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Abstract
The reduction in the total petroleum hydrocarbon (TPH) content of a polluted soil is not indicative of
reduction in toxicity and soil recovery. However, it is expedient to design methods that will not only
remediate the soil but restore it to support agricultural and biological activities. This study involved
a bench-scale bioremediation experiment conducted to compare two treatment regimens, NPK and a
combined NPK and cow dung (NPK + CD) to enhance petroleum hydrocarbon degradation and eco-
restoration. The treatment was conducted in three microcosms representing each treatment and a control
(unamended soil). Each pot contained 4kg of soil spiked with Escravos crude oil to a final concentration
of 8695.77mg/kg and monitored for a 35 day period using gas chromatography-flame ionization detector.
At the end of the monitoring period, 32.56% removal of TPH occurred in control while NPK treatment
enhanced TPH removal with 64.62% and NPK+CD had a further biostimulatory effect on TPH with 67.56%
attenuation, respectively. Phytotoxicity assay was conducted to determine the extent of soil recovery after
the experimental monitoring period. Corn seeds (Zea mays) were planted in all experimental pots and a
pristine soil (CTRL-UP) served as control. After the 8th day, root length, shoot length and plant height
were measured as 23.3, 6, 10.2cm; 10.2, 5.5, 15.4cm and 4.8, 4.5, 14.2cm for CTRL-UP, NPK+CD and
NPK, respectively and the corn plant in NPK treatment died before the 35th day. The results confirmed that
bioremediation was nutrient-limited. The presence of requisite hydrocarbonoclastic bacterial community
with optimal nutrient availability enhanced the rate of crude oil degradation. The combination of inorganic
and organic nutrient amendment is a better treatment option as it improves soil structure, water holding
capacity and generally possess a rich microbial population with hydrocarbon utilizing capabilities.
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INRODUCTION
One of the major global environmental problems is hydrocarbon contamination resulting from oil and gas
exploration and exploitation activities. As the demand for liquid petroleum increases, the release of this
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essential energy source into the environment becomes inevitable and has caused devastating consequences
to marine/coastal waters, shorelines and land as well (Macauley and Rees, 2014). Human activities such as
accidental release of petroleum products, uncontrolled landfills, sabotage, leaking of underground storage
or improper storage of crude oil are of particular concern in the environment. Hydrocarbon components
have been known to belong to the family of carcinogens and neurotoxic organic pollutants which constitute
a major health challenge globally (Stefani et al., 2015). Oil spill on land, could penetrate to a depth of
about 10-30cm and sometimes beyond (which has a major role to play in agricultural activities), resulting
in the loss of soil fertility and environmental degradation (Ofoegbu et al., 2015). This consequently alters
the physicochemical properties of the soil making it impossible for it to produce at its optimal capacity due
to hardening of the soil structure by the oil. The depuration of petroleum hydrocarbon polluted ecosystems
is mandatory in promoting sustainable development and the process of bioremediation forms an integral
part of the numerous remediation techniques for the detoxification of polluted terrestrial environments.
Bioremediation, defined as the ability of microorganisms to detoxify or remove pollutants owing to their
diverse metabolic capabilities, is an eco-friendly/green technology for the removal and degradation of many
environmental pollutants including the products of petroleum industry (Karigar and Rao, 2011; Macaulay
and Rees, 2014). This is achieved by supplying indigenous hydrocarbon-degrading microbial community
with electron acceptors and nutrients that are limiting (Swannell et al., 1996; Kigigha and Odayibo, 2014).

