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Abstract 

The accumulation of hydrocarbon waste, such as used engine oils in environments, has many 

impacts on humans and other organisms, therefore many researches were achieved to degrade or 

remove or consume these pollutants . The aim of the current study is to get a local bacterial 

isolates has high ability to degrade the spent engine oil as a single or mixed culture. Five soil 

samples contaminated with spent engine oil were collected from mechanic workshops in Baghdad 

city to isolate degrading bacteria using Bushnell Hans medium (BHM), pH 7 with 5%  of used 

engine oil. While the growth patterns and gravimetric analysis was used to reveal the ability of 

these isolates to degrade spent engine oil in liquid BHM medium. The best three isolates A4, B6 

and D5 were identified and the optimal temperature and pH for biodegradation of spending 

engine oil were studied. Also, the consortium culture of three isolates was tested their ability to 

utilize spent engine oil under the same conditions for single isolate. Twenty five bacterial isolates 

were obtained from contaminated soil samples and three isolates appeared a maximum 

degradation rate 74.6, 70.2 and 78.5%  respectively. The results from identification tests were 

showing these isolates belong to Bacillus sp., Acinetobacter sp. and Pseudomonas sp., 

respectively. The studied three isolates gave the best degradation when incubated at 30°C in 

BHM medium pH 7. While other results were indicated that consortium cultures are more 

effective 90.2%  than all experiments that used single isolate. 
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 َيخصاى

، الاخزي اىنبئْبث وىهب حبثُزاث مثُزة عيً الاّظبُ  ،حزامٌ اىَخيفبث اىهُذرومزبىُّت، ٍثو سَىث اىَحزمبث اىَظخخذٍت فً اىبُئت 

هذٓ اىَيىثبث. اىهذف ٍِ اىذراطت اىحبىُت هى اىحصىه عيً عشلاث  او اطخهلاك او اساىت ىخقيُو حٌ اجزاء اىعذَذ ٍِ الابحبد وىذىل

اىَظخهينت بشنو ٍشارع ٍفزدة او ٍخخيطت. جَعج خَض عُْبث ٍِ اىَحزمبث عيً ححيو سَىث قذرة عبىُت  ىذَهببنخُزَت ٍحيُت 

 Bushnellورع اىَُنبُّل فً ٍذَْت بغذاد ىعشه اىبنخُزَب اىَحييت ببطخخذاً وطظ   ٍِ اىخزبت اىَيىثت بشَىث اىَحزمبث اىَظخهينت

Hans (BHM)   ٍُْفٍ حُِ حٌ اطخخذاً اَّبط اىَْى واىخحيُو اىىسٍّ  % ٍِ سَج اىَحزك اىَظخخذً.5وبْظبت  7بزقٌ هُذروج

 A4 ،B6افضو ثلاد عشلاث شخصج ئو. اىظب BHMىينشف عِ قذرة هذٓ اىعشلاث عيً ححيو سَج اىَحزمبث اىَظخهيل فٍ وطظ 

قذرة اىعشلاث مَب حٌ اخخببر   .اىَظخهينت ىيخحيو اىحُىٌ ىشَج اىَحزمبثودرطج درجت اىحزارة اىَثيً ودرجت اىحَىضت  D5و 

اىثلاثت بصىرة ٍجخَعت عيً اطخهلاك سَج اىَحزك اىَظخهيل بْفض اىظزوف ىيعشىت اىَفزدة. حٌ اىحصىه عيً خَض وعشزَِ عشىت 

% عيً اىخىاىٍ. اظهزث ّخبئج 5..7و  7..7، 7..7وقذ اظهزث اىثلاد عشلاث اعيً ٍعذه ىيخحيو  ٍِ عُْبث اىخزبت اىَيىثت بنخُزَت

عيً اىخىاىٍ. اىعشلاث  .Pseudomonas spو   .Bacillus sp. ،Acinetobacter spاىخشخُص اُ هذٓ اىعشلاث حعىد ىلاجْبص 

