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INTRODUCTION 
 

Engine oil is a complex mixture of hydrocarbons and 

other organic compounds including some organo-

metabolic constituents (Butler and Mason, 1997) that is 

used to lubricate the parts of an automobile engine in 

order to avoid excessive wearing out (Hagwell et al., 

1992).The presence of different substrates and 

metabolites in hydrocarbon contaminated soils has no 

doubt provided an environment for the development of a 
quite complicated microbial community (Butler and 

Mason, 1997; Udeani et al., 2008). Used motor oil is a 

common environmental contaminant which is defined by 

the United State environmental protection agency as any 

oil that has been refined from crude oil or any synthetic 

oil that has been used, and as a result of such use is 

contaminated by physical or chemical impurities 

(USEPA, 2001). 

 

Used (also called spent or waste) motor engine oil 

contains metals and heavy polycyclic aromatic 
hydrocarbons (PAHs) and these could contribute to 

chronic hazards including mutagenicity and 

carcinogenicity (Hagwell et al., 1992; Boonchan et al., 

2000). Additionally, prolonged exposure to oil as well as 

high concentration of oil could cause the development of 

liver or kidney disease, possible damage to the bone 

marrow and an increased risk of cancer (Deni and 

Penninck, 1999; Lloyd and Cackette, 2001; Mishra et al., 

2001;Igwo- Ezikpe et al., 2009).As it is inevitable for the 

efficient and effective functioning of the automobile 
engines, soil contamination with used engine oil is 

becoming one of the major environmental problems 

(Mandri and Lin, 2006), mainly due to uncontrollable 

disposal, particularly in developing countries. A wide 

range of Hydrocarbon utilizers (HCUs) found to be 

useful in the soil include the following species: 

Pseudomonas, Rhodococcus, Mycobacterium, Bacillus, 

Acinetobacter, Providecin, Flavobacter, 

Corynebacterium, Streptococcus spp (Bhattacharya et 

al., 2002), other organisms such as fungi which include, 

Trichoderma, mortierella, Aspergillus and Penicillium 

spp are also capable of degrading the hydrocarbons in 
engine oil to a certain extent, but they take longer periods 
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 ABSTRACT 
 

The indiscriminate disposal of used engine oil from vehicles by motor mechanics has been of great concern and a 

major source of oil pollution. This study is therefore designed to assess the microbiological and physicochemical 

characteristics of soils contaminated with used engine oil and investigate the biodegrading potentials of 

microorganisms isolated from contaminated soil. Oil-contaminated soil samples were collected from six different 

auto-mechanic workshops in Ogbomoso, Nigeria, uncontaminated soil samples were also collected to serve as 

control. The total heterotrophic bacterial counts for contaminated and uncontaminated soil samples ranged from 

8.0x107 to 2.1x107 CFU/g and 22.0x107 to 30.0x107 CFU/g while the total colony counts for bacterial oil degraders 

ranged between 1.3x107 and 2.0x107 CFU/g in contaminated soil samples. The bacterial isolates were Bacillus 

polymyxa, B. megaterium, B. alvei, Pseudomonas aeruginosa, Enterobacter aerogenes, Escherichia coli. Residual 

oil for contaminated soil samples was found to be between 12.02±0.20 mg/kg and 19.40±0.50 mg/kg. Engine oil 

contaminated soil samples showed the highest nitrate, sulphate and phosphate concentration compared with the 
uncontaminated samples. E. coli showed the highest degradability potentials for both aliphatic and aromatic 

functional groups because it had the lowest intensity of 19.25cm-1 and 18.22 cm-1  respectively after 30 days as 

compared with the intensity of the control (146.05cm-1for aliphatic and 315.16 cm-1for aromatic). Bacteria capable 

of metabolizing engine oil in the studied sites was observed with E. coli more effective for degradation of both 

aliphatic and aromatic functional groups which is an  indication that the isolates could be exploited for natural 

attenuation and clean-up of engine oil in case of spillage or indiscrimate disposal. 
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of time to grow when compared to their bacterial 

counterparts (Prenafeta-Boldu et al., 2001). 

