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ABSTRACT
Bio-stimulation of hydrocarbon contaminated soil using organic stimulants are usually based on
proportion of contaminated soil rather than the concentration of contaminants (exact approach) and
most studies carried out on bioremediation of hydrocarbon contaminated soil were based on basic
proof of concept and not geared towards development of processes that could lead to development of a
realistic large scale treatment technology. In view of the aforementioned, a study was carried out on
bio-stimulation of soil contaminated with spent motor oil using cow dung and poultry litter as biostimulants employing the exact approach in land-farming microcosms adopting the Box-Behnken
design of experiment and based on the design of experiment fourteen microcosms labeled S1 to S13
and a control labeled S14 were investigated. The oil and grease content (O&G) and the total
heterotrophic bacteria count (THBC) were used to assess the extent of bioremediation. After eight (8)
weeks of bioremediation, the efficiency of degradation in all microcosms (S1 to S14) varied from 68 90% except the control (S14) with 35%. S1 showed the highest response to bioremediation of 90% and
bio-stimulant efficiency of 61%. The microbial counts increased in the first three weeks (1.18×107 –
1.02×109) corresponding to the period of fast removal of O&G in all microcosms. Based on the
percentage removal of the O&G content (90%), the exact approach showed a great potential for the
remediation of spent motor oil contaminated soil at contaminant load range of 6.2 – 12.5% and
carbon-nitrogen molar ratio (C:N) chosen (15:1 – 10:1).
Keywords: biodegradation, bioremediation, carbon-nitrogen ratio, organic stimulants, and oil and
grease content.
INTRODUCTION
Petroleum based products are the major source of energy
for our vehicles, industry and daily life. Due to its
importance as energy source, it is prone to accidental spill
during exploration, production, refining, transport and
storage, which is detrimental to public health and
environmental safety. Therefore, there is urgent need for
the restoration or remediation of hydrocarbon
contaminated sites. Global production of crude oil is
estimated at more than twelve million metric tons
annually, it has been reported that 1.7 to 1.8 million metric
tons of petroleum hydrocarbon escapes into the soil and
water bodies yearly (Agamuthu and Dadrasnia, 2013).
Environment free of pollutants should be the concern of
every individual but with industrialization and
urbanization, it is difficult to achieve (Abdulsalam et al.,
2016). Therefore, a form of cleaning technology is
inevitable to reduce the concentration of environmental
pollutants to acceptable limit.
Spent motor oil is the brown-to black oily liquid removed
from a motor vehicle, when the oil is changed, spent
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motor oil is similar to unused oil, except that it contains
additional chemicals that are produced or build up in the
oil, when it is used as an engine lubricant at high
temperatures and pressures, as it runs due to engine wears
and intrusion of dirt. Once this oil get into the soil, the soil
is contaminated and therefore, altering its integrity and
hence, some form of restoration becomes imperative.
The physicochemical technologies are being used to clean
up contamination in the environment (Faisal et al., 2004),
but such technologies are expensive, not environmentally
friendly, destroy soil texture and characteristics and do not
always lead to the complete neutralization of contaminants
(Abdulsalam et al., 2011). Bioremediation, a treatment
based on the use of microorganisms can be used to get rid
(or reduced to acceptable limits) of environmental
pollutants at low cost because of its simplicity in
technology, environmental friendliness, and conservation
of soil texture and characteristics. Bioremediation can be
applied either by stimulating microorganisms present at
site called biostimulation which is believed to be more
economically or by the addition of genetically grown
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microorganisms known as bioaugmentation (Abdulsalam
et al., 2012). Many research works have been carried out
on spent motor oil contaminated soil using biostimulation
approach
employing either organic or inorganic
stimulants but the former has received more patronage in
recent time because of its relatively low cost and
environmental safety (Abioye et al., 2012; Adekunle,
2011).
During the process of bioremediation, which involves the
activity of microorganisms to remove pollutants,
environmental parameters such as temperature, pH,
oxygen and moisture content, are optimized to achieve
accelerated biodegradation (Adams et al., 2015). A lot of
work has been reported on biostimulation of hydrocarbon
contaminated soils using organic wastes as stimulants but
application of these stimulants are usually based on
proportion of contaminated soil rather than the
concentration of contaminants in the soil (exact approach).
In view of the aforementioned, a study was conducted on
the use of mixture of cow dung and poultry litter blended
together for biostimulation of soil contaminated with spent
motor oil in landfarming microcosms employing the exact
approach.
MATERIALS AND METHOD
Sample Collection
Top soil (0 – 20 cm) contaminated with spent motor
oil was collected from Bappah Master Auto-mechanic
Workshop located along Railway Road Bauchi,
Bauchi State in a polythene bags and kept at the
Biochemical Engineering Laboratory, Department of
Chemical Engineering, Abubakar Tafawa Balewa
University, Bauchi. The soil prior to microbial
analysis was kept at 4°C in a refrigerator. The
stimulants: cow dung and poultry litter were collected
𝑂&𝐺(𝑝𝑝𝑚 𝑜𝑟 𝑚𝑔𝑘𝑔−1 ) = (

