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ABSTRACT 

 
The efficacy of fungal isolates in the bioremediation of crude oil was assessed. The fungal 

isolates were obtained from soils collected from four different points. The soils (whose physical 

properties were determined), were subjected to the standard serial dilution technique and 

viable fungal isolates which were potential crude oil degraders were the obtained, sub 

cultured, and characterized. Aspergillus flavus, Aspergillus niger, Penicillium notatum and 
Rhizopus nigricans were the isolates obtained, with Aspergillus niger having the highest rate 
of occurrence.  The isolates were assayed using four crude oil types [Bonny light, Dubr oil and 

Escravos light (Nigerian crude oils) and Arabian light (an Arabian crude oil)] and the extent 

of degradation was determined. Some of the isolates were able to grow profusely on the 

Nigerian crude oils but none of them grew profusely on the Arabian crude oil. Rhizopus 
nigricans recorded the highest efficacy in crude oil degradation (as determined by oil weight 
loss) while Aspergillus niger showed the least. It is observed that these fungal isolates have 
shown promise and under the right condition might do as well as their bacterial counterparts 

in the biotechnology of crude oil degradation. Also, it is advised that isolates which are to be 

employed in a particular region be isolated locally since indigenous isolates found it easier to 

proliferate on indigenous crude oil samples. 
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INTRODUCTION 

  
Crude oil is a very important mineral resource 
vital to everyday life. However, crude oil spillage 
is one of the most serious forms of water and land 
pollution. Oil spillage is the accidental discharge 
or pouring of crude oil into the environment. It 
involves the contamination of any part of the 
environment with any liquid hydrocarbon. These 
spills endanger public health, imperil drinking 
water, devastate natural resources, and disrupt the 
economy.  
 

Nigeria and the Arab nations are some of the 
largest crude oil producing countries in the world 
and depends almost entirely (over 90%) on it for 
their revenue. These areas are potentially ridden 
with environmental problems, ranging from 
devastation of land and water (crippling income 
generation through farming and fishing), through 
death of thousands of domestic animals, 
disastrous fire out-breaks, various illnesses to 
deaths. Also, the air is constantly polluted, the 
inhalation of which may lead to several chronic 
respiratory diseases and deaths of livestock, 
poultry birds and humans. These have led, in a 
place like the Niger Delta region of Nigeria, to 
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political unrest, with the people of the area feeling 
exploited and calling for reparations.  
Thankfully, nature has developed microorganisms 
that can degrade hydrocarbons to avoid their 
accumulation to a point of being   detrimental to 
life. However, the process of degradation, leading 
to the eventual disappearance of oil slicks from 
the environment is slow under normal conditions 
and controlled biodegradation is currently being 
experimented world wide. 
 
Bioremediation is the term used to describe 
biological strategies applicable to repair of 
damaged environment using biological factors. In 
the case of oil spills, the process exploits the 
catabolic ability of microorganism feeding on oil. 
Several workers (Odu, 1978; Sloan, 1987; Ijah 
and Antai, 1988; Okpokwasili and Okorie, 1988; 
Barnhart and Meyers, 1989; Anon, 1990; 
Pritchard, 1991; Pritchard and Costa, 1991; 
Hoyle, 1992; Ijah, 2002 and Ijah, 2003) have 
described various application of microorganism in 
the bioremediation of oil pollution with 
encouraging results. However, emphasis has been 
on bacteria as agents of bioremediation and the 
role of fungal isolates has not been adequately 
explored. This work was therefore, prompted by 
the need to explore the possibilities embedded in 
fungal isolates to act as effective oil degraders. 
 
The observations above generated the interest in 
this study with the objective of isolating fungi that 
can use crude oil and its by-products as source of 
carbon. The work also aims to test the hypothesis 
that indigenous isolates degrade indigenous crude 
oils better than foreign ones. 
 
MATERIALS AND METHODS 
 
Soil samples were collected from four points 
namely: a community refuse dump site (Sample 
A), a new mechanic workshop (Sample B), an old 
mechanic workshop (Sample C) and a previous oil 
spill site in the Niger Delta region (Sample D). 
The soil samples were collected in polythene bags 
and transported to the laboratory for analysis. The 
pH, moisture, organic matter and carbon contents 
were tested. The pH of each of the soil samples 
was determined by stirring 10g of each soil 
sample in 20 ml of distilled water, allowing it to 
settle and decanting the supernatant into a test 
tube. The glass electrode of an Orion Research 
Digital pH meter, (Model 611) was then dipped 
into it and the pH value read of the digital display; 
as described by APHA (1995). Moisture was 
determined by placing 10 g of each soil sample 
into a pre-weighed crucible and the new weight 
was recorded. The crucible containing the soil was 
then placed in an oven at 105ºC for 1 hour, after 

