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Abstract

Environmental pollution resulting from anthropogenic activities, particularly in mechanical workshop
environments, has led to significant soil contamination by spent oil. Bioremediation offers an effective, eco-
friendly, and cost-efficient approach for restoring such polluted soils. This study evaluates the effectiveness
of biostimulation using both organic and inorganic amendments, as well as natural attenuation, in
enhancing the biodegradation of spent oil in contaminated soil under controlled conditions. The initial
residual oil content in soils treated with inorganic fertilizers ranged from 0.022%0.03 to 0.036+0.01 g/g,
decreasing to between 0.013+0.00 and 0.023+0.00 g/g after a 42-day incubation period. Similarly, soils
amended with organic fertilizers showed a reduction from an initial range of 0.033+0.01 to 0.024+0.00 g/g
to final values between 0.010+0.00 and 0.023+£0.00 g/g. In contrast, the untreated (attenuated) microcosm
exhibited a smaller reduction, from 0.056+0.01 g/g to 0.045+0.00 g/g over the same period. Microbial
population counts ranged from 1.7 X 103 to 4.2 x 10"° CFU/g, indicating substantial microbial activity. The
results demonstrate that the addition of biostimulants enhances the proliferation of indigenous
microorganisms, which utilize hydrocarbons as a carbon source, thereby accelerating the biodegradation
process. Although both organic and inorganic fertilizers proved effective, organic amendments showed
greater potential due to their ability to introduce additional microbial populations, further enhancing
remediation efficiency. Overall, the study highlights the effectiveness of biostimulation in the remediation
of oil-contaminated soils and underscores the added advantage of organic amendments in improving
microbial activity and soil recovery.

Keywords:

Introduction

Bioremediation refers to the use of microorganisms to break down, detoxify, or transform pollutants present
in soil, groundwater, sludge, and other environmental media into less harmful substances. This process relies
on the growth and metabolic activities of microorganisms, which utilize contaminants as sources of energy
or carbon for survival. Various types of pollutants, including organic and inorganic compounds such as
hydrocarbons, heavy metals, agrochemicals, dyes, plastics, sewage, and spent oil, can be degraded through
bioremediation processes. As an environmentally sustainable and cost-effective remediation approach,
bioremediation can be applied either in situ or ex situ, depending on factors such as pollutant type,
concentration, and economic considerations. Several strategies exist within bioremediation, including
biostimulation, bioaugmentation, bioventing, biocharging, and natural attenuation. Among these,
biostimulation focuses on enhancing the activity of indigenous microorganisms by supplying essential
nutrients and optimizing environmental conditions required for efficient degradation.
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The effectiveness of biostimulation depends on factors such as pH, temperature, oxygen availability,
moisture content, and nutrient supply. To improve microbial activity, various biostimulants have been
utilized, including organic materials like poultry litter, compost, and animal waste, as well as inorganic
substances such as fertilizers and chemical additives. These materials provide nutrients and, in some cases,
additional microbial populations that enhance the degradation process. Spent oil, also known as used engine
oil, is a major environmental pollutant generated from mechanical and industrial activities. It contains
harmful substances such as heavy metals, aliphatic and aromatic hydrocarbons, and chemical additives.
Improper disposal practices, such as dumping on land or into drainage systems, lead to contamination of
soil and water bodies. This pollution negatively affects soil properties by reducing aeration, water retention
capacity, and pH balance.

The presence of toxic components in spent oil poses serious risks to both the environment and human health.
Heavy metals can cause organ damage and increase the risk of diseases, while polycyclic aromatic
hydrocarbons (PAHs) are known for their carcinogenic and mutagenic properties. Additionally,
contaminated soils experience reduced plant growth, chlorosis, root damage, and overall decline in
agricultural productivity. Given these environmental and health concerns, there is a strong need to remediate
spent oil-contaminated soils using effective and eco-friendly methods. Biostimulation offers a viable
solution by promoting microbial degradation of pollutants. Therefore, this study evaluates and compares the
effectiveness of organic and inorganic biostimulants, as well as natural attenuation, in the remediation of
contaminated soil over a short-term period.

