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Abstract— Used engine oil is a petroleum or synthetic oil 

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

contaminated by physical and chemical pollutants. These 

pollutants are harmful to humans, animals and plants 

following exposure. Evaluation of the effectiveness of fungi in 

bioremediation of used engine oil (UEO) contaminated soil 

was investigated. Fungi were isolated from soil samples 

obtained from automobile workshops in Mgbuka-Nkpor, 

Nigeria. The isolates were screened for UEO biodegradation 

potentials in mineral salt broth. They were identified using 

the cultural and microscopic characteristics and confirmed 

using the 18SrRNA gene sequence. The effectiveness of the 

isolates in bioremediation of UEO contaminated soil was 

also investigated using bioaugmentation technique. A total of 

8 fungal isolates were obtained from this study. Two that 

showed the highest extent of biodegradation of UEO in the 

screen flasks were identified and confirmed as Candida 

tropicalis and Aspergillus clavatus. At the end of the 

experimental period, oil contaminated soil inoculated with 

the mixed culture of the isolates (C. tropicalis and A. 

clavatus) showed the highest reduction in concentration of 

UEO (95.42%). Higher biodegradation rate and shorter half-

life of total petroleum hydrocarbon (TPH) was observed in 

soil microcosm containing the isolates, when compared to 

the uninoculated control. Therefore fungi such as C. 

tropicalis and A. clavatus isolated from automobile 

workshops can facilitate the bioremediation of UEO 

contaminated soil. 

Keywords— Aspergillus clavatus, bioremediation, 
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I. INTRODUCTION 

The petroleum hydrocarbons are hazardous to various 

forms of terrestrial and aquatic life like fish, bird and human, 

and are also carcinogenic, mutagenic and potentially 

immunotoxigenic [1]. Indiscriminate disposal of used engine 

oil into gutters, water drains, open vacant plots and 

farmlands, has led to contamination of soil with 

hydrocarbons, resulting in serious hazardous effects to 

human health, animals and plants, as well as  pollution of 

groundwater, which has limited its use. The traditional 

physical and chemical treatment approaches to clean up the 

petroleum hydrocarbons are expensive and appear ineffectual 

as they do not lead to complete mineralization, and awfully 

can produce toxic byproducts or residues. In contrast, as an 

innovative and eco-friendly strategy, bioremediation 

involving microbial agents, such as protozoa, bacteria, fungi, 

plants offers successful alternatives to clean-up the petroleum 

pollution [2]. Biological methods can have the edge over 

these treatments in removing oil spills. Bioremediation 

technology is a safe, economical, more efficient, reliable 

method that is harmless and ecofriendly [3, 4].  

Many microorganisms such as bacteria, fungi, and 

yeast use their enzymatic activity to utilize hydrocarbons as a 

sole carbon source [4, 5, 6]. Among fungal bioremediating 

agents, mold species of Aspergillus, Penicillium, Fusarium, 

Amorphoteca, Paecilomyces, and Talaromyces, and yeast 

species of Candida, Yarrowia, and Pichia have been 

recognized in hydrocarbon degradation and its derivatives [7, 

8]. Fungi have advantages over other microorganisms in that 

they produce classes of enzymes that can interact with 

several types of polycyclic aromatic hydrocarbons with a 
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fairly high degree of non-specific activity. Fungi are also 

tolerant to high concentrations of recalcitrant compounds and 

are able to flourish in extreme conditions. Some recent 

studies have reported the use of a mixed population of fungal 

strains that could enhance biodegradation efficiency, 

especially on high concentrations of oil [6, 9].  

Bioaugmentation is an approach that involves 

introduction of microorganisms that possessed 

biodegradation potentials into the contaminated environment 

to assist the indigenous microbes with biodegradative 

processes [10]. Bioaugmentation has several advantages over 

other techniques [11]. When a specific microbial population 

is injected, the degradation process can start immediately, 

while biostimulation, for instance, involves a delay after 

injection of nutrients as the microbial population propagates 

and also nutrient are not specific, so that all microbes will 

potentially propagate, diluting the effect of the nutrients [11]. 

