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Abstract

The populace are concern about how their environment is impacted by spend or used engine oil. The
spills from spend engine oil posed serious problems to the land and aquatic habitats. Efficient methods
but low-cost technique for remediating spends engine oil contaminated soil and restorations of soil
fertility are being explored. In response to used engine oil pollution to the soil, the present investigation
examined the comparative biodegradation level of spend engine oil contaminated soil using fermented
chicken droppings. The soil sample was collected from the uncontaminated site 10 cm below ground
level. The sandy/loam soil was sieved with 2.5 mm mesh. A 4 kg of the soil was weighed into each
bucket and contaminated with spend engine oil, the soil was contaminated with 150 ml of the spend
engine oil at a ratio of 1:27. A 27 kg of chicken droppings was mixed with 27 liters of water in a ratio of 1
kg: 1L. The mixture was left for 7days to ferment and increase the microbial load. The contaminated soil
was irrigated using an experimental design that included uncontaminated soil that was irrigated using
normal water (positive control), contaminated soil that was irrigated using normal water (negative
control) and contaminated soil irrigated using fermented chicken droppings (test). Five hundred mL of
the chicken droppings mixture was used to irrigate the soil for 21 days at an interval of 3 days per
irrigation. Thereafter, the irrigated soil was screened with gas chromatography linked with mass
spectroscopy. There was an observed change in contaminant concentration without fermented chicken
droppings. The percentage of differences in the concentrations was recorded in x 10-% with the
presence of Naphthalene and Acenaphthylene with the percent difference of 2.0 x 10-% and 5.0 x 10~
50%. Result revealed an appreciable decrease in PAHs level compared to the positive and negative
control. The findings suggest the positive effect and rapid uptake of the contaminant in the application of
fermented chicken droppings.
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Introduction

In the ages, there has been a wide discharge of spend-oil on the soil without caring about the impact it may
cause to soil ecology. Spend engine-oil is one of the petrochemical waste-products that is generated or
spilled by auto mechanics repairers, this spend oil is always disposed and sometimes reuse for other
purposes - lubricating and greasing automobile engines (Adu et al. 2015). Its distribution is attributed to the
unguarded discharge of spend-oil from divers’ sources. An investigation has revealed that the main source of
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oil contamination is through oil spills (Sagay et al. 2011). In recent times, spend oil that is spilled at auto-
mechanic workshops is left uncared for, while the spend-oil continuous to melt, leach and partition in the sail
strata (Abdulsalam et al. 2012). Different methods to removing such contaminants have been adopted
ranging from bioremediation (the use of microorganisms or immobilized and genetically engineered
microorganisms) Nwankwegu et al. (2016). Some techniques for removing recalcitrant contaminants include
bio-stimulation, bio-augmentation, bioventing, sparging, slurping, phytoremediation, composting, land farming
and piles (Vidali 2001). The utilization of brewery mash and earthworm for remediation of petroleum
hydrocarbons was adopted by (Okpashi et al. 2015). The ability of microorganisms to use-up petroleum
hydrocarbon depends on certain factors, such as time or duration, concentration, composition, abiotic and
biotic constituents of the contaminated soil (Lee et al. 2007). The application of microorganisms to break
down polycyclic aromatic hydrocarbons (PAHS) in the soil has been recognized as an efficient, versatile, and
environmentally responsive treatment technique (Yakubu 2007). One hopeful process is the application of
chemical fertilizers to supplement the mineral elements such as nitrogen and phosphorus shortfall in the soil
during biodegradation (Margesin and Schinner 1999). The search for the best consortium of microorganisms
and nutrients for efficient bioremediation, and environmentally friendly are ongoing, and the best alternate
options are needed to facilitate the rapid and efficient removal of petroleum contaminants. Another of such
approaches was the utilization of agro (banana, pineapple, and Watermelon) wastes as consortiums to
remediating cyanide contaminated soil (Florence et al. 2018), the in situ bioremediation of total petroleum
hydrocarbons (TPHS) in spend-oil contaminated soil was subsequently remediated by irrigating the polluted
soil with fermented chicken-droppings (Okpashi et al. 2020). An investigation on the subtypes of saprophytes
and crude oil-degrading microbes from cow manure and fowl mulches submitted that the tallying of fowl
manures to polluted soils are beneficial since it mends the proliferation of micro-flora that curbed the
elongation of crude oil in the polluted soil (Godleads et al. 2015) In another report, the authors reported that
organic enricher improves the bacteriological exploitation of petroleum hydrocarbons. The effect of an
organic nutrient on biodegradation of lubricant polluted soil was assessed further with a proposition that the
addition of organic nutrients improves the microbial application (Rose et al. 2012). The discharges of used
engine oil on the soil ecosystem usually affect the properties of the soil. The transportation of leaked oil in the
subsoil occurs in the manifold segment - (pores filled with water-oil or water-oil) and in a sole phase flow i.e.
pores filled with water where hydrocarbons are liquefied (Isaac and Labunmi 2010). In this research, the
capability of agitated chicken droppings to biodegrade the persistent polycyclic aromatic hydrocarbons
(PAHs) compounds contaminated soil was appraised in-situ by reforming a scenario of the auto mechanic
yard.

