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ABSTRACT
Studies were carried out to determine the tolerance attributes of fungi in crude oil
ecosystem in order to assist in remediation of crude oil polluted soil.  Automobile
mechanic work shop soil fungi were isolated to evaluate their ability to utilize
Nigerian Crude oil as sole carbon source for their possible application in bioreme-
diation exercise. The method was based on soil enrichment culture technique
followed by subjecting individual pure cultures/isolates to 1% Nigerian crude in
liquid cultures. Data for the spore concentration for each isolate was obtained
daily by measuring the optical density (OD) at 700nm wavelength. All isolates
obtained from the soil enrichment culture were of the genus Aspergillus based on
macroscopic and microscopic characterization. It was observed that Aspergillus
niger had the highest frequency of occurrence of 50%. The % of growth measured
at 72hours indicated that  Aspergillus niger MA5 was superior  to other isolates
having the least significant different (LSD) at p<0.05  between the control and
treated samples of 0.900 and the highest  % of growth of 95.6%. The study
indicates the possible utilization of Aspergillus isolated species from soil in
automobile mechanic workshop in bioremediation with Aspergillus niger MA5
showing a better potential.
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Automobile mechanic workshop

INTRODUCTION
Contamination of soil by used oils
known to contain hydrocarbons and oth-
er toxic chemicals is a common practice
by most automobile mechanic workers
in their shops mostly in many third

world countries (Agamuthu et al.,
2010).These oils gets deposited and sink
beneath the ground and remain attached
to the soil particle for several months or
even years. Refined crude oil, otherwise
referred to as petroleum or gasoline is
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the major oil used by motorists in Nige-
ria. Petroleum products gets deposited in
soil during routine services of vehicles.
Petrol is used to wash and lubricate car
parts thus making mechanic soils a sink
of many xenobiotic chemicals /com-
pounds.
Crude oil still remains the major source
of energy in Nigeria and it has character-
istic black sticky fluid with high viscosi-
ties and densities made up of both
aliphatic and aromatic hydrocarbons
among other compounds (Al-Bahry et
al., 2016). It is high in carbon and sul-
phur and constitutes one of the major
source of ecosystem degradation as a
result of spills that occur during refining
processes and vandalization of oils wells
and pipelines. Technologies employed
during recovery or remediation of crude
oil to reduce its environmental impact
serves majorly for containment without
the complete elimination from the envi-
ronment. Bioremediation, which in-
volves the utilization of organisms such
as plants and microbes  to clean hazard-
ous waste can serve as an alternative
method to physico-chemical approaches
commonly used. These include high
temperature incineration, soil washing,
thermal desorption, chemical precipita-
tion among others (Semple et al., 2007;
Rivers, 2006; Vidali, 2001). These meth-
ods, apart from serving mainly for trans-
fer and containment also have other
draw backs such as being expensive,

technology intensive and not eco-friend-
ly (Haritash and Kaushik, 2009).
Fungi are totipotent heterotrophic eu-
karyotes and have evolved naturally as
decomposers in the environment. They
are ubiquitous microbes with their en-
zymes having a  low substrate specificity
(Casas et al., 2009). Fungi are natural
inhabitants of soil with greater potential
for application in bioremediation by vir-
tue of their fast growth, greater biomass
production and extensive hyphal reach
(Iram et al., 2013). Soils contaminated
with mechanic lubricating and workshop
oils can serve as a harbour for adapted
microbial community for possible appli-
cation in bioremediation exercise as
compared to fungi from other environ-
ments. Such soils are preferential sites
for the uptake and preservation of organ-
ic compounds present in crude (Yakubu,
2015). This study aims at isolating fungi
from soil samples obtained from auto-
mobile mechanic workshop for possible
usage as inoculum for degradation of
crude oil polluted ecosystems.

MATERIALS AND METHODS
Sample collection
Soil samples were collected from five
(5) different automobile mechanic work-
shops around Kaduna  from the upper
layer (1-5cm) where most of the used oil
are concentrated using a spatula. Ap-
proximately 5g of soil samples were
collected from each workshop and trans-
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ferred into a dry sterile polyethene bag.
Separate and labelled polyethene bags
were used for each soil sample collected.
Samples were transferred to the labora-
tory and stored at 4OC until further use.

Preparation of enrichment culture
 Exactly 1g of soil was weighed into a
sterile conical flask and 9ml of sterile
distilled water was added. This was fol-
lowed by adding 1ml of Nigerian crude
oil obtained from the Kaduna Refining
and Petro-Chemical Company (KRPC),
Kaduna. The mixture was incubated at a
temperature of 37oC for 5 days.

