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ABSTRACT 
 

Aim: To evaluate the efficacy of inorganic nutrient sources in crude oil degradation. 
Place and Duration of Study: The study was carried out at Environmental Microbiology 
Department, University of Port Harcourt, Nigeria, between January and June 2015.  
Methodology: Hydrocarbon polluted soil was collected and recreated in three (3) containers 
marked A – C, representing NPK, Urea fertilizer and control, respectively. The setups were 
amended with NPK and urea fertilizer and observed for a 35 - day period. Hydrocarbon degradation 
in a 0.25% crude oil contaminated water was as well studied by inoculating a mineral salt – water 
(solution) with suspensions of a 24-h old pure cultures of bacterial isolates identified as 
Pseudomonas sp., Bacillus sp. and Micrococcus sp. Total petroleum hydrocarbons (TPH) and total 
hydrocarbon content (THC) was analyzed using gas chromatographic analysis and mass 
spectrometer – GC/MS. 
Results: The percentage residual petroleum hydrocarbons in soil were closely related to each 
other when compared to the control setup, C. NPK was however, found to be more effective in the 
aquatic environment than urea. The kinetics studies in water showed the treatment options were 
effective in the descending order of percentage residual hydrocarbons; direct NPK, Aw - (20.3%) > 
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direct urea, Bw - (23%) compared to the control, Cw - (45.2%). And a one-way analysis of variance, 
the Laverne’s test for homogeneity of variances and Tukey post hoc test showed there was a 
significant difference in the mean values of the various treatment options (p>0.05, f (2, 36) = 92.70, 
PV = 0.00).  
Conclusion: In the overall, the efficacy of a fertilizer depends on the environment it found itself. 
However, urea fertilizer was observed to be slow-release in nature, hence if fertilizers must be 
applied directly, urea fertilizer is recommended.  
 

 
Keywords: Bioremediation; fertilizers; biostimulation; hydrocarbon; soil; water. 
 
1. INTRODUCTION 
 
Oil pollution accounts for most of the 
environmental impacts of oil exploration and 
exploitation practices in Nigeria. These are 
meanly through leakages; transportation 
processes and sabotage (breaking of oil pipes) 
[1]. The activities of these oil industries in their 
areas of operation usually result in high degree 
of pollution which drastically affects the land and 
sea (terrestrial and aquatic environment) [2]. Oil 
pollution causes great damage to the ecosystem 
as it leads to loss of important biotic and abiotic 
components of the environment [3] and as well 
affects microbial diversity. The high rate of 
petroleum-related activities in the Niger Delta 
region causes frequent oil spills with attendant 
ecological problems associated with their coastal 
waters [4]. Most of the pollution cases in Nigeria 
are due to exploitation and exploration practices 
as well as the vandalization of oil pipelines [1]. 
Some petroleum industries in Nigeria deliberately 
discharge waste oil in the soil or waster.  Obire 
and Amusan [5] have put forward the deliberate 
discharge of oil field waste water or effluent as a 
source of environmental contamination. 
 
Several factors have made bioremediation to be 
a more preferred technology. These include the 
conversion of harmful compounds into nontoxic 
form, in situ and ex situ applicability, less labour 
skill requirement and it as well results in the 
breakdown of large range of pollutants in the 
environment [6].  
 
Novel techniques are now developed to suit the 
need to remediate these contaminated sites [7]. 
Since petroleum hydrocarbon is biodegradable in 
nature, the technique of bioremediation has 
become a very useful alternative compared to 
chemical and physical methods of cleanup [7]. 
 
In most cases, most of the fertilizers applied are 
sparingly available following leaching and 
dissolution. The loss of the applied fertilizers is 
dependent on the solubility of the fertilizers and 

the method used in the application: spraying, 
broadcasting, embedding, etc. This leaching or 
washout usually results in eutrophication and 
pollution of underground, surface and sub-
surface water [8]. 
 