Biostimulation is an in-situ bioremediation strategy that involves the supply of nutrients (mainly nitrogen
and phosphorus) to hydrocarbon-polluted sites in order to "stimulate" the indigenous micro-organisms
to break down more crude oil (Tyagi et al., 2011; Agarry et al., 2013). The justification for the use of
this bioremediation strategy is that hydrocarbon metabolism is limited by nutrient availability; therefore,
by supplying the required nutrients microbial degradation of hydrocarbon is expected to increase. This
approach has been explored by various researchers (Rosenberg et al., 1999; Kalantary et al., 2014; Chikere
et al., 2015; Al-Kindi and Abed, 2016) and considered an efficient strategy for oil spill clean-up. It is
compatible with land and aquatic environments (Evans et al., 2004). The nutrients supplied could be from
organic or inorganic sources. Animals generate waste "dungs" that are readily available in the cattle markets
(i.e., slaughter houses). These wastes are considered useless to the average man. But research has shown that
such wastes are useful materials to modify the soil physical and chemical properties, stimulate microbial
growth and also release nutrients sustainably for a longer period of time (Ofoegbu et al., 2015).

In the treatment of oil contaminated soils, inorganic nutrients have been reported to be successful both
on land and water (Roling et al., 2002; Evans et al., 2004; Xia et al., 2007) although the environmental
challenges associated with its use has raised a lot of concern. Inorganic nutrients application is cost intensive,
laborious due to re-application of nutrients and have the tendency to be released rapidly into the environment
(probably as a result of their availability in the free-state) which could be the ultimate reason for the high
environmental and health concerns such as leaching, gaseous emissions (air pollution), run-offs to nearby
open systems and water eutrophication, soil hardening (i.e. hardening of soil layers, disallowing the free
movement of nutrients, water and oxygen within the soil) and decline in soil fertility (Ogbo and Okhuoya,
2008). Some scientists have considered using organic nutrients as a result of their slow release rate and
consequently, lower potential to cause environmental damage. It has been established by research frontiers
that organic fertilizers (manures) are highly efficient in facilitating biodegradation, improving soil fertility
and ecologically-safe since the release of nutrients is slower and the source is organic (Akiakwo et al.,
2005; Joshi and Pandey, 2011). However, it may be challenging to produce organic nutrients in commercial
quantities. In order to efficiently exhaust the possibilities of nutrient use efficiency, regulate fertilizer uptake,
lessen agro-physicochemical properties and environmental adverse effects associated with conventional
inorganic nutrient supply, the use of organic and inorganic application strategy that will maintain the
prolonged nutrient supply at optimum levels is imperative.
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The sustained availability of nutrients to indigenous active microbial population will consequently
accelerate crude oil mineralization. However, it has been documented that the reduction in the concentration
of hydrocarbons is not always followed by decrease in the toxicity of the soil, incomplete degradation,
the formation of intermediary metabolites or the type of biostimulant used may lead to adverse effects.
Due to the complexity of bioremediation of petroleum contaminated soil, ecotoxicology assays could be
used to assess the efficacy of a bioremediation technology and monitor sites already restored to ensure
that natural biological activity and integrity have been regained (Souza et al., 2011). Therefore, this study
examined the effectiveness of two nutrient regimens: organic fertilizer (NPK) and a combination of organic
and inorganic fertilizer (NPK+CD) with respect to biostimulation efficiency of microbial degradation of
crude oil hydrocarbons in an impacted soil with concomitant soil restoration. The biodegradation kinetics
of the amended and unamended soils were also determined and modeled using first-order kinetic model.

METHODOLOGY

PROXIMATE ANALYSIS AND MINERAL CONTENT DETERMINATION
Proximate analysis is a quantitative analysis used to determine the different micronutrient components in an
organic material. In this study Ash (fturnance method), Moisture (air ove method) lipids (soxhlet extraction
method), carbohydrate (Cleg Anthrone method), fibre (standing method) and protein (kjeldah method) were
determined in each organic compound according to Akaranta and Agiri (2010); Mas'ud et al. (2013). Mineral
content, phosphate and nitrate were determined by ascorbic and brucin methods, respectively.

SAMPLE COLLECTION
Crude oil polluted soil was collected from an aged-spill site at Imo River Ebubu, Komkom community,
Rivers State, Nigeria, using a soil auger machine at different depths (0.5m, 1m, 1.5m, 2m) from different
points, bulked together for homogeneity and transported to the laboratory for analysis.

