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ABSTRACT

The study was carried out to examine the biostimulatory effect of saw dust and cow blood on reme-
diation of soil polluted with spent engine oil. A completely randomized design with four treatments
and three replicates each were used; three rates of saw dust and 1 litre of blood was applied to
crude oil polluted soils. The results for soil physicochemical parameters showed significant vari-
ations (P < 0.05) as the levels of total organic carbon, total petroleum hydrocarbon, polycyclic
aromatic hydrocarbon and nitrogen increased 2 weeks after pollution but decreased 4weeks after
remediation. The bacteria count at two weeks after pollution was (1.4 × 103 to 21.07 × 103) but
increased at 4 weeks after remediation to (1.67×103 to 80.13×103). This study showed improved
soil physicochemical properties after the application of saw dust and cow blood as biostimulatory
agents on the soil polluted with spent engine oil.

© 2022 ISTJN. Published by ISTJN. All rights reserved.

1 Introduction
Crude oil and its accompanying refined petroleum products such as gasoline, diesel, petrol, lubricating oils and

other products comprises of complex mixtures of organic compounds which have been reported to be toxic to
plants (Adedokun and Ataga, 2007). These petroleum derivatives are observed to pollute the soils in municipal
areas, around industrial plants and in regions where these petroleum and natural gas are obtained (Adam et al.,
2002; Clark, 2003; Ogbuehi et al., 2011).

In addition, the processing, distribution and subsequent utilization of the petroleum product also contribute
significantly to the pollution and contamination of the soil (Ayotamuno et al., 2006; Ogbuehi et al., 2011). One of
the products of crude oil refinement that is generally used is engine oil which usually contains chemical additives
such as amines, zinc, phenols, benzene, calcium, phosphorus, sulphur, barium, magnesium, and lead. These
oils are mainly used for the purpose of providing a film between the different moving parts of engines and auto
machines. This helps in the reduction of wear and tear and prevents the loss of power. In addition, it can also
help in the prevention of corrosion of the different auto machine parts.

However, the problem arises due to improper disposal of the engine oil after use. These spent engine oil or
lubricant are usually disposed into gutters, drainage, open vacant areas and farms. This indiscriminate disposal is
usually done by mechanics and vehicle repairers after changing the oil of cars, trucks, and other power generating
machines. Due to the increase in the number of vehicles on the roads and owners of power generating machines,
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these indiscriminate disposal is widespread across the country and is not localized like crude oil spill (Kalichevsky
and Peters, 1960; Obidike, 1985; Atuanya, 1987; Odjegba and Sadig, 2002; Nwoko et al., 2007). Soils that are
contaminated with these oil is of important environmental concern as they are rendered unsuitable for agricultural
purposes as it adversely affects the soil microorganisms, plants, and increases the risk of surface and ground water
pollution due to the presence of highly toxic polycyclic aromatic hydrocarbons that are contained in the oils (Nwoko
et al., 2007; Adenipekun et al., 2008; Ogbuehi et al., 2011).

The presence of oil in the soil due to pollution hinders the normal exchange of oxygen between the soil and
atmosphere, which is caused by the hydrophobic properties of oil (Atlas, 1977; Adedokun and Ataga, 2007). It has
been reported that with a concentration of more than 3% of oil in an environment, the soil microorganisms and the
growth of plants becomes severely affected. The germination of seeds is also negatively affected (Onuoha et al.,
2003; Odjegba and Sadig, 2002; Hazel, 2005; Adedokun and Ataga, 2007). Soil provides the vital macronutrients
needed for the growth and development of plants, and these minerals are in ionized or solubilized form that is
available for uptake by plants (Epstein, 1972; Nwoko et al., 2007).

