecules making 

up kerosene ranges from 10 to 16 [Collins, Chris (2007)]. The flash point of kerosene is between 37 and 65°C and autoignition 

temperature is 220°C. It is also known as paraffin or lamp oil and has major application as fuel in aviation as well as households.   

The principal adverse effect arising from ingestion of kerosene is chemical pneumonitis secondary to aspiration of vomitus. 

Ingestion of kerosene or acute exposure to vapour may lead to general signs of intoxication such as mild CNS symptoms (dizziness, 

headache, nausea) and vomiting. Acute and chronic exposure to kerosene may result in CNS effects including irritability, 

restlessness, ataxia, drowsiness, convulsions, coma and death. Skin exposure to kerosene may result in dermatitis through the 

extraction of endogenous skin lipids. Whilst kerosene is not considered a direct-acting dermal carcinogen, chronic skin exposure 

may result in tumorigenesis. [R P Chilcott, 2006]  

Methods used to deal with oil waste or oil spills usually involve in situ burning and chemical dispersion which themselves are 

extremely harmful to the environment. Booms are used for containing the spread of the oil. Another approach that may be used is 

bioremediation. This approach can be also used off site after skimming the spilled oil from the surface.  

Bioremediation is defined as the use of microorganisms to remove pollutants from such contaminated sites owing to their diverse 

metabolic capabilities. Bioremediation is a non-invasive and relatively cost-effective technique. Biodegradation of hydrocarbons 

by microorganisms allows for the conversion of hazardous substances into forms that are less or non-toxic.   

 

 

Some studies have shown that exposure to fields can enhance or reduce cell activity, which may have possible applications in 

bioremediation. [Beretta, G., Mastorgio, A.F., Pedrali, L. et al (2019)].   

The present study involves the isolation and identification of kerosene degrading bacteria. It also involves measurement of 

percentage and rate of degradation. Further effect of magnetic field on the rate of degradation was studied.  
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II. MATERIALS AND METHODS 

 

 

2.1 Collection of Sample: 

The sample used for isolation of the hydrocarbon degrading bacteria was grease sample obtained from a garage shutter. 5g of sample 

was collected using a spatula stored in a zip-lock bag and taken to the lab. 

2.2 Enrichment and Isolation: 

The grease sample was inoculated in Bushnell Haas broth containing 5% of kerosene and petrol and kept on a rotary shaker for a 

week at room temperature. Bushnell Haas Broth is recommended for studying microbial hydrocarbon deterioration as it lacks a 

carbon source and the hydrocarbon itself will serve as the carbon source. After this the mixture was streaked on Bushnell Haas agar 

plates containing the hydrocarbon (kerosene and petrol) and incubated for 5 days at room temperature. Pure cultures were obtained 

by repeated sub-culturing on the same agar. Further the organisms were stored for further testing. 

2.3 Agar Cup Diffusion Technique: 

This is for testing the ability of the isolates to grow in the presence of the hydrocarbon. First, Bushnell Haas agar plates (w/o 

hydrocarbon) is seeded with the isolate by spreading the culture on the plates using a cotton swab. Then, a well is punched in the 

centre of the plate and a drop of the pure hydrocarbon is added. This is then incubated at room temperature for 5 days. Organism 

and media control plates were also maintained. 

2.4 Gravimetric Method:   

The culture (absorbance at 530nm= 0.5) was inoculated in Bushnell Haas broth containing 5% kerosene and incubated on rotary 

shaker (100rpm) at room temperature for 7 days. The amount of degraded oil was measured using gravimetric analysis. For the 

extraction of remaining kerosene, 50 ml of culture broth was mixed with 10 ml each of petroleum ether and acetone in a separating 

funnel. Top layer was mixture of petroleum ether, kerosene and acetone clumping cells make the middle layer and the bottom 

aqueous layer contains acetone, water and bio-surfactant in soluble form. The lower two layers were separated out while top layer 

containing petroleum ether mixed with kerosene and acetone was taken out in clean beaker. Petroleum ether and acetone was 

evaporated on water bath on their respective boiling point (BP of Petroleum ether 42°C-62°C and BP of acetone 56°C). The 

difference between the weight of the initial added kerosene and the residual kerosene is considered as the amount of kerosene 

degraded.  