Bioremediation, under natural attenuation is 
rather a slow process. This is however, a major 
setback. The addition of inorganic nutrient 
sources will bring about a rapid rate of 
degradation. There are different types and 
sources of fertilizer. Some fertilizers such as 
commercial NPK fertilizer as well as urea 
fertilizer are excellent sources of inorganic 
nutrient. They are generally manufactured by the 
agrochemical industries. The use of fertilizers as 
sources of nutrient to biostimulate microbial 
population explores the principle that fertilizers 
are mainly composed of nitrogen, phosphorus, 
potassium and other micro and macro 
elements/nutrient required by microorganisms to 
carry out the metabolic activities. The activities of 
these microbial groups help in degrading 
hydrocarbon, which are utilized as a carbon 
source by microorganisms [9]. Several reports 
have shown that inorganic fertilizers are more 
effective in stimulating bacterial metabolism of 
petroleum hydrocarbons [8]. This work therefore, 
evaluates the impact of inorganic nutrient 
sources (NPK and urea fertilizers) on 
bioremediation rate. 
 
2. MATERIALS AND METHODS 
 
2.1 Soil Sample Source and Collection 
 
A 0-10 cm depth, crude oil-hydrocarbon 
impacted soil sample was collected from 
Etelebuo-Ogboloma, flow station in Yenagoa 
L.G.A. of Bayela State, Nigeria. 
 
2.2 Fertilizer Type and Source 
 
The fertilizer type and source was a commercial 
NPK fertilizer (15:15:15) and Urea (46%N) by 
Spring Field Agro LTD. 
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2.3 Soil Bioremediation Studies 
 
The Crude oil impacted soil sample was 
amended as follows and kept under a controlled 
laboratory condition for a 35-day period of study. 
Five hundred gram (500 g) of hydrocarbon 
contaminated soil was recreated in three 
containers and labeled as follow: 

 
Sample A =  500 g Soil + 5 g direct NPK 
Sample B = 500 g Soil + 5 g Direct urea     

fertilizer 
Sample C =  500 g unamended soil: control 

 
2.4 Crude Oil Degradation in Water  
 
A 0.25% concentration of crude oil was achieved 
by introducing 0.5 ml crude oil into a 500 ml 
capacity Erlenmeyer flask containing 200 ml 
mineral salt solution and 2 g of each fertilizer 
type was used as nutrient source. Bacterial 
consortium/biomass was prepared by inoculating 
serially diluted hydrocarbon polluted soil on a 
mineral salt agar plate through a vapour phase 
transfer technique. Suspensions of a 24-h old 
pure cultures of bacterial isolates identified as 
Pseudomonas sp., Bacillus sp. and Micrococcus 
sp. was used to inoculate the set-ups and 
labeled as Aw (NPK fertilizer); Bw (urea 
fertilizer); Cw (no fertilizer, only bacterial 
biomass) and Dw (no fertilizer, no bacterial 
biomass) as controls. This was achieved by 
adjusting the turbidity of each suspension using 
McFarland’s standard. The set-up was however 
inoculated with 0.5 ml of each bacterial 
suspension (Pseudomonas sp., Bacillus sp. and 
Micrococcus sp) in a 500 ml capacity Erlenmeyer 
flask containing 200 ml mineral salt solution and 
0.5 ml contaminant (crude oil).  
 
2.5 Enumeration of THBC and HUB 
 
The population of heterotrophic bacteria was 
enumerated using the spread plate technique, at 
seven (7) days interval. A 10-fold serial dilution of 
the soil sample was carried out by weighing 1 g 
of the soil sample into a sterile test tube 
containing 9ml of sterile physiological saline. 
From here a ten-fold serial dilution was 
performed to a dilution of 10-5. 
 
From each dilution, 0.1 ml was inoculated on 
nutrient agar plates (Petri dishes). However, a 
triplicate plating of each dilution was employed. 
Sterile glass rods (spreader) were used to 
spread the inoculums over the media and were 
incubated in an incubator at 25ºC for 24 hours. 

The population of the hydrocarbon utilizing 
bacteria was determined by culturing the diluted 
soil samples on mineral salts agar. A Whatman’s 
filter paper was saturated with crude oil and 
placed on the lid of each glass Petri dish using 
sterile forceps. The crude oil served as the sole 
source of hydrocarbon (that is carbon and energy 
source for the hydrocarbon utilizers). The 
inoculated mineral salts agar plates were 
inverted and placed over the lid containing the 
saturated filter paper, and incubated at room 
temperature for seven (7) days.  
 