However, due to the presence of spent engine oil in the soil, the soil chemistry is negatively affected and this
adversely influences the process of nutrient release and uptake. Studies carried out by different authors have
indicated that there is a significant decrease in the growth of plants (Rowell, 1977; Kinghorn, 1983; De Song,
1980; Odjegba and Sadig, 2002; Nwoko et al., 2007). Amongst the ways oil pollution affects the growth of plants
is also by affecting soil aeration, as oil displaces air from pore spaces in addition to the increased demand for
oxygen by the activities of oil-decomposing microorganisms (Gudin and Syratt, 1975; Odjegba and Sadig, 2002).
Baker (1970) also revealed that oil causes damage to the cell membranes and cause leakage of cellular content
by penetrating and accumulating in plants. The presence of spent engine oil in the soil have also been reported
to cause dehydration in plants and a decrease in the moisture content of cowpea seeds, reduction in protein and
crude fibre contents of cassava and maize (Udo and Fayemi, 1975; Agbogidi et al., 2007; Adenipekun et al., 2008;
Ogbuehi et al., 2010, 2011).

Generally, soil is an essential component of our natural ecosystem as environmental sustainability is largely
dependent on a sustainable soil ecosystem (Adriano et al., 1998; Adedokun and Ataga, 2007). Whenever the soil
gets polluted, the ecosystem will be altered and the different agricultural activities will be negatively affected, in
addition, the protective functions of the soil ecosystem can be limited, disrupt the metabolic activity of the soil,
reduce soil fertility and adversely influence plant production (Gong et al., 1996; Wyszkowski et al., 2004; Ogbuehi
et al., 2011).

Nonetheless, efforts are being made to mitigate these effects and one of the widely used approach to the
mitigation is bioremediation. For bioremediation to be efficient, the soil amendment or additives such as sawdust,
peat, waste cotton, manure, fertilizers etc. are introduced to the soil in a bid to increase microbial activities.
A soil amendment is any material that upon its introduction to the soil can enhance the physical properties of
the soil, for instance water infiltration, drainage, water retention, permeability, aeration and structure of the soil
(Davis and Wilson, 2005; Adedokun and Ataga, 2007).

This study evaluates the biostimulatory potentials of saw dust and cow blood in the bioremediation of soil
polluted with spent engine oil. The physicochemical parameters of soil analysed were; pH, total organic content,
nitrogen, carbon to nitrogen ratio, phosphorus, cation exchange capacity, electrical conductivity, total petroleum
hydrocarbon and poly aromatic hydrocarbon while bacteria cells were also isolated.

2 Materials and methods
The experiment comprising of four (4) treatment combinations was replicated thrice giving rise to a total of

twelve (12) plots.
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2.1 Treatments and experimental design
The experiment was carried out using a Randomized Complete Block Design (RCBD) with three replicates.

Each replicate was made up of four beds each carrying a treatment. Each bed measured 1.0m × 1.0m. A total
land size of 24.75m2 (5.5m×4.5m) was marked out for the study. Alleys of 0.5m were left between plots, and
0.75m between replicate to prevent treatment drift to adjacent plots.

After the preparation of beds, the soil was left for two weeks and treated with four rates (0, 1, 2 and 5 L) of
spent engine oil. The spent engine oil was spilled on the surface of the soil in simulating what generally occurs in
case of oil spills. Two weeks after spent engine oil pollution, 1 litre of cow blood was applied to the polluted soils
alongside the application of four rates (0, 2, 5 and 7 kg) of saw dust to the polluted soils with the control having
0kg, while group 1, group 2 and group 3 were 2, 5 and 7 kg respectively. The saw dusts were thoroughly mixed
with the soil using hand trowel to ensure uniform distribution within the soil. Each quantity of spent engine oil
served as a treatment with the 0 mL treatment serving as the control.

2.2 Sampling
Soil samples were collected from the plots at three different times. The first was before spent engine oil

application to ascertain the physicochemical nature of the unpolluted soil. Second was two weeks after pollution
and third was one month (4 weeks) after remediation.

2.3 Determination of physicochemical parameters
Samples were collected, properly labelled, and then taken to the laboratory for analysis. In the laboratory,

soil samples were air dried, passed through a 2 mm plastic sieve and analyzed. The pH of the soil samples was
determined in distilled water at a ratio of 1:1 using a glass electrode pH meter. Organic carbon was determined
using wet oxidation method of Walkey and Black (1934). The total nitrogen of the soil was extracted by
Kjeldahl’s method. The available phosphorous in the soil was extracted from the soil using the Bray and Kurtz
(1945) solution 1.