which it was removed and allowed to cool 
completely on the laboratory bench before it was 
reweighed (APHA 1995). To determine the 
organic matter content, the resulting dried soil 
form the moisture determination procedure, was 
placed in an oven at 575ºC for 8 hours, after 
which it was removed and allowed to cool 
completely on the laboratory bench before it was 
reweighed. The difference in weight was recorded 
as its organic matter content and converted to 
percentages. Carbon content was measured by 
titrating the filtrate  of each soil sample against 
ferrous sulphate (using phenothroline as an 
indicator) until the end point was reached, 
characterized by a faint maroon colouration, 
according to the method described by Walkley 
and Black (1934). 
 
Three (3) Nigerian crude oil samples were 
collected namely: Escravos light, Dubr oil and 
Bonny light; as well as an imported crude oil 
sample, the Arabian light. These samples were 
collected in storage bottles and transported to the 
laboratory for analysis. 
 
Potato Dextrose Agar (PDA) plates were prepared 
according to manufacturer’s specifications. 0.1g 
of each of the soil samples was seeded onto a 
PDA plate each for the isolation of viable fungal 
cells. These plates were incubated at room 
temperature (31±3ºC) for 5 days. 
 
Colonies of organisms on the PDA plates were 
purified by repeatedly sub-culturing them onto 
fresh plates. Each pure culture was then 
transferred to PDA slants and incubated at room 
temperature (31 + 3ºC) for 5 days. The slants were 
then stored under refrigeration temperature 
(4±1ºC) until needed. 
 
Isolation of hydrocarbon utilizing fungi was done 
by streaking pure cultures of the fungal isolates 
obtained onto oil agar plates. The oil agar was 
prepared in the laboratory, having only crude oil 
as carbon source. These plates were prepared in 
duplicate and incubated, one set at room 
temperature (31±3ºC) and the other in an 
incubator at 37ºC. Visible fungal growth and the 
production of zones of clearing around the cells 
were regarded as evidence of ability to degrade 
oil. 
 
The pure isolates were examined using the 
methods of Alexopolus and Nims, (1979) and 
Harigan and McCance, (1997). The organisms 
were then characterized by standard macroscopic 
and microscopic techniques using Bernett and 
Hunter (1972) as a reference guide. 
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Assessment of biodegradation of crude oil by the 
fungal isolates was done in two stages: (a) 
Degradation Studies were done by dispensing 1.0 
ml of PDA broth-grown culture of each fungal 
isolate into test tubes, shaking the test tubes 
properly and incubating them at 30ºC for 3 weeks 
according to the method of Okpokwasili and 
Okorie (1988). The test tubes were monitored 
visually for turbidity indicating microbial growth. 
Each treatment was set up in triplicate. (b) 
Determination of rates of utilization of crude oil, 
using the weight loss method of Bartha and 
Bossert (1984). 10mls of Crude oil broth was 
prepared in a test tube and inoculated with 0.1 ml 
of filtrate from a soil sample. The test tube was 
then incubated at 35±2ºC being shaken on a 
mechanical shaker for 10 minutes at 200 rpm. 
After 48 hours, the remaining crude oil was 
separated using a separatory funnel, and weighed. 
The percentage degradation of the crude oil was 
then calculated as described by Ijah and Ukpe, 
(1992). 
 
  Wght of crude oil (initial) – Wght of crude oil (after treatment) x 100 

                     Wght of crude oil (initial) 

Analysis of variance was done using the SPSS 
(version 10.0) package to determine whether or 
not, a significance difference exists between in the 
weight loss of degraded crude oil by the 
microorganisms over time. 
 
RESULTS  
 
The pH, moisture content and carbon content of 
the soil samples are shown in Table 1. The Refuse 
Dump Site (RDS) had the highest pH value, being 
near neutral, the New Mechanic Workshop Site 
(NMWS) had the lowest pH value of 5.2, while 
the Previous Oil Spill Site (POSS) and the Old 
Mechanic Workshop Site (OMWS) were 
intermediate in the pH values being 6.1 and 5.5 
respectively. 
 
RDS had the highest percent moisture content, 
while NMWS recorded the least moisture content. 
The highest carbon content of 7.4 was recorded in 
the POSS while the least carbon content of 4.6% 
was recorded in the NMWS. RDS and the OMWS 
were intermediate in their carbon contents of 4.6 
and 5.7 respectively.  
 
Table 2 shows the different types of fungal 
isolates obtained in the study. There were four 
species isolated and identified as Aspergillus 
flavus, A. niger, Rhizopus nigricans and 

Penicillium notatum.  
 

