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ABSTRACT
Brewery spent grain (BSG) and rabbit droppings (RD) were investigated to
determine their potentials as biostimulation agents for enhanced ex situ
bioremediation of an aged crude oil contaminated soil (COCS). Samples were
collected from a fresh oil spill site and 300 g of soil was amended with 150 g
each of RD and BSG. The control (CT) contained 300 g of COCS without
amendment. Monitoring of various physico-chemical parameters including total
petroleum hydrocarbon (TPH) content of COCS was done for 5 weeks at 7-days
intervals. Hydrocarbon utilizing bacterial isolates identified include
Corynebacterium, Staphylococcus, Pseudomonas, Bacillus and Flavobacterium
genera. In RD amended treatment, the total heterotrophic bacterial/hydrocarbonutilizing bacterial (THB/HUB) and the total heterotrophic fungal/hydrocarbonutilizing fungal (THF/HUF) ratios were 2.45 and 2.32 respectively, as against 1.46
and 1.23 obtained for BSG. The ratios in the control were 0.75 (THB/HUB) and
0.94 (THF/HUF) thus, indicating growth stimulation of hydrocarbon degrading
microorganisms as a result of the amendments. The TPH content of COCS
amended with RD and BSG decreased by 57.9 and 39.6%, respectively whereas,
the CT reduced by only 0.59%. There was a significant (p<0.05) reduction in TPH
after 35 days. The order of biostimulation efficacy (RD<BSG) showed that RD
enhanced the removal of TPH from soil during remediation better than BSG. Data
from this study indicate the biotechnological potentials of these waste materials
for remediation of COCS by enhanced natural attenuation.
©2017 BluePen Journals Ltd. All rights reserved