𝑂&𝐺𝑖 −𝑂&𝐺𝑟
𝑂&𝐺𝑖

× 100

…

Methods
The contaminated soil sample was subjected to
physicochemical and microbial analyses. The soil
texture was determined according to method of Day
(1953), pH was determined according to method of
Bates (1954), organic carbon was determined
according method of Walkley and Black (1934), bulk
density, particle density and porosity were determined
according to method of Brandy and Weil (1999), oil
and grease (O&G) was determined according to
method of Chang (1998), total organic content was
determined according to method of Camobre et al.
(1996) and total heterotrophic bacteria counts
(THBC) was determined according to method of John
(1982). All analyses were carried out in triplicate.
Details of methods for determining O&G and THBC
are described as follows:
Determination of oil and grease content
Five grams (5 g) each of soil sample was weighed on
an electronic weighing balance and transferred into a
test tube, 5 ml of n-hexane was then added. The
sample mixture was shaken vigorously for 5 min,
after settling, the solvent and extract was decanted
into a pre-weighed 50 ml beaker. This procedure was
repeated three times to bring the total solvent volume
to 20 ml, the extract and the solvent obtained was
evaporated on a heating mantle. The O&G residue,
which is the extract, was allowed to cool and weighed
on a sensitive balance to four decimal places (Chang,
1998). Results obtained was presented in mg/kg or
ppm using Eq. (1):

𝑊𝑒𝑖𝑔𝑡ℎ 𝑜𝑓 𝑜𝑖𝑙 𝑖𝑛 𝑠𝑜𝑖𝑙 𝑠𝑎𝑚𝑝𝑙𝑒(𝑔)
𝑊𝑒𝑖𝑔𝑡ℎ 𝑜𝑓 𝑠𝑜𝑖𝑙 𝑠𝑎𝑚𝑝𝑙𝑒 𝑡𝑎𝑘𝑒𝑛 (𝑔)

Percentage (%) degradation (D) was calculated using
the modified form of equation in Samuel (2013):
𝐷=

from Bappah Poultry Farm located at old G.R.A
Bauchi, and cattle settlement along Gubi Dam
Bauchi, Bauchi State Nigeria respectively.

% 𝐵. 𝐸 =

(2)

× 106 )
𝑂&𝐺𝑠 −𝑂&𝐺𝑢
𝑂&𝐺𝑠

…
× 100

(1)
…

(3)

where 𝑂&𝐺𝑢 is the removal of spent motor oil in the
unamended soil, and 𝑂&𝐺𝑠 is the removal of spent
motor oil in the amended soil.

where 𝑂&𝐺𝑖 and 𝑂&𝐺𝑟 are the initial and residual
O&G concentrations respectively.