2.4.1 Studying the Effect of Magnetic Field on the Rate of Degradation:  

The culture (absorbance at 530nm= 0.5) was inoculated in Bushnell Haas broth containing 5% kerosene and incubate on rotary 

shaker (100 rpm) at room temperature for 2 days to allow the culture to grow. After this the mixture was incubated between the 

electromagnet coils for 2 days (6 hrs each day, after which the flask was returned to the rotary shaker). The strength of the magnetic 

field was measured using a Gauss & Tesla meter. The strength of the magnetic field used was 50±20gauss. After this the same 

gravimetric method was used for calculation of rate of degradation.  

2.4.2 Formula: 

Weight of residual hydrocarbon= Weight of flask with the extracted 

hydrocarbon - Weight of flask 

Wt of hydrocarbon degraded= Wt of hydrocarbon added in the broth - 

Wt of residual hydrocarbon   

Degradation %= (Wt of hydrocarbon degraded ÷ Wt of hydrocarbon 

added in media) X 100  

Rate of degradation (g/day) = (Amount of hydrocarbon degraded ÷ No. 

of Days) 

 

 

 

 

 

 

2.5 Identification of Isolates: 

The identification of the isolates was done using various biochemical tests and gram nature determination. The gram nature was 

determined using MacConkey agar and KOH test. List of biochemical tests used: methyl red, Vogues-Proskauer test, citrate 

utilization, indole formation, sugar fermentation (maltose, galactose, lactose, mannose, sucrose, xylose, mannitol, l-arabinose, d-

glucose), triple sugar iron agar slant, Hugh-Leifson, catalase, oxidase, nitrate reduction, urease test, Phenylalanine Deaminase Test. 

Figure 1: The electromagnet along with the Gauss 

& Tesla meter and the DC power supply. 
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III. RESULTS AND DISCUSSION 

 

3.1 Isolation of Organisms: 

After the enrichment of the grease sample, isolation was carried out on Bushnell-Haas agar containing kerosene and petrol. The 

obtained colonies were sub-cultured and 6 bacterial isolates were obtained which were then maintained on slants for further tests.    

 

 

 

 

 

 

 

3.2 Agar Cup Diffusion Technique: 

After incubation of 5 days at room temperature, growth was observed where kerosene had diffused into the agar (after a zone of 

clearance, which may be till MIC is reached i.e. the hydrocarbon concentration is too high near the well). Control plates (only 

culture with media, no hydrocarbon) showed no growth. All isolates showed similar positive results. 

 

 

 

 

 

 

 

Figure 3: Agar cup diffusion test along with organism control 

 

 

 

 

 

 

 

 

MIC 

Figure 2: Isolation on Bushnell Haas agar 

 

Test Organism Control 
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3.3 Determination of rate of degradation of hydrocarbon by gravimetric method and studying the effect of magnetic field: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Isolate Rate of Degradation 

without Magnetic Field 

(g/day) 

Rate of Degradation 

with Magnetic Field 

(g/day) 

S1 (BSMY) 0.10 0.12 

S2 (NPP) 0.15 0.15 

S3 (BSMG) 0.11 0.08 

S4 (NPC) 0.14 0.45 

S5 (KW) 0.25 0.27 

S6 (KY) 0.21 0.15 

Table 1: Gravimetric Method 
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Graph 1: Rate of Degradation of kerosene with and without magnetic field 
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A magnetic field of 50±20 gauss was used to check the effect of magnetic field on the rate degradation of kerosene. 