GPS co-ordinates of sample collection at different depths

Depth 0.5m – 2m

Northing 0.4° 51' 23.6

Easting 007°09' 51.1

Escravos crude oil (API gravity, 34.09; viscosity @100°F, 4.2 cSt; specific gravity @60°F, 0,8545) was
obtained from Nigerian National Peteroleum Corporation (NNPC), Warri, Nigeria. Nitrogen phosphorus
potassium (NPK) (20:10:10) was purchased from Agricultural Development Program (ADP) Port Harcourt,
Nigeria. Cow dung was obtained from a slaughter house in Port Harcourt, air dried for two weeks, ground
and sieved to obtain uniform particle size. Prepared cow dung was stored in a polethylene bag and wrapped
with foil.

Determination of baseline physical, chemical and microbiological properties
Physicochemical parameters such as pH (APHA 4500H+B), moisture content (BS 1377-2:1990 clause 1),
nitrate (APHA 4500-NO3-), phosphate (APHA 4500-P), total organic carbon (TOC) (BS 1377-3:1990 clause
3), electrical conductivity (conductivity meter) and heavy metals (ASTM D 1691, 3559 and 1886) were
determined using methods extracted from APHA (2008). Residual total petroleum hydrocarbons (TPHs)
and polycyclic aromatic hydrocarbons (PAHs) were extracted from the samples and quantified using gas
chromatograph-flame ionization detector (GC-FID). Total heterotophic bacterial count was detrmined by
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spread plate method on plate count agar (PCA) while total culturable hydrocarbon utilizing bacterial count
was ascertained by enrichment of the soil sample in a mineral salt broth (Bushnell Haas broth) for 5 days
and innoculated on mineral salt agar using 1% crude oil as sole carbon source.

Microcosm Experiment
To investigate the degrdataion of petroleum hydrocarbon substrates, soil was artificially contaminated. The
soil was distributed into three microcosms representing two treatment regimens: NPK, a combined treatment
of NPK and cow dung (NPK + CD) and control (unamended). Each microcosm contained 4 kg of soil
experimentally polluted with 4 % Escravos crude oil (Table 1). The experimental pots were perforated with
6 inches nails at the base and sides to enhance aeration. For the amended soil, 30g of NPK (20:10:10) and
30g of NPK + 30g of cow dung were added singly to each pot and thoroughly worked with a hand trowel
sterilized with 70% ethanol down to the bottom of the pots to allow for proper mixing with soil particles.
Microcosms were kept at ambient temperature in a green house. The content of each microcosm was tilled
at 3 days interval for aeration and the water holding capacity was maintained at 50% by regularly adding
sterile distilled water throughout the 5 weeks of the experiment. Periodic sampling from each microcosm
was carried out at 7-day interval to determine the residual petroleum hydrocarbons. For each sampling day,
triplicate samples were obtained from each pot to obtain a composite for GC-FID analysis.

Table 1—Bioremediation experimental set up

Sample Setup

A 4 kg of soil + 200 ml of crude oil + 200 ml sterile water + 30 g of NPK

B 4 kg of soil + 200 ml of crude oil + 200 ml sterile water + 30 g of NPK + 30 g of cow dug