Soil Sampling

Soil was sampled from a mechanic workshop located at the Jude Garage in the Gwagwalada Area Council
using a soil auger and stored in a dark-colored sterile polyethylene bag to prevent direct sunlight. The soil
was labeled accordingly, transported immediately to the laboratory and stored inside a refrigerator at 4+1°C
immediately. Goat droppings were sampled from a local livestock farm located within the Small-Sheda
community at Sheda Abuja, which is opposite the National Mathematical Centre, while fertilizer was
purchased from the Gwagwalada market.

Processing of Samples

The soil samples were sieved through a 2 mm pore size mesh to remove large debris. The goat droppings
were air-dried in a drying room, pulverized, sieved through a 2 mm sieve and stored in a labeled container.
Biostimulation using organic and inorganic fertilizer

Microcosm experiments were performed in 250 ml Erlenmeyer flasks. Approximately 40 g of the
contaminated soil sample was weighed into each of 14 conical flasks. Then, NPK and goat droppings were
added in different quantities and microcosmslabeled accordingly. Microcosms F; and Gd; contained 15 g
of NPK and 15 g of goat dropping, respectively; F2 and Gd> contained 30 g of NPK and 30 g of goat
dropping, respectively; and F3 and Gds contained 45 g of NPK and 45 g of goat dropping, respectively.
Moreover, control microcosms labelled C, which contained no biostimulant was used. These microcosms
were duplicated to yield 14 microcosms. Approximately 10 ml of sterile distilled water was added to each
flask and swirled to mix the contents of the flask properly. Thereafter, the flasks were incubated at 304+2°C.
The addition of water was repeated every week to ensure adequate moisture content for microbial growth
(Ogujoifor et al., 2021). The residual oil content of the soils was determined via extraction, evaporation and
gravimetric methods every 7 days for 42 days to determine the extent of oil loss in each microcosm
experiment (Nna Orji, 2019).
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Sampling
Thorough mixing and the addition of distilled water for adequate microbial growth were ensured. Periodic
sampling from each flask was carried out after 0, 7, 14, 21, 28, 35 and 42 days of incubation to measure the
residual oil after biodegradation by the inherent microorganisms following biostimulation with NPK and
goat droppings.
Approximately 1 g of soil sample was collected from the flask after proper mixing. This process was
performed for individual microcosms.

Extraction

The samples were analyzed for the extent of biodegradation of the spent oil via a cold extraction method
(Nna Orji, 2019) using dichloromethane as the solvent.

Method of Data Analysis
Analysis of variance (ANOVA) was used to determine if the relationships between treatment conditions
were statistically significant (p < 0.05) at various time points during the experiments. Tukey and Dunnett's
multiple comparisons test at o= 0.05 simultaneous confidence level was used for this analysis and the results
were generated using the GraphPad Prism 7 Statistical Software ® Program.

Results and Discussion

The biodegradation results are presented in Fig. 1. The figure reveals that the initial mean concentration of
spent oil in the contaminated soil at the outset of the experiment ranged from 0.024+0.00 g/g to 0.056+0.01
g/g. At the end of the biostimulation period, the mean concentration ranged from 0.010+0.00 to 0.045+0.00
g/g. For the biostimulated microcosms, the residual oil obtained prior to the initiation of biostimulation
ranged from 0.022+0.00 g/g of F3to 0.036+0.00 g/g of Fi.
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Figure 1: Biodegradation of oil following biodegradation with biostimulants

After 7 days of biodegradation following the biostimulation process using inorganic (NPK fertilizer) or
organic (goat droppings) stimulants on oil-contaminated soil in the microcosm experiment, a range of
0.021+0.00 g/g of F3to 0.032+0.00 g/g of F1 was obtained. After the 14™ day of biostimulation, the amount
of residual oil extracted ranged from 0.017+0.00 g/g of Gds to 0.030+0.00 g/g of F;.