. بَُْب اشبرث 7بزقٌ هُذروجٍُْ اىظبئو   BHMً فٍ وطظ ˚ .0اىثلاثت اىَذروطت اعطج احظِ ححيو عْذٍب حضْج بذرجت حزارة 

 اىعشىت اىَفزدة.فُهب % ىنو اىخجبرة اىخٍ اطخخذٍج 7..2اىْخبئج اُ اىَشارع اىَخخيطت هٍ امثز مفبءة بْظبت 

  : اىخحيو اىبُىىىجٍ , عشلاث بنخُزَت , سَج اىَحزمبث اىَظخهيل ذاىتاىنيَبث اى

Introduction 

Pollution with hydrocarbon materials and its products such as gasoline, fuel, engine oil, residues of 

fuel, and spent engine oil, has more attention according to their effects on environment pollution [1].  

The most important sources of soil pollution in Baghdad/ Iraq are due to the discharging of spending 

engine oils from cars and many types of machines used for generat ing the electricity and other 

purposes. The main pollutants in spending oils are the polycyclic aromatic hydrocarbons (PAHs) and 
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metals, these pollutants can be considered the main cause to occur the mutations and therefore the 

spread of cancer [3, 4]. A huge amounts of spending oils can be generated at each day from the 

processes to change the oils of cars and other engines in the mechanical workshops, therefore must be 

recycled. However, most of them is treated using the processes of incineration or dumping. So, the 

world need to other methods to recycle these pollutants to prevent their harmful effects on environment 

[5]. The remediation processes using bacteria and other organisms are depending on the ability of these 

organisms to degrade or remove or consume the hydrocarbon contaminants as a percentage or 

completely [6]. Harder (2004)[7], showed that the bioremediation process represents about for 5 to 10 

percent from the treatment methods used in for all methods used to treat spent oils or clean up the 

environment from them.  The use of mixed cultures in the processes of degradation to degrade the 

hydrocarbon wastes was achieved in many researches than those used the pure cultures [8]. Also in 

ecosystems, there are many microbial communities able to work together to degrade the oil pollutants , 

according to their ability to consume these pollutants and nature of environmental conditions in sites  

[9]. 

The aims of this study were focused on the isolation and screening of bacteria that degrade the spent 

engine oil and study the effect of temperature and pH on degradation of used oil, also the effect of 

single and mixed cultures on degradation was detected. 

Materials and Methods 

Collection of contaminated soils  

Soils contaminated with mainly spent engine oil were collected from five different areas of mechanic 

workshops in Baghdad city during 1-28 April, 2016. These selected sites were polluted with spent 

engine oil for a long time (more than 10 years). The 25 g of soil samples was taken by sterilizing 

spatula from a depth of 0-5 cm and transferred into a sterilized container
 
[10].  

Isolation of Bacteria 

 The samples of used engine oil-contaminated soils were used to isolate the bacteria by inoculating 1 g 

from them in flasks 50 ml of liquid Bushnell Haas medium (BH medium) supplemented with 5% spent 

engine oil as carbon source and then the flasks were incubated in shaker incubator 150 rpm at 30
o
C for 

7 days. After incubation period 0.1 ml from each flask was transferred into the plates of solid BH 

medium with 5% spent engine oil and incubated at 30
o
C for 3-5 days, then the single colonies grown 

on solid medium were sub-cultured into plates of nutrient agar [11].  

Monitoring of bacterial growth 

The bacterial growth in the liquid BH medium was determined according to the optical density of 

bacterial cultures at 600 nm using spectrophotometer [11].  

Extraction and determination of residual oil 

The residual of used engine oil in liquid BH medium was measured by gravimetric method, the BH 

medium of bacterial cultures 50 ml after incubation period was transferred into separating funnels and 

treated with dichloromethane 50 ml, and then the organic solvent layer was collected and filtered 

through 15g of sodium sulfate. The percentage of spending engine oil biodegradation was calculated 

according to following equation [10].  