C 4 kg of soil + 200 ml of crude oil + 200 ml sterile water

Determination of total petroleum hydrocarbons (TPHs)
Residual TPHs were extracted with 20 ml of n-pentane from 10 g of each soil sample. The samples were
shaken for 15 mins by the ultrasonic apparatus and allowed to settle for 30-60 mins at room temperature.
Organic extract (10 ml) was then transferred into a vial and analyzed by GC-FID. GC-FID analysis of the
TPHs and PHs was made on a Hewlett Packard 5890 Series II-Plus gas chromatograph equipped with an HP
7673 Autosampler and FID detector coupled with a 30´0.32 mm DB-5 (95 metil-5%-fenilpolisiloxane) fused
silica capillary column. The oven temperature was programmed from 40°C (3 min.) to 300 at 15°C/min.
Samples were injected in splitless mode, with the relay open at 20 sec. Injector and detector temperatures
were 250 and 320°C, respectively. Helium was used as the carrier gas at a linear velocity of 38 cm sec-1
(15 psig). Data handling was done with Agilent Chemstation chromatography software (version 10). For
quantification purposes, the peak area for TPHs were determined using forced line integration with Agilent
Chemstation software between n-hexane (n-C6) through n-pentatriacontane (n-C35) or until the last peak
eluted in the chromatographic profile. For individual PHs the area of each peak was calculated using the
baseline-baseline mode and external response factor quantization (Cortes et al., 2012).

Phytotoxicity Analysis
To evaluate the efficiciency of the different treatment options and monitor toixicity reduction, phytotoxicity
experiment was conducted using soil plant, Corn (Zea mays). Toxicity of the organic pollutant on root
enlongation, seed germination and plant growth of corn were used to determine toxicity of the pollutant
to the plant after remediation. A fourth microcosm, unpolluted control (CTRL UP) soil was setup which
served as control for the phytotoxicity assay. A total of nine (9) corn seeds were planted in each microcosm
(three holes and 3 seeds per hole) and watered periodically to enhance plant growth. The experiment lasted
for 35 days and shoot length, root length and plant height were measured at days 8 and 35. Shoot length
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was determined by measuring the base of the plant to the first height, root length was measured from the
part of the stem buried in the soil to the longest rootlet while plant height was measured from the shoot to
the peak of the longest leaf (Ogbo et al., 2010).

Bioremediation kinetics
Biodegradation is the breakdown of soil hydrocarbon contaminants by degrading microbes. Kinetic analysis
is essential in the development of efficient clean up tools by understanding biodegradtion processes and
measuring bioremediation speed. The degree of degradation achieved by these microrganisms can be
ascertained from the biodegradation kinetic model as explained by the first-order kinetics (Agarry et al.,
2013; Ofoegbu et al., 2015). In this study the biodegradation rate constant was compared across the amended
and unamended microcosms using the reaction rate constant for the first order kinetic equation as given
in Eq. (1)

(1)

Where:
Ct= residual TPH content in soil at time, t (mg/kg)
C0 = the initial TPH content in soil (mg/kg)
 k = biodegradation rate constant (day-1)
 t = time (day)

Estimation of biodegradation half time (t1/2) and percentage degradation (%D)
Biologically, half-life is the time taken for a substance to lose half of its amount. In this case, biodegradation
half life, t 1/2is the time required for contaminant concentration to reduce to half of the original concentration
as shown in Eq. (2)

(2)

where: t1/2= half life time
k = biodegradation rate constant Information obtained from this model is important because it characterizes
the concentration of the contaminant remaining at any time and allows for prediction of the concentration
likely to be present at a particular time.

(3)

Where: THC0and THCi are initial and residual TPH concentrations, respectively.

Determination of biostimulation supplement efficiency
Organic and a combination of organic and inorganic nutrients were used in this study as biostimulation
supplements and the effectiveness of each biostimulant was therefore tested. At the end of the experimental
period, biostimulation efficiency (B.E.) was calculated as presented in Eq. 4.

(4)

Where: %TPH(S) and %TPH(u), is the removal of crude oil in the amended soil, and the removal of crude
oil in the unamended soil, respectively.

RESULTS/DISCUSSION

Proximate and mineral content analysis of cow dung
The obtained proximate and mineral contents of cow dung sample are shown in Figs. 1 and 2. Cow dung was
observed to contain a high concentration of phosphate (41.67 mg/kg) and nitrate (136.79 mg/kg) as shown
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in Fig 1. Sample was analysed in duplicate for all parameters tested and the resulting mean values were
30.15, 11.25, 3.65, 7.75, 36.0-5 and 11.16 mg/kg for ash, moisture, lipid, carbohydrate, fibre and protein,
respectively.