INTRODUCTION
A critical impact of the petroleum industry is the pollution
of the environment by crude oil and other related
products which are highly toxic and exhibit molecular
recalcitrance (Yveline et al., 1997; Odokuma, 2012). Oil
spills, oil transportation, drilling operations, refineries and
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local fuel filling stations are some of the factors
responsible for hydrocarbon contamination.
They persist in nature for long periods of time and
cause hazardous effects on flora and fauna of terrestrial
and aquatic ecosystems due to their complexity and
variability (Schafer et al., 2009; Dorn et al., 1998). Oil
diminishes the total microbial diversity in soil, destroys
infrastructure and contaminates landscape (USEPA,
2011).
When soil is polluted, the ecosystem is altered and
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agricultural activities are affected due to poor aeration,
immobilization of soil nutrients, loss of water holding
capacity, lowering of soil pH, reduction in soil catalase
enzyme activity (Atuanya, 1987; Achuba and Peretiamo‒
Clarke, 2006), as well as inhibitory effect on the nitrate
reductase activities of plants (Odjegba and Atebe, 2007;
Ekpo et al., 2012). Many techniques of remediation of
contaminated soil such as physical, chemical and photodegradation have been developed (UNEP, 2011).
However, most of these methods have some draw
backs in completely remediating crude oil contaminated
soil (Alvim-Ferraz et al., 2006). Some of these methods
leave behind daughter compounds which are more toxic
to the environment than the parent compounds (Sims and
Sims, 1991; Aislabie et al., 1998).
More so, current chemical methods typically recover no
more than 10–15 percent of the crude after a major spill
and almost always leave the receiving environment in
worse conditions, as the resultant products are in most
cases toxic in the soil environment (Abu and Ogiji, 1996).
Organic matter is often scarce in contaminated soil
resulting generally in low microbial activity in such soils.
Low microbial activity may also be attributed to some of
the contaminating hydrocarbons (especially cyclic
hydrocarbons) which are toxic to bacterial membranes
(Sikkema et al., 1995; Demirbas and Demirbas, 2007;
Agarry and Ogunleye, 2012).
Despite these unfavourable phenomena, a broad
spectrum of microbial genera still survives in
hydrocarbon-contaminated soil (Kampfer et al., 1991;
Lunch et al., 2004) with a diverse range reported to
degrade hydrocarbons (Atlas, 1981; Rosenberg, 1992).
Although the bacterial community in such environments is
adapted to the presence of the contaminant, other
environmental conditions such as nutrient availability and
oxygen concentration may be limiting thus, resulting in
the slow degradation of the contaminants by microbes in
situ.
However, the activities of the microbes and the specific
degrading microorganisms can be enhanced by
deploying composting technologies such as the addition
of an organic matrix to contaminated soil. The
mineralization of organic matter enhances nutrient
concentrations that can alleviate the nutrient limitation of
the hydrocarbon degrading bacteria leading to greater
biodegradation of hydrocarbons.
The re-mineralization of organic matter significantly
increases the availability of inorganic nutrients. The
negative impacts of crude oil pollution on agricultural soil
can be contained using a more holistic approach of
bioremediation (Wackett and Ellis, 1999). Bioremediation
technology can be broadly classified as ex situ or in situ.
Ex situ technologies are those treatment strategies which
involve physical removal of the contaminated material to
another location for treatment. On the other hand, in situ
strategies involve treatment of contaminated material in
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place (Okpokwasili, 2006; Ibiene et al., 2011).
Selecting the most appropriate bioremediation technology can be guided by considering three fundamental
principles: (a) The amenability of the pollutant to be
biologically transformed to less toxic products (biochemistry), (b) The accessibility of the pollutant to
microorganisms (bioavailability), and (c) The opportunity
for optimization of biological activity (bioactivity).
Traditional approaches for enhancing biodegradation
processes rely on the addition of one or more nutrients
(nitrogen, phosphorus, trace minerals and vitamins)
which provides microorganisms with essential elements
to reproduce and thrive (Aislabie et al., 1998; Liebeg and
Cutright, 1999). Such nutrients should be non-toxic and
sufficiently reactive to support the desired chemical or
biological reaction at rates that meet treatment objectives
(Adriano et al., 1998; Dawson et al., 2007). Nutrient
supplementation facilitates crude oil metabolism in soil
environment by hydrocarbonoclastic microorganisms,
thereby reducing the negative impacts of crude oil
pollution on the ecosystem (Semple et al., 2001; USEPA,
2010).
Hence, it is imperative to give adequate attention to
enhanced bioremediation of crude oil contaminated soil
using low-cost materials as supplements. This study was
therefore carried out to investigate the bioremediation
potentials of an indigenous microbial population in an
aged crude oil contaminated soil following nutrient
amendment with brewery spent grain and rabbit
droppings.

MATERIALS AND METHODS
Sample collection
COCS was excavated from an oil spill site in Yorla in
Khana Local Government Area (LGA), Rivers State. The
sampling site had been inundated with an oil spill over
the years before sample collection. The topsoil (15 cm
depth) was collected using a manual soil auger into clean
polythene bags. Brewer’s spent grain, a waste product
from malted barley was collected from a brewery in clean
polythene bags while rabbit droppings was collected from
the University Demonstration Farm and composted
following the method of Semple et al. (2001) before use.
Samples were transported to the Microbiology Laboratory
in an ice box at 4°C.
Bioremediation treatment design
The experimental set-up consisted of three treatment
options designated as:
Set A: COCS (300g) + BSG (150g) +Tilling
Set B: COCS (300g) + RM (150g) +Tilling
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Set C: COCS (300g) + Tilling
One liter of water was added at interval of two days and
tilled to mix nutrients with polluted soil, enhance aeration
and microbial metabolism. The experiments were carried
out in duplicates.

Determination of hydrocarbon-utilizing bacteria and
fungi
Soil slurry was prepared by mixing 1 g of wet soil from
treatment set up with 9 ml of sterile saline suspension.
The soil suspension was then subjected to a 10-fold
serial dilution before plating out on the respective media.
Each dilution was plated in triplicate. The hydrocarbonutilizing bacteria were enumerated as described by
Hamamura et al. (2006) using mineral salts medium of
Mill et al. (1978) with crude oil supplied by vapour phase
transfer.
For hydrocarbon-utilizing fungi, the same procedure
was followed except that 1 ml of lactic acid was added to
Sabouraud dextrose agar to inhibit the growth of bacteria.
Control plates were incubated without any carbon source.