Determination of total heterotrophic bacterial
count
The enumeration of the total heterotrophic bacterial
count in the microcosms were determined using
standard plate counting technique. One gram (1 g) of
the content in S1 was placed in a test tube and diluted

More so, the percentage (%) biostimulant efficiency
(B.E) was calculated at the end of day-56 using
modified form of equation in Samuel (2013)
presented in Eq. (3).
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to 10 fold dilution: dilutions 10-4, 10-5 and 10-6 were
used and later changed to 10-5, 10-6 and 10-7 past week
“3”. Zero point one milliliter (0.1 ml) of inoculum
each from each of the selected dilutions was pipetted
and plated using nutrient agar (NA) and incubated at
(34±2℃) for 24 h. Plate with growth within the range
of 30 – 300 colonies were counted (John, 1982). The
THBC was calculated using Eq. (4).

for the three independent variables and their
responses are presented in Table 2.
Table 1: Experimental Factors and Levels of
Variables
Level
Factor
Low (-1) Average (0) High (+1)
Cow dung (C:
7.5:1
6.25:1
5:1
N)
Poultry litter
7.5:1
6.25:1
5:1
(C: N)
Moisture
20
25
30
content (%)

𝑇𝐻𝐵𝐶 (𝑐𝑓𝑢 ⁄𝑔) =
𝑛𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑐𝑜𝑙𝑜𝑛𝑖𝑒𝑠×𝑟𝑒𝑐𝑖𝑝𝑟𝑜𝑐𝑎𝑙 𝑜𝑓 𝑡ℎ𝑒 𝑑𝑖𝑙𝑢𝑡𝑖𝑜𝑛 𝑓𝑎𝑐𝑡𝑜𝑟
𝑤𝑒𝑖𝑔ℎ𝑡 𝑜𝑓 𝑐𝑜𝑛𝑡𝑎𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑠𝑜𝑖𝑙

(4)

Experimental Design and Treatment
The Box-Behnken design of experiment was
employed: three independent variables or factors at
three levels (-1, 0, +1) were considered. The
dependent variables are oil and grease content (O&G)
and total heterotrophic bacteria counts (THBC). The
values and levels of the independent variables are
presented in Table 1 and coded Box Behnken design

The contents in Table 2 were based on calculated
amounts of various parameters in Table 1 taking 5 kg
of contaminated soil sample as basis.

Table 2: Coded and Actual Values of Box Behnken Design of Experiment for the Three Independent
Variables Using the Exact Approach
Run
Cow Dung
Poultry Litter
Moisture Content
(kg)
(kg)
(kg)
1
-1 (1.95)
-1 (0.98)
0 (1.98)
2
+1 (2.93)
-1 (0.98)
0 (2.23)
3
-1 (1.95)
+1 (1.47)
0 (2.11)
4
+1 (2.93)
+1 (1.47)
0 (2.35)
5
-1 (1.95)
0 (1.18)
-1 (1.63)
6
+1 (2.93)
0 (1.18)
-1 (1.82)
7
-1 (1.95)
0 (1.18)
+1 (2.44)
8
+1 (2.93)
0 (1.18)
+1 (2.73)
9
0 (2.36)
-1 (0.98)
-1 (1.66)
10
0 (2.36)
+1 (1.47)
-1 (1.77)
11
0 (2.36)
-1 (0.98)
+1 (2.50)
12
0 (2.36)
+1 (1.47)
+1 (2.65)
13
0 (2.36)
0 (1.18)
0 (2.14)
14
Bioremediation Experiment
Five kilograms (5 kg) of contaminated soil sample
sieved and homogenized using 2 mm sieve were
transferred into a container, calculated amounts of
blends of cow dung and poultry litter based on their
nitrogen contents and organic carbon content in the
contaminated soil as suggested by Box Behnken
design of experiments were used to attain the desired
carbon to nitrogen molar ratio (C:N). The calculated
amounts of cow dung and poultry litter were added to
the container and mixed thoroughly. The well mixed
content of the container was then transferred into the

microcosm labelled S1 (Figure 1). The above
procedure was repeated for the remaining twelve
microcosms (S2 – S13). S14 was the control,
therefore, no stimulant was added. Periodic sampling
of content in each of the microcosms was performed
on weekly basis for the eight weeks of study.
Parameters determined were the oil and grease
content (O&G), total heterotrophic bacterial counts
and the pH regime. In addition, the moisture content
in each microcosm was determined on 2-weekly basis
and where the moisture content in any of the
microcosms fell below the initial amount as presented
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in Table 2, such value was adjusted to its initial value
using distilled water.