Figure 1—Nitrate and phosphate constituents of cow dung sample

Figure 2—Proximate characteristics of of cow dung sample

Baseline Properties of crude oil polluted soil
Representative samples of the crude oil-polluted soil prior to artificial contamination and bioremediation
was analysed using gas chromatographic flame ionization detector (GC-FID) and other physicochemical
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analyses. TPH and PAH values before artificial pollution as revealed by GC-FID were 858 mg/kg and 0.54
mg/kg while after pollution the values rose to 8695.77 mg/kg and 989.12 mg/kg, respectively as shown
in Table 2. Other physicochemical parameters showed alterations in the physical and chemical properties
of soil due to the presence of the pollutant. Chromatograms for TPH and PAH after artificial pollution are
presented in Figs. 3 and 4 while the concentrations of each carbon constituent for TPH and the concentration
of individual PAH components which sums up to the total crude oil concentration in the soil sample are
shown in Tables 3 and 4. TCHB and TCHDB were enumerated after artificial contamination of the sample
and the values were 7.58x107and 3.93x107cfu/g, respectively.

Table 2—Physicochemical properties of soil sample before and after artificial pollution

Parameters Method DPR intervention
Limit

Conc. Before
artificial pollution

Conc. After
artificial pollution

pH APHA 4500H+B NA 4.50 5.97

E. conductivity (µs/cm) Cond. Meter NA 12 60

Moisture content, % BS 1377-2:1990 clause 1 NA 16.22 2.40

Nitrate (NO3), mg/kg APHA 4500-NO3- NA 0.10 0.46

Phosphate (P2O5), mg/kg APHA 4500-P NA 0.90 18.24

Total organic carbon, % BS 1377-2:1990 clause 3 NA 1.0 31.4

Nickel, mg/kg ASTM D 1886 10 <0.10 2.420

Lead, mg/kg ASTM D 3559 380 <0.10 1.283

Zinc, mg/kg ASTM D 1691 210 45.20 52.50

TPH, mg/kg EPA 8015 5000 858 8695.77231

PAH, mg/kg EPA 8260 40 0.584 989.11889

TCHB, cfu/g Spread plate NA NA 7.58x107

TCHDB, cfu/g Spread plate NA NA 3.93x107

METHOD SOURCE: American Public Health Association (APHA) 20th Edition 2008
American Society for for Testing and Materials (ASTM)EPA: Environmental Protection Agency

Keys: Cond. Meter: Conductivity Meter
NA: Not AvailableBS: British StandardCfu/g: Colony forming unit per gram

Figure 3—Baseline chromatographic profile of TPH in soil sample spiked with 4% crude oil
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Figure 4—Baseline chromatographic profile of PAHs in soil sample spiked with 4% crude oil

Table 3—Concentrations of TPHs in the crude oil-polluted soil post-spiking

TPH c10 c11 c12 c13 c19 c20 c22 c24 c26 c28 c29 c30 c31 c34

Conc. mg/kg 1116.34 423.27 155.13 509.21 131.58 110.71 827.41 2006.26 105.51 390.47 1294.13 1132.60 294.34 115.54

