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Abstract
The study involves the use of first-order kinetics model in the remediation of crude oil contaminated arable soil 

at 2, 4, and 6% crude oil spill respectively, this was biostimulated with inorganic fertilizer (NPK), cow dung (CD), 
and palm kernel husk ash (PKHA) applied singly and in combinations (cow dung & inorganic fertilizer); (cow dung 
& palm kernel husk ash) in a 50:50 ratio. The experiment was a randomized complete block design (RCBD), which 
was conducted in two phases, i.e., the first block comprises of inorganic fertilizer and cow dung, while the second 
block consist of cow dung and palm kernel husk ash used singly and in combination. The degree of biodegradation 
was observed for a remediation period of 40 days under laboratory conditions. The results obtained reveal a positive 
correlation coefficient for the various biostimulants used. Also, student’s t-test conducted reveals a significant p<0.05, 
in remediation for the various biostimulants, when compared with the unamended soil. This research study shows 
that a higher biodegradation rate constant (k) and a low half life time ( ⁄ ) exist for amendments with (cow dung & 
inorganic fertilizer) and gradually varies with other biostimulants. From the estimated biostimulation efficiency (B.E) 
and biodegradation rate constant (k), the orders of remediation from the most treated are: A combination (inorganic 
fertilizer & cow dung)> inorganic fertilizer used singly> cow dung used singly> combination (cow dung & palm kernel 
husk ash)> and finally palm kernel husk ash used singly at 2, 4% crude oil contamination, and inorganic fertilizer 
preceding before a combination (inorganic fertilizer & cow dung) at 6% crude oil contamination.
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Introduction
Crude oil spillage has been a challenge, most especially in Nigeria. 

This is borne out of crude oil exploration and exploitation activities 
particularly in the oil rich Niger Delta States of Nigeria, which can be 
located between Longitude 3° 19’ and 15° 11’ East and Latitude 40° 30’ 
and 14° 34’ North. This region is very rich in hydrocarbon deposits, 
and these results in more than eighty percent of the Nation’s Foreign 
Exchange earnings. The occupation of the inhabitants of the Niger 
Delta region where this crude oil are extracted are mostly subsistence 
farming and fishing, as the rivers, lakes and the adjoining Atlantic 
Ocean provides a good and favourable fishing activity. The oil spill 
penetrates to a depth of about 10-20cm which has a major role to play 
in agricultural activities, resulting in the loss of soil fertility and also, 
initiates environmental degradation [1]. This singular process, renders 
the soil impotent, i.e., the soil cannot produce crops as well as it could 
before the spill. In this light, because of their concentration in the 
terrestrial environment, there is a complete breakdown of structures 
and dispersion of soil particles [2-4].

Crude oil spills arises from vandalism (sabotage, i.e., people 
robbing the pipeline of its products or to make claims for compensation 
as well as, cleaning contracts) of oil installations, corrosion of over aged 
oil facilities and via uncontrolled spillage in oil refineries, and storage 
tanks that pose inevitable consequence (i.e., damage) to our immediate 
environment. It is very important to realize that, the discharge of 
hydrocarbons into the environment by transportation via tankers and 
barges, does not limit crude oil spillage only to oil producing States, 
but also to neighbouring States that are prone to the risk of oil spill 
due to transportation accidents and ruptured pipelines network that 
runs across such areas. Oil spill pollution could also result from the 
sales, and uses of petroleum products, pipeline overflow, breakage, and 
storage tank spill [5,6]. This crude oil spills, alters the physicochemical 
properties of the soil [7], making it impossible for the soil to produce at 

its optimal capacity as a result of hardening of the soil structure by the 
oil [8-10]. The biostimulant involved in the study includes; palm kernel 
husk ash, cow dung and inorganic fertilizers, and have been shown that, 
the biostimulation efficiency of the crop residue and animal derived 
organic waste are marginally and relatively close [11].