Preparation of Potato Dextrose Agar
(PDA)
This was prepared according to the man-
ufacturer’s instructions (39g/1000ml
sterile distilled water). To prepare 125ml
PDA, 4.8g of PDA powder was weighed
and added into 125ml of sterile distilled
water in a conical flask and mixed thor-
oughly and heated using a hot plate. A
magnetic stirrer was used to stir the mix-
ture until the agar was dissolved com-
pletely. The content of the flask was then
autoclaved at 1200C for 15 minutes at a
pressure of 15 Lbs. The liquid media
was allowed to cool to about 50oC and
15ml was gently poured on a Petri-dish
aseptically. The liquid PDA was allowed
to cool and solidify. The solidified me-

dia was then covered until further use.
Dilution of enrichment culture
The enriched culture was serially diluted
(10-1- 10-2) to reduce the concentration of
the fungi in the enriched culture. One ml
from the 10-2 dilution was spread-plated
on a PDA plate supplemented with
streptomycin to inhibit bacterial growth
(2ml streptomycin solution in 125 ml
PDA after sterilization).

Isolation of fungi
After spread-plating the diluted water
samples, the PDA plates were then incu-
bated at 37oC for 5days to obtain growth.
The different growths that were ob-
served on the plates were sub-cultured
on new Streptomycin-supplemented
PDA plates. This was achieved by gently
transferring each growth using a hockey
stick onto the freshly prepared plates
followed by incubating at 37OC continu-
ously until pure isolates were obtained.

Fungi identification
Each isolate was identified by gently
obtaining some mycelia or spore using a
wire loop followed by placing it on a
clean glass slide. A drop of methylene
blue was added on the slide. The content
of the slide was covered with a cover slip
and viewed under the microscope. Fea-
tures observed were compared with fun-
gal sample from a pictorial atlas
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(Watanabe, 2011). Macroscopic mor-
phology was observed based on colony
appearance on PDA plates (upper and
reverse side).

Determination of the effect of1%
crude oil on growth of  fungal isolates
Fungal suspensions supplemented with
1% crude oil were prepared by firstly,
growing each isolate on a fresh Petri-
dish by transferring 5mm of each isolate
into a freshly prepared PDA plate using
a cork borer. Plates were incubated at
37oC for 7 days. To harvest the fungal
growth on each Petri-dish, 1ml of 1%
tween 80 was added to enable the har-
vest of the fungi without adhering to the
PDA. Treatment samples were prepared
by transferring the harvested fungi into a
conical flask containing 0.25ml of crude
oil and 25ml of distilled water. Control
samples consisted of a conical flask con-
taining same amount of harvested fungal
spore/mycelia and 25ml of distilled wa-
ter. Three replicates was set for control
ad treated samples for each isolate. Sam-
ples were read daily using a spectropho-
tometer (Model No. HO-ED-S-07) set at
700nm for 7 days. Samples were read by
transferring 2ml of each of the fungal
suspension into a cuvette and inserting
into the spectrophotometer to note for
the spore concentration at 700nm wave-
length.

RESULTS
Isolation/identification of fungi
Table 1, shows the isolates obtained
from all the soils obtained from the auto-
mobile mechanic workshops. This was
based on morphological characteristics
observed in plate culture along-side mi-
croscopic examination. All isolates be-
longed to the genus Aspergillus  based of
comparison of fruiting bodies, spores
and mycelia morphological characteris-
tics with those published in pictorial at-
las by Watanabe (2011).

Frequency of occurrence of isolates
The frequency of occurrence (Table 2)
for each isolate was calculated by the
formular below.:

Aspergillus niger had the highest fre-
quency of occurrence of  50% followed
by Aspergillus candidus with 33% of
occurrence . Aspergillus ustus had the
lowest frequency among all isolate from
the soil samples.

Effect of 1% crude oil on growth
(spore concentration of isolates)
Figure 1a, showed the absorbance based
on fungal spore concentration in liquid
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cultures. Aspergillus ustus (MA3) in
Figure1a showed that the control sam-
ples had better fungal growth in liquid
cultures compared to treated samples at
day 1, 2, 4, and 5. Spore concentration
for control and treated samples were
relatively similar with results showing
little inhibition by crude in treated sam-
ples.

It was observed in fig. 1b that the spore
concentration between control and treat-
ed samples grown in liquid medium that
treated sample showed good growth in
media supplemented with 1% Nigerian
crude at day 1. However, fungal growth
was later inhibited from day 2 to day 7.
Fungal spore concentration was found to
be higher in control samples without
crude for days 2 to 7.
It was also observed that Aspergillus
candidus (MA4) generally showed high-
er spore concentrations in control sam-
ples compared to treated samples that
was supplemented with 1% Nigerian
crude except for day 1. Further incuba-
tion of   A. candidus I(MA4) from day
2-5 showed a decline in the ability of the
fungi to withstand crude oil.
Aspergillus Candidus (MA1) as ob-
served in Fig 1c. had its treated samples
showing tolerance to crude oil as ob-
served for higher spore concentration in
the liquid cultures (Days 1-6).
Observations in Aspergillus niger
(MA5) shown in Fig 1d demonstrates a