Total TPH conc. = 8695.77mg/kg. Conc: concentration

Table 4—PAH components of crude oil-polluted soil post-spiking

PAH Conc. Mg/kg

Benzo(b) fluoranthene 56.94305

Acenaphthylene 45.06849

Acenaphthene 58.76505

Benzo (k) fluoranthene 78.93263

Fluorene 197.61813

Fluoranthene -

Benz(a)anthracene 115.83669

Indeno(1, 2, 3-d)pyrene 67.86253

Dibenz (a, h)anthracene 26.68901

Pyrene 100.62592

Phenanthrene 78.84827

Chrysene 20.32951

Naphthalene 17.76326

Benzo (a) pyrene 45.06849

Benzo (g, h, i)perylene 25.16782

Anthracene 13.00487

Total 989.11889

Conc: concentration
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Total Petroleum Hydrocarbon degradation
Total petroleum hydrocarbon concentrations were measured using gas chromatography at weekly intervals
for 35 days. The results obtained showed that crude oil biodegradation rate of the amended sample was
an experimental function of the type of amendment and other prevailing physicochemical parameters
supporting oleophilic microbial growth. Fig. 5 shows that on day 35 (5th week), crude oil concentration
had decreased significantly in all soil microcosms. However, the respective reduction in TPH concentration
of soil microcosms containing amendments was much higher than in the unamended soil. The control,
unamended microcosm (natural bioattenuation) recorded 32.56% removal of TPH while NPK treatment
enhanced TPH removal by 64.62% and NPK+CD had a further biostimulatory effect on TPH attenuation by
67.58%, respectively. Figs. 6 to 11 present the effect of biostimulation and bioattenuation on the reduction
of individual hydrocarbons in the experimental microcosms.

Figure 5—Degradation profile of TPH in all soil microcosm from day 0 – 35
and the percentage degradation of amended and unamended microcosms.

Figure 6—Reduction in the concentration of different hydrocarbon components in NPK+CD microcosm
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Figure 7—Reduction in the concentration of different hydrocarbon components in NPK microcosm

Figure 8—Reduction in the concentration of different hydrocarbon components in control microcosm
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Figure 9—Comparative effect of both amendments and control on different hydrocarbon components during bioremediation

Figure 10—First-order kinetic pattern for TPH reduction in soil microcosms amended with NPK, NPK+CD and control
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Figure 11—Root length of of Zea mays in treated and non-treated samples at day 8

Evaluation of biodegradation kinetics and half-life
Biodegradation kinetics and half life time of crude oil degradation in the microcosms were calculated using
the first order kinetic model and this was performed with the linear function of Microsoft Excel Statistical
tool pack. First-order kinetic pattern for TPH reduction of crude oil contamination in soil microcosms
amended with NPK, NPK+CD and control is presented in Fig. 10. First-order kinetics model equations (1
and 2) fitted to the biodegradation data that were for the determination of crude oil biodegradation rate and
half life time. The biodegradation rate constants (k) and half-life time (t1/2) for the different remediation
treatments are presented in Table 5. It is to be noted that the higher the biodegradation rate constants, the
higher or faster the rate of biodegradation and consequently the lower the half-life times. As seen in Table
4, results of soil amendment with the combination of NPK+CD revealed a higher rate constant, k (0.0315
day-1) and a lower half-life, t 1/2(20.06 days) and this was closely followed by NPK amendment (0.0301 day-1,
21.00 day). However, for the unamended soil biodegradation rate constant (k) and half-life time (t1/2) were
0.0111 day-1and 56.94 days, respectively. The biostimulation efficiency (BE) outcome for both amendments
is also presented in Table 5. Both amendments displayed high BE in enhancing biodegradation however;
NPK+CD had a higher BE value of 53.3% than NPK (51.2%).

Table 5—First Order Kinetic Modelling for TPH degradation

Quantities NPK+CD NPK Control

1st order rate constant, k (day-1) 0.0315 0.0301 0.0111

Intercept, In[Co] 8.901 8.8404 9.0985

Goodness of fit, R2 0.9896 0.9656 0.9321

Degradation half-life, t1/2 (day) 20.06 21.00 56.94

Biostimulation Efficiency (%B.E.) 53.3 51.2 0.0
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Phytotoxicity test
Phytotoxicity assay involves the use of plants to evaluate the toxicity of pollutants. It is a simple and cost-
effective method of monitoring treatment effects and restoration of contaminated sites. In this study, 9 Zea
mays seeds were planted in each treatment and unpolluted (control) soil setups. Generally, seed germination
was observed in all pots at varying degrees and time. At day 2, 6 seeds in the NPK+CD microcosm sprouted,
3 seeds in NPK, 9 seeds in unamended control and interestingly none sprouted in the unpolluted control
(CTRL UP) setup. However, at day 3, germination was observed in ll seeds CTRL-UP and the remaining 3
seeds in NPK+CD also germinated. On the 7th day, 3 seeds in NPK microcosm sprouted and after which no
more growth was observed. The experiment lasted for 35 days, shoot length, plant height and root length
were documented at day 8 and 35. Results for the phytoxicity assay are presented in Figs. 11 – 14. The
growth in each microcosm was sustained for the period of the experiment except in NPK treatment.