Palm kernel husk is one major product that is generated from the 
processing of fresh palm fruits from which, palm oil is extracted. Apart 
from the highly mechanized oil palm processing plant, i.e., “Risonpalm 
company in Nigeria”, other small scale oil palm processing mills are 
built and used by indigenous communities, most especially in Rivers, 
Imo, Akwa-Ibom, and Delta State, etc., to process there palm fruits. It 
had been observed by researchers that over twenty-two percent of the 
harvested palm fruits processed, ends up as palm kernel husk [12]. In 
larger modern mechanized oil palm processing mills, the waste thus 
generated are incinerated to generate heat energy to power boilers 
and are a means of getting rid of these waste [12,13]. By and large, the 
heap of ash resulting from the combustion of this waste, poses a major 
challenge to our small scale mills and also the environment. Currently 
in Nigeria, there is no large scale utilization of palm kernel husk ash 
(PKHA). Although, it can be utilized in local soap production because 
of its high potassium content and it is a very good source of potassium 
fertilizer [14]. Also, the combusted bunch ashes had been reported to 
aid the reduction of the bio-toxic level of oil polluted soil [15].
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standard mesh sieve thereafter, some samples of the powdered cow 
dung were sent to the laboratory for the determination of its minerals 
content such as carbon, nitrogen and phosphorus, etc. This was carried 
out to ascertain the remediating properties of the organic manure used 
(cow dung). The husk was shredded into smaller pieces after which 
it was sun dried for three weeks. At the expiration of the third week, 
the shredded and dried husk was combusted and afterword, ground 
into powdered form. The ground palm kernel husk ash was passed 
through a 2mm standard mesh sieve and thereafter, some sample were 
taken for analysis of some mineral constituents, e.g., carbon, nitrogen, 
phosphorus and nitrate, etc., as presented in Table 1. The inorganic 
fertilizer (NPK; 15-15-15) which is composed of nitrogen, phosphorus 
and potassium was bought from an agro-chemical shop.

Physicochemical determination of samples

The organic manure that were used for this study, together with 
the soil sample were analysed using standard methods; the pH was 
determined by the according to the modified method of McLean 
[28], the total organic carbon was determined by the modified [29] 
wet combustion method [30], available nitrogen was ascertained 
using semi-micro Kjeldhal method [31], the available phosphorus by 
Brays No.1 method [32], while the exchangeable cations, sodium and 
potassium, magnesium values were determined by flame photometry.

Determination of total hydrocarbon content (THC)

The total hydrocarbon content was analysed using standard solvent 
extraction method [33]. A gram of the sieved soil sample was dissolved 
in chloroform in a test tube. Thereafter, the clear lower layer was collected 
with a clean test tube upon which, it was dehydrated by the addition of 
a spoonful of anhydrous sodium sulphate. The clear extracted solution 
was absorbed at 420 nm HACH DR/2010 spectrophotometer. The total 
hydrocarbon content concentration was extrapolated with a reference 
from a standard curve obtained from the graph of produced crude oil 
at varying concentrations.

Ex-Situ bioremediation procedure

The soil samples were dug to a depth of 0-15 cm. The excavated top 
soil, unlike the cow dung and palm kernel husk ash was sun dried for 
duration of three weeks and were ground using a mortar and a pestle. 
Thereafter, they were sieved using a 2 mm standard mesh sieve and 
were measured with an electronic weighing balance. This remediation 
exercise was carried out in a well perforated 1.5 litres plastic container 
with an estimated depth of 13 cm. Bioremediation is ineffective at a depth 
below 150 mm [34]. The Randomized Complete Block Design used, 
were divided into two block design with each block accommodating a 
maximum of twelve (12) cells each consist of the following:

i. The crude oil contamination was in the proportions of 2, 4 and 
6% respectively; 