2.6 Monitoring Bioremediation  
 
2.6.1 Aeration 
 
The experimental soil samples were tilled twice a 
week to allow the distribution of oxygen in and 
around the soil sample.  
 
2.6.2 Moisture content 
 
The moisture content was maintained at 20% by 
weighing and adding water when necessary. 
 
2.6.3 Determination of physicochemical 

parameters and residual hydrocarbon 
 
Parameters such as pH, total nitrogen, and 
phosphate were determined using the methods 
from [10] while the total petroleum hydrocarbons 
(TPH) and total hydrocarbon content (THC) was 
determined using the methods of ASTDM 3921 
and USEPA 8270B [11]. However GC/MS was 
used for total petroleum hydrocarbon (TPH) and 
total hydrocarbon content (THC) determination. 
 
2.6.4 Monitoring nutrient utilization  
 
The changes in the amount of available nutrient 
(nitrogen) were monitored/analyzed during the 
study period, using the distillation method. Soil 
samples for analysis were digested using 
concentrated sulphuric acid. The digest was 
cooled to room temperature and was diluted to 
100 ml with distilled water. One milliliter of each 
sample (soil digest or water) was weighed into 
distillation flask. This was followed by the 
addition of 20 ml distilled water and 0.4 g 
magnesium oxide. The distillation flask was 
attached to a retort stand on a distillation hot 
plate. This was connected to a receiver flask via 
a Liebig condenser. To this receiver, was added 
10 ml 2% boric acid with few drops of double 
indicator. The flask was heated to distil out the 
ammonia as distillate in the receiver. The boric 
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acid indicator changed to greenish from purple 
and was titrated with 0.1N HCl to purple as back 
titration.  
 

% NH4
+   =   

����� ���	� 
 ���	�	�� ���	�� �� ������ 

������ �� ������
 x 10     

 
2.7 Statistical Analysis  
 
One-way Analysis of variance (ANOVA) was 
used to check for significant difference in the 
values of the various treatment options and a 2-
tailed Pearson’s Moment Correlation coefficient ρ 
was used to determine degrees of relationship 
between the various parameters. 
 
3. RESULTS AND DISCUSSION 
 
3.1 Changes in pH Values 
 
The changes in soil pH following soil amendment 
with fertilizer were revealed in this study. It was 
discovered that the initial pH of the polluted soil 
was 6.52±0.2. After soil amendment the pH 
values increased slightly towards neutrality and 
alkalinity and ranged from 6.91±0.0 to 8.96±0.3. 
This is in conformity with the pH range observed 
by Okpokwasili and Oton [12]. It was observed 
that the pH values of Experimental Set-up A, 
increased progressively throughout the study 
period. However, set-up B as well as the control 
experimental set-up C fluctuated during the 
period of study. From Table 1 it was observed 
that NPK has lower pH values than urea as A < 
B. This may imply that urea fertilizer is less acidic 
than the inorganic NPK fertilizer. However, 
statistical analysis using the one way analysis of 
variance showed there was no significant 

difference in the mean values of the various 
treatment options, A – B, compared to the control 
C (p>0.05, f = 2.184, pv = 0.08). This observation 
might be attributable to the fact that fertilizer 
application has varying effect on soil pH [13]. The 
changes in soil pH are also a function of other 
intrinsic factors relating to microbial activities 
(metabolites). 
 
3.2 Variations in Nutrient Concentration 
 
Tables 2 - 3 show the changes in nutrient 
concentration during the study period. The 
investigation revealed that urea fertilizer had 
lower nitrogen content compared to NPK. Table 
2 revealed that NPK fertilizer witnessed a 
decrease up to day 35 (0.209±0.008%). Also, 
Experimental set-up B (urea fertilizer) had an 
initial nitrogen content of 0.306±0.003% and 
progressively reduced during the study period, to 
0.221±0.004% at day 35. These values were 
subjected to statistical analysis and a one-way 
ANOVA showed that there was a significant 
difference in the mean total nitrogen of setups             
A and B compared to the Control, C (p<0.05,             
f = 20.228, pv = 0.00).  
 