Figure 12—Shoot length and plant height of Zea mays in treated and non-treated samples at day 8

Figure 13—Root length of of Zea mays in treated and non-treated samples at day 8
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Figure 14—Shoot length and plant height of Zea mays in treated and non-treated samples at day 8

Discussion
The effect of two different nutrient amendments, NPK and a combination of NPK + cow dung (NPK + CD)
in enhancing biodegradation of artificially crude oil polluted soil was determined in a 35-day bioremediation
study period. Proximate and mineral content analyses of cow dung revealed a high concentration of
phosphate and a higher concentration of nitrate as shown in Fig. 1. The results obtained indicated that animal
wastes are rich in rate-limiting nutrients (phosphate and nitrate) required to stimulate microbial growth and
consequently facilitate the process of hydrocarbon degradation. Other parameters also considered were,
ash, fibre, moisture, protein and carbohydrate content (Fig. 2) which occurred in varying concentrations
with fibre constituting over 50% of the total organic content. According to Agarry and Ogunleye (2012),
organic wastes act as both bulking agents and bacterial biomass suppliers. The addition of organic waste
materials such as cow dung to the soil facilitated aeration through small pores and increased the water-
holding capacity of the soil, thus enhancing bioremediation.

Inorganic fertilizers have been used extensively in plant growth and bioremediation for replenishment
of nutritional deficiencies with successful results. However, many disadvantages of the widespread use
of inorganic fertilizers such as increase in soil acidity, mineral imbalance, soil degradation and gaseous
emissions have been observed (Gupta et al., 2016). In this study, the effect of inorganic fertilizer and a
combination of organic and inorganic fertilizer on biostimulation efficiency, environmental sustainability
and safety were compared. Baseline TPH analysis of the spiked soil revealed a concentration way above
Department of Petroleum Resources (DPR) intervention limit (>5000 mg/kg). Bacterial population of both
total culturable heterotrophic and hydrocarbon degrading bacteria were appreciable in nutrient-amended
treatments underpinning the efficiency of bisotimulation in terms of biomass and degradation enhancement.
The presence of hydrocarbon degrading bacteria in the polluted soil was expected as long-term crude
oil pollution in an environment results in selective enrichment of the microbial population, reduction in
diversity and increase in hydrocarbon degrading microbes (Chikere and Ekwuabu, 2014). Furthermore,
nitrate and phosphate contents were significantly low owing to the increase in hydrocarbon content and a
known effect of long term hydrocarbon pollution. Based on these results, biostimulation was confirmed as
the bioremediation option of choice.
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At the end of the experimental period, NPK+CD microcosm was observed to have the highest percentage
degradation of 67.58% and was closely followed by NPK (64.62%) and lastly the control (31.55%).
Similarly, the same trend was observed in the biostimulation efficiency of both amendments. NPK
+CD treatment was more efficient in stimulating microbial growth by 53.3% and NPK alone (51.2%).
Interestingly, the control microcosm which served as natural bioattenuation exhibited some level of TPH
reduction as seen in the results. The presence of hydrocarbon degrading bacteria in the soil sample prior to
remediation and contribution of abiotic factors such as volatilization, photooxidation and other weathering
indices that contribute to hydrocarbon reduction could be responsible for the attenuation recorded in
the control, although degradation was minimal because of low nutrient availability to sustainably drive
the process. The use of NPK as an effective biostimulant to facilitate bioremediation and replenish
nutritional deficiencies in agriculture have been established (Amenaghawon et al., 2013; Abid et al., 2014).
Recently, the use of inorganic fertilizers in the environment has waned owing to their irreversible negative
consequences on soil, water bodies and human health. As earlier mentioned, soil hardening, soil degradation
and eutrophication are some of the disadvantages associated with inorganic fertilizer application. This
system is also cost-intensive to manage due to re-application of fertilizers at close intervals. Macauley and
Rees (2014) reported that inorganic fertilizers, when applied in soil are freely available and consequently
can easily leach out, run-off to nearby streams and cause harmful effects to humans and animals. Organic
fertilizers in the form of animal wastes and crop residues on the other hand, are more sustainable and
environmentally friendly. They also possess slow release potentials and high nutrient use efficiency. The
potential use of organic wastes in enhancing microbial degradation has been investigated and documented
(Nduka et al., 2012; Adams et al., 2015; Chikere et al., 2016). Agamuthu et al. (2013), analyzed the effect
of cow dung (CD) and sewage sludge (SS) in bioremediation of used lubricating oil in contaminated soil.
CD and SS reduced the concentration of the lubricating oil in the soil by 94% and 82% respectively and it
was concluded that both organic amendments can be effective as biostimulants in hydrocarbon degradation.