 

Basically, there are two different approaches to 

bioremediation technologies, depending on the pollution 

situation and type of micro-organisms being used, the 
first is the one which involves the activation of the 

indigenous microflora in the polluted area by addition of 

nutrients and forming the best conditions of other 

chemical, physical and biological factor, or known as 

biostimulation, the second (bioaugumentation) is the one 

which involves the addition of oil-oxidizing micro-

organisms isolated from other sites, or addition of 

genetically engineered micro-organisms (Amund et al., 

1987). 

 

Bacteria and fungi are the primary agent for degradation 

of organic contaminants in soil (Alexander, 1994). 
Increasing diversity of microbial populations and 

common structure can accelerate the degradation of the 

contaminants (Cole and Liu, 1994). 

 

Hydrocarbon soil degrading microorganisms require an 

environmental habitat that has a sufficient and preferably 

sustainable source of nutrients, water, air, mild ambient 

temperature, and a moderate pH (Stegmann et al., 1991). 

At optimum levels, these environmental factors provide 

the energy and metabolic resources that create a widely 

diverse group of beneficial microorganisms that will 
suddenly reproduce on a very rapid scale (Rahman et al., 

2002). While these degrader microorganisms increase 

their populations, they also work rapidly and effectively 

to degrade petroleum hydrocarbons for food (from 

carbon) to sustain their growth pattern (Stevenson, 1994; 

USEPA, 2001). Hydrocarbon utilizing microorganisms 

are important in combating the problem of oil pollution 

in our environment (Atlas and Bartha, 1992). Although, 

hydrocarbon-utilizing microorganisms are ubiquitous, 

their proportion within the microbial community is 

thought to be a sensitive index of environmental 

exposure to hydrocarbons (Leahy and Colwell, 1990).  
 

Used motor oil is the brown-to-black oily liquid removed 

from motor vehicle, when the oil is changed, it is similar 

to unused oil, except that it contains additional chemicals 

that are produced or build up in the oil, when it is used as 

an engine lubricant at high temperatures and pressures, 

inside an engine as it runs (Dorsey et al., 1997).  

Therefore, this study was designed to investigate the 

biodegrading potentials of microorganisms isolated from 

engine oil contaminated soil. 

 

MATERIALS AND METHODS 
 

Study Site  

Oil-contaminated soil samples were collected from six 

different auto-mechanic workshops in Ogbomoso, 

Nigeria at depths of 0-15cm and 15-45cm. 

Uncontaminated soil samples were also collected 100m 

away from the workshops to serve as control. 

 

Sample Collection    
The soil samples were aseptically collected using auger 

into a sterile polythene bag and then transported to the 

laboratory immediately for microbiological and physico-

chemical analysis. 

 

Physico-Chemical Analysis 

Determination of Temperature 
The temperature of each soil samples were taken at the 

site using mercury-in-glass thermometer by placing the 

thermometer bulb into the ground for 2 minutes at the 

depth of 10cm and 20cm below the surface respectively, 

it was then removed from the soil and readings taken on 

the scale of the thermometer and recorded. 

 

Determination of pH 

2 g of the soil samples were weighed with a weighing 

balance into a beaker and was mixed with 10 ml of 
distilled water and allowed to settle to obtain a clear 

solution. The pH meter was calibrated using buffer 

solution of pH 7.0 until the reading is stabilized at 7.0 

and was then rinsed with distilled water. The pH of the 

samples was then determined by immersing the pH meter 

into the clear top solution of the mixture to obtain the 

readings. 

 

Determination of Moisture content 

10g of soil samples were weighed into previously dried 

and weighed beaker using weighing balance (W1) and 
then dried at 1050C for 18 hours in an oven, the samples 

were allowed to cool and re-weighed (W2).The moisture 

content was then obtained by difference in weights. 