Materials and Methods
Chemicals and reagents

The chemicals and reagents used for this research were of analytical grade and purchased at JOECHEM
Distribution Company limited at the Ogige market, Nsukka, Nigeria.

Collection of soil sample

The soil samples were a mixture of sandy-loam soil, collected from the farm of the Department of Sail
Science, University of Nigeria, Nsukka. The soil sample location had not been exposed to petroleum
hydrocarbon pollution. The soil was collected at a distance of 10 cm deep from the ground level and was air-
dried before sieving with 2.5 mm mesh. A four kilogram of the soil sample was balanced into 13 perforated
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buckets to permit ventilation and avert waterlog. The sand-filled buckets were placed in an environment with
a regulated temperature.

Collection of chicken droppings

The chicken droppings were collected from a poultry farm at Ogige-Nsukka, Nigeria. A 27 kg of dried chicken
droppings mixing with 27 liters of water in a ratio of one kilogram: one liter. The mixture was painstakingly
stirred and placed in an air-tight vessel and kept in a temperature-regulated environment. This enables the
dried chicken matter to dissolve and ferment to intensify the microbial mass of the mixture. The chicken
droppings mixture was allowed for 7 days, after which it was diluted with water and used for irrigation of the
PAHs contaminated soil.

Collection of Spend engine oil

The engine oil used in mixing/spiking the soil was collected from the auto-mechanic plot, of the Department
of Mechanical Engineering, University of Nigeria, Nsukka.

Contamination of the soil sample by Spend engine oil

The soil was grouped in triplicates, 150 ml of the used engine oil was mixed with four kilograms of the soil at
ratio 1:27, and allowed to equilibrate for one week to ensure assimilation of the oil into the soil before the
introduction of agitated chicken droppings.

Irrigation of Spend engine oil contaminated soil with fermented chicken droppings

A 500 ml of the fermented chicken droppings mixture was introduced into the contaminated soil sample at a
measured interval of three days per irrigation for 21 days. After the irrigation period of 21 days, normal water
was used to irrigate the soil at a ratio of 1:8.

