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Abstract: Biodegradability of visco 2000-SAE20 (V20) and superV-SAE20 (S20) engine oils by fungi isolated 

from soil polluted soil was investigated for a period of twenty-eight (28) days. Two different samples of the 

engine oils; Visco 2000-SAE20 (V20) and Super-V SAE 20 (S20) were investigated. Soil from a mechanic 

workshop in Aluu community near University of Port Harcourt served as seed for the biodegradation. The study 

was carried out at room temperature (28-29
0
C). The pH of the test systems ranged from 6.2 to 4.9 where the 

heterotrophic fungal count for the first day were 2.8x10
2
 and 2.2 x10

3
 for V20 and S20 the corresponding count 

in day 28 were 2.7 x10
4
 and 4.2 x10

3
 in colony forming unit per milliliters (cfu/ml). The hydrocarbon utilizing 

fungal isolates were identified as Aspergillus, Fusarium, Mucor, Penicillium, Rhizopus, and Saccharomyces. 

The physicochemical analysis showed that nitrate, phosphate, sulphate, biochemical oxygen demand, (BOD), oil 

and grease content and total organic carbon (TOC) decreased with time. 

Key Words: Engine Oils, Fungi, Polluted Soil, Total Organic Carbon (TOC) and Biochemical Oxygen Demand 

(BOD). 

 

I. Introduction 
All activities of using crude oil led to pollution risks that can be minimized, but not totally eliminated, 

causing several problems in the environment [15]. Engine oils can be classified based on their composition, 

chemical structure, molecular weight as well as their mode of application. High duty machines such as vehicle 

engines and some industrial machines used in food processing plants. Engine oil could either be mineral oil 

based or synthetic. Mineral oil based engine oils are derived from crude petroleum unlike the synthetic oil ones, 

which are products of chemical synthesis of hydrocarbon compounds. The chemical analysis of engine oils 

revealed that they contain a high content of polycyclic aromatic hydrocarbon (naphthalene, anthracene, phenols, 

and other derivatives) and a small fraction of aliphatic hydrocarbons (nC15-nC40). Degradability of engine oils is 

crucial since most of the mechanical methods used to reduce hydrocarbon pollution is expensive, time 

consuming and depends mainly on soil excavation and treatment in a separate facilities.  Though these 

treatments are effective but after burning, these soils lose their nutritional value and structure. These methods do 

not remove the contamination but only relocate the problem [8]. Microbial degradability is accomplished with 

the help of diverse group of microorganisms, particularly indigenous fungi present in soil which are ubiquitous 

in nature. These organisms can degrade a wide range of target constituents present in oil sludge [9]. The 

biodegradability of oil pollutants has been intensively studied in controlled conditions [3] and in open field 

experiments [4].The aim of this work is to determine the ability of indigenous fungi to utilize visco 2000-SAE20 

(V20) and superV-SAE20 (S20) as carbon source and for growth thus degrading both petroleum fractions. In 

addition, the effect of physicochemical parameters influencing the hydrocarbon biodegradation was also 

investigated. 

 

II. Materials And Methods 
The soil samples were collected at Aluu community near the University of Port Harcourt, Rivers State, 

Nigeria. Soil samples for biological analysis were obtained from different points (about eight meters apart) and 

pooled together to form composite samples. Two types of unused engine oils produced by African Petroleum 

(AP) were obtained from the filling station located beside University of Port Harcourt road, Choba, Rivers State, 

Nigeria. The various types which include Visco 2000-SAE20W and Super V-SAE20W were aseptically taken to 

the laboratory for analysis. The soil sample was weighed and 10g was dissolved in 90ml of distilled water to 

obtain a ten-fold dilution of the soil sample. Toxicity test was conducted to obtain non-toxic concentration. The 

test was conducted by measuring equal volumes (10ml) from the 10-fold dilution of the soil sample into four 

conical flasks. Different volumes of 0.1ml, 1.0ml and 10.0 of the engine oils were transfer into the flasks. One 

of the flasks served as control which was free from engine oil. The volumes were made up to 100ml with sterile 
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distilled water. This resulted to concentrations of 1mg/l, 0.1mg/l and 0.01mg/l of the engine oils. The cultures 

were incubated for 48 hours at room temperature. The non toxic concentrations of the engine oils were 

determined by plating out in an acidified Potato Dextrose Agar (PDA) at room temperature for five days. The 

sample inoculated with engine oil that produced similar counts with control after two days of incubation was 

taken as the non toxic concentration of the engine oil [11]. 