The present study aims to evaluate the effectiveness of fungi 

C. tropicalis and A. clavatus in bioremediation of used 

engine oil contaminated soil us ing bioaugmentation 

technique. 

 

II. MATERIALS AND METHODS 

2.1 Collection of Samples 

Soil samples were collected randomly using a pre-

cleaned hand scoop at a depth of 0 – 3cm from 3 automobile 

workshops at Old Motor Spare Parts popularly called 

Mgbuka-Nkpor (6o9’N 6o50’E), Nigeria. Uncontaminated 

soil samples were also collected randomly from a fallow plot 

of land about 100m from contaminated sites, and placed in a 

sterile container. Used engine oil (UEO) used in this study 

was collected direct from the engine of 911 Lorry [12, 13] at 

Mgbuka-Nkpor. Samples were transported in cold storage 

container to the Microbiology Laboratory of the National 

Agency for Food and Drug Administration and Control 

(NAFDAC), Agulu, Nigeria, for analysis. 

 

2.2 Isolation of fungi from used engine oil contaminated 

soil 

The mold Aspergillus sp and yeast Candida sp were 

isolated from the soil samples obtained from automobile 

workshops (at Mgbuka-Nkpor, Nigeria) on mineral salt 

medium of Zajic and Supplission [14], with composition 

(g/L); K2HPO4, 1.8; KH2PO4, 1.2; NH4Cl, 4.0; MgSO4.7H2O, 

0.2; NaCl, 0.1; FeSO4.7H2O, 0.01 and agar, 15 g. Fifty 

micrograms per millilitre (50µg mL-1) of each of penicillin G 

and streptomycin was incorporated into the medium to 

inhibit interfering bacteria. The medium pH was adjusted to 

5.5. The whole preparation was autoclaved, distributed into 

sterile petri dishes and allowed to solidify. One gramme of 

the homogenized soil sample was measured into 9 ml of 

sterile distilled water in a test tube and swirled gently. 1ml of 

the sample was pipetted and serially diluted up to 10-3 

dilution. 0.1ml of the sample from the 10-2 and 10-3 dilutions 

were transferred onto the surface of a freshly prepared 

mineral salt agar using the spread plate technique [15]. A 

Whatman No. 1 filter paper saturated with sterilized used 

engine oil was placed inside the lid of the plates. The plates 

were incubated at 28oC for 7 days. Each distinct colony on 

oil degrading enumeration plates were purified by repeated 

sub culturing onto the surface of a freshly prepared 

Sabouraud Dextrose Agar (SDA) (Merck, Germany) plates to 

obtain pure cultures of the isolates. The pure cultures were 

maintained on SDA slants. 

 

2.3 Screening test for UEO biodegradation potentials of 

the fungal isolates 

The isolates were screened for used engine oil 

biodegradation potentials on mineral salt broth using the 

method of Olajide and Ogbeifun [16], with determination of 

pH and total viable count at time intervals as biodegradation 

indices. The residual hydrocarbon was also determined at 

time interval using the Spectrophotometric method [17]. 

 

2.4 Identification of the isolates 

The cultural characteristics of the pure isolates on 

SDA were noted, and the microscopic features were observed 

using the wet mount and the microslide culture technique 

with reference to the Manual of Fungal Atlas [18, 19]. The 

isolates were also confirmed using 18S rRNA gene sequence. 

 

2.5 Evaluation of the effectiveness of the isolates in 

bioremediation of UEO contaminated soil. 

To evaluate the effectiveness of the isolates in 

bioremediation of UEO contaminated soil, soil microcosms 

were prepared in 250 ml Erlenmeyer flask using mineral salt 

broth. One hundred grammes (100g) of the uncontaminated 

soil samples were added into 60ml of mineral salt broth in 

250 ml Erlenmeyer flask. The slurries obtained were spiked 

with 5g of sterile UEO simulating a soil contamination 

corresponding to 50,000 mg kg-1 soil.  