Determination of total heterotrophic bacteria and
total fungi
The total heterotrophic bacterial count was determined
using the spread plate method on nutrient agar as
described by Hussemann (1993). Soil suspensions were
prepared by serial ten-fold dilutions with 1 g of soil and
dilutions were spread plated in triplicates. Culture plates
were then incubated at room temperature (28±2°C) for 24
h. For total fungi, serially diluted soil suspension above
was spread-plated on Sabouraud dextrose agar in
triplicates and incubated at room temperature (28±2°C)
for 5–7 days.

Purification and characterization of bacterial and
fungal isolates
Bacterial colonies that developed on the plates after
incubation were purified by sub culturing and identified
based on their colonial, microscopic and biochemical
characteristics with reference to the Bergey’s Manual of
Systematic Bacteriology (Holt et al., 1994).
Colonies were isolated from nutrient agar plates with
the highest dilutions. These were anticipated to represent
the most numerous culturable bacteria. For fungi each
purified isolate was placed on clean and grease-free slide
and a drop of lactophenol added. The preparation was
covered with a cover slip and slide observed under x10
and x40 objective lenses.

Determination of physicochemical parameters of soil
samples
The physicochemical parameters (pH, phosphate content
nitrate content, moisture content, and total organic
carbon) of soil samples from the various treatment set
ups were determined using standard methods. The pH
was determined using pH meter (Jenway 3015 method),
total organic carbon (TOC) and moisture content by
methods adopted from Lyman (1990), while the
phosphate, sulphate and nitrate contents were determined spectrophotometrically using the method of
American Public Health Association (APHA, 1995).

Extraction and gas chromatography
To determine the residual total petroleum hydrocarbon
composition of the soil samples, a modified EPA 8015
technique (Adeniyi and Afolabi, 2002) was adopted. The
petroleum hydrocarbons in soil sample were extracted
using n-hexane: dichloromethane solvent system (1:1)
and an aliquot of the extract injected into a gas
chromatograph (HP 5890, Hewlett Packard, PA, USA)
equipped with a flame ionization detector (FID).
This was quantified by gravimetric method (Sims and
Sims, 1991; Yveline et al., 1997). The chromatograms
were examined only visually and were only used for
qualitative interpretation. Quantization or fractionation on
the silica gel column into aliphatic and aromatic
components was not performed.

RESULTS AND DISCUSSION
Figures 1 to 4 show the changes in population of the
different physiological groups during enhanced ex situ
bioremediation of COCS. In the treatment amended with
BSG, the total heterotrophic bacterial count (THBC)
5
increased from 1.76 × 10 CFU/g at the onset of
5
rd
experiment to 4.82 × 10 CFU/g by the 3 week (Figure
1) while the hydrocarbon-utilizing bacterial count (HUBC)
3
4
also increased from 1.93 × 10 to 6.83 × 10 CFU/g within
3 weeks (Figure 2).
The total fungi (TF) and hydrocarbon-utilizing fungi
4
3
(HUF) also increased from 1.54 × 10 and 1.43 × 10
5
4
CFU/g in week zero to 4.08 × 10 and 5.14 × 10 CFU/g
rd
respectively (Figures 3 and 4) by the 3 week of experiment. Thereafter, the microbial populations decreased
steadily until week 5 of monitoring.
The initial relative increase in microbial numbers
following BSG addition to the COCS when compared to
the control experiment (Figure 1) could be attributed to
the utilization of nutrients contained in the BSG by the
microbes thus, suggesting that BSG could stimulate
microbial growth in the soil.
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Figure 1. Changes in total heterotrophic bacterial counts of COCS amended with RD and BSG during the study period.

Figure 2. Changes in hydrocarbon utilizing bacterial counts of COCS amended with RD and BSG during the study period.
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Figure 3. Changes in total heterotrophic fungal counts of COCS amended with RD and BSG during the study period.