The amount of residual oil obtained after 21 days of biodegradation ranged from

0.016+0.00 g/g of Gds to 0.027+0.00 g/g of F1, while 0.014+0.00 g/g of Gds to

0.025+0.00 g/g of Fafter 28 days of biostimulation. After 35 days of biostimulation, 0.012+0.00 g/g of Gd3
decreased to 0.025+0.00 g/g of F1, while 0.010+0.00 g/g of Gd3 decreased to 0.023+0.00 g/g of F after 42
days. The residual oil in the control microcosms decreased from 0.056+0.002 to 0.0451+0.00 g/g after 42
days of incubation. The Attenuated microcosms performed significantly worse than the biostimulated

23 | http://wilmajournals.org/index.php/ijrees
Amadi & Onu, (2026)



International Journal of Research in Environment and Earth Sciences

microcosms due to reduced levels of nitrogen and phosphorous in the contaminated soil (Robichaud et al.,
2019, Okoli et al., (2015), which limited the growth of the inherent microbes.

Figure 2 shows the colony forming units (CFUs) of serially diluted incubated soil following biostimulation
with inorganic and organic fertilizers. As shown in the figure, the greatest number of colony-forming units
was 4.2x10'° CFU/g from the microcosm biostimulated with 45 g of goat dropping, while the least was
2.5x10*CFU/g from the attenuated microcosm.
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Fig 2: Colony forming units (CFUs) of serially diluted soil incubated following biostimulation with
inorganic and organic fertilizers

The colony forming units of the microcosms biostimulated with inorganic fertilizer ranged from 2x103 to
7x10° CFU/g, while those of the organic fertilizer microcosms ranged from 3.7x10* to 4.2x10'°. The
attenuated microcosm concentration ranged from 1.7x10° to 2.5x10* CFU/g. From the figure, the least
performing microcosm was the attenuated microcosm since there was nothing that enhanced the growth of
the inherent microorganisms for the utilization of the oil contaminant as the sole carbon source (Robichaud
et al., 2019). The microcosms biostimulated with 45 g of goat waste performed significantly better than the
rest of the microcosms. This is due to the inherent nutrients, high organic matter content and presence of
microorganisms in goat droppings, which enhance the growth of microbes in the soil for the sole use of oil
as a food, carbon and energy source (Ogujoifor ef al., 2021, Benchouk et al., 2017). Hence, degrading the
oil contaminant and reducing the residual oil extracted following the biostimulation process
From the ANOVA, it was observed that the interaction between the quantity of stimulant and days of
biostimulation affected the residual oil obtained after extraction following biostimulation, which caused a
variation of 0.98% with p<0.001 and was considered extremely significant. The number of days of
biostimulation affected the amount of residual oil obtained, accounting for 14.14% of the total variance,
with a pvalue <0.001, and the effect was considered extremely significant, as observed by Awari et al.
(2020). Additionally, the quantity of stimulant affected the residual oil extracted from the soil following
biostimulation, causing 84.64% of the total variance, with a pvalue <0.001, which was considered extremely
significant. Generally, the quantities of stimulants used for the biostimulation of inherent microorganisms
affected the biostimulation process (Ahmad et al., 2021) better than the number of days during which
biodegradation occurs, thereby causing a positive effect on the biodegradation of oil contaminants, which
led to a reduction in the quantity of oil extracted. The effectiveness of bioremediation was due to the inherent
nutrients and time allowed for degradation to occur (Nwankwegu et al., 2016)
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Multiple comparisons between the residual oil extracted from the control microcosms and the biostimulated
microcosms differed significantly on all days of extraction following biostimulation with the stimulants.
The residual oils extracted from the individual biostimulated microcosms following biostimulation at 0, 7,
14, 28, 35 and 42 days were all significantly lower than those extracted from the control microcosms, with
p=.0001 at a=0.05. This indicated that the stimulation was effective, as the residual oil obtained from these
microcosms differed appreciably from and was lower than that of the attenuated microcosms due to little or
no nitrogen, phosphorus or organic matter (Swapna et al., 2021).

The control microcosm had a significant effect on the biodegradation of the contaminant throughout the
incubation period at p<0.001. The amount of residual oil extracted after 28, 35 and 42 days was significantly
lower than that extracted after 7 days of incubation. Those extracted after 35 and 42 days were significantly
lower than those extracted after 14 days of incubation (p=.004 and p<0.001, respectively). The residual oils,
0.048+0.01 and 0.047+0.01 g/g,extracted after 21 and 28 days, respectively, were significantly greater than
the 0.045+0.00 g/g extracted after 42 days of incubation. This is due to the incubation period allowed for
bioremediation (Nwankwegu et al., 2016) and for the replication of the colony forming units of the inherent
microbes, which ranged from 1.7x10% to 2.5%10* CFU/g during the incubation period of 42 days.