                             
                                              

                        
     

Screening of bacterial isolates 

250 ml flasks of the sterilized liquid BH medium of pH 7 supplemented with 5% spent engine oil were 

used to screen the bacterial isolates for their efficiency to degrade used engine oil. The flasks were 

inoculated with isolates (one flask was left uninoculated as a positive control), then all flasks were 

incubated in shaker incubator 150 rpm for 10 days at 30
o
C. After incubation period growth of bacteria 

at 600 nm and residual of used engine oil in liquid medium were determined [12].  

Identification of selected isolates  

The most active bacterial isolates have been selected depending on their ability to consume the used  

engine oil in liquid medium, then these isolates were characterized to genus level based on colon y 

morphology, Gram staining, and biochemical tests (such as lactose fermentation, citrate, catalase, 

indole, methyl red, oxidase and etc.) according to the Bergey’s Manual[13].  
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Effect of temperature and pH on degradation 

The sterilized liquid BH medium supplemented with 5% spent engine oil was used to determine the 

effect of temperatures and pH values on degradation of used engine oil. 

The flasks of BH medium of pH 7 were inoculated by selecting isolates and incubated at different 

temperatures (20, 25, 30, 35 and 40˚C) for 10 days, while the effect of pH was studied by preparing BH 

medium with different pH values (5, 6, 7, 8 and 9) and then were inoculated by s electing isolates and 

incubated in 30˚C for 10 days. After the incubation period the bacterial growth and residual oil were 

determined [14].  

Biodegradation by single and consortium culture 

The consortium culture of Bacillus sp.,  Acinetobacter sp. and  Pseudomonas sp. was prepared by 

mixing equal volumes of pure bacterial cultures together, then the liquid BH medium, pH 7 with 5% 

spent engine oil was inoculated by single and consortium culture of selected isolates. The flasks were 

incubated in shaker incubator 150 rpm at 30˚C for 10 days, and then the bacterial growth and 

biodegradation of used engine oil were determined [15].  

Results and discussions 

Bacteria isolated from samples   

Twenty five bacterial isolates were obtained from the five soil samples collected from mechanic 

workshops using the solid BH medium, pH 7 supplemented with 5% spent engine oil as carbon source. 

The results of isolation processes as in Table (1) show a clear difference in the number of isolates 

obtained from each soil sample, this may be due to the nature of soil samples according to the quantity 

of contaminants in it and the length of pollution period. 

Table (1): Isolation the bacteria from samples of spent engine oil–contaminated soils collected from 

different regions of Baghdad city, using BH medium with 5% used engine oil as substrate. 

Soil samples Symbol Collection period Number of 

isolates 

Al-Jadriya A 1th April, 2016 5 

Al-Karrada K 7th April, 2016 2 

Al-Bayaa B 14th April,2016 9 

Al-Ghazaliyah G 21th April,2016 2 
Al-Dora D 28th April,2016 7 

                                                                              Total isolates =          25  

 

The current work corroborated the exist data on the indigenous bacteria that can utilize or metabolize 

hydrocarbons in any polluted site. Oil contaminated soil is the best source for the isolation of oil 

degrading bacteria and may be used for the isolation of other microorganisms. The isolated bacteria can  

be used for the degradation of different hydrocarbon containing oil and it can also be used for the 

remediation of contaminated sites. 

Screening of bacteria 

The twenty five bacterial isolates were investigated for their ability to utilize the used engine oil in 

liquid BH medium. The bacterial growth and biodegradation of used engine oil for inoculat ing isolates 

were measured as optical density at 600 nm and by gravimetric method. 

The results in Table (2) exhibited that the isolates have different capability to consume the substrate 

and the isolates A4, B6 and D5 appeared the highest growth rate 0.67, 0.61 and 0.73 respectively, 

compared with other isolates in this study.  
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Table (2): Primary screening of bacterial isolates in liquid BH medium, pH 7 with 5% spent engine oil, 

flasks incubated for 10 days at 30˚C.  