Similar trend was observed in Table 3, for crude-
oil degradation in water. At the beginning of the 
investigations (zero hour), the set-ups had an 
initial nutrient concentration of 71.50±0.05 mg/L 
and 46.80±0.05 nitrate nitrogen for NPK (Aw) 
and urea (Bw), respectively. The results were 
taken at seven days interval for a period of thirty 
five (35) days. The variations in nutrient 
concentration were 60.00±0.35, 37.21±0.25 and 
0.99±0.0105 mg/L nitrate nitrogen for samples 
Aw, Bw and Cw, respectively on day 35.  

 
Table 1. Variations in pH 

 
Sample  Day 0 Day 7 Day 14 Day 21 Day 28  Day 35 
A  7.80±0.20 8.00±0.20 8.52±0.10 8.63±0.30 8.76±0.2 0 8.80±0.10 
B 8.10±0.20 8.82±0.30 8.95±0.10 8.99±0.20 8.93±0.20  8.96±0.30 
C 6.52±0.20 6.60±0.10 6.63±0.40 6.67±0.00 6.71±0.10  6.72±0.20 

Code:  A – NPK; B- Urea; C – Control 
 

Table 2. Changes in soil nitrogen content 
 

Sample  Day 0 Day 7 Day 14 Day 21 Day 28  Day 35 
A 0.320±0.003 0.311±0.003 0.291±0.008 0.252±0.005 0.247±0.002 0.231±0.002 
B 0.306±0.003 0.300±0.005 0.287±0.007 0.248±0.003 0.230±0.007 0.221±0.004 
C 0.270±0.003 0.265±0.004 0.260±0.009 0.210±0.009 0.209±0.003 0.201±0.002 

Code: A = NPK fertilizer; B = Urea fertilizer; C = Control 
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Table 3. Variations in nitrogen concentration (water) 
 

Sample  Day 0 Day 7 Day 14 Day 21 Day 28  Day 35 
Aw   71.50±0.05 70.61±0.32 68.80±0.45 63.00±0.25  60.7±0.20 60.00±0.35 
Bw 46.80±0.05 44.44±0.25 40.50±0.18 38.80±0.20  34.80±0.28 37.21±0.25 
Cw 1.95±0.05 1.91±0.02 01.82±0.07 1.50±0.03 1.47±0. 16 0.99±0.01 

Code: Aw = NPK fertilizer; Bw = Urea fertilizer; Cw = Control 
 
Statistical analysis using the one way analysis            
of variance showed there was no significant 
difference in the mean values of the various 
treatment options, A – B, compared to the control 
C (p>0.05, f(2,36) = 0.597, PV = 0.703). 
However, while there was a positive correlation 
between the nutrient source (nitrate nitrogen) 
and bacterial biomass (r = 0.530), there was a 
negative correlation between the nutrient source 
(nitrate nitrogen) and total hydrocarbon content      
(r = -0.441), using the 2-tailed Pearson’s 
correlation model. 
 

This observed trend has revealed the need for 
frequent application of fertilizer due to rapid loss, 
following microbial utilization and washout by rain 
and other meteorological factors. This is a 
potential disadvantage associated with direct 
fertilizer application as it will eventually lead to 
eutrophication, underground water pollution (due 
to leaching) and higher cost implication due to 
frequency of application.  
 