The rate of occurrence among the fungi isolates 
obtained from the soil samples is shown in Table 
3.  Aspergillus niger had the highest rate of 
occurrence, being 51.5% while Rhizopus 

nigricans had the least occurrence rate of 6.0%. 
Aspergillus flavus and Penicillium notatum were 
intermediate in their rates of occurrence, being 
24.2% and 18.2% respectively. 
 
The results of assessment of the ability of the 
various isolates to utilize crude oil are shown on 
Table 4. At the end of three (3) weeks Aspergillus 
flavus and Rhizopus nigricans showed heavy 
growth in Durb oil while Aspergillus niger and 
Penicillium notatum showed weak growth. In 
Escravos light, Rhizopus nigricans showed heavy 
growth while Aspergillus flavus, A. niger and 
Penicillium notatum grew moderately. None of 
the isolates were able to grow profusely in 
Arabian Light. The Bonny Light also supported 
heavy growth of Rhizopus nigricans while 
Aspergillus flavus, A. niger only grew moderately. 
 
Table 5 shows the difference in calculated weights 
of the various crude oil samples after 3 months of 
degradation by the individual isolates. Rhizopus 
nigricans recorded the highest weight loss of 18% 
while Aspergillus niger showed the least with 
about 9%.   
 
Statistical analysis revealed a significant 
difference at 95% confidence level between 
weights of crude oil samples before and after 
exposure to fungal isolates. 

 
DISCUSSION 
 
The soil is the richest reservoir of microorganisms 
in nature. Soil microorganisms participate in soil 
processes including transformation of nutrients, 
and some of them are active crude oil degraders 
Okpokwasili and Amanchukwu (1988); Ijah and 
Ukpe, (1992). In this study, the result of the 
morphological and microscopic characteristics of 
the fungal isolates as described in Table 2, 
indicates that they were identified as members of 
the Aspergillus, Rhizopus and Penicillium species. 
These species, alongside Mucor, have been 
identified by other workers as potential crude oil 
degraders (Ijah and Ndana, 2003).   
 
Fungi have been reported to be active oil 
degraders (Ahearn et al., 1971; Davies and 
Westlake, (1979); Fedorak et al., (1984) and 
Amanchukwu et al., 1989). Ogbonna (1982) 
reported strong evidence of the ability of fungi to 
act as biodeteriogens. De et al., (2000) also 
reported Fusarium species and Trichoderma 
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species as being capable of utilizing refinery 
effluent as carbon source. 
 
Okpokwasili and Amanchukwu, (1988) and Ijah, 
(1996) both reported the ability of several yeast 
isolates, especially the Candida species, to utilize 
crude oil and its derivatives. Ijah and Akpera, 
(1998), even isolated a strain of Candidas 

tropicalis, from Nigerian soil which they reported 
to have been able to utilize crude oil more 
effectively than bacteria. Adekunle et al., (2004) 
also described the successful use of Saccaromyces 
cerevisae in the biodegradation of petroleum 
products.  
 
The frequency with which each isolate was 
encountered as shown in Table 3, indicates that 
Aspergillus niger had the highest frequency of 
occurrence of 51.5%. This suggests that these 
organisms have very active degradative 
capabilities; and are microorganisms, which have 
been severally documented, to be involved in the 
degradation and utilization of crude oil and its 
derivatives (Ijah et al., 2000) therefore, their 
presence among isolates with the capacity to 
utilize hydrocarbons is not surprising. Rhizopus 
nigricans  had the least rate of occurrence, of 
18.2%. 
 
In Table 5, we observe the different calculated 
weights of the various crude oil samples after 
degradation by the isolates. Rhizopus nigricans 
recorded the highest weight loss of 18% while 
Aspergillus niger showed the least with about 9%. 
Several workers have described the varying 
abilities of the organisms in the degradation of 
hydrocarbons (Bartha and Atlas, 1977, Davis and 
Westlake, 1979, Okpokwasili and Nwosu, 1990 
and Amanchukwu et al., 1989). 
 
After three (3) weeks of incubation, all the 
isolates showed evidence of growth (Table 4), 
with all the isolates showing moderate to heavy 
growth. This indicates that all these isolates have 
the potential to utilize crude oil as a carbon 
source. Again, this agrees with various workers 
who have reported the ability of these and similar 
organisms to utilize crude oil Bartha and Atlas, 
(1977); Davis and Westlake, (1979); 
Amanchukwu et al., (1989); Okpokwasili and 
Nwosu, (1990) and Obire and Wemedo, (1998). 
The significant difference in the weights of the 
crude oil samples before and after degradation by 
the fungal isolates confirms their performances. 
 