higher fungal spore concentration in
control samples from day 1 to 5. Howev-
er this isolate seemed to show less fungal
growth inhibition between control and
treated samples with increasing crude
adaptability in later days (5 to 6) . The
graph below shows the growth response
of the isolate (MA2,2) in both control
and treated sample supplemented with
1% crude oil. For the first 3 days, control
samples had lower fungal spore concen-
tration compared to treated samples.
There was a later decline on the ability
on the fungus to utilize crude oil from
day 4 to 7.  Fig. 1f below showed the
comparison in spore concentration be-
tween control and treated sample. Con-
trol samples generally had higher spore
concentration than treated samples.
Treated samples were quite inhibited by
1% crude in fungal culture.
The table below showed the % of growth
for all isolates at 72hrs based on spore
concentration (Table 3). The % of
growth at 72hrs was calculated accord-
ing to the formular below. The table also
showed the least significant difference
(LSD) of the isolates. The lowest least
significant difference (0.900) between
control and treated samples at 72hrs was
observed in Aspergillus niger (MA5).
This isolate also had the highest % of
growth ( 95.6%) than those of other iso-
lates.
Growth response of isolates in
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terms of spore concentration and
% of growth at 72 hour of incuba-
tion in liquid media.

% Growth   =

DISCUSSION
It was observed from this study that the
genus, Aspergillus spp. was the most
prevalent in the cultures supplemented
with 1% crude oil. From our study, it
was also  the highest frequency of occur-
rence was observed in Aspergillus niger
(MA5) and this is in agreement with the
works of Al-jawhari (2014), where
A.niger was  found to have the highest
frequency in crude oil polluted soil upon
isolation on PDA plates. A study by
Dawoodi et al (2015) on heterotrophic
and crude oil-utilizing fungi from soils
with different oil contamination in
Khuzestan, Iran revealed the presence of
Aspergillus in such soils.
The determination of spore concentr-
ation based on the ability of the isolates
to use crude oil as sole carbon source for
growth showed the superior ability of
Aspergillus niger (MA5) in utilizing the
Nigerian crude oil. This isolate also had
the least significant difference in growth
patterns between crude treated and non-
crude-treated cultures in short term
growth studies (72hrs) and this suggests

its high tolerance level to carbon rich
compound found in fossil fuels. This
explains the ubiquitous nature and
abundance  of  Aspergillus niger in
relation to other fungal isolates such as
Penicillium sp., Fusarium sp.  and
Aspergillus of other species in spent oil
soils (Al-Nasrawi, 2012) since they
seem to be less hindered. Asperrgillus
niger was also reported  to show the
highest  resistance to 2% crude oil with
a diameter of 8.5cm in crude oil
supplemented PDA plates by 4 to 7 days
of growth compared to those of F. solani
(5.9), A. fumigatus (4.5) and  P.
funiculosum (3.6cm) in the work of
Al-jawhari (2014). Measurement of the
biomass dry weight for each individual
fungus also showed similar pattern with
A. niger having the highest biomass.The
isolation of these fungi  belonging to the
genus Aspergillus species from the
contaminated sites may be as a result of
their ability to synthesize enzymes that
enable them to utilize the hydrocarbons
in the  liquids being disposed of on these
sites. In addition, the rate of degradation
of organic compounds by microbial
population is increased when
microorganisms have been pre-exposed
to such chemical (Nweke and
Okpokwasili (2004). Heamocytometric
spore concentration reading recorded in
the work of Vasudevan and Rajam
(2011) revealed highest spore count in
Aspergillus niger compared to A.
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Automobile
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versicolor and A. flavus when 2% crude
was used as a sole carbon source in
liquid cultures and this is in accordance
to the findings of this study.
The measurements taken at day 3 (Short
term incubation) was necessary to elimi-
nate slow growers and select effective
degraders and crude utilizers and this
suggests that A. niger (MA5) could be a
potential isolate for application in biore-

mediation science of crude contaminated
environments during spills. In addition
bio-products of isolates like A. niger
(MA5) could be produced for possible
application in bioremediation. A study
of enzymes produced upon exposure of
these species to recalcitrant compounds
found in crude oil could better enhance
the use of such processes.
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Fig 1a. Influence of 1% crude on spore concentration of A. ustus in liquid
medium. Data represents mean±SD at p≤0.05.

Fig 1b.  Influence of 1% crude on spore concentration of A. candidus (MA4) in
liquid medium. Data represents mean±SD  at p≤0.05.
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Fig 1c.  Influence of 1% crude on spore concentration of A. candidus (MA1) in
liquid medium. Data represents mean±SD  at p≤0.05.

Fig 1d.  Influence of 1% crude on spore concentration of A. niger (MA5) in
liquid medium. Data represents mean±SD at p≤0.05
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Fig 1e.  Influence of 1% crude on spore concentration of A. niger  (MA2,2) in
liquid medium. Data represents mean±SD  at p≤0.05.

Fig 1f.  Influence of 1% crude on spore concentration of A. niger (MA2) in
liquid medium. Data represents mean±SD at p≤0.05.
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