Valuation Polycyclic Aromatic Hydrocarbons (PAHS)

The method for estimating PAHs was adopted by (Okpashi et al. 2017). The oil composition of the
contaminated soil sample before irrigation with chicken droppings and after irrigation was determined using
Gas Chromatography tandem mass spectroscopy. Fifteen grams of each of the sample was weighed into 50
ml conical flasks, after which 1ml of 60 ug/ml of the chloro-octadecane surrogate standard was added. A 30
ml of the extraction solvent — dichloromethane was added to extract the il in the soil. The concoction was
agitated robustly in a water bath for five hours and allowed for one hour to stand. Thereafter, the mixture was
filtered over Whatman No.1 filter paper. The residue was washed with 20 ml of the extracting solvent and
filtered through a funnel. The extracted oil was transferred to a vial and placed on a Gas Chromatograph for
analysis. The amount of degraded oil was calculated by deducting the weight of residual oil from the weight
of the initial oil, divided by the weight of initial oil and multiplied by 100, see Equation 1 below.

inztrument reading x total weight of extract
weig ht of sample

TPH for soil (mglkg) =

Condition of GC-MS (Gas Chromatography-Tandem Mass Spectroscopy) during the analysis

The method was adopted by Okpashi et al. (2017). The following conditions apply to the use of Gas
chromatographic-tandem mass spectroscopy techniques. GC/MS-QP2010 Agilent Plus, lon source
temperature: 200.00°C, interface temperature: 250.00°C, solvent cut time: 2.50 min, detector gain mode:
MS, detector gain: 0.00 kV, threshold: 2000, column oven initial temperature: 70.0°C, injection final
temperature: 250.00°C, injection mode: split, flow control mode: linear velocity, pressure: 116.9 kPa, total
flow: 40.8 ml/min, column flow: 1.80 ml/min, linear velocity: 49.2 cm/sec, trap and purge flow: 3.0 mi/min, split
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ratio: 20.0, high-pressure injection: off, carrier gas: helium, and splitter hold: off, respectively. The oven rating
was as follows: oven temp. Program Rate Temperature (°C) Hold Time (min) Initial: 0.00 70.0 0.00 Final:
10.0 280 5.00, consequently.

Statistical analysis

Investigations were carried out in triplicates and analyzed with Scientific Package for Science Student
(SPSS) version 21. A one-way analysis of variance was used to compare the mean difference among
samples. Significance was accepted at p <0.05. Data are presented in mean + standard deviation using
descriptive statistics.

Results

The result in Table 1 indicates the concentration of polycyclic aromatic hydrocarbon level of spend oil-
contaminated soil that was irrigated with normal water (negative control). The uncontaminated soil was
irrigated with normal water (positive control), and spends engine oil contaminated soil that was irrigated with
chicken-droppings. Their comparative examinations reveal that sixteen priority PAHs with concern to the
environmental threat was detected. They ranged from Naphthalene to Indeno 1, 2, 3-cd) pyrene. The
screening of the uncontaminated soil (positive control), indicates the presence of two PAHs Naphthalene and
Acenaphthylene (Table 2). However, Naphthalene with a retention time of 5.123 min had 0.69 mg/kg. Upon
irrigation with normal water (negative control), its concentration reduced to 0.67 mg/kg. The irrigation with
chicken-droppings further reduced the contaminant to 0.58 mg/kg. Similarly, Acenaphthylene with the
retention time of 7.675 min, had 0.27 mg/kg for positive control, 0.22 mg/kg for negative control and 0.19
mg/kg after irrigation with chicken-droppings. The rest of the PAHs beginning from Acenaphthene to Indeno
1, 2, 3-cd) pyrene were undetected. The spiking of spend oil with the soil, caused the presence and
concentration of other PAHs contaminants as illustrated in negative control and chicken-droppings irrigated
column.

There are great variations in the reduction of PAHs contaminants between the positive control and chicken-
droppings irrigated soil. For example, fluoranthene with a retention time of 13.700 min had 1.12 mg/kg
negative control and declined to 0.98 mg/kg after irrigation with chicken droppings.