The enhancement of the biodegradation process using NPK fertilizer was significant after every 14 days of
residual oil extraction following biostimulation. The ANOVA results showed that the different quantities of
NPK fertilizer needed time to dissolveand add their respective nutrients to the soil to stimulate the inherent
microorganisms to biodegrade the oil contaminants in the soil. From the analysis, it could be significantly
better to allow for at least 14 days of biostimulation before every extraction from the microcosms
biostimulated with NPK, as this could give significant results than when the residual oil was extracted every
7 days, especially for microcosms biostimulated with 45 g of NPK.

There was a significant reduction in the quantity of residual oil extracted from microcosms biostimulated
with 15 g of NPK as the days of biodegradation progressed, as shown in Fig. 1. The residual oils extracted
after 21, 28, 35 and 42 days were significantly lower than those extracted after 14 days, while those extracted
after 35 and 42 days were significantly lower than those extracted after 21 days at p=.03 and p=.0002.
However, there was no significant difference among the 0.025+0.00, 0.025+0.00 and 0.023+0.00 g/gresidual
oils extracted after 28, 35 and 42 days of incubation, respectively. This implies that significant enhancement
of the inherent microbes did not occur during the 28-42 dayofincubation period and may be due to the lack
of nutrient release from NPK as a result of total consumption of the nitrogen content of the fertilizer.
However, from Fig 2, the microbes grew from 2x10° CFU/g at 0 day to 9x10* CFU/g at 42 day.

The amount of residual oil extracted from days 7 to 42 following biostimulation with 30 g of NPK was
significantly lower than that extracted during the beginning of the biodegradation process (»p<0.001). The
growth of the microbes were significantly enhanced by 30 kg of NPK after 21-42 days of incubation, as the
amount of residual oil extracted on these days was significantly lower than that extracted after 14 days of
incubation. Moreover, the residual oil, 0.021+£0.00 g/g, extracted after 21 days was significantly greater than
the 0.0184+0.00and 0.016+0.00 g/g extracted after 35 and 42 days of incubation, respectively. However, the
values of 0.016+£0.00g/g extracted after 42 days were significantly lower than those of 0.020+0.00 and
0.018+0.00 g/g extracted after 28 and 35 days, with p=.000 and p=.02, respectively. This indicates that 30
kg of NPK was able to release nitrogen up to the last day of the incubation period and enhanced the growth
of the inherent microorganisms from 3.7x10°CFU/g during the period of biostimulation.

The mean residual oil content 0f 0.019+0.00 to 0.013+0.00 g/g extracted from 14-42 days of biodegradation
following biostimulation with 45 kg of NPK was significantly lower than that of 0.022+0.03 g/g extracted
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after 0 days of incubation. Thus, the growth of the microbes increased, which was followed by a decrease
in the amount of residual oil. The microorganisms grew from 5x10* on the 14™ day to 7x10° CFU/g after
42 days of incubation. This indicates that the inherent microbes grew as they utilized the oil contaminant as
a sole carbon source for their growth and survival in the contaminated environment. The amount of residual
oil extracted after 21-42 days of incubation was significantly lower than that extracted after the 7™ day of
incubation. The residual oil content of 0.019+0.00 g/g extracted after 14 days was significantly greater than
that of 0.016+0.00, 0.014+0.00 and 0.013+0.00 g/g extracted after 28, 35 and 42 days of incubation,
respectively. The quantity of residual oil (0.017+0.00 g/g) extracted after 21 days was significantly greater
than0.014+0.00 and 0.013+0.00 g/g extracted after 35 and 42 days, respectively. The residual oil,
0.013+0.00 g/g, extracted after 42 days was significantly lower than the 0.016+0.00 g/g extracted after 28
days, but there was no significant difference between the 0.014+0.00 g/g extracted after 35 days and the
0.013+£0.00 g/g extracted after 42 days of incubation. This was revealed in the growth of the inherent
microorganisms from 7x10% at 28 dayto 7x10° CFU/gafter 42 days of incubation.