Bioaugmentation was carried out by inoculating 10 

ml of standard inocula (OD = 1.0) of each of the pure and 

mixed culture of the isolates (C. tropicalis and A. clavatus) 

into the flasks. Treatment with only soil and UEO served as 

control 1. Additional control 2 was also set up which 

contained autoclaved soil and sterile UEO to monitor abiotic 

loss of oil in the oil-contaminated soil. The flasks were 
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incubated in triplicate in an Orbital Shaker at 120 rpm and 

28oC for 56 days. The total petroleum hydrocarbon (TPH) 

content of the flasks was determined at 0, 14, 28, 42 and 56 

days, using Spectrophotometric method [17]. TPH data were 

fitted to the first-order kinetic model [20]: 

C = Coe-kt,   where C is the hydrocarbon content in soil (mg 

kg-1) at time t, Co is the initial hydrocarbon content in soil 

(mg kg-1), k is the biodegradation rate constant (day-1), and t 

is time (day). The model estimated the biodegradation rate 

and half-life of hydrocarbons in soil relative to treatments 

applied. Half-life was then calculated from the model of 

Yeung et al. [21]. Half-life = ln (2)/k, where ln (2) is the 

natural logarithm of 2 (approximately 0.693). 

The effectiveness of the isolates in remediation of 

used engine oil contaminated soil was also determined by 

calculating the net percentage loss of TPH in the oil 

contaminated soil, using the formula: Net % loss = % loss of 

TPH in soil microcosm inoculated with the isolates - % loss 

of TPH in uninoculated soil microcosm (ie. control 1). 

 

2.6 Statistical Analysis  

Data were analysed and presented as mean ± standard 

deviation (SD) of three replicates. The Student’s t-test was 

used to test the significance of difference between the mean 

values. A statistical package for social sciences (SPSS) 

software was used for statistical analysis in this study and 

test for significance between means was implied at P = 0.05 

level.  

 

III. RESULTS 

3.1 Isolation and screening of UEO degrading fungi 

A total of eight hydrocarbon utilizing fungi (labeled 

A-H) were isolated from soil samples obtained from used 

engine oil contaminated soil. The relationship between pH, 

TVC and oil loss were shown in Figures 1 to 3. Generally, a 

decreasing trend in pH was observed in the experimental 

flasks within the incubation period, with a concomitant 

decrease in hydrocarbon levels, as growth (TVC) increases. 

However, the decreasing trend in pH was more evident in the 

experimental flasks containing isolate A and D (Fig. 1). 

Moreover, there was an increase in total viable count (TVC) 

from 0 to 12 days, with a slight decrease on the 16th day (Fig. 

2), in all the experimental flasks. The hydrocarbon losses 

were higher (> 70 %) in the flasks containing isolate A and D 

while the hydrocarbon losses in  the flasks containing isolates 

B, C, E, F, G and H, were lower (< 70 %) within the 

experimental period (Fig. 3). In the control flasks, no growth 

was observed within the experimental period, with no 

significant oil loss and pH change (Figs. 1 to 3). Based on 

these observations, isolates A and D were selected for further 

studies. 

3.2 Identification of the isolates 

Based on their cultural and microscopic 

characteristics, isolate A was identified as yeast belonging to 

the genus Candida sp while isolate D was identified as mold 

belonging to the genus Aspergillus sp. To confirm the results 

of the cultural and microscopic identification of the isolates, 

the 18S rRNA gene sequence of the isolates were 

determined. Database comparism using BLAST program 

revealed that the yeast isolate had a high similarity of 98 % 

with those of Candida tropicalis. However, the mold isolate 

had 100% similarity with those of Aspergillus clavatus. The 

expected values (E-value) for the isolates are zero. 

 

3.3 Evaluation of the effectiveness of the isolates in 

bioremediation of UEO contaminated soil. 

