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ABSTRACT 
 
Remediation of oily waste using soil-organic (goat dung, poultry dropping) and inorganic (NPK 
fertilizer) nutrients was assessed for twelve weeks using culture-dependent microbiological 
technique and chemical procedures. The results indicate increased counts of Hydrocarbon-utilizing 
bacteria, fungi and actinomycetes with remediation time for both nutrient types. Bacteria in the 
remediated waste were members of the genera Bacillus, Pseudomonas, Acinetobacter, Alcaligenes 
and Serratia, fungi: Penicillium, Aspergillus and Cladosporium, and actinomycetes: Rhodococcus, 
Nocardia and Streptomyces for all soil-nutrient amendment techniques. pH of the NPK fertilizer 
ranged between 6.7 ± 0.03 and 7.3±0.06 whereas the goat dung and poultry dropping amendments 
was 6.5± 0.02 and 7.1 ±0.05. Dehydrogenase activity increased for the biostimulant treatment cells 
with remediation time. Total Petroleum Hydrocarbon reduction was 99.3 and 99.6% in organic and 
99.8% for inorganic amendments. Polycyclic Aromatic Hydrocarbons of the remediated waste for 
both techniques revealed values below detectable limits (< 0.01) at the end of remediation period. 
Remediation with soil-goat dung and soil-poultry dropping amendments compared favorably with 
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soil-NPK fertilizer technique because microbial activities were enhanced to produce eco-friendly 
waste. The use of soil-organic amendments is therefore a low-cost alternative biostimulant for the 
management of oily waste in the petroleum industry. 
 

 
Keywords: Eco-friendly; remediation; biostimulant; oily waste; microbial counts; enzyme activity. 
 
1. INTRODUCTION 
 

Crude oil exploration and production activities 
often generate waste that are discharged by 
accident or deliberately into the environment with 
ecological consequences of concern [1,2]. Crude 
oil polluted environments are usually restored 
through bioremediation that involves microbial 
degradation of the pollutants into innocuous 
substances and minimize associated ecosystem 
damage [3]. The process is mediated by 
microbial enzymatic activities to degrade 
contaminants and has been widely used to 
mitigate hydrocarbon pollution in the 
environment. The bioremediation of hydrocarbon 
contaminated Nigerian soils using organic 
nutrient amendments has been reported 
[4,5].With the advent of this promising technique 
for remediating hydrocarbon contaminated soils, 
there is need to employ the same technology in 
the management of oily wastes associated with 
crude oil exploration and production activities in 
Nigeria to ensure the disposal of  eco-friendly  
wastes at reduced cost. Here, we evaluated the 
application and efficacy of soil-poultry dropping, 
soil- goat dung and soil- NPK fertilizer 
amendments to remediate oily wastes from crude 
oil exploration and production activities. 
 

2. MATERIALS AND METHODS 
 
2.1 Remediation Study 
 
The remediation was done based on the 
principles of biostimulation, bioaugmentation and 
composting [6,7]. The soil – organic (soil-goat 
dung and soil- poultry dropping) and soil – 
inorganic (soil – NPK fertilizer) nutrient stimulants 
treatment and control were set up in triplicates 
using transparent sterile small sized buckets with 
perforated lids. 3kg of oily waste was mixed with 
150 g of soil (5% of oily waste weight) from 
Unyenge coastal wetland, 300g of goat dung, 
poultry dropping (10% of oily waste weight), 150g 
of NPK fertilizer (50% of organic manure) and 
15g of bulking agent (wood chips) (0.5% of oily 
waste weight). The control was also set up 
without the soil-organic or soil-inorganic 
stimulants. The different treatment cells were 
covered with net and perforated lids and 

incubated for twelve weeks at ambient 
temperature. The treatment and control cells 
were assessed immediately after set up and 
thereafter monitored weekly for changes in Total 
Viable Counts (TVC) of hydrocarbonoclastic 
organisms, Total Petroleum Hydrocarbon (TPH) 
reduction, PAH level and Dehydrogenase 
enzyme activity.  