Figure 4. Changes in hydrocarbon utilizing fungal counts of COCS amended with RD and BSG during the study period.
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Figure 5. Changes in total petroleum hydrocarbon content of COCS amended with RD and BSG.

However, the decrease in microbial numbers obtained
after 3 weeks of enhanced activity may be attributed to
the depletion of the BSG nutrients in the COCS by the
resident microorganisms. In the treatment amended with
rabbit droppings, the HUB population increased from
4
4
1.76× 10 to 4.13 × 10 CFU/g by week 3 and
3
subsequently dropped to 0.55 × 10 CFU/g after week 5.
3
Likewise, the THBC increased from 1.93 × 10 to 4.25×
5
3
10 CFU/g by week 3, before decreasing to 0.35 × 10
th
CFU/g by the 5 week. The total heterotrophic fungal
(THF) and hydrocarbon-utilizing fungal (HUF) counts
4
followed the same trend and increased from 1.54 × 10
3
5
CFU/g and 1.43 × 10 CFU/g respectively to 2.75 × 10
4
rd
and 3.05 × 10 CFU/g by the 3 week before a decrease
3
2
to 0.15 × 10 CFU/g (THF) and 0.32 × 10 CFU/g (HUF).
Generally, there was a significant (p<0.05) reduction in
the different physiological groups of microorganisms after
week 3 indicating the initial increase in microbial
populations in the second and third week was due to
nutrient supplementation whereas, the decrease after the
rd
3 week could be attributed to nutrient limitation or
consumption by the microbes (Liebeg and Cutright, 1999;
Delille and Coulon, 2008). The results obtained for the
different physiological groups collaborates the findings of
Chikere et al. (2009) who in a tropical crude oil polluted
soil undergoing bioremediation observed that the use of
NPK fertilizer, urea fertilizer and poultry droppings
effectively stimulated bacterial species into utilization of
crude oil, thus, increasing their population.
The positive effect of BSG obtained from malted barley
had been reported by other workers (Aliyu and Muntari,
2011; Huige, 1994; Thomas and Rahman, 2006). The
ratios of HUB to THB in treatments containing RD and

BSG were 2.45 and 1.46 respectively while 2.32 and 1.23
were obtained as ratios of HUF to TF in RD and BSG
treatments respectively (Figure 5). The control had ratio
of 0.75 (THB/HUB) and 0.94 (THF/HUF).
The proliferation of the HUB and HUF in RD and BSG
amended COCS is an indication of their enhanced growth
and activity as a result of the amendments. It has been
previously reported that the exposure of soil to crude oil
results in an immediate change in bacterial community
structure, increasing abundance of hydrocarbondegrading microorganisms and a rapid rate of oil
degradation, which suggests the presence of a preadapted oil-degrading microbial community (Hamamura
et al., 2006).
Exploration and production activities may have
encouraged the adaptation of crude oil degrading
microorganisms in the soil where such activities prevail.
Previous studies had reported that as oil-utilizing
microorganisms become adaptive to the environment,
they make use of the residual crude oil in the soil as
energy source and replicate faster (Ting, 1999; Obiukwu
and Abu, 2003; Ebuehi et al., 2005). However, the
increase in microbial abundance is facilitated by the
introduction of nutrients (in this case, RD and BSG) into
the soil which enhances the growth of the hydrocarbondegrading microbes and stimulates the production of
enzymes required for the breakdown of the complex
hydrocarbon compounds.
Figure 6 shows the reduction in TPH concentration of
COCS amended with BSG and RD including the control
experiment. In the treatment amended with BSG, the
TPH reduced from 6706.76 to 3102.96 ppm after week 5.
This corresponds to a percentage TPH reduction of 57.7.
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Figure 6. Changes in total organic carbon of COCS amended with RD and BSG during the study period.

Figure 7. Changes in nitrate content of COCS amended with RD and BSG during the study period.