Figure 1: Microcosms stacked with various treatments described in Table 2
RESULTS AND DISCUSSION
Physicochemical Properties of Soil and Organic
Wastes
The physicochemical properties of the spent motor oil
contaminated soil and that of the stimulants used for
bioremediation are presented in Table 3. The high
value of total organic carbon (8.19±0.31%) and O&G
content (188 273.33±253.25 ppm) was indication that
the soil was highly contaminated with spent motor
oil. The O&G content was 377 folds greater than the
safe limit of 500 mg/kg set by the Nigerian Federal
Ministry of Environment (Abdulsalam, 2011), hence
the need for the restoration of the contaminated soil
for environmental safety and public health in general.

The soil pH (6.83±0.05) was within the acceptable
limit of 5.5 – 8.5 for effective bioremediation (Vidali,
2001). The soil moisture content (1.700±1.015 %)
was out of the range of 12 – 25% required for
optimum growth and proliferation of microbes
(Adams et al., 2015), hence there was need to
argument the moisture content to acceptable limits.
The nitrogen content of the poultry and cow dung
were found to be 1.4±0.00% and 0.7±0.00%
respectively (Table 3). These nitrogen contents were
used to obtain the exact amounts of cow dung and
poultry litter added to the contaminated soil to attain
the desired C:N for all the microcosms.

Table 3: Physicochemical Properties of the Samples
Value/inference
Parameter
Soil
Poultry litter
Texture
Loamy sand
Organic Carbon (%)
8.19±0.31
Moisture (%)
1.70±1.02
Porosity (%)
47.98±20.14
Water absorption capacity (%)
38.48±0.56
Particle density (g/cm3)
2.00±0.06
3
Bulk density (g/cm )
1.04±0.37
Total organic content (%)
26.00±1.36
Oil and grease (ppm)
188 273.33±253.25
Organic carbon (%)
8.19±0.31
pH
6.83±0.05
Nitrogen (%)
1.4±0.00
Phosphorus (ppm)
2396.514±34.014
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0.7±0.00
393.743±93.422
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Microbiological Analysis
The THBC in the test soil was found to be
6.2±2.52×106 cfu/g which was above the minimum
microbial population of 105 required for effective
bioremediation (Forsyth et al., 1995). Considering the
microbial population in the test soil, biostimulation

strategy was the most appropriate option. In addition,
the five microbial types identified (Table 4) were
hydrocarbon degrading ((Das and Chandran, 2011;
Subathra et al., 2013; Drzewiecka, 2016).

Table 4: Microbiological analysis of spent motor oil contaminated soil
Parameter
Value/inference
Total heterotrophic bacterial count (cfu/g)
6.23±2.52×106
pseudomonas spp, klebsiella spp, bacillus spp,
Bacterial identity
micrococcus spp, proteus spp
Bioremediation Experiments
content started fluctuating with ± (increase/decrease)
Oil and Grease Content (O&G) for the
in the residual O&G contents as shown in Figure 2,
Microcosms
this could be attributed to uneven distribution of
According to Abdulsalam (2011), the O&G content is
nutrients in the microcosms. In week 4 the residual
one of the best indices usually used to quantify
O&G contents for S1 – S14 were 14 000.0, 14 666.7,
biodegradation of spent motor oil since the C-H bond
24 000.0, 20 000.0, 29 333.3, 14 000.0, 19 333.3, 16
in the oil is low as a result of its breakdown during
000.0, 24 000.0, 18 000.0, 17 333.3, 13 333.3, 36
usage in motor engine. Hence, the O&G content was
000.0 and 83 333.3 ppm respectively corresponding
used to assess the extents of degradation in this study.
to 85, 79, 74, 69, 53, 81, 78, 71, 63, 68, 65, 86, 48 and
The variation in O&G content for all the microcosms
33% biodegradation. At the end of the 56 day, the
with time are presented in Figure 2. All the profiles
biodegradation efficiency varied from 68 – 90%
were characterized with period of fast decreased in
except the control (S14) with 35%. In addition, bioO&G contents (week 0 - 4), followed by period of
stimulant efficiency (B.E) varied from 48 – 61%. The
slower activities (past week 4). After week 4, the
control had 0% B.E since it is on its basis the
O&G
biostimulants efficiency is calculated.
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S9
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S10