 

2.2  Isolation and Enumeration of 
Microorganisms 

 
Ten-fold serial dilutions of oily waste samples 
were made by using Tween 80 as diluent [8]. The 
first ten-fold dilution was made using 10g of the 
oily waste sample in 90mLof diluent. The dilution 
was shaken and further serial ten-fold dilutions 
made up to 10ˉ8. The isolation and enumeration 
of hydrocarbon utilizing microorganisms were 
done by vapor-phase transfer method [9]. 
Aliquots (0.1mL) of appropriate dilutions (10

-2
 to 

10
-6

) of oily waste samples were inoculated onto 
mineral salt medium (MSM) using the surface 
spreading technique. The medium used for the 
isolation of oil-degrading bacteria was 
supplemented with 50μmL

-1 
nystatin to inhibit 

interfering yeast and mold and pH adjusted to 
7.6. The medium for the enumeration of oil 
degrading mold was supplemented with 50 μml

-1
 

of penicillin G and streptomycin to inhibit 
interfering bacteria and pH adjusted to 5.6 while 
that for the enumeration of oil-degrading 
actinomycetes was supplemented with 
cyclohexamide to prevent fungal growth and pH 
adjusted to 5.5 to arrest the growth of non-
filamentous bacteria. Sterile filter papers 
(Whatman1) soaked with filter sterile crude oil 
(Nigerian light crude) were aseptically placed 
inside the lid of each Petri-dish and inverted over 
the inoculated plates. The filter papers supplied 
the hydrocarbon by vapor phase transfer to the 
inocula. Control plates were also prepared 
without crude oil and incubations made at 28 ± 
2

o
C for 5 to 7 days. Colony forming Units (cfugˉ

1
) 

were enumerated and due number of 
hydrocarbon-utilizing bacteria, fungi and 
actinomycetes calculated by subtracting the 
number of colony forming units in control from 
those in test cultures. 
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The cultural characteristics of emerging colonies 
were observed after the incubation periods. 
Different colonies which appeared after the 
incubation periods were carefully sub-cultured on 
appropriate media originally used for their 
isolation. On further sub-culturing, the resulting 
pure cultures were preserved in the refrigerator 
for further use. 
 

2.3 Characterization and Identification of 
Microbial Isolates 

 
Characterization and identification of bacterial 
isolates and actinomycetes was based on the 
examination of cultural colonial morphology on 
plates, microscopy after staining techniques were 
applied and biochemical tests carried out. The 
bacteria and actinomycetes were characterized 
and identified by comparing to known taxa using 
Bergey’s Manual of Determinative Bacteriology 
[10]. Characterization and identification of fungal 
isolates were based mainly on their cultural and 
microscopic morphology and with the presence 
or absence of special reproductive structures 
[11,12].  
 

2.4 Physicochemical Analysis of Samples 
 

Chemical characteristics of oily waste and 
organic manure samples were determined 
according to techniques described elsewhere 
[13,14]. pH was determined by electrometric 
method using the pH meter. Total nitrogen in the 
samples was determined by macrokjeldahl 
digestion and distillation method. Phosphorus 
was extracted from the samples by the Bray P-1 
method and determined by Murphey Riley 
Method. The total organic carbon content of the 
samples was determined using the method of 
Walkley and Black. Heavy metals were 
determined by Atomic Adsorption 
Spectrophotometer after acid digestion. The 
Total Petroleum Hydrocarbon (TPH) content of 
the samples was assessed using Toluene 
extraction method  [15]. Five gram of the oily 
waste sample was measured into a beaker and 
10 mL of toluene (Analar grade) was added to it. 
After shaking vigorously for 5 min, it was allowed 
to stand for 20 min. After which, two layers were 
formed and the supernatant (toluene-residual oil 
extract) was put into fresh test tubes (cuvette). 
The hydrocarbon content (oil) extracted was 
determined spectrophotometrically at 420 nm 
using spectronic-20 Spectrophotometer. The 
absorbance reading was recorded after reading 
from a standard curve of the absorbance of 
different known concentrations of hydrocarbon 

extractant (toluene). Hydrocarbon concentrations 
were calculated by multiplying with the 
appropriate dilution factor and the results 
expressed as milligrams per kilogram (mg kg

-1
). 

 
Dehydrogenase activity of samples was 
determined by the Triphenyltetrazolium Chloride 
(TTC) method based on the estimation of TTC 
reduction rate to Triphenylformazan (TPF) in 
samples after incubation was employed to 
determine dehydrogenase activity of the treated 
waste [16]. Five grams of sample were weighed 
into test tubes and mixed with 5mL of 
Triphenyltetrazolium Chloride (TTC) solution. 
The tubes were sealed with rubber stoppers and 
incubated for 24h at 30

o
C. The control containing 

only 5mL of Tris-HCl buffer (i.e.,Hydroxy-methyl-
aminomethanein distilled water + HCl) without 
TTC was also prepared. After incubation, 40ml 
acetone was added to each tube and shaken 
thoroughly and further incubated at room 
temperature for 2 h in the dark, shaking the tubes 
at intervals. The suspension was then filtered 
and the optical density of the clear supernatant 
measured against the blank at 546nm (red color).  
 