The RD amended treatment showed a reduction of TPH
from 6706.76 to 2818.42 ppm, indicating a 57.9%
reduction in total petroleum hydrocarbons of the COCS in
5 weeks whereas, in the control experiment, TPH
reduction was from 6706.76 to 6666.76 ppm indicating a

reduction in TPH of only 0.59% (Figure 7).
The significant (p<0.05) reduction in TPH concentration
of the COCS after 5 weeks of treatment with the
amendments suggests that the microbes in the COCS
have the capability to utilize the crude oil as a source of
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carbon and energy and that the RD and BSG had
stimulating effects on crude oil utilization by these
indigenous microbes in the COCS. This suggests that RD
and BSG amendments were effective in enhancing
remediation of COCS.
This inference is in agreement with that of other
researchers (Amanchukwu et al., 1989; Delille and
Coulon, 2008; Chikere et al., 2011) who reported the
biostimulation efficiency of organic nutrients for enhanced
bioremediation of total petroleum hydrocarbons
contaminated environments. Other workers (Alvim-Ferraz
et al., 2006; Abioye et al., 2009; Seklemora et al., 2001)
had also reported the positive effect the addition of
organic wastes had on the bioremediation of used motor
oil contaminated soil.
The bacteria isolated from the COCS included
members of the following genera: Corynebacterium,
Staphylococcus,
Pseudomonas,
Achromobacter,
Serratia, Bacillus, Proteus, Micrococcus, Clostridium,
Acinetobacter,
Flavobacterium,
Citrobacter
and
Alcaligenes.
The abundance of these hydrocarbon-utilizing genera
in the COCS could be attributed to the increased nitrogen
and phosphorus content of the soil mediated by the
addition of the organic materials which enhanced
microbial growth and the catabolism of the petroleum
hydrocarbon contaminants (Wackett and Ellis, 1999;
Watanabe, 2001; Nweke and Okpokwasili, 2004).
The fungal isolates included the following: Candida,
Cryptococcus,
Rhodotorula,
Saccharomyces,
Trichosporium, Geotrichum, Aspergillus, Penicillium,
Mucor, Fusarium, Cladosporium, Cephalosporium,
Monosporium, Neurospora, Rhizopus and Microsporium.
These fungal genera have been isolated by other
workers and their biodegradation capability previously
evaluated (Okpokwasili and Amanchukwu, 1988;
Macnaughton et al., 1999; Onifade and Abubaker, 2007;
Khidzir et al., 2010). The natural microbial community in
soil is usually able to degrade oil hydrocarbons, since
many of the bacterial species known to degrade
hydrocarbons are commonly found in soil. Thus, it is
more important to create suitable conditions for these
indigenous bacteria than to introduce new species.
Figures 8 to 12 show the changes in physicochemical
parameters in the RD and BSG amended COCS during
the study period. In the RD amended treatment, the %
total organic carbon, nitrate content (mg/kg), and
phosphate content (mg/kg) decreased from 32.48 to
22.41; 17.82 to 16.14 and 24.12 to 14.71, respectively.
th
The pH also reduced from 5.34 to 4.74 by the 5 week
(Figure 11). In the BSG amended COCS (Figures 8 to
12), there was also a significant (p<0.05) decrease in its
TOC, nitrate and phosphate contents. Decrease in TOC
and nitrate content from 32.48 to 26.30 mg/kg and from
17.82 to 14.28 mg/kg respectively were also obtained
th
after the 5 week. The decrease in pH of soil may be
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attributed to the release of acidic intermediates or end
products of catabolic metabolism.
The gas chromatograms of samples obtained during
the bioremediation of the COCS are as presented in
Figures 10 to 12. The gas chromatograms show the
extent of the different carbon fractions in the amended
and un-amended COCS during the study period.
Weathering and microbial activities prior to sample
collection may have been responsible for the low
amounts of C2-C16 fractions of the crude as the gas
chromatograms of the hydrocarbons present in the soil
did not resemble the chromatograms of fresh products
(Figure 10). Evaporation of volatile compounds may also
have taken place during the initial excavation, transport
and sieving of the soil. However, the hydrocarbons left in
the soil were degraded during the study period when
organic amendments were introduced.
In COCS amended with BSG and RD, there was
enhanced attenuation of the peaks within the region of
C12‒C23 fractions when compared to the control (unamended) indicating that the isolates were stimulated to
degrade the short chain hydrocarbon fractions within that
range. The ability of these microbes to utilize these
carbon fractions may be attributed to the possession and
activation of special enzyme (dehydrogenases and
oxygenases) systems which can break down the crude oil
contaminants, bringing about their mineralization to
carbon (IV) oxide and water and thus, reducing levels of
total petroleum hydrocarbon (TPH) contaminant in the
soil. The changes in peak height obtained in the
chromatograms did not follow the trend observed for
changes in TPH content in COCS as certain peaks
increased in height after initial peak attenuation during
the study period (Figures 10 to 12).
This seemingly unusual trend in peak height
attenuation with respect to degradation of the TPH may
be due to the metabolic activities of the hydrocarbonutilizing microbes which mediate changing substrate
conditions in a stressed environment as smaller
molecules are used to build larger ones and complex
molecules broken down into smaller ones.
Nevertheless, significant attenuation of chromatographic peak heights was obtained after 5 weeks in
amended COCS which suggests that enhanced
bioremediation of oil spill sites can be successfully
prosecuted using RD and BSG as biostimulants in order
to restore polluted soils to their natural state. Hence, it
seems that it is possible to obtain lower end point
concentrations with aged contaminants just like with
freshly gasoline-spiked soil.
The exact nature of the residual fractions in the soil
after the study period is not known, but it is likely that it
consists of branched-chain alkanes, multi-ring saturates
(naphtenes) and aromatics, each of which may have alkyl
side chains attached to their core ring structure. For aged
contaminations, these residual fractions which are
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Figure 8. Changes in phosphate content of COCS amended with RD and BSG during the study period.