Table 1. PAHs concentration in contaminated and uncontaminated soil after irrigation with water and chicken

droppings
Compound Retention ~ The concentration of The concentration of ~ The concentration of spend
time PAHs in spend engine PAHs in engine oil contaminated soil
(min) oil contaminated soil uncontaminated soil irrigated with Chicken-
irrigated with normal irrigated with normal droppings
water water Mg/kg
(Negative Control (Positive control
Mg/kg) Mg/kg)
Naphthalene 5.123 0.67 0.69 0.58
Acenaphthylene 7.675 0.22 0.27 0.19
Acenaphthene 7.795 0.28 Not detected 0.24
Fluorine 8.876 0.42 Not detected 0.37
Phenanthrene 10.896 0.19 Not detected 0.17
Anthracene 11.171 0.67 Not detected 0.59
Fluoranthene 13.700 112 Not detected 0.98
Pyrene 14.369 0.36 Not detected 0.32
Benz (a) anthracene 16.984 121 Not detected 1.06

Chrysene 17.179 150 Not detected 1.32
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Contd. Table 1

Benzo (b) fluoranthene 19.536 3.81 Not detected 3.34
000207-08-9 Benzo(k) 19.845 351 Not detected 3.08
000050-32-8 Benzo (a) 20.303 2.19 Not detected 1.92
Benzo (ghi) perylene 21.402 5.05 Not detected 4.42
Dibenzo (a,h) anthracene 21.579 2.39 Not detected 2.09
Indeno 1,2,3-cd) pyrene 24.017 8.65 Not detected 7.57

Similarly, Benzo (b) fluoranthene with retention time - 19.536 min, had 3.81 mg/kg in the negative control but
reduced to 3.34 mg/kg after irrigated with chicken-droppings. The obtained findings represent the
effectiveness and efficiency of chicken droppings in mobilizing microorganisms that with the capacity to
produce bio-emulsifier increase the affinity and activities of soil enzymes for the uptake of the soil
contaminants.

Table 2. Comparative analyses of PAHs detected in contaminated and uncontaminated soil

Compounds Concentration Concentration Concentration % difference
(mag/kg) (mag/kg) difference (x 10506)
. . (mg/kg)
Negative Control Positive Control
Naphthalene 0.67 0.69 0.02 2.0
Acenaphthylene  0.22 0.27 0.05 5.0

Negative control indicates contaminated soil irrigated with normal water, positive control means
uncontaminated soil irrigated with normal water. Concentration difference is the change between the positive
control and negative control. The percentage difference is the arithmetic difference in concentration.

There was an observed change in contaminant concentration without fermented chicken droppings. Though
it was slow, natural degradation usually occurs in the absence of degrading organisms as seen in Table 2.
The percentage difference in the concentrations is presented in x 10-5% with the presence of naphthalene
and acenaphthylene with percent difference of 2.0 x 10-5% and 5.0 x 10-5%.

Table 3. Concentration difference and percent difference between negative control and contaminated soil
irrigated with chicken droppings

Compounds Concentration Concentration Concentration % difference
(mg/kg) (mg/kg) difference (x 1075%)
Negative Control Chicken (mag/kg)
droppings
Naphthalene 0.67 0.58 0.09 9.0
Acenaphthylene 0.22 0.19 0.03 3.0
Acenaphthene 0.28 0.24 0.04 4.0

Fluorine 0.42 0.37 0.05 5.0
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Contd. Table 3

Phenanthrene 0.19 0.17 0.02 2.0
Anthracene 0.67 0.59 0.08 8.0
Fluoranthene 112 0.98 0.14 14
Pyrene 0.36 0.32 0.04 4.0
Benz (a) anthracene 121 1.06 0.15 15
Chrysene 1.50 1.32 0.18 1.8
Benzo (b) fluoranthene 3.81 3.34 0.47 4.7
000207-08-9 Benzo(k) 3.51 3.08 0.43 4.3
000050-32-8 Benzo (a) 2.19 1.92 0.27 2.7
Benzo (ghi) perylene 5.05 4.42 0.63 6.3
Dibenzo (a,h) anthracene 2.39 2.09 0.30 3.0
Indeno 1,2,3-cd) pyrene 8.65 7.57 1.08 10.8

