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1. INTRODUCTION 

Crude oil contamination has significant impacts on soil quality 
and long-term soil health. The presence of crude oil leads to 
changes in soil physicochemical properties, such as increased 
acidity, reduced cation exchange capacity, and altered mineral-
ization processes [1]. It also affects the microbial community, 
reducing microbial diversity and biomass [2]. Nitrifying bacteria 

 

 
 
 
 

 

which play a crucial role in soil fertility, are particularly sensitive 
to crude oil pollution, with increased activity and abundance in 
polluted soils [3]. However, the dominance of certain nitrifier 
genera may shift in polluted soils [4]. Crude oil contamination 
also affects soil enzymes, such as lipases and catalase, which 
are early sensitive bioindicators of soil quality [5]. The long-term 
 
 
 
 
 
 

   ABSTRACT  

Soil pollution with oily residues is one of the biggest challenges facing the environment. Microorganisms, especially 
Pseudomonas aeruginosa play an important role in decomposing oil in soil. The current study aims to highlight the role of 
P. aeruginosa and the synergistic effect of other microorganisms in cleaning the soil from oily residues. Here, nine isolates 
of P. aeruginosa were isolated from soil contaminated with oil. Use biochemical methods and VITIK II technology in 
identifying the isolates. An oil-contaminated soil model was established in the laboratory, and eight experimental groups 
were used in the current study; group a, sterilized soil mixed with crude oil and P. aeruginosa (OD600: 0.8); group b, soil 
mixed with crude oil and P. aeruginosa (OD600: 0.8); group c, sterilized soil mixed with crude oil; group d, soil mixed with 
5 ml of crude oil; group e,  sterilized soil mixed with waste cooking oil (WCO) and P. aeruginosa (OD600: 0.8); group f, soil 

mixed with WCO and P. aeruginosa; group g, sterilized soil mixed with WCO; group h, soil mixed with WCO. The results 
showed that the highest percentage of decrease in WCO and crude oil was found in the soil group that was not sterilized in 
the presence of P. aeruginosa. A moderate rate of decomposition was also found in soil that had not been sterilized, and 
also in sterilized soil in the presence of P. aeruginosa. The sterilized soil (only) did not show any significant decrease in the 
WCO and crude oils. It can be concluded that P. aeruginosa is capable of decomposing WCO and crude oils and the presence 
of other soil microorganisms has increased the rate of decomposition of oil in the soil, which confirms the synergistic role 
of microorganisms and P. aeruginosa in decomposing WCO and crude oils.  
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impacts of crude oil pollution on soil health include reduced plant 
growth, altered soil pH, and changes in nutrient content. It is 
important to develop effective remediation methods to mitigate 
the negative effects of crude oil pollution on soil health. 

Pseudomonas aeruginosa is a bacterium that has been found in 
soil samples contaminated with oil residues [6]. It has also been 
discovered in the soil surrounding the roots of plants and public 
gardens [7]. Environmental isolates of P. aeruginosa have been 
examined and found to have various antibiotic resistance 
profiles [8]. Additionally, P. aeruginosa has been studied for its 
potential in the treatment of synthetic and real textile 
wastewater. P. aeruginosa is an important member of the soil 
microbial community and plays a significant role in the regulation 
of the agricultural soil ecosystem [9]. 

P. aeruginosa is effective in treating oil-contaminated areas. The 
strain P. aeruginosa (DKB1) has been shown to have high 
hydrocarbon degrading potential and can effectively recover 
hydrocarbon-polluted environments [10]. Another study found 
that the combination of P. aeruginosa, Achromobacter sp., and 
a bio-surfactant crude product resulted in the remarkable 
degradation of petroleum-contaminated soil and petroleum 
hydrocarbons in oil sludge [11]. Additionally, P. aeruginosa 
strains have been isolated and identified as capable of n-
Hexadecane biodegradation, making them suitable for 
bioremediation of hydrocarbon-contaminated soils [6]. The 
present study aims to identify the potential role of P. aeruginosa 
isolated from the contaminated area with crude oil in the 
bioremediation of crude oil in the laboratory. 

1. MATERIALS and METHODS  

2.1. Isolation and identification of P. aeruginosa  

Seventy samples of soil (one gram) were collected from different 
depths ranging from 1 to 10 cm from soil contaminated with 
crude oil residues and from different areas in Iraq. The samples 
were placed in a sterile plastic container and then transported to 
the laboratory. The soil samples were placed in sterile test tubes 
and 10 ml of sterile normal saline was added to each tube. The 
test tubes were shaken gently. 100 µl of suspension was 
inoculated onto MacConkey agar and Cetrimide agar. 
Biochemical tests, as well as morphological characteristics of 
colonies, were used to identify P. aeruginosa isolates. The 
VITEK® 2 Compact system (BioMérieux) was used to further 
identification of P. aeruginosa isolates. The isolates were 
inoculated onto nutrient agar (37 oC for 18) and stored at 4 oC 
for 2 to 4 weeks.   