The Total Hydrocarbon (THC) and concentration of PAH in spent engine oil at each sampling period was
determined gravimetrically by toluene extraction method described by (Adesodun and Mbagwu, 2008). Deter-
mination of exchangeable cations (Ca, Mg, K and Na) was by atomic absorption spectrophotometry. 30 mL of
NH4CH3CO2 (i.e. ammonium acetate) solution was added to 5 g of oven dried soil sample and shaken for 15
minutes. CEC was obtained by summing the values of sample exchangeable acidity and exchangeable bases. Soil
conductivity was determined using conductivity meter method (HACH, Ectestr microprocessor series model).

2.4 Enumeration of total heterotrophic bacteria (THB)
The viable bacteria were enumerated on nutrient agar plates by spread plate method using 0.1 mL of dilutions,

10−1 to 10−7 of the bacterial suspensions. All inoculated plates were incubated for 24 - 48 hours at 37◦C. The
bacterial colonies on the plates were counted, randomly picked and purified by sub-culturing unto fresh agar plates
using the streak plate technique. Isolated colonies that appeared on plates were then transferred to nutrient agar
slants, properly labelled and stored as stock cultures. The bacterial were then characterized using the schemes
of Bergy’s Manual of Determinative Bacteriology (Bergey and Holt, 1994).

2.5 Statistical analysis
Statistical analysis was carried out using one-way Analysis of Variance (ANOVA) and Tukey test using Assistat

en (2017). The data were expressed as mean ± standard deviation, results were considered significant when
p−value was less than 0.05 (P < 0.05).
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3 Results
3.1 Total organic carbon (TOC) (%)

The values for TOC ranged from (2.23 - 3.24) in pre-exposed soil, (2.23 - 6.15) two weeks after pollution, and
(2.56 - 5.24) in the 4 weeks after remediation (Table 1). The highest mean was (6.18±0.02) recorded in group
1 in 2 weeks after pollution and the lowest mean was (2.23 ± 0.25) recorded in control pre-exposed soil and 2
weeks after pollution.

3.2 Total petroleum hydrocarbon (TPH)
The results of TPH ranged from (975.80 - 3213.65), with the highest been (3213.65 ± 5.37) at two weeks

after pollution at group 3, and the lowest (975.80 ± 84.58) found in 4 weeks after remediation in group (Table
1). There was a significant difference (P < 0.05) when comparing the different results obtained in 2 weeks after
pollution with that of 4 weeks after bioremediation.

3.3 Poly aromatic hydrocarbon (PAH)
The results for PAH as presented in Table 1 ranges between (495.74 - 1848.60), with the highest as (1848.60)

found in group 3 at two weeks after pollution and the lowest is (495.74) in group 1 at four weeks after remediation.
There was a significant difference (p < 0.05) when comparing the different results obtained in 2 weeks after
pollution with that of 4 weeks after bioremediation.

3.4 Total nitrogen (TN) (%)
The TN content is presented in Table 2; it ranged from (0.54 - 0.57) in pre-exposed soil, (0.56 - 8.41) two weeks

after pollution, and (0.58 - 6.13) at 4 weeks after remediation. The highest mean was (8.41 ± 0.02) recorded in
group 1 at 2 weeks after pollution and the lowest mean was (0.54±0.02) obtained in control in pre-exposed soil.

3.5 Carbon/nitrogen (C:N) ratio
C:N ratio content was with a higher value of (6.1) in group 2 and group 3 at 2 weeks after pollution (Table 2) as

compared with those of the other treatments and a lower value of (3.1) at group 1 at 4 weeks after remediation.
Statistical analysis for C:N ratio showed that there was a significant difference (P < 0.05) in C:N ratio between
the pre-exposed soil and soil samples collected after 2 weeks after pollution and 4 weeks after remediation.

3.6 Soil phosphorus (mg/kg)
The values for phosphorus had a range of (2.16 - 20.51), with highest mean (20.51) seen in four weeks after

remediation in group 3 (Table 2). The lowest was (2.16) in four weeks after remediation in group 3. The
result indicated a significant difference (P < 0.05) when comparing pre-exposed soil to that of the 4 weeks after
remediation.