 Polycyclic Aromatic Hydrocarbon (PAH) in 
samples were assessed according to the United 
States Environmental Protection Agency (US 
EPA) method 8270D, for semi volatile organic 
compounds by Gas Chromatography / Mass 
Spectrometry [17] 
 

2.5 Statistical Analysis 

 
The results were subjected to analysis of 
variance (ANOVA) and Kruskal Wallis test on 
log-transformed data using Statistical Package 
for the Social Science (SPSS version 20.0, IBM 
Corp, USA). Results are presented as mean ± 
standard deviation with levels of significance 
maintained at 95% for each test. 
 

3.  RESULTS 
 

3.1 Microbial Counts during Remediation 
of Oily Waste 

 
The microbial counts of hydrocarbon utilizing 
bacteria, fungi and actinomycetes during the 
remediation of oily waste are presented in Figure 
1. There was increase in microbial counts with 
increase in remediation time. The Hydrocarbon 
Utilizing Bacteria (HUB) for the soil-organic 
treatments ranged between 2.5 ± 0.1× 105 and 
8.3 ± 0.4 × 10

6 
CFU/g while that of  the soil- 

inorganic treatment ranged between 2.8 ± 0.0.3× 
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105 and 8.9 ± 0.01× 106CFU/g.  Hydrocarbon 
Utilizing Fungi (HUF) for the soil-inorganic 
treatment revealed counts that ranged between 
1.8 ± 0.01× 10

3 
and 6.8 ± 0.01× 10

4
CFU/g and 

the soil-organic treatments showed counts 
between 1.7± 0.2× 10

3
CFU/g and 6.0 ± 0.01× 

10
4
CFU/g. Hydrocarbon Utilizing Actinomycetes 

in the  Soil-organic treatments revealed counts of 
2.2± 0.01× 10

2
CFU/g to 6.7± 0.1× 10

3
CFU/g 

while that of the soil-inorganic treatment was in 
the range of  2.4± 0.03× 10

2
CFU/g and 7.4± 

0.01× 10
3
CFU/g. There was however, an 

insignificant increase in the control from 0-
7weeks (1.1± 0.03× 10

3
CFU/g to 5.9± 0.01× 

103CFU/g and 1.4± 0.1× 102CFU/g to 4.1± 0.2× 
10

2
CFU/g) for the HUB and HUF respectively. 

There was a reduction from week eight to twelve 
in the HUB and HUF for both soil-organic and 
inorganic treatments.  The HUA showed 
insignificant increase from 0- 6weeks (6.0± 0.1× 
10CFU/g to 7.4± 0.05× 10CFU/g) and reduction 
from week seven to twelve (5.3± 0.02× 10CFU/g 
to 2.2± 0.03× 10CFU/g. 

 

3.2 Microorganisms Associated with 
Remediated Waste 

 

The microorganisms isolated from the 
remediated waste include species of the genera 
Bacillus, Pseudomonas, Acinetobacter, 
Alcaligenes, Serratia, Penicillium, Aspergillus, 
Cladosporium, Rhodococcus, Nocardia and 
Streptomyces. 
 

3.3 Chemical/ Microbiological 
Characteristics of Organic Manure 
used for Remediation of    Oily Waste 

 

The organic manure includes poultry (chicken) 
dropping sand goat dung. Their chemical 
characteristics revealed pH range of 6.9 ±0.2 to 
7.3 ±0.05, Total Carbon; 18.5 ± 0.06% to 25.6 ± 
0.4%, Total Nitrogen; 1.1 ± 0.04% to 3.7 ± 0.1% 
and Available Phosphorus; 14.6 ± 0.1% to 23.4 ± 
0.2%. Their microbiological characteristics 
indicate microbial counts of 5.4 ±0.05x 10

2
to 8.1± 

0.03 x 10
2
cfugˉ

1
 for HUB, 3.4 ± 0.05 x 10

2
to 5.7 ± 

0.04 x 102cfugˉ1 for HUF and 2.2 ± 0.0 x 102to 
3.5 ± 0.01 x 10

2
cfugˉ

1
 for HUA. The 

chemical/microbiological characteristic of organic 
manure used for bioremediation of oily waste is 
as presented on Table 1. 

 

3.4 Physicochemical Characteristics of 
Oily Waste 

 

The physical characteristics of the oily waste 
revealed it to be dark colored with clay texture. 

The chemical characteristics however indicate its 
pH as 5.5 ± 0.2, Total available Nitrogen of 0.02 
± 0.01%, Available Phosphorus of 0.16 ± 
0.05mgkgˉ

1
 and Total Petroleum Hydrocarbon of 

89, 900mgkgˉ1. The heavy metals revealed Iron 
with highest value of 77.51 ± 0.07mgkgˉ

1
and 

Cadmium with the least value of 0.7 ± 0.3mgkgˉ
1
. 