S4
S11

S5
S12

S6
S13

S7
S14

RESIDUAL O&G CONTENT (PPM)
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40000.00
20000.00
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BIOREMEDIATION TIME (WEEK)

Figure 2: Variation in oil and grease content with bioremediation time
From the percentage oil and grease degradations and
biostimulant efficiencies, it could be deduced that the

indigenous microorganisms were able to utilize the
O&G content in the spent motor oil contaminated soil
as their source of carbon and energy thereby leading
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to biodegradation of the oil content. This observation
is in line with the findings of Samuel (2013) and Ajao
et al. (2011).

using the exact approach (or C:N approach) and
taking appropriate carbon-nitrogen molar ratio, the
exact amount of organic stimulant required for
effective degradation can be computed as was done in
this study.

The bioremediation and bio-stimulant efficiencies
obtained in this study were superior to most of the
previous studies that employed the proportion of
contaminant approach: Adekunle (2011) obtained
40% degradation on soil artificially contaminated
with spent motor oil at contaminant load of 5 –
12%w/w and 12%w/w organic compost over a period
of 21 days. The amount of organic compost added
was 0.12 weight stimulant per weight contaminated
soil. In addition, Agarry and Ogunleye (2012) carried
out research on bio-stimulation of spent motor oil
contaminated soil using poultry manure as stimulant
at contaminant load of 10%w/w over a period of
forty-two (42) days. Results showed that 67.76%
degradation was achieved and the amount of manure
added was 0.24 weight stimulant per weight
contaminated soil.

pH and Microbial population in microcosms
The pH values in all the microcosms ranged from
6.90±0.00 to 8.80±0.00 for the fifty-six days of
bioremediation. These pH values were within the
range required for effective bioremediation.
Therefore, pH was not a limiting factor in this study
(Vidali, 2001).
The variation in THBC and bioremediation time is
presented in Figure 3. From this figure, it could be
observed that the microbial growth profiles obtained
for all microcosms followed typical microbial growth
pattern depicting the lag, exponential, stationary and
death phases (Bailey and Ollis, 1977; Abdulsalam,
2011). It could also be observed that there were
fluctuations in the growth phases past week 4 which
could be attributed to non-uniformity in mixing
leading to un-even distribution of nutrients within the
microcosms. Hence, un-even utilization of available
nutrients by microorganisms, consequently the uneven growth pattern observed. This observation is in
line with the finding of Samuel (2013).

The stimulant amount used in this study ranged from
0.586 to 0.88 weight stimulant per weight
contaminated soil. This stimulant range was obtained
by using the carbon to nitrogen molar ratio in the
range 15:1 – 10:1. From the summary of the two
previous studies above, the amount of organic
stimulants applied were low, although, the nitrogen
content in different organic wastes are varies but
R1
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Figure 3: Variation in THBC with bioremediation time
In all the microcosms, a similar trend of lag phase or
period of adaptation of microorganisms which lasted
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for two weeks (week 0 – 2), followed by one week of
exponential growth (between week 2 and 3) which
corresponds to period of maximum microbial growth
in all microcosms. The THBC for all the microcosms
in week 4 (period of maximum microbial growth)
ranged from 3.51×107 – 1.19×108 cfu/g, with S6
having the highest microbial growth. This period of
maximum microbial growth corresponds with the
period of fast removals of the O&G contents in all
microcosms. Hence, it is clear that the microbial
species present in the microcosms: pseudomonas spp,
klebsiella spp, bacillus spp, micrococcus spp, proteus
spp utilized the oil and grease contents contained in
spent motor oil contaminated soil effectively as their
source of carbon and energy. This observation agrees
with the findings of Kamaluddeen et al. (2016).

– 90% and biostimulant efficiency varied from 48 –
61%. Therefore, the exact approach is an effective
technique of remediating spent motor oil
contaminated soil.
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