 

Nitrate determination 

The soil samples were crushed using mortar and pestle 

and then passed through a 2mm soil sieve.10grams of the 

sieved soil samples were then weighed with weighing 

balance into an extraction cup and dissolved with 20ml 

of distilled water, the mixture was shaken on a shaker for 

2 minutes and allowed to settle for 3 minutes. 3 drops of 

2M calcium chloride solution was added and allowed to 
stand for another 3minutes, the filtrate was then obtained 

by pouring the mixture through whatmann 1mm filter 

paper into a beaker and then allowed to settle for 3 

minutes. The nitrate meter was put on and calibrated 

using 2000ppm nitrate standard, nitrate distilled water 

blank was measured and the nitrate value was then 

determined by immersing the nitrate meter in the filtrate 

and recorded. 

 

Phosphate determination 

The soil samples were crushed using mortar and pestle 
and then passed through a 2mm soil sieve.10grams of the 

sieved soil samples were then weighed with weighing 

balance into an extraction cup and dissolved with 20ml 

of distilled water, the mixture was shaken on a shaker for 

2 minutes and allowed to settle for 3 minutes. 3 drops of 

2M calcium chloride solution was added and allowed to 

stand for another 3minutes, the filtrate was then obtained 

by pouring the mixture into through Whatmann 1mm 
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filter paper into a beaker and then allowed to settle for 3 

minutes. 8ml of 0.01M calcium chloride was measured 

into a vial; 2ml of the filtrate and 1 sachet of colour 

developer was also added and was allowed to stand for 

30 seconds. After 30 seconds, the mixture was shaken 

until the colour developer has totally dissolved in the 
solution and was allowed to stand for 30 minutes for 

colour development; the phosphate value was then 

determined by immersing the phosphate checker meter in 

the mixture and recorded. 

 

Sulphate determination 

The soil samples were crushed using mortar and pestle 

and then passed through a 2mm soil sieve.10 grams of 

the sieved soil samples were then weighed with weighing 

balance into an extraction cup and dissolved with 20ml 

of distilled water, the mixture was shaken on a shaker for 

2 minutes and allowed to settle for 3 minutes. 3 drops of 
2M calcium chloride solution was added and allowed to 

stand for another 3minutes, the filtrate was then obtained 

by pouring the mixture into through Whatmann 1mm 

filter paper into a beaker and then allowed to settle for 3 

minutes. 4ml of distilled water was measured into a vial, 

4ml of the filtrate was added and 5 drops of 400ppm 

K2SO4 (potassium sulphate) was added. The vial was 

inverted 3 times, 2 level scoop of Barium chloride 

(BaCl) was added and shaken for 10 seconds, sulphate 

checker meter was then immersed in the mixture to 

obtain the sulphate value.  

 

Extraction of residual engine oil  
The residual engine oil was extracted from the soil 

sample using n-hexane: dichloromethane system (1:1) 

and quantified gravimetrically. To achieve this, 10grams 

of homogenized soil sample was weighed into a 75ml 

beaker and 50ml of n-hexane: dichloromethane was 

added to extract the residual engine oil in the soil sample. 

After shaking vigorously, the mixture was allowed to 

stand for 5 minutes and then filtered through whatmann 

No1 filter paper into 75ml beaker of known weight (W1) 

as residual oil extract (ROE). The residual oil extract was 
placed in an oven at 80 0C for 5-10 minutes to evaporate 

the solvent. The combined weight of the residual oil and 

the beaker was taken and recorded as W2. The residual 

oil content (ROC) was then obtained by difference in 

mass (W2 - W1 = ROC). 