The biodegradation conditions of the experimental set up were monitored by withdrawing the samples 

before initiation of the experiment on the first day and subsequently at day 7, 14, 21 and 28 for microbiological 

and physicochemical analysis. Total heterotrophic fungal (THF) counts of the withdrawn samples were 

performed. Serial dilution using normal saline (0.85%) as diluents was done and spread plate technique was 

adopted [13]. Acidified potato dextrose agar which is used for fungal growth was inoculated and incubated at 

room temperature for 5days. Vapour phase transfer method was adopted in estimating the population of 

hydrocarbon utilizing fungi [1]. Acidified mineral salt agar with a sterile filter paper (whatmann No. 1) saturated 

with the oil  which supplied the hydrocarbon by vapour phase transfer to the inocula were incubated at room 

temperature for 8 days and the colonies were counted, taking note of each of the characteristic isolate. 

Physicochemical analyses were conducted, such as pH, total organic carbon, biochemical oxygen demand 

(BOD), oil and grease analysis, alkalinity analysis, sulphate content, nitrate content and phosphate content to 

determine the rate of degradability of the oils through the investigation period. 

 

Table 1.  Non-toxic concentration determination (cfu/ml) 
S/N                   Oil Sample                                                         Concentration (mg/l) 

                                                              1.0                                         0.1                                        0.01 

1. V20                       5.22x102                                  8.42x102                                 2.11x103 

 
2. S20                        8.92x102                                  1.24x103                                 2.96x103 

 

3. Control (without oil) 2.81x103 

 

 
 

Fig 2. Change in total heterotrophic fungal count (Log cfu/ml) of the test system 

 

 

 

 
Fig 3. Change in percentage (%) of total organic carbon of the test system 
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Fig. 4. Change in pH of the medium for the test systems. 

 

 

 

 
Fig. 5. Change in BOD OF the test systems. 

 

 

 
 

Fig. 6. Change in concentration of nitrate content for the test systems. 

 

 

 

 
Fig. 7. Change in oil and grease of the test systems. 
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Fig. 8. Change in the concentration of sulphate content of the test systems. 

 

 

 
Fig. 9. Change in the concentration of phosphate content of the test systems. 

 

 

 
Fig. 10. Change in alkalinity of the test systems. 

 

III. Results 
The dilution on which the values were equivalent or almost equivalent to the control were considered 

as the non toxic concentration as in 0.01mg/ml in the table. The characteristics and identities of the fungal 

isolates from the various oils include the general; Aspergillus, Fusarium, Mucor, Penicillium, Rhizopus, and 

Saccharomyces. The results of the physicochemical analyses for the various engine oils for the period of 28 days 

are showed in the figures above. The pH obtained in comparison on the first day and twenty-eight day 

apparently decreased from 6,2 to 4.9. Observation showed that the percentage change in total organic carbon 

value (0.626) for V20 at the first day shows that 30.03% remained after 28 days. This means that it is  

apparently the least degradable sample while the TOC value (0.622) for S20 had 16.24% remaining after 28 

days which  apparently the highest degradable sample. The decrease during the 28 days biodegradation process 
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observed for the parameters indicated that there were active utilization of oxygen and other nutrients available in 

the test system. The pH profile obtained generally fell between the optimum range of 4.9 and 6.2 which favors 

most of the fungi, it showed that microorganisms utilizing hydrocarbon as nutrient produce metabolic products. 

These metabolic products must have contributed to the reduction in pH readings. It was also observed that the 

nutrients (sulphate, phosphate and nitrate) decreased considerably with time as the research elapses. The 

decrease is understandable as they were used in the metabolism of microorganism in building biomass. There 

also a correspondence in the utilization of phosphate, sulphate and nitrate indicating their relative importance in 

cell metabolism as stated by Odum’s combine law. The biochemical oxygen demand (BOD) of the media were 

decreasing as the study progressed indicating that the oxygen content in the medium is been utilized by the 

heterotrophic fungi. 

 

IV. Conclusion 
Engine oils have been found to be susceptible to microbial attack and hence biodegradation or even 

biodeterioration of unused engine oils can occur. Microorganisms are known to attack engine oils [14]. The 

fungal isolates identified as Aspergillus, Fusarium, Mucor, Penicillium, Rhizopus, and Saccharomyces has been 

reported to degrade petroleum products [7, 9].  There were appropriate fungal populations in the samples, 

hydrocarbon degradation were near impossible if necessary nutrients were not available. It is well established 

that the availability of nitrogen and phosphorus limit the microbial degradation of hydrocarbons [11]. From the 

graphs, it was observed that the phases of growth followed a normal batch growth curve pattern. The results of 

the research have shown that the degradability of the engine oils by fungi were positive and in accordance with 

the previous researches. Time series degradation processes by indigenous microorganisms from the soil have 

shown to be relatively efficient in the breaking down of petroleum products as evidently indicated by the 

physicochemical analysis.  
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