Figure 9. Changes in pH of COCS amended with RD and BSG during the study period.
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Figure 10. The chromatogram of un-amended COCS (control) showing the extent of the different carbon fractions of the
crude oil after week zero (a) and week 4 (d) of experiment.
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Figure 11. The chromatogram of COCS amended with RD showing the extent of the different carbon fractions of the
crude oil after weeks 1 (a), 2 (b), 3(c) and 4 (d) of treatment.

36

37

Counts

Ogugbue et al.

a

b

c

d

Time (min)

Figure 12. Chromatogram of COCS amended with BSG showing the extent of the different carbon fractions of the
crude oil after weeks 1(a), 2(b), 3(c) and 4(d) of treatment.

degraded slowly are usually not bioavailable since they
are `locked up' in particle pores, though it cannot be
excluded that the residual fraction is inherently recalcitrant (Huesemann, 1997). Moreover, the aged status of
the stimulated microorganisms at the end of the
bioremediation event may also explain the non-removal
of the residual fractions since the vigour of degrading the
contaminant may have been weakened.
Thus, our results indicate that the application of organic
substrates (brewery spent grain and rabbit droppings) to
aged crude oil contaminated soils could serve as a lowcost remediation strategy for returning such polluted soil
ecosystems to their natural state and as an alternative to
the current practice of applying large quantities of
inorganic fertilizers.

indigenous soil microorganisms. Rapid increase in
microbial populations of the COCS was obtained in
treatments containing the two amendments albeit at
varying rates. Decrease in TPH of COCS was also
enhanced in treatments containing the amendments
when compared to the un-amended COCS (control) with
a relatively higher TPH removal obtained in RD amended
COCS.
Evidence of mineralization of the hydrocarbons in the
COCS by the indigenous hydrocarbon-utilizing microbes
was presented in the gas chromatograms obtained
before and after the experiments which suggests that RD
and BSG can be used as efficient bio-stimulants during
bioremediation of crude oil polluted soil. However, RD
was more effective in stimulating the growth of intrinsic
microbial species and enhancing crude oil biodegradation in
the COCS than BSG.

Conclusion
Enhanced ex situ bioremediation of a COCS using BSG
and RD as amendments was achieved in this study using
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