3.3.1 Biodegradation of used engine oil contaminated soil 

The level of biodegradation of used engine oil 

throughout the experimental period is shown in Figure 4. 

There was a rapid reduction in the TPH within the first 14 

days of the study in the soil microcosm inoculated with the 

pure and mixed culture of the isolates compared to the 

uninoculated control. At the end of the experimental period 

(56 days), oil contaminated soil inoculated with the mixed 

culture of the isolates (C. tropicalis and A. clavatus) showed 

the highest reduction in concentration of used engine oil 

(95.42 %). This was followed closely by 90.63 and 90.42 % 

reduction in soil microcosm inoculated with the pure cultures 

of A. clavatus and C. tropicalis, respectively. Uninoculated 

control 1 showed 54.17 % reduction at the end of the 

experimental period. Moreover, there was 4.0 % abiotic loss 

in the autoclaved soil containing sterile used engine oil (i.e., 

control 2) at the end of the experimental period. 

 

3.3.2 The Net Percentage (% ) Loss of TPH in Soil during 

Bioremediation 

As shown in Table 1, the highest net percentage loss 

of TPH was observed at 14 day in the soil microcosm 

containing the pure and mixed culture of the isolates. 

However, it was observed that the net percentage loss of TPH 

in soil inoculated with both the pure and mixed culture of the 

isolates decreased from 14 day throughout the experimental 

period. Moreover, the net percentage los s in soil inoculated 

with the mixed culture of the isolates was higher throughout 

the experimental period (from 14 to 56 days), when 

compared to the single cultures. 
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3.3.3 Biodegradation Rate Constant and Half-Life 

Table 2 shows the biodegradation rate constant (k) and 

half-life (t1/2) for the different soil microcosms within the 

experimental period. Soil inoculated with the mixed culture 

of the isolates showed the highest biodegradation rate (day -1) 

and lowest half-life (days), while the uninoculated soil 

(control) showed the lowest biodegradation rate (day -1) and 

highest half-life (days). 

 

IV. DISCUSSION 

The species of some of the isolates used in this study 

have earlier been reported as hydrocarbon degraders  [22]. 

George-Okafor et al. [8] reported the isolation of Aspergillus 

spp., Syncephalastrum spp., Trichoderma spp., Neurospora 

sitophila, Rhizopus arrhizus, Mucor spp. and yeast species of 

Candida, Yarrowia, and Pichia from petroleum contaminated 

soil.  

The decreasing trend in pH observed during the 

screening test in this study could be as a result of 

mineralization of hydrocarbons in used engine oil by the 

isolates. This was in agreement with the findings of Olajide 

and Ogbeifun [16], who reported a decreasing trend in pH 

during hydrocarbon degradation by Proteus vulgaris. Sepahi 

et al. [23] reported that microbial degradation of 

hydrocarbons often leads to production of organic acids, thus 

the organic acids probably caused the reduction in pH. 

The increase in the growth (TVC) of the isolates in the 

media containing used engine oil could be attributed to the 

ability of the organisms to utilize UEO as a sole source of 

carbon. It could also be that the cultural condition was 

adequate for the growth of the organisms. This was in 

agreement with the findings of Vanishree et al. [24] who 

reported that several fungal isolates such as Fusarium solani, 

Fusarium oxysporium, Trichoderma viride and Aspergillus 

niger cultured in mineral salt medium (MSM) at pH 5.5 

showed good growth. The decrease in the growth of the 

isolates on the 16th day could be due to the decrease in pH 

level. It could be that the pH became too acidic for the 

organisms to thrive. It could also be as a result of decrease in 

substrate (UEO) used by the organisms as a sole source of 

carbon and energy. The findings of Obire and Nwaubeta [25] 

who reported an initial gradual increase in the bacterial 

population following the application of petroleum 

hydrocarbon but a decline as the biodegradation progress ed 

supports this explanation. Similarly, Akpoveta et al. [17] 

reports that hydrocarbon degrading fungi increased within 

the first seven days from 2.16 x 104 cfu/g to 11.1 x 104 cfu/g 

and decreased progressively to 1.5 x 104 cfu/g within the next 

four weeks. A decrease in substrate will therefore result in a 

drop in the population of oil-degraders. 