 

Total colony count 

One gram of each sample was mixed with sterile de-

ionized water and serially diluted. One milliliter of 

appropriate dilution was seeded on plate count agar using 

spread plate method, and then incubated for 24 hours. 
The plate count agar was examined and colonies present 

were counted and recorded after incubation, to get the 

total colony count in CFU/g (Colony forming unit/gram) 

 

Culture preservation 

Distinct colony of the organisms was picked using flame 

sterilized wire loop and inoculated on already prepared, 

sterilized and solidified agar slant. The slant was 

incubated at 28 0C for 24 hours, the slants with visible 

growth were then preserved in the refrigerator at -4 0C. 

 

Isolation of oil degrading bacteria  

To do this, the method of Umanu et al., 2013 was used. 

Briefly, sterile minimal salt broth containing 10% V/V 
sterile motor oil was inoculated with one gram of 

thoroughly mixed soil sample and incubated at 28°C for 

7 days. Two millilitres of this culture was aseptically 

transferred into a fresh enrichment culture medium and 

incubated for another 7 days. The process was repeated 

for the third time. Then 0.1ml from the third enrichment 

culture was plated onto nutrient agar and incubated. 

Serial sub-culture was done to obtain pure culture 

isolates. Microscopic and biochemical tests were carried 

out on the bacterial isolates to determine their probable 

identities. The result of each test was recorded and the 

probable identity of the bacteria was determined by the 
use of Bergey’s Manual of Determinative Bacteriology. 

 

Determination of Isolate’s oil degrading potential 
The isolated oil degrading bacteria (2.12 x 105 CFU/ml) 

were inoculated into minimal salt broth containing 10% 

V/V sterile engine oil as the sole carbon and energy 

source, the control tubes contain the minimal salt broth 

and sterile engine oil only. The tubes were then 

incubated at 28°C for 30 days and samples were 

withdrawn at 10 day intervals for analysis. The residual 

oil in the experimental and control bottles were extracted 
with the aid of chloroform using separating funnel. The 

funnel was allowed to stand for two hours, the layer 

containing the organic solvent and residual oil was 

emptied into a pre-cleaned container, the organic solvent 

was allowed to evaporate, after the evaporation the 

residual oil was collected and Infrared analysis was done. 

 

RESULTS AND DISCUSSION 
 

The total heterotrophic bacterial counts for contaminated 

and uncontaminated soil samples ranged from 8.0x107 to 

2.1x107 CFU/g and 22.0x107 to 30.0x107 CFU/g 
respectively. Heterotrophic bacteria count was high in 

uncontaminated soil samples compared to engine oil 

contaminated soil samples which is in agreement with 

the previous report of Umanu et al. (2013) as shown in 

Table 1. The total colony counts for bacterial oil 

degraders ranged between 1.3x107 and 2.0x107 CFU/g in 

contaminated soil samples and 0.3x107 and 1.2x107 

CFU/g for uncontaminated samples.  Engine oil 

degrading bacteria were higher in contaminated soil 

samples which also supports the results obtained by 

Umanu et al. (2013), Hubert et al. (1999) and 
Michalcewicz (1995) in their earlier work (Table 2). 

Umanu et al. (2013) had also implicated that higher 

populations of oil degrading bacteria has been attributed 

to stimulatory effect of additional carbon and energy 

source in the form of lubricating oil. Table 3 shows the 

distribution of the isolated organisms in both engine oil 

contaminated and uncontaminated soil samples. 
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The following organisms were isolated from the soil 

samples; Bacillus polymyxa, B. megaterium, B. alvei, 

Pseudomonas aeruginosa, Enterobacter aerogenes, 

Escherichia coli. The identities of the organisms were 

confirmed using biochemical tests according to Bergy’s 

manual of determinative bacteriology (Buchannan and 
Gibbons, 1975). Bacillus spp especially capable of 

degrading hydrocarbon have been reported by Nwagwu 

et al. (2008). 

 

The physico-chemical parameters of the engine oil 

contaminated and uncontaminated soil samples analyzed 

are shown in Table 4. Zero residual oil content was 

obtained in all the uncontaminated soil samples collected 

confirming that they were not polluted with oil. Residual 

oil for contaminated soil samples was found to be 

between 12.02±0.20 mg/kg and 19.40±0.50 mg/kg. 