The percentage difference was calculated by subtracting the values of the group irrigated with fermented
chicken droppings form of the negative control (group irrigated with normal water) from the negative control
(group irrigated with normal water). This negative control takes care of the perception that under normal
environmental pollution, there must be raining reasons which may cause the rapid degradation of polluted
land. However, the irrigation with fermented chicken droppings facilitated the rapid degradation of residual
recalcitrant pollutants. That is why percentage degradation was calculated to establish the level of
contaminant's reduction and soil recovery after twenty-one days. For instance, Naphthalene gave a 9%
reduction after irrigation with chicken droppings in Table 3, while with normal water (negative control), the
reduction level was 2%. Also, Benzo (ghi) perylene had 5.05 mg/kg negative control but reduced to 4.42
mg/kg. Their difference gave 0.63 mg/kg equivalent to 6.3%. The percentage difference in the concentrations
is presented in x 10-5% with Indeno-1, 2, 3-cd) pyrene showing the highest degradation of 10.8 x 10-5%
difference and phenanthrene showing the lowest degradation of 2.0 x 10-5% difference.

Discussion

The expansion and activities of the auto-mechanic shops in Nigeria and the distribution of spend petroleum
products have led to pollution of terrestrial environments (Onuorah et al. 2018). The effects of this pollution
have been shown in decreased agricultural productivity of soil, health hazards, and increased deterioration of
health and natural resources. These responses are being made concerning the degradation of spend
petroleum hydrocarbon resulting from spilled oil (Margesin and Schinner 2001). This has led to investigations
using organic wastes as amendment materials for soil bioremediation and possible restoration of soil fertility.
The availability of high PAHs in the soil affects the proliferation of native microorganisms which caused
relaxed degradation of the hydrocarbons contaminants in the soil (Gavrilescu 2010).

Table 1 indicates the polycyclic aromatic hydrocarbon level of spend oil-contaminated soil that was irrigated
with water (negative control). The uncontaminated soil that was irrigated with water (positive control), and
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spends oil-contaminated soil that was irrigated with chicken-droppings (test group). A relative investigation
reveals that sixteen priority PAHs with concern to the environmental threat was detected. They stretched
from Naphthalene to Indeno 1, 2, 3-cd) pyrene. The screening of the uncontaminated soil (positive control),
specifies the presence of two PAHs Naphthalene and Acenaphthylene, also in Table 2. Naphthalene had
5.123 min retention time with 0.69 mg/kg for positive control. After irrigation with normal water (negative
control), its concentration reduced to 0.67 mg/kg. The irrigation with chicken-droppings further reduced the
contaminant to 0.58 mg/kg. Acenaphthylene had 7.675 min retention time with 0.27 mg/kg for positive
control, 0.22 mg/kg for negative control and 0.19 mg/kg after irrigation with chicken-droppings. The rest of
the PAHs starting from Acenaphthene to Indeno 1, 2, 3-cd) pyrene were undetected in the positive control
group. The spiking of spend oil with the soil caused the presence and concentration of other PAHs
contaminants seen in negative control and chicken-droppings irrigated soil (test group).

The amendment of the soils with varying echelons of organic wastes significantly reduces the hydrocarbons
content of the soil by increasing the degradation hydrocarbons. However, the present investigation was
carried out with fermented chicken droppings as the remediation material and it was applied to the
contaminated soil. The results of the experiment revealed that the contaminated soil that had been treated
with fermented chicken droppings showed a high rate of degradation by stimulation of microbial activity which
led to the production of biosurfactants through enzymatic reactions. Photooxidation and regulated
temperature of 30 - 40°C also affect the rate of biodegradation of the contaminant by increasing its
bioavailability, affinity to the contaminants and enhancing microbial activities.