The higher net percentage (%) loss of TPH in UEO 

observed in the soil microcosm inoculated with the mixed 

culture suggested that the isolates could co-exist with no 

adverse effect and possibly have a synergy, which may be 

responsible for the higher net % loss of oil observed in this 

study. The advantages of employing mixed cultures have 

been reported [26, 27]. Ghazali et al. [28] reported that some 

species are able to remove the toxic metabolites that prohibit 

the activities of the other species. Then it is possible that the 

other species degrade complex compounds totally. 

High biodegradation rate and low half-life observed in 

soil microcosm inoculated with the mixed culture of the 

isolates could be attributed to the high net loss (%) of TPH 

throughout the experimental period. However, the higher 

biodegradation rate and lower half-life observed in soil 

microcosm inoculated with both the single and mixed culture 

of the isolates compared to the uninoculated control could be 

due to the previous exposure of the isolates to soil 

contaminated with UEO. It was speculated that native strains 

of oil contaminated soil already shaped by selective pressure, 

could take advantage with respect to sensitive strains in 

accomplishing biodegradation of hydrocarbon polluted 

environment. This way, they could help to overcome an 

important limitation in bioremediation applications such as 

the toxic effect of petroleum hydrocarbons, which inhibit 

biodegradation process [29]. 

 

V. CONCLUSION 

Bioaugmentation with the fungal isolates enhanced the 

remediation of used engine oil contaminated soil as reflected 

in the biodegradation constant and half life of the total 

petroleum hydrocarbon observed in the soil microcosm 

containing the isolates, when compared to the uninoculated 

soil microcosm. This bioaugmentation strategy may 

contribute to overcome a critical bottleneck of the 

bioremediation technology. Finally, fungi such as C. 

tropicalis and A. clavatus, isolated from automobile 

workshops can efficiently facilitate the bioremediation of 

used engine oil contaminated soil. 
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Fig..1: Changes in pH with time during utilization of UEO by the isolates. Bars indicate the average of triplicate samples while 

the error bars shows standard deviation (±SD). 
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Fig.2: Changes in total viable count with time during utilization of UEO by the isolates . 

 

 
Fig.3: Changes in total petroleum hydrocarbon with time during utilization of UEO by the isolates. 
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Fig.4: Residual total petroleum hydrocarbon in soil during bioremediation  

 

Table.1: Net percentage (%) loss of TPH in soil during bioremediation  

Microcosm set up 

 

                       Time (days) 

0 14 28 42 56 

A 

B 

C 

0 

0 

0 

67.27±0.13 

66.86±0.26 

69.07±0.76 

43.60±0.14 

43.79±0.72 

44.81±0.44 

43.27±2.23 

43.48±0.69 

45.34±0.39 

36.27±0.96 

36.46±0.44 

41.25±0.32 

 

A = Soil + UEO + MSM + C. tropicalis, B = Soil + UEO + MSM + A. clavatus, C = Soil + UEO + MSM + C. tropicalis + A. 

clavatus. Net % loss = % loss of TPH in inoculated soil microcosm - % loss of TPH in uninoculated soil microcosm (control 1). 

 

Table.2: Biodegradation rate and half-life of TPH in oil-polluted soil 

Microcosm set up Biodegradation constant (k) day-1 Half-life (t1/2) days 

A 

B 

C 

D 

0.2295±0.013b 

0.2303±0.009b 

0.3013±0.029b 

0.0553±0.004b 

3.02 

3.01 

2.30 

12.53 

 

A = Soil + UEO + MSM + C. tropicalis, B = Soil + UEO + MSM + A. clavatus, C = Soil + UEO + MSM + C. tropicalis + A. 

clavatus, D = Soil + UEO + MSM. Values followed by letter b are different significantly at P < 0.05 level. 
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