Nigeria is blessed with domestic birds and livestock’s such as fowl, 
ram, sheep, cow, goat, and etc. These livestock’s produces waste “dung’s”, 
and are abound in the cattle markets (i.e., slaughter houses), which 
are avenue for such dung’s, and are considered waste. These wastes are 
considered useless to the ordinary man. But research has shown that 
such wastes are useful material to modify the soil physical and chemical 
properties and also, to release nutrients for a longer period of time. The 
biostimulants thus provided, maintains the favourable conditions for 
growth of the soil microorganisms [16-19]. This singular act is only 
possible via biodegradation which are facilitated by indigenous soil 
microbes. It is important to note that bioremediation is the controlled 
process of degradation of organic pollutants using soil microbes. It 
is the use of microorganisms to remove environmental pollutants of 
soil, water and sediments [20]. Biostimulation has been proven to be a 
promising bioremediation technique for the treatment of polluted soil 
aerobically [21,22]. Of recent, bioremediation technologies have gained 
wide acceptance in our modern day research because of the abilities of 
microbes to mineralize hydrocarbon components to its environmentally 
friendly products. Although, this bioremediation techniques can 
be limited by some environmental factors such as nutrients, pH, 
temperature, moisture, oxygen, soil properties and contaminants 
concentration [23-27]. The key to an effective implementation of 
bioremediation process involves: to maintain an optimal nutrient, and 
control some prevalent environmental parameters in an order that will 
promote the survival and growth of soil microbes. In this study, the 
rate of bioremediation was studied by the use of various stimulants 
capable of providing nutrients to enhance microbes found in the soil, 
and comparing such results obtained with control (unamened) in order 
to understand the dynamics of crude oil degradation in the Niger Delta 
soil of Nigeria.

Therefore, the research work explores the effectiveness of organic 
manure (i.e., cow dung, palm kernel husk ash) and inorganic fertilizer 
(NPK) towards enhancing microbial biodegradation of hydrocarbon 
polluted arable soil. Also, the work aims at assessing whether self-
cleansing is operational and what type of biostimulants would lead to 
an enhanced biodegradation of the affected soil. These were ascertained, 
using the first order kinetics model and the students statistical test 
method.

Materials and Method
Description of study region

The soil sample used in this study was collected from Rumuolumeni 
town in Obio/ Akpor Local Government Area of Rivers State, Nigeria. 
The main occupations of the people are land farming and subsistent 
agriculture, of which there is no history of crude oil pollution in this 
environment. The palm kernel husk was obtained from a palm oil mill 
plant at Ubima in Rivers State, while cow dung was obtained from 
slaughter house in Trans-Amadi, Rivers State.

Sample collection

The following materials were utilized in the course of this study, 
they includes:

I. Cow Dung (CD); 

AI. Palm Kernel Husk Ash (PKHA); 

BI. Inorganic Fertilizer (NPK) 

The cow dung was sun dried for three week after which it was ground 
into powdered form. The ground cow dung was passed through a 2 mm 

PARAMETERS SOIL CD PKHA
pH 6.37 8.30 6.12

Organic carbon (%) x 10-1 27.80 138.00 5.80
Nitrogen (%) 0.07 34.30 17.80

Phosphate (mg/kg) 1.90 19.62 118.20
Potassium (mg/kg) 9.64 8.53 18.34
Magnesium (mg/kg) 21.50 3.56 10.20

Sodium (mg/kg) 12.08 2.30 4.63

Table 1: Preliminary Analysis for soil, cow dung (CD) and palm kernel husk ash 
(PKHA).
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ii. The nutrients in the first block design consist of 2 g NPK, 40 g 
CD and (1g NPK + 20 g CD) per 1000 g soil, while the second 
block design consist of 40 g CD, 40 g PKHA, (20 g CD + 20 
g PKHA) per 1000 g soil respectively, with each block design 
having a maximum of three (3) Controls; and 

iii. The individual cells were moisten and mixed by the aid of a 
stirrer. This stirring exercise was conducted every four days for 
an effective aeration.