Conversely, some reports have stated that organic nutrients alone may not offer sufficient nutrients to
meet the demands of indigenous microbes during bioremediation and large volumes may be required for
land application due to low contents of nutrients in comparison with chemical fertilizers (Chen, 2008).
The combination of organic and inorganic nutrients has shown to be advantageous and environmentally
safe. Onwuka (2010) stated that the combination improved soil organic matter, phosphate availability,
exchangeable ions, effective cation exchange capacity and pH. Ewushi-Mensah et al. (2015) invented the
integrated soil fertility management system (ISFM) system to tackle soil fertility problems. The technique
makes use of both organic and inorganic resources resulting in greater and sustained nutrient availability.
On this premise, organic and inorganic (NPK+CD) nutrients were combined and applied in this study. A
higher biostimulation efficiency and hydrocarbon degradation potential was observed in the combination
than the use of inorganic fertilizer (NPK) alone. First-order kinetic model was employed in comparing
biodegradation rates of the various biostimulants and the model fitted well with the biodegradation data
generated. The coefficient of determination R2 were 0.9896, 0.9656 and 0.9321 for NPK+CD, NPK
and control, respectively. The use of this model is critical in the study of biodegradation kinetics for
understanding bioremediation processes. Abioye et al. (2010), Mhajeri et al. (2013) and Ofoegbu et al.
(2015) have studied the kinetics of oil biodegradation in soil using first-order kinetic model and recorded
high predictability. Furthermore, the phytoxicity assay proved to be a useful tool in assessing the risk of
contaminated soil and to evaluate the efficacy of a remediation process. For a site to be certified completely
remediated and closed out, it should be able to support agricultural activities and diverse microbial functions.
NPK+CD amendment demonstrated more potential in eco-restoration as it sustained the growth of Zea mays
throughout the experiment while the plant in NPK treatment died on the 26th day.
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CONCLUSION
This study highlights the biostimulation efficiencies of different nutrient amendments considering
environmental safety and eco-restoration. Inorganic NPK fertilizer and a combination of NPK and cow
dung were employed as biostimulation supplements for the study. The remediation process at the end of 5
weeks showed that the combination of organic and inorganic nutrients resulted in a higher biostimulation
efficiency and biodegradation potential than NPK alone. Also the phytoxicity assay employed to evaluate
the efficacy of the process revealed that NPK+CD combination was more ecologically safe and effective
in eco-restoration of a crude oil polluted soil. Thus, a good biostimulant is not judged based on the
biostimulation efficiency to enhance oleophilic microbial growth alone but also on the ability to restore
crude oil compromised sites to support agricultural activities and diverse microbial functions. It should
be recommended that phytotoxicity or other ecotoxicity assays should be carried out after bioremediation
before a site could be certified clean and closed out.
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