3.3 Changes in Bacterial Population in 
Soil 

 
The effect of nutrient concentration on the 
population dynamics of hydrocarbon utilizing 
bacterial population was investigated. The initial 
cell count of hydrocarbon utilizing bacteria and 
total heterotrophic bacteria in the contaminated 
soil was 1.20 ± 0.02 x105 cfu/g and 1.10 ± 0.01 x 
106

 cfu/g, respectively. The unamended soil had 
the least bacterial count for both the total 
heterotrophic and hydrocarbon utilizing bacteria. 
Statistical analysis showed a strong negative    
and significant relationship between nutrient 
concentration and bacterial counts (total 
heterotrophic bacteria and hydrocarbon utilizing 
bacteria). The result obtained from the total 
heterotrophic bacterial count showed the various 

treatment options where effective (with respect to 
the control set-up) in the order of A (1.30±0.03 x 
1027 cfu/g) > B  (1.10±0.02 x 1026 cfu/g). Same 
trend was observed for hydrocarbon utilizing 
bacterial count where the control set-up had 
growth counts that ranged from 6.01±0.02 x 107 
cfu/g) to 2.80±0.04 x 1013 cfu/g between days 7 
and 35. The result revealed that experimental 
set-up A (direct NPK fertilizer) supported the 
highest growth rate of hydrocarbon utilizing 
bacteria in the range of 2.90±0.03 x 1012 cfu/g 
(day 7) to 2.80 ± 0.08 x 1026 cfu/g (day 35). 
Sample B with direct urea fertilizer was next with 
3.00±0.03 x 1011 cfu/g (day 7) to 2.90±0.06 x 
1025 cfu/g (day 35). 

 
This has established that the amount or available 
nutrient has a significant effect on the growth rate 
of hydrocarbon utilizing bacterial population. This 
however, implies that as cell count increases the 
concentration of nutrients reduces. This work has 
shown that the addition of nutrients supported 
proliferation of bacteria following the metabolism 
of the crude oil contaminants.  
 
3.4 Changes in Bacterial Biomass in 

Water 
 
The initial cell count at the start of the experiment 
(zero-hour) was 4.90±0.03 x 104 cfu/ml. After a 
35–day period of investigation, the bacterial 
count for the various set-ups was as follows:  
Sample Cw (NPK) had 2.51±0.09 x 109 cfu/ml on 
day 7 and its highest count of 2.40±0.02 x 1019 

cfu/ml was on day 35. Sample Bw (urea) had 
2.14±0.05 x 107 cfu/ml on day 7 and its highest 
count of 1.38±0.05 x 1018 cfu/ml on day 35. The 
control setup Cw had 2.51±0.02 x 106 cfu/ml on 
day 7 and its highest count of 1.32±0.10 x 1011 
cfu/ml on day 35 (Table 4). 

 
Table 4. Bacterial biomass (cfu/ml) 

 
Sample  Day 0 Day 7 Day 14 Day 21 Day 28  Day 35 
Aw 4.90x104 2.51x109 1.50x1013 1.90x1015 1.90x1017 2.40x1019 
Bw 4.90x104 2.14x107 1.70x1010 1.00x1013 1.20x1016      1.38x1018 
Cw 4.90x104 2.51x106 2.23x108 2.30x109 2.30x1010 1.32x1011 

Code: Aw = NPK fertilizer; Bw = Urea fertilizer; Cw (control 1) = No fertilizer, only bacterial biomass 
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Fig. 1. Changes in hydrocarbon utilizing bacterial count 
 

 
 

Fig. 2. Changes in total heterotrophic bacterial count 
 
The result revealed that the direct NPK fertilizer 
stimulated more bacterial growth than urea 
fertilizer. The control set-up (Cw) however 
witnessed a rather slow growth rate compared to 
the treated options. Statistical analysis using the 
one way analysis of variance showed  there was 
a significant difference in the mean values of the 
various treatment options, A and B, compared          
to the control, Cw (p>0.05, f (2,36) = 34.378,            
PV = 0.00). However, while there was a positive 
correlation between bacterial biomass and the 
nutrient source (nitrate nitrogen) (r = 0.530), 
there was a strong negative correlation between 
bacterial biomass and total hydrocarbon content 
(r = -0.957), using the two-tailed Pearson’s 
correlation model. 
 
This observed difference is attributable to the 
varying effect of the nutrient amendments in the 
set-ups. The crude oil contamination served as 

sole source of carbon and energy for proliferation 
of bacteria. The inorganic fertilizers however, 
provided nitrogen to bring about a balanced C:N 
ratio, supporting the growth and metabolic 
activities of the bacterial population.  
 