This research work was conducted for six weeks, during which 
samples from the twenty-four labelled cells were taken to the laboratory 
for analysis of total hydrocarbon content, once in every eight days. Total 
hydrocarbon content was analysed using standard methods [33].

Mathematical models

Biodegradation kinetics: Biodegradation is the controlled 
degrading of soil contaminants by microorganism. The extent of 
remediation offered by these microbes is best articulated from the 
biodegradation kinetic model as explained by the first order kinetic 
[35-37]. The biodegradation rate was compared using the reaction rate 
constant for the first order kinetic equation is as presented in Eq. (1):

0tInC InC kt= −                                                                              (1)

Biodegradation half-life time and percentage degradation (%D): 
The biodegradation kinetics gives the performance of microbes in the 
soil [38]. The biodegradation half-life 1

2
t  that was presented in Eq. (2); 

is the time required for contaminant concentration to reduce to half of 
their original concentration.

1
2

0.6932 ln 2t
k k

= =                                                                                (2)

where 1
2

t  is the half life time, k is the biodegradation rate constant. 
This model gives us a working knowledge of the concentration of 
contaminants present at a given time; it also enables us to make future 
predictions. The degree of degradation (D) was calculated using Eq. (3):

0

0

% 100iTHC THCD x
THC
−

=                                                                      (3)

Where and are the initial and residual total hydrocarbon content 
concentrations respectively.

Bio-stimulation efficiency (B.E): The effectiveness of any 
remediation program is necessitated by some factors. These factors 
could be biotic (involving life) or abiotic (not involving life). Be that as 
it may, no remediation exercise can attain complete remediation, but 
rather the mitigation level could be high to encourage thrive of life. 
This is so, as no single bacterium is capable of complete biodegradation 
[39,40]. The efficiency of stimulation gives insight to the treatability 

options offered by the various biostimulants approach [11]. This is seen 
in Eq. (4):

( ) ( )

( )

% %
. 100%

%
T U

T

THC THC
B E x

THC
−

=                                                             (4)

Where represents the percentage removal of crude oil in the bio-
stimulated soil and, is the percentage removal of crude oil in the non-
bio-stimulated soil.

Results and Discussion
Total hydrocarbon content evaluation

The degree of biodegradation of crude oil spill at 2, 4 and 6% 
concentrations were analysed for the various bio-stimulated cells and 
from the data gathered. The removal effect of total hydrocarbon content 
which was used as an indicator parameter for remediation at various 
levels of crude oil contamination, i.e., 2, 4, 6%, and these were observed 
to reduce with time for the various applied nutrients (bio-stimulants). 
This signifies that there was an improvement in the efficiency or degree 
of remediation offered by the various bio-stimulants.

Application of first order reaction for kinetic study

The biodegradation rates were compared using biodegradation rate 
constants, from the First Order Kinetics Model, which was performed 
using the linear function of Microsoft Excel Statistical tool pack. The 
graphs of the kinetic pattern for total hydrocarbon content reduction at 
2, 4 and 6% contamination levels for various bio-stimulated cells when 
cultured for a remediation period of 40days, using the linest function of 
Micro Soft Excel pack tool, are shown in Figures 1-3.