Engine oil contaminated soil samples showed the highest 
nitrate, sulphate and phosphate concentration compared 

with the uncontaminated samples. Atlas (1984) opined 

that depending on the nature of the environment, 

nutrients such as nitrogen and phosphorous could be 

limiting thus affecting the biodegradation process. 

However, this is contrary to the findings of Lovely and 

Cackette (2001) that, significant increases in total 

nitrogen and organic carbon of soil have been observed 

as a result of oil contamination. 

 

Figure 1 and 2 shows degradability potentials of the 
isolates. E. coli showed the highest degradability 

potentials for both aliphatic and aromatic functional 

groups because it had the lowest intensity of 19.25cm-1 

and 18.22 cm-1  respectively after 30 days as compared 

with the intensity of the control (146.05cm-1for aliphatic 

and 315.16 cm-1for aromatic) and other isolates. 

Generally, all the isolates were able to reduce the 

hydrocarbons present in the used engine oil maximally. 

Since all the bacteria isolates used in this study were 

isolated from oil contaminated soil, the innate potential 

of degradation exhibited by these bacteria isolates is in 

conformity with the reports of Vidalii (2001) and 
Chaerun et al. (2004). Microorganisms have been 

reported to have enzymatic systems which empower 

them to degrade and utilize petroleum hydrocarbon as 

source of carbon and energy according to Antai and 

Mgbomo (1993); Ezeji et al. (2005) 

 

 
Figure 1: Organisms degradability potential of 

aliphatic functional group. 

 

 
Figure 2: Organisms degradability potential of 

Aromatic functional group 

 

Table 1: Heterotrophic bacterial counts of engine oil contaminated and uncontaminated soil samples. 
 

Sample Location Depth (cm) Contaminated (CFU/g) Uncontaminated (CFU/g) 

A 0 - 15 15 X 107 25 X 107 

 15 - 45 13 X 107 27 X 107 

B 0 – 15 8 X 107 25 X 107 

 15 – 45 11 X 107 28 X 107 

C 0 – 15 14 X 107 27 X 107 

 15 – 45 11 X 107 30 X 107 

D 0 – 15 21 X 107 26 X 107 

 15 – 45 20 X 107 30 X 107 

E 0 – 15 18 X 107 22 X 107 

 15 – 45 20 X 107 24 X 107 

F 0 – 15 15 X 107 24 X 107 

 15 - 45 12 X 107 27 X 107 
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Table 2: Total colony counts of bacterial oil degraders in engine oil contaminated and uncontaminated soil 

samples. 
 

Sample Location Depth (cm) Contaminated (CFU/g) Uncontaminated (CFU/g) 

A 0 - 15 1.7 X 107 1.2 X 107 

 15 - 45 1.5 X 107 1.0 X 107 

B 0 – 15 1.6 X 107 1.0 X 107 

 15 – 45 1.3 X 107 0.7 X 107 

C 0 – 15 2.0 X 107 1.1 X 107 

 15 – 45 1.8 X 107 1.0 X 107 

D 0 – 15 2.0 X 107 1.1 X 107 

 15 – 45 1.7 X 107 0.3 X 107 

E 0 – 15 1.5 X 107 0.9 X 107 

 15 – 45 1.3 X 107 0.6 X 107 

F 0 – 15 1.7 X 107 1.0 X 107 

 15 - 45 1.5 X 107 0.7 X 107 

 

Table 3: Distribution of the isolated bacteria in engine oil contaminated and uncontaminated soil samples. 
 

Isolates                                           Samples 

 CSS CSS USS USS 

Depth  0-15cm 15-45cm 0-15cm 15-45cm 

Bacillus megaterium + + _ + 

Bacillus polymyxa + + + + 

Bacillus licheniformis + + _ + 

Pseudomonas aeruginosa + + + + 

Enterobacter aerogenes + + + + 

Escherichia coli + + + - 

CSS = contaminated soil sample  

USS = uncontaminated soil samples 

 

Table 4: Physico-chemical Parameters of Contaminated and uncontaminated Soil Samples. 
 