Isolates Bacterial 

growth at 

600 nm 

Isolates Bacterial 

growth at 

600 nm 

Isolates Bacterial 

growth at 600 

nm 

A1 0.29 B3 0.33 D1 0.44 

A2 0.44 B4 0.26 D2 0.39 

A3 0.11 B5 0.50 D3 0.41 
A4 0.67 B6 0.61 D4 0.26 

A5 0.09 B7 0.46 D5 0.73 

K1 0.09 B8 0.17 D6 0.52 

K2 0.16 B9 0.31 D7 0.22 

B1 0.24 G1 0.28   
B2 0.42 G2 0.08   

 

However, the experiment of degradation for spent engine oil showed also a high variation between the 

isolates about their ability to degrade the spent oil as in Table (3), the results also proved that the 

isolates A4, B6 and D5 are more efficient isolates to degrade the spent oil 74.6%, 70.2% and 78.5% 

respectively, compared with other isolates.  

Table (3): Secondary screening of bacterial isolates in liquid BH medium, pH 7 with 5% spent engine oil, 

flasks incubated for 10 days at 30˚C. 

Isolates Biodegradation 
(%) 

Isolates Biodegradation 
(%) 

Isolates Biodegradation 
(%) 

A1 45.3 B3 55.9 D1 63.1 

A2 62.6 B4 53.3 D2 58.5 
A3 39.4 B5 67.3 D3 59.4 

A4 74.6 B6 70.2 D4 49.9 

A5 32.9 B7 63.8 D5 78.5 

K1 29.4 B8 47.8 D6 69.2 

K2 41.2 B9 54.6 D7 51.2 
B1 50.1 G1 52.3   

B2 60.7 G2 26.5   

 

These results indicate that this bacterial isolate utilized engine oil as a sole source of carbon and 

energy. Enriched culture of five soil samples was spread into the BH agar plates which are the selective 

media for oil degrading bacteria.  

Identification of bacteria 

The most active bacterial isolates A4, B6 and D5 for degradation of used engine oil were identified 

according to morphological and biochemical tests. The results in Table (4) indicate that the isolates A4, 

B6 and D5 belong to Bacillus sp., Acinetobacter sp., and Pseudomonas sp., respectively.  
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Table (4): Morphological and biochemical tests to identify the isolates. 

Tests A4 B6 D5 

Form Circular Round Circular 

Surface Smooth Smooth Smooth 

Color Cream Cream 

 

Whitish 

 
Margin Undulate Entire Entire 

Elevation Raised Slightly raised Convex 

Opacity Opaque Opaque Translucent 

 

Gram stain Positive negative negative 
Catalaes + + 

 

+ 

 

Oxidase + 

 

- 

 

+ 

 

Citrate utilization + 
 

+ 
 

+ 
 

Lactose ferment. - 

 

- 

 

- 

 

H2S production + 

 

- 

 

- 

 
Methyl red - 

 

- 

 

- 

 

Nitrate reduction + 

 

- 

 

+ 

 

Indol - 
 

- 
 

- 
 

Urease - 

 

- 

 

- 

 

Motility + 

 

- 

 

+ 

 

 

Such results are similar to those obtained by [16] who revealed that the Pseudomonas, Bacillus, 

Proteus, Salmonella and Streptococcus were isolated from oil contaminated soil samples, two of these 

bacteria (Pseudomonas and Bacillus) have been reported to be among the most frequently isolated 

bacteria from hydrocarbon-polluted sites [17,18]. Thenmozhi et. al., (2011) [11] have isolated three 

bacterial isolates which are able to consume spent oil as substrate. The isolate Pseudomonas 

aeruginosa was given the best result for oil degradation 81% after 30 days of incubation, while the 

Serratia marcescens and Bacillus licheniformis gave 72% and 60% respectively under the same 

conditions. 

The results of this study have proven Pseudomonas species are the most common bacterial 

hydrocarbon degraders which is agreed with that reported in  the literature [19-20]. Acinetobacter spp. 

is widespread in nature and can remove or degrade a wide range of organic compounds [21] and 

inorganic compounds [22]. 

Effect of temperature and pH on degradation 

The optimal temperature to degrade used engine oil by Bacillus sp., Acinetobacter sp. and 

Pseudomonas sp. were studied in liquid BH medium supplemented with 5% substrate as carbon source. 