It was observed that the first order kinetic model (Eq. 1) fitted 
well to the biodegradation offered by the various biostimulants. This 
was illustrated in Figure 1. The biodegradation rate reveals a positive 
correlation coefficient R2 for the reduction in total hydrocarbon content, 
with a higher biodegradation rate at a reduced time. This implies that at 
2% crude oil treatment, biodegradation rate constant (k) and half-life 
(t1/2) are as shown in Table 2, it can be observed also, that the polluted 
soil amended with a combination (NPK & CD), reveals a higher k 
(0.042 day-1), and at a lower t1/2 (16.5 days); and was closely followed 
by the soil amended with NPK applied singly (k=0.035 day-1,t1/2=19.8 
days); and also followed by the soil amended with CD applied singly 
(k=0.026 day-1, t1/2= 26.7 days); this was followed with soil amended 
with a combination of (PKHA & CD) (k=0.024 day-1, t1/2=28.9), PKHA 
(k=0.021 day-1, t1/2=33 days), and control has the lowest value of k (0.009 
day-1) and the highest t1/2 (77 days). Also, results of biostimulation 
efficiency by the various biostimulants reveals that the combination of 
(NPK & CD), NPK, CD, (PKHA & CD), PKHA were able to remediate 
the soil by; 62.1, 58.2, 51.9, 50.2 and 46.0% respectively.

Furthermore, the bioremediation kinetics pattern (Figure 2), also 
reveals a positive correlation coefficient R2 for the reduction in total 
hydrocarbon content concentration at 4% crude oil treatment. This also, 
is shown in Table 2. From the result, the biodegradation rate constant 
(k) was high for a combination of (NPK & CD), i.e., k (0.031day-1) with 
the lowest half-life, i.e., t1/2 (22.4 days), this was closely followed with the 
amended soil with NPK applied alone (k=0.022 day-1, t1/2=31.5 vdays), 
and also followed by the soil amended with CD alone (k=0.022 day-1, 
t1/2= 31.5 days), a combination of PKHA & CD (k=0.021 day-1, t1/2=33 
days), PKHA (k=0.018 day-1, t1/2=38.5 days), and the control, having the 
lowest biodegradation rate constant k (0.007 day-1), and highest t1/2 (99 
days). The result of bio-stimulation efficiency as by these bio-stimulants 
reveals that the combination of (NPK and CD), NPK, CD, (PKHA and 
CD), PKHA were able to remediate the soil by 58.1, 52.7, 49.8, 48.7 
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Figure 1: Kinetic pattern for THC reduction at 2% crude oil spill contamination 
using various biostimulants.
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and 42.7% respectively. This reveals a slight decrease in the degree of 
biodegradation which could be attributed by the increase i.e., almost 
double in the crude oil spill concentration of the polluted soil.

Finally, the first order kinetic pattern for the total hydrocarbon 
content reduction (Figure 3), revealed that at 6% crude oil treatment; 
there was an increase in the biodegradation rate constant (k), which 
represents half of the biodegradation rate constant and reduction in 
the half-life (t1/2), which represents almost double of the half-life time 
at 2% crude oil contamination. This result reveal that at 6% crude oil 

contamination, the order of remediation would be: for a combination 
of (NPK and CD) indicates (k=0.021 day-1,t1/2=33 days); and is closely 
followed with NPK (k=0.022 day-1,t1/2=31.5 days); CD (k=0.018 day-

1,t1/2= 38.5 days); PKHA + CD (k=0.015 day-1, t1/2=46.2 days); PKHA 
(k=0.013 day-1, t1/2=53.3 days); and the control having the lowest 
biodegradation rate constant k(0.007 day-1) and t1/2(99 days). The result 
of biostimulation by these biostimulants reveals that NPK, and the 
combination of (NPK and CD), CD, (PKHA and CD), PKHA were able 
to remediate the soil by 51.9, 51.7, 44.4, 37.5 and 31.8% respectively. 
This further shows decrease in the degree of biodegradation which 
could be attributed by the increase i.e., almost triple in the crude oil 
spill concentration in the polluted soil.

It could be deduced (Table 2), which represents the summary 
results obtained from the bioderadation process, with the order of 
treatment for 2 and 4% crude oil contamination in descending order of 
remediation as: (NPK + CD) > NPK > CD > (CD + PKHA) > PKHA. 
While a similar trend was also observed with NPK being the most 
efficient biostimulant (Table 2), reveals that the order of treatment for 
6% crude oil contamination in descending order of remediation: NPK 
> (NPK + CD) > CD > (CD + PKHA) > PKHA. A similar trend was 
observed in the research study conducted by [6,10]. The variation in the 
treatment as was observed by the biostimulants, shows that the degree 
of biodegradation decreases with an increase in the levels of crude oil 
contamination.