The ability of the microorganisms to degrade the 
oil samples seemed to be higher in the indigenous 
samples (i.e Bonny Light, Escravos light and the 
Dbur oil samples). Its ability in degrading the 

Arabian Light crude oil (which is an imported 
crude oil sample), after three (3) months seemed 
limited. Odu, (1972), Ekundayo and Obire (1987), 
Antai and Mgbomo (1989), Antai (1990), Ijah and 
Ukpe (1992) and Ijah (2002) have suggested the 
use of indigenous microorganisms in the 
biodegradation of crude oil spills. The report of 
this work indicates that indigenous 
microorganisms are better able to degrade 
indigenous crude oil samples than an imported 
one. 
 
SUMMARY AND CONCLUSION 
 
Nature has provided various microorganisms, 
which have the ability to degraded crude oil and 
its derivatives, and thereby, cleanup oil spills in 
the terrestrial and aquatic environments in the 
event that they occur. Current treatment methods 
of oil spill are physicochemical, which is 
expensive, cumbersome and not environment 
friendly. 
 
The possible use of hydrocarbon utilizing 
microorganisms for the accelerated degradation of 
accidentally spilled crude oil is receiving serious 
consideration worldwide and seems to be the 
answer, but emphasis has been on the potentials of 
bacterial isolates. 
 
An added advantage is the fact that the isolates 
obtained are indigenous, (and as such are readily 
available) and are particularly effective in 
degrading indigenous crude oil types. They were, 
however, not so effective in degrading an 
imported crude oil sample. 
 
It is hoped that promising fungi such as the ones 
obtained in this study could be obtained from oil 
producing and oil consuming regions of the world, 
multiplied and used for cleaning oil spill in the 
respective environments, with a view to ridding 
the environment of oil spills and reclaiming 
hitherto polluted land and water sites for 
productive uses.  
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Table 1: Physicochemical Properties of the Soil Sample. 
 

Soil 
Sample 

pH Moisture 
content (%) 

Carbon 
Content 
(%) 

Organic matter                                                                              
Content (%) 

OMWS 
NMWS 
POSS 
RDS 

5.5 
5.2 
6.1 
7.0 

7.3 
4.6 
6.8 
8.7 

6.6 
5.7 
7.4 
4.6 

6.4 
3.1 
6.9 
9.6 

 
KEY:  

OMWS    - Old Mechanic Workshop Site 

NMWS    - New Mechanic Workshop Site 

POSS     - Previous Oil Spill Site  

RDS       - Refuse Dump Site 
 

Table 2: Identity of Fungi isolated from soil samples 

Isolates Identity 

F1 

F2 

F3 

F4 

Aspergillus flavus 

Aspergillus niger 

Rhizopus nigricans 

Penicillium notatum 
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Table 3: Frequency of occurrence of the fungal isolates 

 

Frequency of occurrence Soil sample 

Aspergillus 

flavus 

Aspergillus 

niger 

Rhizopus 

nigricans 

Penicillium 

notatum 

OMWS 

NMWS 

POSS 

RDS 

TOTAL 

TOTAL 

FREQUENCY 

(%) 

3 

3 

2 

0 

8 

 

24.2 

0 

3 

6 

8 

17 

 

51.5 

0 

0 

0 

2 

2 

 

6.0 

2 

0 

1 

3 

6 

 

18.2 

 

KEY:  

OMWS    - Old Mechanic Workshop Site 

NMWS    - New Mechanic Workshop Site 

POSS     - Previous Oil Spill Site 

RDS       - Refuse Dump Site 
 

 

Table 4: Utilization of crude oil samples by isolates 

 
Crude oil types 

 
 
 
Isolate Durb oil Escravos light Arabian light Bonny light 
 

Aspergillus flavus 

 

+++ 

 

++ 

 

++ 

 

++ 

Aspergillus niger ++ ++ ++ ++ 

Rhizopus nigricans +++ +++ ++ +++ 

Penicillium 

notatum 

++ ++ ++ ++ 

 

 

Key 

+++          Heavy growth  

++            Moderate growth 
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Table 5: Percent weight loss of crude oil degraded by isolates 

 

Percent weight loss after inoculation (days)  
Isolate 7 14 30 60 90 
Aspergillus 

flavus 

2.8±0.2 4.7±0.7 8.9±0.3 10.0±1.2 14.7±0.3 

Aspergillus 

niger 

1.7±1.0 3.2±0.6 5.7±0.5 6.3±0.7 9.2±0.4 

Rhizopus 

nigricans 

2.6±0.8 5.3±0.6 9.8±1.0 13.1±0.7 18.1±0.7 

Penicillium 

notatum 

3.2±0.3 7.1±0.8 8.9±0.6 10.1±1.0 11.2±0.9 

 
 
 
 
_________________________________________________________________________ 