The results of the growth rate and biodegradation are demonstrated in Figures (1,2) respectively, which 

show that the best growth and degradation rate were obtained at 30˚C compared with other studied 

temperatures. Also the results revealed that the Pseudomonas sp. has given the highest ability to 

degrade spent engine oil 78.9%, while other isolates Bacillus sp. and Acinetobacter sp. have given 

74.7% and 70.4% respectively.  
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Fig. (1): Effect of temperature on bacterial growth of three isolates in liquid BH medium with 5% used 

engine oil, pH 7 after 10 days of incubation. 

 

 

Fig. (2): Effect of temperature on degradation rate of used engine oil by three isolates in liquid BH medium, 

pH 7 after 10 days of incubation. 

The effect of pH on using engine oil degradation by Bacillus sp., Acinetobacter sp. and Pseudomonas 

sp. were investigated using liquid BH medium with 5% spent oil as substrate. Figures (3,4) show 

different ability to grow and degrade the spent oil by three isolates with different pH values. The 

maximum growth and degradation has been obtained at pH 7 by three isolates, while the Pseudomonas 

sp. has appeared maximum degradation (79.1%) for spending engine oil compared with other isolates 

Bacillus sp. and Acinetobacter sp. which has given 74.8% and 70.5% respectively.  

 

 

 

 

 

 

 

Fig. (3): Effect of pH values on bacterial growth of three isolates in liquid BH medium, pH 7 with 5% used 

engine oil after 10 days of incubation. 
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Fig. (4): Effect of pH values on degradation rate of used engine oil by three isolates in liquid BH medium 

after 10 days of incubation. 

These results, at a temperature of 30˚C, is in good agreement with that reported by [23] who found that 

the temperature between 30-37˚C showed the maximum degradation for spent engine oil by a microbial 

consortium at neutral or slightly alkaline pH of the medium.  

Biodegradation by single mixed culture 

 The ability of single and a consortium culture of Bacillus sp.,  Acinetobacter sp. and  Pseudomonas sp. 

were tested in order to determine their ability to grow and consume the spent engine oil using BH 

medium with 5% substrate, after 10 days of incubation the bacterial growth and remaining spent oil in 

flasks will be calculated.  

According to the results from a Table (5) the consortium culture has appeared the highest ability 0.94 

and 90.2% as bacterial growth and oil degradation respectively, compared with single isolate of 

Bacillus sp., Acinetobacter sp. and Pseudomonas sp. 

Table (5): Effect of single and consortium culture on bacterial growth and biodegradation of used engine oil 

in liquid BH medium after 10 days. 

Type of inoculum Bacterial growth 

at 600 nm 

Percentage of 

biodegradation % 

Bacillus sp. 0.68 74.8 

Acinetobacter sp. 0.63 70.5 

Pseudomonas sp. 0.75 79.1 
Consortium culture 0.94 90.2 

 

This is in accordance with other reports
 
[24,25] who have revealed that the biodegradation of the used 

engine oil by mixed cultures was more effective, because some species in mixed culture can be 

consume the intermediates compounds released from degradation processes of oil, their products and 

hydrocarbon wastes, while other species in the mixed culture can be lead to utilize all these pollutants 

and their byproducts 
[31; 32]

. The most important reduction is related to the nature of species in the 

consortium culture that can consume 90% of aliphatic compounds during 30 days under same 

environmental conditions. 

 The best reduction of hydrocarbons was seen when used the Pseudomonas aeruginosa [11]. The pure 

culture of Pseudomonas aeruginosa was appeared the maximum ability to degrade 53.44% of engine 

oil within 30 days, while Bacillus sp. gave 34.92% value for engine oil degradation under the same 

conditions [25]. 

 The single organisms often prefer to use when the process done on one hydrocarbon substrate [26]. 

However, a mixed culture of different bacterial species is usually used to produce all enzymes 

necessary for complete degradation of complex mixtures of hydrocarbons [27]. 
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