The results for the test obtained for Polycyclic Aromatic Hydrocarbon content revealed a considerable degree
of biodegradation compared to the hydrocarbon content of the negative control (Okpashi et al. 2020). This
could be attributed to the availability and proliferation of hydrocarbon-degrading microorganisms found in the
chicken droppings concoction. The availability of nutrients in the ecosystem via irrigation with chicken
droppings concoction led to the stimulation of the hydrocarbon-degrading microorganisms to proliferate,
thereby increasing their microbial mass which might have surpassed the threshold concentration required for
hydrocarbon degradation. At this concentration, biodegradation occurs by the production of biosurfactants by
the microorganisms (Abdulyekeen et al. 2016).

The calculated percentage difference was done by subtracting the values in the group irrigated with
fermented chicken droppings (test group) from negative control (group irrigated with water). The negative
control takes care of the view that under normal environmental pollution, there must be raining reasons which
will cause the pollutant to degrade with time. However, the irrigation with fermented chicken droppings
effectively quickens the degradation of residual recalcitrant pollutants. That is why percentage degradation
was calculated to establish the reduction level of contaminants and soil recovery after twenty-one days trial.
For instance, Naphthalene gave 9% reduction after irrigation with chicken droppings in Table 3, while with
normal water (negative control), the reduction level was 2% presented in Table 2. Also, Benzo (ghi) perylene
had 5.05 mg/kg negative control but reduced to 4.42 mg/kg. Their difference gave 0.63 mg/kg equivalent to
6.3%. The percentage difference in the concentrations is presented in x 10-5% with Indeno-1, 2, 3-cd) pyrene
presenting the highest degradation of 10.8 x 105% difference and phenanthrene showing the lowest
degradation of 2.0 x 10-5% difference.

The biosurfactants produced emulsify the oil thus decreasing the hydrophobicity of the oil and solubilizing it
(Ayotamuno et al. 2006). The biosurfactants increase the bioavailability of the oil thus increasing the capacity
of the microorganisms to utilize the carbon chain of the compounds as a carbon source (Abioye et al, 2012).
The biodegradation capacity of the chicken droppings is shown in a concentration difference of Indeno-1,2,3-
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cd) pyrene with the highest degradation - 10.8 x 10-5% difference (1.08 mg/kg concentration difference) for
PAHS.

Previous bioremediation techniques that support microbial biodegradation have been carried out (Obire et al.
2008). The report from this work showed that the addition of cow dung or poultry droppings to polluted soils
is beneficial since it enhances the proliferation of microflora that may be suppressed by the addition of crude
oil to the soil. The effect of organic nutrient (poultry droppings) on biodegradation of crude oil polluted soil
was further assessed with a suggestion that the addition of organic nutrients enhances microbial utilization of
crude oil (Hwang et al. 2001). The bioremediation of hydrocarbon-contaminated soil using the composting
process revealed that mixing of remediated soil with contaminated soil increased the effectiveness of
composting. This is because the recycled soils usually have acclimated microorganisms that can significantly
affect the degradation rate of contaminants (Agbor et al. 2018).

Microbial degradation of hydrocarbons is the major and ultimate natural mechanism by which cleanup of a
hydrocarbon polluted environment can occur. The availability of nutrients affects the rate of biodegradation
by influencing the enzymatic activities of the microorganisms. Although, it has been reported that excessive
nutrients can inhibit biodegradation activity especially for aromatics hydrocarbons. However, chicken
droppings have proved to be a potential bioremediation material for both bio-stimulation and bio-
augmentation. This is due to their high microbial load of hydrocarbon-degrading microorganisms and nutrient
capacity required for the proliferation of these organisms.

Conclusion

This study showed that agitated chicken droppings supported the remediation of PAHs polluted soil. Agitated
chicken droppings are a potential source of nutrients for microbial activity and it harbored microorganisms
are capable of utilizing hydrocarbons as a source of carbon and energy source. Thus, potentially useful in
soil hydrocarbon pollution response action.
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