Sample 

Location 

Depth 

(cm) 

Moisture content 

(%) 

CSS           USS 

Residual oil 

content (%) 

CSS          USS 

NO3 Concentration 

 

CSS                 USS 

PO4 Concentration 

 

CSS                USS 

SO
-2

4 Concentration 

 

CSS               USS 

A 0 - 15 7.20±0.5 4.10±0.3 19.40±0.5 0.00 12.63±1.5 6.31±0.9 61.26±1.1 25.05±1.7 15.09±1.6 14.41±1.5 

 15 - 45 9.10±0.3 7.10±0.5 18.20±0.4 0.00 31.5±0.7 12.10±0.7 84.57±1.0 70.21±1.3 15.32±1.4 14.86±1.2 

B 0 – 15 6.10±0.6 6.80±0.4 15.10±0.6 0.00 51.19±1.2 37.98±1.4 85.67±1.6 60.62±1.1 28.25±1.1 19.16±1.3 

 15 – 45 8.80±0.5 7.50±0.1 12.30±0.5 0.00 44.02±0.9 24.09±1.2 67.43±1.4 37.12±1.0 26.38±1.5 17.35±1.0 

C 0 – 15 5.20±0.2 5.10±0.3 19.40±0.4 0.00 12.63±1.0 2.10±1.1 84.21±1.5 61.05±1.6 19.09±1.2 14.41±1.4 

 15 – 45 9.10±0.5 8.10±0.4 18.20±0.2 0.00 31.57±1.4 6.31±1.0 75.26±1.2 51.57±1.3 20.32±1.0 14.86±1.0 

D 0 – 15 7.40±0.4 4.40±0.3 14.05±0.5 0.00 56.84±1.2 44.21±0.9 30.25±0.9 17.89±1.2 22.77±1.3 16.90±1.2 

 15 – 45 9.80±0.2 7.60±0.2 12.05±0.2 0.00 67.36±1.0 23.15±1.1 87.89±1.0 58.42±1.0 49.84±1.9 14.64±1.5 

E 0 – 15 5.30±0.1 8.10±0.3 15.20±0.3 0.00 37.10±1.1 38.18±1.3 32.17±1.5 14.53±1.5 59.18±1.4 30.68±1.3 

 15 – 45 7.20±0.2 9.10±0.5 13.11±0.4 0.00 40.22±1.5 30.11±1.7 32.17±1.3 15.04±1.2 67.18±1.8 77.51±1.7 

F 0 – 15 8.10±0.3 6.80±0.1 15.10±0.2 0.00 61.98±1.4 37.19±1.3 88.67±1.6 48.62±1.4 28.25±1.0 19.16±1.4 

 15 - 45 9.80±0.5 7.50±0.5 12.30±0.5 0.00 54.02±1.5 40.09±0.8 41.43±1.0 26.12±1.1 26.38±1.5 17.35±1.8 

 Residual oil content (mg/kg), NO3 Concentration (mg/kg), PO4 Concentration (mg/kg), SO-2
4 Concentration (mg/kg)  

 

CONCLUSION 
 

Bacteria capable of metabolizing engine oil in the 

studied sites was observed with E. coli more effective for 

degradation of both aliphatic and aromatic functional 

groups which is an  indication that natural attenuation 

and clean-up of engine oil can take place in the studied 
sites given time. Also, the isolates obtained from this 

study could be exploited for bioremediation or clean-up 

of similar environments. The consciousness should be 

instilled into automobile mechanics to avoid 

indiscriminate disposal of used engine oil and 

researchers should work towards recycling of used 

engine oil. 