The level of assessed Polycyclic aromatic 
hydrocarbon (PAH) associated with oily waste 
showed Naphthalene with highest PAH level of 
65.24± 0.05mg Lˉ

1
 and Benzo(a)pyrene with 

least PAH level of 3.52± 0.04mg Lˉ
1
. The 

physicochemical characteristics of oily waste are 
as presented on Tables 2 and 3. 

 
3.5 Changes in Total Petroleum 

Hydrocarbon (TPH) during Oily 
Waste Remediation 

 
Figure 2 shows percentage reduction in TPH 
during oily waste remediation. There was 
increase in the reduction rate of TPH with 
increase in remediation time in the amended 
treatments. The soil- goat dung, soil- poultry 
dropping and soil-NPK treatments showed 
99.3%, 99.5% and 99.8% reduction in the TPH 
content of the remediated waste respectively. 

 
3.6 Changes in pH during Oily Waste 

Remediation 
 
The pH during the remediation of oily waste 
revealed decrease in pH with increase in 
remediation time in all the treatment cells. The 
changes in pH during the remediation of oily 
waste are as presented in Fig. 3. 

 
3.7 Changes in Enzyme Activity during 

Oily Waste Remediation 
 
The activity of Dehydrogenase during oily waste 
remediation is presented in Figure 4. 
Dehydrogenase activity increased with 
remediation time. The trend of Dehydrogenase 
activity was in the order: Soil-NPK > Soil-Poultry 
> Soil-Goat dung > Control. 

 
3.8 Changes in PAH during Oily Waste 

Remediation 
 
Figures 5 to 8 show changes in PAH of oily 
waste during remediation. There was remarkable 
decrease (< 0.01) in the levels of Naphthalene, 
Acenaphthalene, Anthracene and Benzo (a) 
pyrene with increase in remediation time in the 
soil – organic and inorganic nutrient treatments. 
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Fig. 1. Trend in microbial counts during remediation of oily waste using soil -  organic and- 
inorganic stimulants 
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Table 1. Chemical/microbiological characteristic of organic manure used for bioremediation of oily waste 
 

Organic 
Manure 

pH  Total 
Nitrogen 
(%) 

Available 
Phosphorus 
(mgkgˉ

1
) 

HUB 
(x10

2
cfug ˉ

1
) 

HUF 
(x102cfug ˉ

1
) 

HUA 
(x10

2
cfug ˉ

1
) 

Hydrocarbonoclastic 
organisms associated with 
organic manure 

Poultry 
(Chicken) 
droppings 

7.3±0.05 3.7±0.1 23.4±0.2 8.1±0.03 5.7±0.04 2.2±0.0 Pseudomonas, Micrococcus, 
Serratia, Flavobacterium, 
Penicillium,  Aspergillus. 

Goat dung 7.3±0.04 3.5±0.3 14.6±0.1 6.3±0.02 3.4±0.05 2.8±0.03 Acinetobacter, Serratia, 
Nocardia Penicillium, 
Aspergillus 

 
Table 2. Physicochemical Characteristics of Oily Waste 

 
Physical 
Appearance   

pH TN (%) AV. P      
(mg 
kgˉ

1
)     

TPH      (mg 
kgˉ1)          

Heavy metals (mg kgˉ
1
) 

Fe Ni V Mn Zn Cu Co Cd 

Dark coloured with 
Clay texture 

5.5 ± 
0.2 

0.02 ± 
0.01 

0.16 ± 
0.05 

89.9 x 
103(89,900 ± 
0.01) 

77.51 ± 
0.07 

31.02 ± 
0.04 

43.19 ± 
0.3 

15.12 ± 
0.05 

14.22 ± 
0.2 

18.05 ± 
0.08 

5.6 ± 
0.5 

0.7 ± 
0.3 

Key: TN – Total Nitrogen, Av.P – Available Phosphorus, TPH – Total Petroleum Hydrocarbon 
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Table 3.  Levels of assessed Polycyclic Aromatic Hydrocarbon (PAH) associated with oily 
waste 

 
Polycyclic Aromatic Hydrocarbon (PAH)   Level of PAH (mg Lˉ

1
)   

Naphthalene 65.24 ±0.05 
Acenaphthene 3.95±0.07 
Anthracene 28.42±0.5 
Benzo (a) Pyrene 3.52±0.04 

 

 
 

Fig. 2. Reduction in Total Petroleum Hydrocarbon of oily waste during remediation. 
Key: A– Soil-Goat dung, B – Soil - Poultry dropping, C- Soil-NPK fertilizer 

 

 
 

Fig. 3. pH during remediation of oily waste 

0

10

20

30

40

50

60

70

80

90

100

0 2 4 6 8 10 12

T
o
ta

l 
p
et

ro
le

um
 h

yd
ro

ca
rb

o
n 

(%
) 