3.7 pH
The mean pH ranges from (8.43 - 8.56) in pre-exposed soil, (8.54 - 6.67) two weeks after pollution, and (4.67 -

8.27) 4 weeks after remediation (Table 3). The highest mean was (8.56±0.22) recorded in group 2 at pre-exposed
soil and the lowest mean was (4.67±0.23) recorded in group 1 at 4 weeks after remediation.
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3.8 Cation exchange capacity (CEC) (meq/100g)
The CEC value ranged from (3.87 - 4.02) in pre-exposed soil, (0.84 - 3.88) two weeks after pollution, and

(2.17 - 4.19) one month after remediation (Table 3). The highest mean was (4.19±0.62) recorded in control at
4 weeks after remediation and the lowest mean was (0.84±0.30) in group 2 at 2 weeks after pollution.

3.9 Electrical conductivity (EC)
The EC ranged from (19.41 - 20.04) in pre-exposed soil, (11.89 - 19.41) two weeks after pollution, (12.61

- 20.27) 4 weeks after remediation (Table 3). The highest mean was (20.51 ± 0.53) recorded in group 3 at
pre-exposed soil and the lowest mean was (11.89 ± 0.95) recorded in group 2 at weeks after pollution. There
was a significant difference (P < 0.05) when comparing the results in 2 weeks after pollution with 4 weeks after
remediation.

3.10 Effect on Bacteria population (cfu/g)
The result for bacteria count ranged from (1.4×103 to 1.4×103) in pre-exposed soil, (1.4×103 to 21.07×103)

two weeks after pollution, and (1.67 × ×103 to 80.13 × 103) 4 weeks after remediation (Table 3). The highest
bacteria count was (80.13×103) recorded in group 3 at 4 weeks after remediation and the lowest bacteria count
was (1.4 × 103) recorded in the different groups and control at pre-exposed soil. The bacteria were identified
as Pseudomonas, Acinetobacter, Klebsiella,Bacillus, Micrococcus, Flavobacterium, Clostridium and Nocardia
species. Four isolates were gram-negative while four isolates were gram-positive. Six were rod-shaped, one was
in coccus form and one was in a spherical form.

4 Discussion
In this study, the results of TOC, TPH and PAH increased significantly (P < 0.05) upon the application of

spent engine oil in the soil when compared to the pre-exposed soil. In TPH and PAH, the values were below
detectable limits in the pre-exposed soil and the control. The increase in the levels of TOC, TPH and PAH can
be attributed to the presence of hydrocarbon in the spent engine oil as engine oil is a derivative of crude oil and
is in agreement with the study carried out by Ogboghodo et al. (2005); Njoku et al. (2009) and Iris et al. (2018).

The results obtained 4 weeks after the application of the amendment material which are saw dust and cow
blood showed that the level of TOC, TPH and PAH were all reduced significantly (P < 0.05) when compared to
the results of week 2 after pollution and this indicates that the process of biodegradation of the hydrocarbons
is taking place and given sufficient time, the levels will be within the permissive concentrations. At appropriate
concentrations, TOC, which is essential in the soil can be utilised by plants; TPH can also be biodegraded and
the product can also be utilised by plants unlike PAH (Basumatary et al., 2012).

The level of soil nitrogen increased in the 2nd week after pollution when compared to the pre-exposed soil
while after 4 weeks of post remediation, the levels decreased significantly (P < 0.05) and the result obtained is
similar with the reports of Iris et al. (2018) as they also recorded an increase in soil nitrogen in soils contaminated
with crude oil. Iris et al. (2018) proposed that the increase in nitrogen level may be as a result of the fixation of
atmospheric nitrogen by the microbes which assimilate the hydrocarbons. The level of carbon to nitrogen ratio
was observed to increase in the 2nd week after pollution and this ratio might have been influenced by the presence
of hydrocarbon in the soil.