 

REFERENCES 
 

1. Alexander M. Biodegradation and Bioremediation; 
Academic Press Inc., San Diego, California, USA, 

1994; 56. 

2. Amund O.O., Adebowale A.A. and Ugoji E.O. 

Occurrence and characteristics of hydrocarbon 



www.wjpls.org 

 

26 

Oladipo et al.                                                                                  World Journal of Pharmaceutical and Life Sciences 

utilizing bacteria in Nigerian soils contaminated 

with spent motor oil. Indian J. Microbiol, 1987; 27: 

63-87. 

3. Antai S. P and Mgbomo E.W. A Biodegradation of 

Used Engine Oil By Bacteria Isolated From Soil 

Contaminated With Used Engine Oil. J Biol. Appl 
chem, 1993; 38: 16-20. 

4. Atlas R. M and Bartha R. Microbial Ecology 

Fundamentals and Applications. 

Benjamin/Cumming Publishing Company, Inc., 

Menlo Park, California, 1992. 

5. Atlas R. M. Microbial degradation of petroleum 

hydrocarbons: an environmental perspective. 

Microbiol. Rev., 1984; 45: 180–209. 

6. Bhattacharya D., Sarma P. M., Krishnan S., Mishra 

S. and Lal B Evaluation of genetic diversity among 

Pseudomonas citronellolis isolated from oily sludge-

contaminated sites. Appl. Environ Microbiol, 2002; 
69(3): 1435-1441.  

7. Boonchan S., Britz M. L. and Stanley G. A. 

Degradation and mineralization of high molecular 

weight polycyclic aromatic hydrocarbons by defined 

fungal bacterial co-cultures. Appl. Environ. 

Microbiol, 2000; 66(3): 1007-1019. 

8. Buchanan R.E and dan N.E. Gibbons. Bergey's 

Manual of Determinative, 1974. 

9. Bacteriology. Baltimore. The Williaman Wilkins 

Co. Sheehan, D, Bioremediation Protocols-Methods 

in Biotechnology, Humana Press, New Jersey, 1997; 
60-63. 

10. Butler C. S. and Mason J. R. Structure-function 

analysis of the bacteria aromatic ring hydroxylating 

dioxygenases. Adv. Microb. Physiol, 1997; 38: 47-

84. 

11. Chaerun S. K., Tazaki K., Asada R. and Kogure K. 

Bioremediation of coastal areas 5years after the 

Nakhodka oil spill in the sea of Japan: Isolation and 

characterization of Hydrocarbon-degrading bacteria. 

Environmental international, 2004; 30(7): 911- 922.  

12. Cole M. A. and Liu Z. Plant and microbial 

establishment on pesticide contaminated soil 
amended with compost. Bioremediation through 

rhizosphere technology. J. Environ. Microbiol, 

1994; 21: 16-22. 

13. Deni J. and Penninck M. J. Nitrification and 

autotrophic nitrifying bacteria in hydrocarbon – 

pollutedsoil. Appl. Environ. Microbiol, 1999; 65: 

4008-4013. 

14. Dorsey Jr A. S, Rabe C. and Thampi S. 

Toxicological Profile for used mineral-based 

crankcase oil. Agency for Toxic Substances and 

Disease Registry, U.S. Department of Health and 
Human Services, 1997. 

15. Ezeji E. U., Anyanwu B. N., Onyeze G.O.C., 

Ibekwe V.I. Studies on the utilization of Petroleum 

Hydrocarbon by Micro Organism isolated from oil 

Contaminated Soil. Int. J. Nat. Appl. Sci., 2005; 

1(2): 122-128. 

16. Hagwell I. S., Delfino L. M., and Rao J. J. 

Partitioning of polycyclic aromatic hydrocarbons 

from oil into water. Environmental Science and 

Technology, 1992; 26: 2104–2110. 

17. Hubert C., Shen Y. and Voordouw G. Composition 

of toluene-degrading microbial communities from 

soil at different concentrations of toluene. Appl. 