Further analysis on the remediation offered by the various 
biostimulants, were also ascertained by the student’s t-test using 
Microsoft Excel analysis tool pack, with the following considerations: 
A Null hypothesis (H0) of p>0.05, which indicates no significant 
effect on remediation process, while an Alternative hypothesis (H1) 
of p<0.05; which indicate a significant effect on remediation process. 
From the student’s t-test results shown in Table 3, a significant level (P< 
0.05) was observed for treatment with NPK, CD, PKHA, (NPK+CD) 
and (CD+PKHA) as nutrients at 2, 4 and 6% crude oil contamination 
when compared with Control. Firstly, at 2% crude oil spill significant 
levels were observed for the various biostimulants; NPK (3.593E-
02), CD (1.5612E-02), PKHA (1.586E-02), combination of NPK and 
CD (2.4074E-02) and combination of CD and PKHA (3.599E-02) 

Rate Bio-stimulants Weight Kinetics Equation K(day-1) (days) % D B.E

2%

NPK + CD 1 g + 20 g Y= -0.042X + 5.108 0.042 16.5 84.62 62.1
NPK 2 g Y= -0.035X + 5.058 0.035 19.8 76.80 58.2
CD 40 g Y= -0.026X + 4.962 0.026 26.7 66.80 51.9

PKHA + CD 20 g + 20 g Y= -0.024X + 5.016 0.024 28.9 64.44 50.2
PKHA 40 g Y= -0.021X + 5.058 0.021 33.0 59.45 46.0

CONTROL - Y= -0.009X + 4.953 0.009 77.0 32.11 -

4%

NPK + CD 1 g + 20 g Y=-0.031X + 5.479 0.031 22.4 71.80 58.1
NPK 2 g Y= -0.022X + 5.492 0.022 31.5 63.54 52.7
CD 40 g Y= -0.022X + 5.402 0.022 31.5 59.97 49.8

PKHA + CD 20 g + 20 g Y= -0.021X + 5.492 0.021 33.0 58.60 48.7
PKHA 40 g Y= -0.018X + 5.470 0.018 38.5 52.47 42.7

CONTROL - Y= -0.007X + 5.495 0.007 99.0 30.08 -

6%

NPK + CD 1 g + 20 g Y= -0.021X + 5.875 0.021 33.0 58.60 51.7
NPK 2 g Y= -0.022X + 5.848 0.022 31.5 58.83 51.9
CD 40g Y=-0.018X + 5.801 0.018 38.5 50.90 44.4

PKHA + CD 20 g + 20 g Y= -0.015X + 5.770 0.015 46.2 45.31 37.5
PKHA 40 g Y=-0.013X + 5.835 0.013 53.3 41.50 31.8

CONTROL - Y= -0.007X + 5.840 0.007 99.0 28.30 -

% D = Percentage degradation, B.E = Bio-stimulation efficiency
Table 2: Results of Decay Equation, Biodegradation Rate Constant (K) And Half-life ( ⁄ ) time of the various biostimulants.
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Figure 2: Kinetic pattern for THC reduction at 4% crude oil spill contamination 
using various biostimulants.