Time (weeks) 

Treatment A Treatment B Treatment C Control

0

2

4

6

8

10

12

14

0 1 2 3 4 5 6 7 8 9 10 11 12

pH

Time (weeks)

Control Soil-Poultry dropping Fertilizer Goat dung



Fig. 4. Dehydrogenase activity during oily waste remediation
Key: A – Soil -Goat dung, B

 

Fig. 5. Changes in Naphthalene level during oily waste remediation
 

Fig. 6. Changes in Acenaphthalene level during oily waste remediation
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Dehydrogenase activity during oily waste remediation 

Goat dung, B– Soil - Poultry dropping, C- Soil-NPK fertilizer 

 
 

Changes in Naphthalene level during oily waste remediation 
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Changes in Acenaphthalene level during oily waste remediation 
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Fig. 7. Changes in Anthracenelevel during oily waste remediation

 
Fig. 8. Changes in Benzo (a) pyrene level during oily waste remediation

 

4.   DISCUSSION 
 
The cost of treating waste generated from 
industrial, exploration and production activities 
for safe disposal into the environment is often 
high, thus the environment becomes a sink for 
untreated waste disposal. The deleterious effects 
of crude oil exploration and production activities 
in Niger Delta, Nigeria are well documented [18]. 
The physicochemical result of the oily waste 
indicates high concentrations of known 
environmental pollutants (Table 2). This 
corroborates with the reports on the 
characteristics of waste from crude oil 
exploration and production activities [19]. The 
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Changes in Benzo (a) pyrene level during oily waste remediation
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continuous discharge of waste with such 
constituents into the environment poses serious 
threat to water, soil organisms, plants and 
animals. The alteration of physical, chemical and
microbiological characteristics of soils by waste 
from crude oil exploration and production 
activities has been reported [20,21].This include 
alterations in the soil total organic carbon, total 
nitrogen and pH. Low and high molecular weight 
PAHs were constituents of the oily waste (Table 
2). PAHs are recognized as a heterogeneous 
group of persistent contaminants, because of the 
toxic, carcinogenic and mutagenic properties, 
and high recalcitrance to different types of 
degradation. PAHs are hydrophobic and r
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adsorbed onto particulate matter thus making 
them primary sink for such compounds. [22]. 
Though low molecular weight PAHs are 
biodegradable, high ring-number PAHs are 
difficult to biodegrade because the environmental 
fate of a PAH is dependent in part, on the 
number of aromatic rings and pattern of ring 
linkages. Generally, large size and angularity of a 
PAH molecule results in a concomitant increase 
in hydrophobicity and electrochemical stability 
[22].  
 
The availability of nutrient such as Nitrogen and 
Phosphorus play vital roles in the biodegradation 
of hydrocarbons in any environment [23]. The 
physicochemical characteristics of the oily waste 
indicate low nitrogen and available phosphorus 
(Table 2). The concentration of Total petroleum 
hydrocarbon suggests high C:N and C:P ratio in 
the waste. Therefore, biodegradation of oily 
waste allowed to occur under natural condition 
wherever the waste is disposed will be slow. 
Studies have shown the use of organic and 
inorganic nutrient amendments to enhance 
hydrocarbon biodegradation activities. The 
examples include  the use of cassava peels and 
poultry droppings [24], cow dung, poultry manure 
and pig manure [25], Brewer spent grain, banana 
skin and spent mushroom [4], cocoa pod husk 
and plantain peels [5] and commercial inorganic 
fertilizer [26]. The chemical and microbiological 
characteristics of the organic manure (Table 3) 
used for the remediation indicate support for 
biodegradation of hydrocarbons   [3]. These 
contribute to raise the available nutrient level 
which is low in the oily waste to enhance 
biodegradation during remediation process. The 
microbiological characteristics of the organic 
manure indicated the association of 
hydrocarbonoclastic microbes with the organic 
manure (Table 3). These were members of the 
genera Pseudomonas, Acinetobacter, Serratia, 
Micrococcus, Alcaligenes, Flavobacterium, 
Nocardia, Penicillium, Aspergillus and Mucor. 
These microbes role in the biodegradation of 
hydrocarbons have been reported [3,27]. Though 
there are reports on the use of organic manure 
amendment for contaminated soils, the 
application in the remediation of oily waste is 
scarce. Here, organic manure (poultry droppings 
and goat dung) and inorganic fertilizer (NPK) in 
combination with non-E and P activities waste 
impacted coastal wetland soils was employed for 
the remediation of oily waste. 
 