Environ. Microbiol, 1999; 63: 3064-3070. 
18. Igwo-Ezikpe M. N., Gbenle O.G., Ilori M.O., 

Okpuzor  J. and Osuntoki A. A., Evaluation of 

Alcaligenes faecalis degradation of chrysene and 

diesel oil with concomitant production of 

biosurfactant. Res. J. Environ. Toxicol, 2009; 3(4): 

159-169. 

19. Jensen, V. Bacterial flora of soil after application of 

oily waste. Oikos, 1975; 26: 152-158. 

20. Leahy J. G. and Colwell R. R. Microbial-

Degradation of Hydrocarbons in the Environment. 

Microbiological Reviews, 1990; 54(3): 305-315.  

21. vely C. A and Cackette T. A Diesel Engine: 
Environmental Impact and Control. Air and Waste 

management Association, 2001; 57: 805-847. 

22. Lloyd C.A. and Cackette T. A. Diesel engines: 

Environmental impact and control.  J. Air Waste 

Manag. Assoc., 2001; 51: 809-847. 

23. Mandri T. and Lin J. Isolation and characterization 

of engine oil degrading indigenous microorganisms 

in Kwazulu-Natal South Africa. Afr. J. Biotechnol, 

2007; 6(1): 023-027. 

24. Michalcewicz W. The influence of diesel fuel oil on 

the number of bacteria, fungi, actinomycetes and 
soil microbial biomass. Rocz Panstw Zakl Hig, 

1995; 46(1): 91-97. 

25. Mishra S., Jyot J., Kudad R. C. and Lal B. 

Evaluation of inoculum addition to stimulate in situ 

bioremediation of oily-sludge contaminated soil. 

Appl. Environ. Microbiol, 2001; 67(4): 1675-1681. 

26. Nwaogu L.A Onyeze G. O.C, and Nwabueze R.N. 

Bacteria Isolated From Soil Contaminated with used 

engine oil.  Afri J. of Biotech, 2008; 18: 1937-1943. 

27. Prenafeta-Boldu X. F., Kuhn A., Dmam L., Anke 

H., Van Groenestijin J.W. and DeBont J.A.M. 

Isolation and characterization of fungi growing on 
volatile aromatic hydrocarbon as their sole carbon 

and energy source. Mycological Res, 2001; 4: 477-

484. 

28. Rahman K. S. M, Banat I. M., Thahira J. 

Bioremediation of gasoline contaminated with 

poultry litter, coir pith and rhamnolipid 

biosurfactant. J. Environ. Quality, 2002; 24: 19-28. 

29. Stegmann R., Lotter S. and Heerenklage J. 

Biological treatment of oil contaminated soils in 

bioreactors. J. Inter. Microbiol, 1991; 4(3): 231-235. 

30. Stevenson F.J. Human Chemistry.John Willey and 
Sons. Incorporation, New York, 1994; 312-314. 

31. Udeani T.K.C., Obroh A.A., Okwuosa C.N., 

Achukwu P. U. and Azubike N. Isolation of bacteria 

from mechanic workshops soil environment 

contaminated with used engine oil. Afr. J. 

Biotechnol, 2008; 8(22): 6301-6303. 

32. Umanu G., Akpe A. R. and Omoikhudu A. R. Oil 

degradation assessment of bacteria isolated from 



www.wjpls.org 

 

27 

Oladipo et al.                                                                                  World Journal of Pharmaceutical and Life Sciences 

used motor oil contaminated soils in Ota, Nigeria. 

International Journal of Advanced Biological 

Research, 2013; 3(4): 506-513. 

33. United State Environmental Protection Agency An 

Analysis of Composting as an   Environmental 

Remediation Technology. USEPA Solid Waste and 
Emergency Response (5305W), 2001; 530-R-98-

008: 2-38. 

34. Vidalii, M. Bioremediation: An overview. J. Pure 

Appl Chem, 2001; 73(7): 1163-1172. 