As shown in Fig. 1, the residual oils extracted after 7, 14, 21, 28, 35 and 42-day incubation period in
Gdiwere significantly lower than the 0.033+0.01 g/g extracted at 0 days. Hence, there was an enhancement
of the biodegradation process by the inherent microbes as the microbes increased from 3.7x10* at 0 days to
1.6x108CFU/g after 42 days. The residual oils obtained after 14, 21, 28, 35 and 42 days were significantly
lower than those extracted after 7 days of incubation. Moreover, extractions after 28, 35 and 42 days of
biostimulation were significantly lower and thus better enhanced the growth of the microbes than those after
21days of biostimulation. The performance of the stimulant at the 21% to 42" days of biostimulation
significantly improved the stimulation for biodegradation every 14 days until the end of the biostimulation.
This could be attributed to the organic matter content and microorganisms inherent in the goat droppings
that were introduced into the soil, which improved the early stage of the biodegradation process (Ogujoifor
et al., 2021, Benchouk et al., 2017). This same effect was observed for the 30 g goat dropping treatment.
However, the inherent microorganisms grew from 2x10° to 3x10° CFU/g following biostimulation with 30
g of goat droppings for the entire incubation period of 42 days. ANOVA revealed that throughout the
duration of biodegradation, the microcosms with 30 g of goat dropping performed significantly better those
containing 15 g of goat dropping. This can be correlated with the quantities of residual oil, 0.029+0.00 g/g,
extracted at 0 days to 0.016+0.00 g/g at 42 days of incubation following biostimulation with 30 g of goat
dropping. At 0 and 42 days of incubation, residual oils 0f0.036+0.01and 0.023+0.00 g/g, respectively were
extracted following biostimulation with 15 g of goat droppings. Moreover, the range of colony-forming
units of the inherent microbes, 2x10° to 3x10°CFU/g, in the microcosms biostimulated with 30 g of goat
droppings was significantly greater than 3.7x10% to 1.6x10® CFU/gin microcosms biostimulated with 15 g
of goat droppings. Generally, the quantity of organic matter in 30 g of goat droppings was greater than that
in 15 g of goat droppings (Ogujoifor et al., 2021).

After 42 days of biodegradation, 45 kg of goat manure significantly enhanced the growth of inherent
microbes from 1.2x107 at 0 days to 4.2x10'° CFU/g due to the increase in organic matter and nutrients from
the biostimulant (Ogujoifor ef al., 2021). The growth of these microorganisms, as shown in Fig. 2, was
significantly greater than that of the other microorganisms and enabled the use of the oil contaminant as the
sole carbon source. This caused a reduction in the residual oil extracted and was significantly lower than
that of all the other quantities of biostimulants on the 42" day of biodegradation (Awari et al., 2020). The
amount of residual oil extracted from microcosms biostimulated with 45 g of goat droppings was
significantly lower after 42 days of incubation. However, there was no significant difference between the

26 | http://wilmajournals.org/index.php/ijrees
Amadi & Onu, (2026)



International Journal of Research in Environment and Earth Sciences

biostimulation of 45 g of goat droppings and 45 g of NPK after 0, 7, 14, 21, 28 and 35 days of incubation.
According to the ANOVA results, there was no significant difference in the performance of the 45 g of NPK
and 30 g of goat droppings, but the 30 g of goat droppings performed better than the 30 and 15 g of NPK
and 15 g of goat droppings after the entire incubation period of 42 days.
Conclusion
In this study, organic and inorganic fertilizers enhanced the growth of inherent microbes for the degradation
of oil in contaminated soils. However, organic fertilizer better enhanced the remediation of contaminated
soil than did inorganic fertilizer due to the prevailing high organic content of the goat droppings and the
inherent presence of microorganisms. The attenuated microcosms indicated that time is needed for
remediation to occurand without biostimulantsthere will be much delay in the resuscitation and growth of
the inherent microbes for the sole use of spent oil as food, energy and carbon sources. This process prolongs
the reduction and degradation of the spent oil in contaminated soils.
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