Generally, microbial counts of hydro- 
carbonoclastic microbes during oily waste 

remediation indicated increase in microbial 
population with remediation time for treatment 
cells. The trend of microbial density for 
hydrocarbonoclastic microbes during oily waste 
remediation was NPK fertilizer >poultry > goat 
dung amendment >control. The increase in 
microbial population is attributed to the addition 
of the organic manure/inorganic fertilizer that 
stimulated growth and proliferation of the 
microbes. The result corroborates with the 
reports on the use of organic amendments to 
enhance biodegradation activities [4,5]. The 
initial phase depicts little increase in microbial 
population attributed to the adaptation of the 
microbes to the oily waste, elaborate enzymes to 
breakdown and assimilate nutrient from the 
organic compounds. The rapid phase of growth 
suggests that the microbes had adapted to the 
oily waste mixture and produce appropriate 
enzymes/surfactants to degrade organic 
complex, reduce toxic effect and proliferate. 
Thereafter, there was marginal increase in 
microbial counts related to conditions such as 
competition for available nutrient because of 
depletion and accumulation of waste metabolites 
[21]. 
 
Microorganisms associated with remediated oily 
waste were bacteria of the genera Bacillus, 
Pseudomonas, Acinetobacter, Alcaligenes and 
Serratia. The Actinomycetes were members of 
the genera Rhodococcus, Nocardia and 
Streptomyces, whereas fungi of the genera 
Penicillium, Aspergillus and Cladosprium. These 
microbes have been implicated in hydrocarbon 
biodegradation by different reports [5,22]. The 
biodegradation potentials of these organisms is 
attributed to the presence of efficient 
hydrocarbon degradative enzyme systems and 
the presence of catabolic genes [3]. Members of 
the genera Bacillus, Pseudomonas, Aspergillus, 
Penicillium were the most prevalent bacteria and 
fungi associated with the remediated waste and 
were recovered in all the treatment cells. Species 
of Rhodococcus and Nocardia constitute the 
most prevalent actinomycete associated with the 
remediated oily waste and were considered more 
efficient metabolizers of hydrocarbon compared 
to other actinomycete associated with the 
remediated oily waste. The degraders of 
hydrocarbon among the bacteria, actinomycete 
and fungi in this study agree with the reports for 
microbes involved in hydrocarbon biodegradation 
from contaminated environments [4,5]. The 
coastal wetland soil which constitutes component 
of the different soil-organic / inorganic stimulants 
was the source of the hydrocarbon degraders 
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involved in the remediation process because it 
harbors diverse microbes [28]. 
 

Changes in pH during oily waste remediation 
indicate an increase in pH at the initial 
remediation period for the amended treatment 
cells. This could be attributed to the addition of 
organic manure to the oily waste. There was 
decrease in pH with increase in remediation time 
in all the treatment cells. This could be attributed 
to the production of acidic intermediates during 
the biodegradation of hydrocarbons [3]. The 
changes in Total petroleum hydrocarbon was 
observed to also occur in different phases; the 
initial reduction phase in the treatment cells 
depict a period of little biodegradation 
activities.This could be attributed to the influence 
of the toxicity of the oily waste which could inhibit 
the biodegradative ability of some microbes in 
the treatment cells. It could also have occurred 
due to the adaptation process of the microbes to 
the conditions prevalent in the treatment cells. 
The level of Total petroleum hydrocarbon 
reduction at the initial phase of reduction could 
also be attributed to the biodegradation of mostly 
low molecular hydrocarbon during this period 
[3,21]. The rapid increased reduction phase 
depicts a period of steady maximum 
biodegradation activities in the different treatment 
cells. This could be attributed to excellent 
adaptability of the microbes to the environment 
which in turn results in their population increase 
and production of efficient degradative enzyme 
systems involved in the biodegradation of low 
and high molecular weight hydrocarbons [29]. 
The reduction phase depicts a period when there 
were low biodegradation activities in the 
treatment cells probably this was when large 
molecular weight hydrocarbons were 
biodegraded and often proceed at a slow rate 
[23]. This results also agrees with other reports 
on the biodegradation of oil [4]  
 

The enzyme activities in the different treatment 
cells during remediation of oily waste suggests 
increase in dehydrogenase activity (DH) with 
remediation time for all the treatment cell except 
control. The dehydrogenase activities in all the 
treatment cells correlated positively with the 
microbial counts. The results agree with other 
reports [30] for activities of dehydrogenase. 