The soil phosphorus was recorded to be below detectable levels in week 2 after pollution and this indicates
that the pollutant has a strong negative effect on the availability of the soil phosphorus as observed in the 4th
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week after bioremediation where the level of phosphorus was recorded albeit significantly lower than the control
(P < 0.05). According to Wyszokowska and Kucharski (2000), the changes in soil properties caused by the
presence of pollutants that are petroleum-derived can lead to deficit in the level of soil water and oxygen and also
a shortage to available forms of phosphorus.

The level of soil phosphorus recorded in the 4th week after remediation was still less than the permissive
concentration, as the proposed suitable concentration of phosphorus for crop production is > 10 mg/kg (FAO,
1976). The value of soil phosphorus recorded in the pre-exposed soil and the control were within the recommended
levels and did not exceed 20 mg/kg which is the highest tolerable concentration of phosphorus. (Holland et al.,
1989; Iris et al., 2018).

The soil pH level was observed to decrease in the 2nd week after pollution with spent engine oil when compared
to the pre-exposed soil and the control; the decrement was also recorded at week 4 after remediation. The
alteration in the mean pH value can be due to the different metabolic activities that are on-going in the soil
during the process of biodegradation of the hydrocarbons in the soil. (Frank et al., 2013).

The recommended pH for soils is within a range of 6-8.5 (Tales and Ingole, 2015). This range is important
because pH plays a vital role in the availability of plants nutrients and is essential in regulating the conditions of
soil flora and fauna (Agarry et al., 2013; Ekperusi and Aigbodion, 2015). Brady and Weil (2002) reported that
when the level of soil pH is low, the solubility of micronutrients in the soil will increase while the reverse will be
the case when the pH is high. Extremely high or low pH will cause an ionic imbalance which will negatively affect
the crops (Kumar et al., 2011).

The CEC and the soil electrical conductivity were both negatively influenced by the presence of spent engine
oil in the soil as indicated by the result in the 2nd week after pollution while the levels significantly increased
(P < 0.05) at 4 weeks after remediation, revealing that the process of biodegradation of the hydrocarbons are
responsible for these adverse effects. The rate of reduction in soil pH increases when the CEC is low, in addition,
lower value of CEC increases the risk of developing deficiencies in potassium (K+), magnesium (Mg2+) and other
essential cations (CUCE, 2007). CEC greatly influences the soil structure and stability, it also influences the
availability of nutrients, and the soil’s reaction to ameliorants (Hazelton and Murphy, 2007).

Soil EC, which is a measure of the amount of salts in the soil, is a good indicator of the soil health status
(NRCS, 2013) and is a generally applied method for analysing the salinity of the soil due to its high sensitivity
and ease of measurement (Zhu et al., 2001). The value of soil EC is known to increase as the concentration
of the ion in the soil increases, and conversely decrease as the concentration of the ion in the soil decreases
(Tales and Ingole, 2015). The bacteria count in the treated groups 2 weeks after pollution was higher compared
to the control while the population increased further in the 4th week after remediation. This increment can be
attributed to the process of biodegradation of the hydrocarbons in the soil.

The result for bacteria count which increased after remediation is in agreement with the works of Iris et al.
(2018). The overall improvement in the soil physicochemical properties indicates that saw dust and cow blood
is a good biostimulant and is in agreement with the studies carried out by Starbuck (1994); Davis and Wilson
(2005) and Adedokun and Ataga (2007).

5 Conclusion
The results of this study reveal that the use of saw dust and cow blood as amendment materials for the

bioremediation of a soil polluted with spent engine oil is effective in the recovery of the soil.
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Table 1: Effect of the Remediation Amendments on the TOC, TPH and PAH.

TOC% TPH PAH

Pre-exposed
Soil 2wks A/P 4wks A/R

Pre-
exposed
Soil

2wks A/P 4wks A/R
Pre-
exposed
Soil

2wks A/P 4wks A/R

Control 2.23±0.25aA 2.23±0.25aA 2.56±0.26aA BDL BDL BDL BDL BDL BDL

Group 1 2.36±0.64aA 6.18±0.02bC 5.31±0.51bB BDL 2707.5±1503bB 975.80±84.58bA BDL 1067.1±103.8bB 495.74±59.9cA