4.8

5

5.2

5.4

5.6

5.8

6

0 10 20 30 40 50

ln
 (C

t) 

Time (days) 

Linear (LN (No Nutrient))
Linear (LN (2g NPK))
Linear (LN(40g CD))
Linear (LN(40g PKHA))
Linear (LN (1g NPK + 20gCD))
Linear (LN (20g CD + 20g PKHA))

Figure 3: Kinetic pattern for THC reduction at 6% crude oil spill contamination 
using various biostimulants.
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respectively, meaning that there is a significant difference. Secondly, 
at 4% crude oil contamination, the significant levels for biostimulants; 
NPK (7.38E-03), CD (1.663E-03), PKHA (1.0827E-03), combination of 
NPK and CD (4.99E-03) and combination of CD and PKHA (9.531E-
03) respectively. Finally, at 6% crude oil contamination, the significant 
levels are; NPK (1.4783E-02), CD (9.364E-03), PKHA (2.1898E-02), 
combination of NPK and CD (2.5154E-02), combination of CD and 
PKHA (2.976E-03) respectively. So we accept the Alternative Hypothesis 
(H1), which indicates a significant reduction in crude oil contamination 
for the various biostimulants with respect to time. The applied fertilizer 
increases the biodegradation rate when compared with the control [41]. 
Also, similar trend has been observed by [14].

Conclusion
The technology for bioremediation that was employed in this 

study was a simple, effective, inexpensive and environmentally 
friendly approach, whose biostimulant availability is compatible to the 
environment and is mainly of organic origin, i.e., residue of animal 
(cow dung) and plant residue (palm kernel husk ash), which are often 
regarded as waste and are of no economic value to the ordinary man. 
Remediation for the oil contaminated soil at the end of six weeks 
revealed a positive correlation coefficient in the degree of remediation 
by the various biostimulants, during the trial periods. Also, it shows 
that:

Firstly, the percentage degradation of total hydrocarbon content 
as revealed from Table 2 for soils contamination at 2% crude oil spill, 
as were biostimulated, shows the highest order of remediation 84.62 
and 76.80%, were observed for biostimulant of combination (cow dung 
& inorganic fertilizer) and inorganic fertilizer, while 66.8 and 64.44% 
remediation levels for cow dung and a combination (cow dung & palm 
kernel husk ash), and was lastly accompanied by palm kernel husk ash 
(59.45%).

Secondly, at 4% crude oil spill contamination the percentage 
degradation of total hydrocarbon content reveals that biostimulants 
amended with a combination (inorganic fertilizer and cow dung) and 
cow dung recorded the highest values of 71.80 and 63.54%, and this was 
followed closely with treatment by cow dung and a combination of (cow 
dung and palm kernel husk ash) at 59.97 and 58.60% degradation level, 
and lastly accompanied by palm kernel hush ash (52.47%).

Finally, also from Table 2 it can be observed that at 6% treatment of 
crude oil contamination, that were biostimulated, revealed the highest 

degree of biodegradation of 58.83 and 58.60% as were observed for 
inorganic fertilizer and a combination (inorganic fertilizer and cow 
dung), this was closely accompanied with a treatment of 50.90 and 
45.31% as were obtained for cow dung and combination (cow dung and 
palm kernel husk ash). Lastly, biostimulants treated with palm kernel 
hush ash recorded the least (41.50%). The above result indicates that 
the percentage degradation of total hydrocarbon content reduces as 
the volume of the crude oil spill increases and there was a significant 
difference in the biostimulation efficiency of the biostimulated soils 
(i.e., used singly and a combination of biostimulants).

From the forgoing, it is important to note that the biostimulation 
efficiency for the various biostimulants used, shows a significant 
level of remediation with decreasing order of treatment: 
(CD&NPK)>NPK>CD>(CD&PKHA)>PKHA. This process involving 
the use of organic manure has been considered for their potential 
in biodegradation and biotransformation of petroleum products, 
which indicates that biostimulation methods are more efficient and 
cheaper than chemical processes. Thus, biodegradation technique 
employed for this degradation of crude oil soil matrix by promoting 
soil microbe’s ability to biotransform petroleum hydrocarbons into less 
toxic compounds. Although, this laboratory scale research study can 
also be applied on a large scale study because the manure thus used 
are environmentally friendly and have been observed to promote the 
biodegradation of hydrocarbons.
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