 
The levels of PAHs in the remediated oily waste 
was below detectable limit (i.e. < 0.01) in 
treatment cells amended with soil-poultry 
dropping, soil-goat dung and soil-NPK fertilizer 
(Figures 5 to 8). There was low reduction of PAH 
in the control at the end of twelve weeks 

remediation. Similar results of low biodegradative 
efficiency due to non-amendment with nutrient 
has been reported [4,30]. In contrast, oily waste 
amended with the soil-nutrient mix enhanced 
bioremediation activities, and produced non-
hazardous waste with low concentration of 
PAHs. This result is consistent with other studies 
on the efficiency of organic manure such as cow 
dung and poultry droppings in the remediation of 
contaminated environments [22,30] 
 

5. CONCLUSION 
 

The oily waste contains chemical pollutants that 
can negatively impact the soils microbiological 
and physicochemical characteristics. The 
treatment of the oily waste using soil – poultry 
dropping and soil – goat dung as stimulants 
indicates high efficacy which compared favorably 
with soil - NPK fertilizer for remediation 
purposes. Most of the hydrocarbonoclastic 
microorganisms associated with the non-
impacted soils of the coastal wetlands was a 
major tool in the bioconversion and 
biotransformation of the chemical pollutants 
contained in the oily waste during remediation 
process to produce eco-friendly waste. 
Therefore, use of the low cost biostimulants (soil 
- poultry or goat dung amendment for the 
remediation of oily waste from crude oil 
exploration and production activities before 
discharge into the environment could be a better 
alternative in the management of such waste in 
the Petroleum Industry. The remediation process 
mitigates environmental pollution with the 
potential to restore polluted wetlands and 
enhance agricultural productivity. 
 

DISCLAIMER 
 

The products used for this research are 
commonly and predominantly use products in our 
area of research and country. There is absolutely 
no conflict of interest between the authors and 
producers of the products because we do not 
intend to use these products as an avenue for 
any litigation but for the advancement of 
knowledge. Also, the research was not funded by 
the producing company rather it was funded by 
personal efforts of the authors. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 

1. Zhu L, Zhao X, Lai L, Wang J, Jiang L, 
Ding J, Liu N, Yu Y, Li J, Xiao N,  Zheng Y. 



 
 
 
 

John et al.; CJAST, 40(17): 21-33, 2021; Article no.CJAST.71466 
 
 

 
32 

 

Rimmington, GM. Soil Total Petroleum 
Hydrocarbon (TPH) Concentration 
Estimation using Vegetation Indices in              
an Oil Polluted Area of Eastern              
China. Plos one. 2013;8(1):E                                
54028. 

2. Uwakwe AA, Onyike EN, Ohiri RC. pH 
variations and lipase activities of crude oil 
bioremediated agricultural soil. 
International Journal of Current Research. 
2012;4(8):034–037. 

3. Das N, Chandran P. Microbial degradation 
of petroleum hydrocarbon contaminants: 
An overview. Biotechnology Research 
International. 2011;1–13. 

4. Abioye OP, Agamuthu, Abdul P, Aziz 
AR.Biodegradation of used motor oil in soil 
using  organic waste ammendments. 
Biotechnology Research International; 
2012;1–8. 

5. Agbor RB, Ekpo IA, Osuagwu AN, 
UdofiaUU, Okpako EC, Antai SP. 
Biostimulation of microbial degradation of 
crude oil polluted soil using cocoa pod 
husk and plantain peels. Journal of 
Microbiology and Biotechnology Research. 
2012;2(3):464–469. 

6. Crivelaro SHR, Mariano AP, Furlan LT, 
Gonclaves RA, Seabra PN, De-AngelisDD. 
Evaluation of the use of vinasse as a 
biostimulation agent for the biodegradation 
of oil sludge in soil. Brazillian Archives of 
Biological and Technology. 2010; 
53(5):1217–1224. 

7. Anyasi RO, Atagana HI. Biological 
remediation of polychlorinated biphenyls 
(PCB) in the environments by 
microorganisms and plants. African 
Journal of Biotechnology .2011; 
10(82):18916–18938. 

8. Harley JP, Prescott LM. Laboratory 
exercises in microbiology (5th 
Edition).McGraw Hill Publisher, New York; 
2000. 

9. Eziuzor SC, Okpokwasili GC. 
Bioremediation of hydrocarbon 
contaminated mangrove soil in a  
bioreactor. Nigerian Journal of 
Microbiology. 2009;23(1):1777–1971. 

10. Holt JG, Kreig NR, Sneath PHA, Staley JT, 
Williams ST. Bergey’s manual of 
determinative bacteriology (9th Edition). 
Williams and Wilkins Publishers, Baltimore, 
USA; 1994. 

11. Barnett HL, Hunter BB. Illustrated genera 
of imperfect fungi. Macmillan Publishing 
Company USA; 2000. 

12. Efivuwevwere BJO. Microbial spoilage 
agents of tropical and assorted fruits and 
vegetables.      An Illustrated Reference 
Book Port Harcourt, Nigeria: Para 
Graphics; 2000. 

13. Association of Official Analytical Chemists 
(AOAC). Official methods of analysis 
(19thEdition) AOAC. Washington DC; 
2012. 