Researchers have established that 
microorganisms require different levels of 
nutrients, in addition to hydrocarbon which 
serves as carbon and energy source. 
Researchers have also identified the availability 
of nutrients as a major factor affecting the rate of 
hydrocarbon removal in the polluted 
environment. For instance, the degradation of 1L 
of gasoline requires 44 g of N and 22 g of P 
supplied as aqueous solution [14]. Deficiency or 
plethora of nitrogen or phosphorus will reduce 
the efficiency of biodegradation. Some proposed 
ratios include 100:15:3 [15], 120:10:1 [16], 
250:10:3 or 100:10:2 [17] and 100:10:1 [18]. 
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Besides, it has been recognized that a low 
concentration of N (approximately 300 mg/kg 
soil) is more realistic due to toxicity 
considerations [19]. 
 
3.5 Hydrocarbon Biodegradation in Soil 
 
The percentage residual petroleum hydrocarbon 
was closely related to each other when 
compared to the control setup, C. The 
percentage residual hydrocarbon, R (%) was 
calculated using the formula, R (%) = ( 

*

+
 ) x 100. 

Where, I is the initial total petroleum hydrocarbon 
of the polluted soil and R is the residual total 
petroleum hydrocarbon at a given time.  
 
Gas chromatographic studies showed the peak 
heights and base widths of the constituent 
petroleum hydrocarbon. The peak heights 
reduced as base widths increased. The 
constituents ranged from C10 to C40, including 
pristane and phytane. The total petroleum 
hydrocarbons of the unamended soil were seen 
to be 2825.19±0.15 mg/kg. A 59.9%, 69.2% and 
34.9% loss of hydrocarbon was observed for 
treatment options A, B and C, respectively on 
day 35 of the investigation. This shows that the 
direct urea application (B) had the highest 
hydrocarbon removal rate. The direct NPK 
fertilizer was next. From the result it can be 
extrapolated that direct urea application recorded 
1093.38 ±0.29 mg/kg

 while the direct NPK had 
1117.86±0.76 mg/kg TPH on day 35. 
 
This observation can be linked to the fact that the 
rate of bioremediation is dependent on the 
amount of available nutrient. This is in agreement 

with the findings of Okpokwasili and Oton [12]. 
They observed that nutrient amendment was 
effective as 0.2% NPK was more active than 
0.075% NPK compared to the set up without 
fertilizer application and thus they attributed this 
observation to nutrient availability as well as 
other physicochemical factors that affected the 
rate of hydrocarbon loss in the environment. 
Also, Chikere et al. [20] in a community profiling 
of active oleophilic bacteria reported a significant 
reduction of total petroleum hydrocarbon (TPH) 
with an increase in biomass, following a 64-day 
treatment using NPK and urea as nutrient 
sources in a bioreactor. 
 
It can be deduced from Fig. 3 that the urea and 
NPK showed similar effect in soil. Some 
researchers have however, reported some 
differences in the bioremediation potentials of 
fertilizers. Chikere et al. [21] observed that NPK 
fertilizer option was more effective than urea 
fertilizer (after a 57-day period of investigation). 
Also, Chikere et al. [22] carried out a study on 
the phylogenetic diversity of dominant bacterial 
communities during bioremediation of crude oil-
polluted soil and came up with the conclusion 
that NPK fertilizer seems to be the best nutrient 
for the biostimulation of indigenous bacterial 
community in crude oil-polluted soil. In a 
bioreactor based community profiling, Chikere         
et al. [20] also showed that NPK fertilizer was 
able to cause a 97.2% reduction in crude oil 
hydrocarbon compared to urea that caused 
about 82.1% reduction. This differences can be 
attributable to the fact that bioremediation of 
hydrocarbon is a function of other environmental 
factors. 