 

3.4 Identification of Isolate: [Later these results were compared to Bergey’s manual]: 

Figure 4: Extraction of Kerosene from the Bushnell Haas broth 

Kerosene + Petroleum Ether + Acetone 

Bushnell Haas broth with some Acetone 

and Petroleum Ether 

Figure 6: S1 KOH test (Gram –ve) Figure 5: Sugar Fermentation 

Figure 7: Vogues-Proskauer 
Figure 8: Urease Test 
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Legend:  

Alk = Alkaline 

O = Oxidative 

‘-’ = Negative 

‘+’= Positive  

 

 

TESTS S1 S2 S3 S4 S5 S6 

Maltose - - - - - - 

Galactose - - - - - - 

Lactose - - - - - - 

Mannose - - - - - - 

Sucrose + - - - - - 

Xylose + - - - - - 

Mannitol + - - - - - 

l-Arabinose - - - - - - 

d-Glucose + + - - + + 

Gram Nature - - - - - - 

Methyl Red - - - - + - 

VP - - - - - - 

Indole - - - - - - 

Citrate - + + + + + 

PPA - - - - - - 

TSI-  

 

Slant 

 
Alk Alk Alk Alk Alk Alk 

But Alk Alk Alk Alk Alk Alk 

Gas - - - - - - 

H2S - - - + - - 

Hugh-Leifson O O O O O O 

Catalase + + + + + + 

Oxidase + + + + + + 

Nitrate 

Reduction 
+ + + + + + 

Urease - - - - - - 

Pigment Blue Purple Blue Yellow Blue Blue 

Table 2: Biochemical Tests 
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Figure 9: Nitrate Reduction Test Figure 10: PPA, TSI, Citrate, Hugh Leifson, Methyl Red, Indole  

Figure 11: Oxidase Test 
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IV. CONCLUSION: 

 

The initial enrichment and plating shows that the isolates can tolerate the hydrocarbon content (5%) that was added in the media. 

In agar cup diffusion method, the isolates showed growth in regions where the hydrocarbon had diffused (a clear zone is also seen 

which may be till MIC is reached i.e. the concentration of hydrocarbon near the well is too high and therefore the organism cannot 

grow in that region). This test indicates that the isolate has the ability to utilize the added hydrocarbon as sole carbon source.   

The gravimetric analysis has showed the isolates have the ability to degrade the hydrocarbon, as the extracted hydrocarbon obtained 

is lesser than the original amount that was added to the Bushnell Haas broth. The percentage and rate of degradation was also 

measured. Without magnetic field the isolate S5 showed highest rate of degradation (0.25g/day) whereas, isolate S1 showed the 

lowest rate of degradation (0.1g/day).  

The effect of magnetic field (50±20 gauss) on the rate of degradation of kerosene by the isolates was studied and it was found that 

the magnetic field may have helped accelerate the rate of degradation for isolate S1, S4 and S5 (S4 showed the most significant 

change in rate degradation). In case of isolates S3 and S6 a decrease was observed in the rate of degradation of kerosene, this may 

be due to some inhibitory effect that the magnetic field had on the metabolic activity of the organism. For the isolate S2, no change 

in the rate of degradation was observed. These results indicate that the use of magnetic field may be a viable method for accelerating 

rate of bioremediation in case of certain bacterial isolates. The isolate S4 has shown a promising increase in rate of degradation and 

should be studied extensively in the future as it has potential for use in bioremediation of hydrocarbons like kerosene.   For further 

analysis a broader range of magnetic field needs to be used.   

Biochemical tests and gram nature determination was performed and the obtained results were compared to the Bergey’s manual, 

the isolates may belong to: Pseudomonas, Burkholderia, Neisseria sp. etc. For e.g. isolate S5 may belong to Pseudomonas sp.   

(Further more accurate identification may be performed by using 16s rRNA sequencing or other such molecular biology technique). 

 

 

 
 

 

 

 

 

 

 

TESTS Pseudomonas Burkholderia Neisseria 

Gram Nature - - - 

Catalase + + + 

Oxidase + + + 

Urease - - - 

Nitrate Reduction + + + 

Pigment Blue, Yellow, Red, 

Brown, Green  

Yellow, Purple, Red 

etc. 

Yellow 

Indole - - - 

Citrate + + + 

MR - - - 

VP - - - 

Glucose +/- +/- +/- 

Mannitol +/- - - 

Table 3: Standard Biochemicals Chart for Pseudomonas, Burkholderia and 

Neisseria, according to Bergey’s Manual 
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