2.2. Experiment 

In this experiment, the effect of P. aeruginosa on the crude oil 
that contaminated the soil was evaluated in the lab. Four 
experimental groups were prepared in 12.5 cm diameter glasses 
Petri dishes.  

• Group a, 50 grams of autoclaved soil (121 oC, 15 ps, 15 min) 

mixed with 5 ml of crude oil and 5 ml of overnight growth P. 

aeruginosa in nutrient broth (optical density at 600 was 0.8). 

• Group b, 50 grams of soil mixed with 5 ml of crude oil and 5 

ml of overnight growth P. aeruginosa in nutrient broth (optical 

density at 600 was 0.8). 

• Group c, 50 grams of autoclaved soil (121 oC, 15 ps, 15 min) 

mixed with 5 ml of crude oil (control). 
• Group d, 50 grams of soil mixed with 5 ml of crude oil (control). 

• Group e,  50 grams of autoclaved soil (121 oC, 15 ps, 15 min) 

mixed with 5 ml of waste cooking oil (WCO), and 5 ml of 

overnight growth P. aeruginosa in nutrient broth (optical 

density at 600 was 0.8); 

• group f, 50 grams of soil mixed with 5 ml of WCO and 5 ml of 

overnight growth P. aeruginosa in nutrient broth (optical 

density at 600 was 0.8); 

• Group g, 50 grams of autoclaved soil (121 C, 15 ps, 15 min) 

mixed with 5 ml of waste cooking oil (WCO) (control). 

• Group h, 50 grams of soil mixed with 5 ml of WCO (control).  

The plates were incubated for 4 days at 37 oC. The amounts of 
crude oil and WCO were measured before and after incubating 
to evaluate the changes in the levels of crude oil and WCO. 

2.3. Total of crude oil and WCO 

The standard method of Jayashreel et al. (2012) was followed 
to measure the amount of remaining oil in the soil that was either 
treated with bacteria or untreated with bacteria to check the 
changes in the amount of oil. Briefly, 50 ml of chloroform was 
added to each soil sample and mixed well. The samples were 
centrifuged at 6000 rpm for 30 min. The supernatants were 
collected and put in clean and dried petri dishes. The dishes 
were dried at 60 oC for 60 min to evaporate the chloroform [12]. 
The remaining oil was weighed. The following equation was 
followed to calculate the percentages of lost oil.      

𝑙𝑜𝑠𝑡 𝑜𝑖𝑙 (%) =
𝑊𝑖𝑒𝑔ℎ𝑡 𝑜𝑓 𝑜𝑖𝑙 𝑏𝑒𝑓𝑜𝑟𝑒 𝑡𝑟𝑒𝑎𝑡𝑒𝑚𝑛𝑒𝑡−𝑊𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑜𝑖𝑙 𝑎𝑓𝑡𝑒𝑟 𝑡𝑟𝑒𝑎𝑡𝑒𝑚𝑛𝑒𝑡 

𝑊𝑖𝑒𝑔ℎ𝑡 𝑜𝑓 𝑜𝑖𝑙 𝑏𝑒𝑓𝑜𝑟𝑒 𝑡𝑟𝑒𝑎𝑡𝑒𝑚𝑛𝑒𝑡
𝑥100    

  

2.4. Statistical analysis 

Student t-test was employed to evaluate the changes in the lost 
oil before and after treatment. The values were presented in 
mean ±SD.     

3. RESULTS 

3.1. Bacterial isolates 

In the current study, nine isolates of P. aeruginosa (Pa1 – Pa9) 
were isolated and identified. The ability of these isolates to bio-
degrade the WCO and crude oil was measured. It was found 
that isolate number five (Pa5) showed the highest ability to 
depredate fats as well as crude oil. Therefore, this isolation was 
used to estimate the ability of P. aeruginosa to bio-degrade the 
crude oil and WCO in the soil under different conditions. 

3.2. Role of P. aeruginosa in degrading crude oil 

Fig. 1 shows the percentage of loss of crude oil after 96 h of 
incubation at 37 oC. The results showed that the highest 
percentage of loss (decomposition) of crude oil was seen in the 
soil that had not been previously sterilized with autoclave and to 
which the P. aeruginosa was added (26 %) followed by the 
percentage decrease in crude oil in soil that was not sterilized 
with autoclave and in which P. aeruginosa was not added, which 
indicates the role of other microorganisms and their enzymes in 
the soil on the degrade of crude oil (18%). The soil sterilized with 
autoclave, to which P. aeruginosa was added, gave a 
percentage of decomposition in crude oil reached to 14%. No 
significant decrease in crude oil was recorded in the soil that 
was sterilized by autoclaves, and P. aeruginosa was not added, 
which confirms the role of microorganisms in the decomposition 
of crude oil.  
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Fig. 1. Percentage of lost crude oil from contaminated soil with crude oil at 

different time intervals (0 and 96 h). Group a, 50 grams of autoclaved soil 

(121 oC, 15 ps, 15 min) mixed with 5 ml of crude oil and 5 ml of overnight 

growth P. aeruginosa in nutrient broth (optical density at 600 was 0.8). 