14. Udo EJ, Ibia TO, Ogunwale JA, Ano AO, 
Esu IE. Manual of soil, plant and water 
analysis. Sibon Books Limited, Lagos; 
2009. 

15. Wemedo SA, Obire O. Acute toxicity test 
of oil field waste water on bacterial 
community of a soil in Nigeria. Research 
Journal of Environmental Toxicology. 
2012;6(1):25–32. 

16. Alef K. Dehydrogenase activity. In: 
AlefK,Nannipieri P. editors. Methods in soil 
microbiology and biochemistry. Academic 
Press Ltd.1995;228-231. 

17. United States Environmental Protection 
Agency (US EPA) method 8270 D 
.Semivolatile organic compounds by Gas 
Chromatography / Mass Spectrometry 
(GC/MS). 

Available:http://Www.Epa.Gov/...Estmetho
ds/Sw846/Pdfs/827od.Pdf.; 2007. 

18. Ita AE, Ibok UJ, Ita MU, Peters 
SW.Petroleum exploration and production: 
Past and Present Environmental Issues in 
Nigeria’s Niger Delta. American Journal 
ofEnvironmental Protection. 2013;1(4):78–
90. 

19. Onwukwe SI, Nwakaudu MS. Drilling 
Wastes Generation and Management 
Approach. International Journal of 
Environmental Science and Development. 
2012;3(3):252–257. 

20. Wang X, Feng J, Zhao J. Effects of crude 
oil residuals on soil chemical properties in 
oil sites, Momoge wetland, China. 
Environmental Monitoring Assessment. 
2010;161: 271–280. 

21. Acuna AJ, Pucci OH, Pucci GN. Effect of 
nitrogen deficiency in the biodegradation of 
aliphatic and aromatic hydrocarbons in 
Patagonian contaminated soil. 
International Journal of Research and 
Review in Applied Sciences. 
2012;11(3):470–476. 

22. Ogbonna, DN, Ideriah, TJK. 
andNwachukwu, MI. Effect Of Microbes, 
NPK  Fertilizer and Cow Dung on the 
Biodegradation of Polycyclic Aromatic 



 
 
 
 

John et al.; CJAST, 40(17): 21-33, 2021; Article no.CJAST.71466 
 
 

 
33 

 

Hydrocarbons  from Abattoir Wastes in 
Nigeria. International Journalof 
Environmental Monitoring and Analysis. 
2013;1 (1): 1 – 14. 

23. Jain PK, Gupta VK, Gaur RK, Lowry 
M,Jaroli DP, Chauhan UK. Petroleum oil         
contaminated soil and water. Research 
Journal of Environmental Toxicology. 
2011;5:1–26 

24. Jidere, CM, Akamigbo, FOR. Hydrocarbon 
Degradation in Poultry Droppings and 
Cassava Peels – Ammended Typic 
Paheustult’s in Southern, Nigeria Journal 
of Tropical Agriculture, Food, Environment 
and Extension. 2009; 8 (1): 24 – 30.   

25. Adesodun, JK.,Mbagwu, JSC. (2007) 
Distribution of Heavy Metals and 
Hydrocarbon Contents in an Alfisol 
Contaminated with Waste-Lubricating Oil 
Ammended with Organic 
Wastes..Bioresource Technology; 2007. 

26. Padayachee D, Lin J. The effect of fertilizer 
ammendment on diesel biodegradation in 
contaminated soils. African Journal of 

Microbiology Research. 2011;5 (14):1729- 
1739. 

27. Paramanik D, Rajalakshmi F. 
Biodegradation of Petroleum Hydrocarbon 
Pollutants in Soil Using Microbial 
Consortium. International Journal ofPlant, 
Animaland Environmental Sciences. 2013; 
3 (3): 173 – 178.  

28. John OUM, Eduok SI. Microbiological, 
physicochemical and enzyme activity 
profile ofayadehe coastal wetland soils, 
Nigeria. Journal of Scientific Research 
&Reports. 2018;20(2):1-11. 

29. Majid Z, Mnouchchr V, Sussen K. 
Naphthalene metabolism in Nocardia 
Otitidiscavarian Strain TSH 1, A 
moderately thermophylicmicro organism. 
Chemosphere. 2008;72:905–909. 

30. John OUM, Eduok SI, Nwaugo,VO, 
Onyeagba,RA.Remediation of oily waste 
using organic stimulant.Journal of 
Scientific Research  and Reports. 2021;27 
(5):47-60. 

_________________________________________________________________________________ 
© 2021 John et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

 
 

 Peer-review history: 
The peer review history for this paper can be accessed here: 

https://www.sdiarticle4.com/review-history/71466 