 

 
 

Fig. 3. Percentage residual hydrocarbon 
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Fig. 4. Gas chromatogram of unammended soil sample zero hour 
 

 
 

Fig. 5. Gas chromatogram of sample A - NPK, day 35 
 

 
 

Fig. 6. Gas chromatogram of sample B - urea, day 35 
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Fig. 7. Gas chromatogram of sample C, day 35 
 
3.6 Hydrocarbon Biodegradation in Water 
 
At the end of the investigation, the bacterial 
consortium was able to appreciably degrade the 
crude oil as measured by the oil and grease 
method, to determine the total hydrocarbons 
content (shown in Table 5). The table shows    
the treatment options were effective in the 
descending order; NPK (20.3%) > urea (23%), 
compared to the two controls Cw (45.2%) and 
Dw (62.7%), (Table 5). 
 
A one way analysis of variance showed there 
was a significant difference in the mean           
values of the various treatment options (p>0.05, 
f (2, 36) = 92.70, PV = 0.00). 
 
The influence of inorganic nutrient and bacterial 
growth on crude oil degradation was 
investigated. Nutrients (NPK and urea fertilizers) 
and bacterial suspensions were added to 
experimental set-ups Aw and Bw, while setup Cw 
was seeded with bacterial suspension (without 
nutrient) and set-up Dw was without bacteria and 
nutrient. The result indicated that set-ups Cw and 
Dw had the least hydrocarbon removal rates 
which imply that crude oil degradation is greatly 

influenced by bacterial growth and nutrient 
availability. However, the control experiment Dw 
had the least rate of hydrocarbon removal.  
 
It has been well documented that the fate of 
crude oil pollutants is dependent on physical, 
chemical and biological factors. Where the rate 
of hydrocarbon removal was influenced by 
nutrient concentration in treatments A and B, a 
34.9% and 37.3% loss of hydrocarbon (day 35) 
was noticed in the control set-up (without 
fertilizer) in soil and water, respectively. This is 
probably due to natural attenuation taking place 
in the unfertilized soil. Chikere et al. [23] 
observed a hydrocarbon loss in the heat-killed 
control signifying that abiotic factors could as well 
contribute to hydrocarbon attenuation in the 
environment. 
 
Therefore, the potential of a fertilizer is 
dependent on the nutrient formulation and the 
environment it finds itself. This is owed to the 
observations where urea and NPK fertilizer 
showed similar effect in the cleanup of 
hydrocarbon polluted soil whereas NPK had a 
faster hydrocarbon removal rate in water than 
urea. These observed differences are attributable 

 
Table 5. Percentage residual hydrocarbon in water 

 
Sample  Day 0 Day7 Day 14 Day 21 Day 28 Day 35 
Aw 100 73.3 42.2 31.1 26.7 20.3 
Bw 100 79.1 42.2 36.0 30.0 23.0 
Cw 100 88.9 68.0 59.6 49.8 45.2 
Dw 100 93.3 77.8 72.0 68.4 62.7 

Code: Aw = NPK fertilizer; Bw = Urea fertilizer; Cw (control 1) = No fertilizer, only bacterial biomass;  
Dw (control 2) = No fertilizer, no bacterial biomass 
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to the difference in the composition of the two 
inorganic fertilizers: NPK (15:15:15) and urea 
(49% nitrogen), used in this study. NPK is a 
compound fertilizer composed of nitrogen, 
phosphorus (P2O5) and potassium (K2O) while 
urea on the other hand has nitrogen as the main 
constituent. In view of increasing ecological 
concerns, these results are therefore, important 
for future research, targeted at optimizing the 
bioremediation potentials of inorganic fertilizers.  
 
4. CONCLUSION 
 
It was observed from this study that inorganic 
fertilizers have varying effect, depending on the 
environment it found itself. NPK fertilizer was 
however, found to be more effective in the 
aquatic environment due to difference in 
solubility in water. Urea fertilizer on the other 
hand was observed to be slow-release in nature 
and so if fertilizers must be applied directly, urea 
fertilizer is recommended. This research has 
however shown the performance of inorganic 
fertilizers in the bioremediation of different 
impacted media. This presents an easy frame 
work and important data set for future research 
and publications involving the use of inorganic 
fertilizers in formulating and optimizing the 
potentials of slow-release fertilizers in the 
bioremediation of petroleum hydrocarbon 
impacted media (soil and water).   
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