Group b, 50 grams of soil mixed with 5 ml of crude oil and 5 ml of overnight 

growth P. aeruginosa in nutrient broth (optical density at 600 was 0.8). 

Group c, 50 grams of autoclaved soil (121 oC, 15 ps, 15 min) mixed with 5 

ml of crude oil (control).Group d, 50 grams of soil mixed with 5 ml of crude 

oil (control). Asterisks indicate a significant difference from the 

corresponding group at zero time (P<0.05).  

3.3. Role of P. aeruginosa in degrading WCO  

A similar finding was seen in the case of soil that was 
contaminated (in Lab) with WCO. The results showed that the 
highest percentage of loss (decomposition) of WCO (40.1 %) 
was seen in the soil that had not been previously sterilized with 
autoclave and to which the P. aeruginosa was added, followed 
by the percentage decrease in WCO in soil that was not sterili-
zed with autoclave (no P. aeruginosa was not added), which 
indicates the role of other microorganisms and their enzymes in 
the soil on the degrade of WCO (20.8%). The soil sterilized with 
autoclave, to which P. aeruginosa was added, gave a percent-
age of decomposition in WCO reached to 14%. No significant 
decrease in WCO was seen in the soil that was sterilized by 
autoclaves (P. aeruginosa was not added), which confirms the 
role of microorganisms in the decomposition of crude oil.  
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Fig. 2. Percentage of lost waste cooking oil (WCO) from the soil 

contaminated with WCO at different time intervals (0 and 96 h). Group e, 

50 grams of autoclaved soil (121 oC, 15 ps, 15 min) mixed with 5 ml of WCO 

and 5 ml of overnight growth P. aeruginosa in nutrient broth (OD600 was 

0.8). Group f, 50 grams of soil mixed with 5 ml of WCO and 5 ml of overnight 

growth P. aeruginosa in nutrient broth (OD600 was 0.8). Group g, 50 grams 

of autoclaved soil (121 oC, 15 ps, 15 min) mixed with 5 ml of WCO (control). 

Group h, 50 grams of soil mixed with 5 ml of WCO (control). Asterisks 

indicate a significant difference from the corresponding group at zero time 

(P<0.05).  

The results of the current study, as shown in Figs 1 and 2, 
demonstrated the ability of P. aeruginosa bacteria and soil 
microorganisms to decompose WCO faster and higher than 
their ability to decompose crude oil. 

4. DISCUSSION 

There are several microorganisms involved in the 
decomposition of oil in soil that have been found to have a 
strong ability to degrade crude oil and its fractions, as well as 
other hydrocarbon contaminants in soil including bacteria such 
as Burkholderia, Mycobacterium, Polaromonas, Pseudomonas, 
Bacillus anthracis, Bacillus cereus, Achromobacter sp., and P. 
aeruginosa, as well as fungi such as Aspergillus lentulus, 
Rhizopus arrhizus, Galactomyces geotrichum, and Trichoderma 
virens [13]. They contribute to the decomposition process by 
utilizing various metabolic pathways and catabolic genes to 
break down the hydrocarbons into less harmful compounds. The 
presence and abundance of these microorganisms in oil-
contaminated soil can vary depending on the specific 
contaminants and their concentrations, but they are capable of 
effectively removing oil from the environment [14]. 
In the current study, eight groups of laboratory soil models were 
used. Sterilized soil by autoclave and non-sterilized soils were 
contaminated with two types of oils (crude oil and WCO). P. 
aeruginosa was added to some of the soil groups (as shown in 
the results chapter). The results showed that the P. aeruginosa 
were able to degrade crude oil as well as WCO with good 
efficiency, but it was noted that the ability of this bacteria to 
decompose oil was high in non-sterilized soil, which shows the 
role of microorganisms supporting P. aeruginosa in 
decomposing oils in soil. The results of this study greatly support 
the possibility of using microorganisms, especially P. 
aeruginosa in cleaning soil from oils. 
Microorganisms in soil have specific enzymes and metabolic 
pathways involved in the decomposition of oil. These enzymes 
include lipases, dehydrogenases, hydrolases, oxygenases, and 
isomerases [15]. Lipase-producing microorganisms, such as P. 
aeruginosa have been found to directly degrade waste oil and 
promote the degradation of oily waste [16]. The metabolic 
pathways involved in the degradation of oil compounds include 
the degradation of aliphatics, aromatics, asphaltenes, and 
waxes. These pathways are utilized by diverse aerobic and 
anaerobic bacteria, as well as fungi, for the biodegradation of 
petroleum hydrocarbons. By understanding these enzymes and 
metabolic pathways, it is possible to develop bacterial consortia 
for the efficient degradation of oil-contaminated soils. 

5. CONCLUSION 

The results showed the ability of P. aeruginosa bacteria to 
decompose the crude oil as well as WCO with good efficiency, 
but it was noted that the ability of this bacteria to decompose oil 
was high in cooperation with other soil microorganisms, which 
shows the role of microorganisms supporting P. aeruginosa 
bacteria in decompose the oils in soil. The results of this study 
greatly support the possibility of using P. aeruginosa and other 
normal soil microorganisms’ flora in cleaning soil from oils. 
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