Group 2 3.02±0.36aA 6.15±0.00bC 5.24±0.26bB BDL 3167.5±80.68cB 1403.5±134.24cA BDL 1832.1±174.1cB 759.85±100.5cA

Group 3 3.24±0.61bA 6.15±0.003bB 5.60±0.19bC BDL 3213.6±5.37cB 1561.9±147.91cA BDL 1848.6±441.0cB 863.09±254.6cA

a-dDifferent letters in the same column indicate significant difference (P < 0.05)
A-CDifferent letters in the same row indicate significant difference (P < 0.05)

Key: 4wks A/R = 4 weeks after Remediation
2wks A/P = 2 weeks after Pollution
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Table 2: Effect of the Remediation Amendments on the Soil Nitrogen, C:N and Soil Phosphorus.

Soil Nitrogen % C:N Soil Phosphorus (mg/kg)

Pre-exposed
Soil 2wks A/P 4wks A/R Pre-exposed

Soil 2wks A/P 4wks A/R Pre-exposed
Soil 2wks A/P 4wks A/R

Control 0.54±0.02aA 0.56±0.05aB 0.58±0.19aA 5.1aA 5.1aA 5.1aA 19.31±0.21aA 19.31bA 20.34±0.10bB

Group 1 0.55±0.04aA 8.41±0.02bC 6.13±0.02bB 5.1aA 5.1bC 3.1bB 20.07±1.13aB BDL 2.78±0.64aA

Group 2 0.55±0.02aA 8.37±0.04bC 6.08±0.69bB 5.1aA 6.1bC 4.1bB 20.37±1.05aB BDL 2.36±0.83aA

Group 3 0.57±0.03aA 8.40±0.03bC 6.08±0.84bB 5.1aA 6.1bC 4.1bB 20.51±0.68aB BDL 2.16±0.48aA

a-dDifferent letters in the same column indicate significant difference (P < 0.05)
A-CDifferent letters in the same row indicate significant difference (P < 0.05)

Key: 4wks A/R = 4 weeks after Remediation
2wks A/P = 2 weeks after Pollution
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Table 3: Effect of the Remediation Amendments on the Soil pH, CEC, Conductivity and Bacteria Count.

pH CEC (meq/100g) Conductivity Bacteria Count (cfu/g)

Pre-exposed
Soil

2 weeks after
pollution

4 weeks after
remediation

Pre-exposed
Soil 2wks A/P 4wks A/R Pre-exposed

Soil 2wks A/P 4wks A/R
Pre-
exposed
Soil

2wks A/P 4wks A/R

Control 8.54 ± 0.008aA 8.54 ± 0.008bA 8.27 ± 0.60bA 3.87 ± 0.48aA 3.88±0.51bA 4.19±0.62bB 19.41 ± 0.18bA 19.41 ± 0.18bA 20.27 ± 0.19bB 1.4 × 103 1.4 × 103 1.67 × 103

Group 1 8.43ś0.06aC 6.67 ± 0.07aB 4.67 ± 0.23aA 4.02 ± 0.33aC 0.85±0.25aA 2.55±0.37aB 20.04 ± 0.69aC 11.96 ± 0.50aA 13.62 ± 0.54aB 1.4 × 103 21.07 × 103 49.73 × 103

Group 2 8.56 ± 0.22aC 6.69 ± 0.96aB 4.68 ± 0.18aA 4.34 ± 0.26aC 0.84±0.30aA 2.55±0.11aB 20.11 ± 0.69aC 11.89 ± 0.95aA 13.13 ± 0.69aB 1.4 × 103 18.20 × 103 69.40 × 103

Group 3 8.43 ± 0.13bC 6.68 ± 0.13aB 4.84 ± 0.52aA 4.51 ± 0.12aC 0.86±0.30aA 2.17±0.76aB 20.51 ± 0.53aC 11.99 ± 0.31aA 12.61 ± 0.31aB 1.4 × 103 15.83 × 103 80.13 × 103

a-dDifferent letters in the same column indicate significant difference (P < 0.05)
A-CDifferent letters in the same row indicate significant difference (P < 0.05)

Key: 4wks A/R = 4 weeks after Remediation
2wks A/P = 2 weeks after Pollution
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