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ABSTRACT

Bioremediation has emerged as a promising and sustainable solution for the detoxification of total petroleum hydrocarbon (TPH) and polycyclic aromatic hydrocarbon (PAH) in oil spill impacted areas, particularly in Gio/B-Dere, Ogoni land, Nigeria. This study aimed to compare the efficacy and sustainable quality of rabbit droppings, fowl droppings, and NPK-20:10:10 fertilizer for bioremediation of crude oil impacted soil. In the test conducted, a biocell field study of 28 days was performed by weighing 50kg of hydrocarbon contaminated soil and placed in each of the biocell set-ups except for the uncontaminated soil (negative control) secured one thousand meters away from the impacted area. The petroleum hydrocarbon polluted soil untreated served as the positive control (polluted soil). Rabbit droppings (R.D), fowl droppings (F.D) and inorganic fertilizer (NPK; 20:10:10) were administered at one dose rate of 5% w/w petroleum hydrocarbon polluted Gio/B-Dere soil respectively except for the controls. All treatments and controls were determined in triplicates. Result at the end of the 28 days showed that the soil treated with organic nutrient effectively degraded TPH compounds (p<0.05) and restored the soil to its natural state when compared to the soil treated with inorganic nutrient.  This was demonstrated by the germination and growth of Telfairia occidentallis within 52 days at one dose application rate of 5% w/w in the organic nutrient treated soil. However, the inorganic nutrient treated soil showed a better and significant (p<0.05) TPH degradation rate but produced unsustainable soil quality outcome. There was no significant difference (P>0.05) in PAH concentration between all treated soils compared to positive control. It was concluded that, the organic nutrient was a better option for sustainable quality of soil after treatment and the technology is recommended to be applied in the Niger delta as a suitable option for bioremediation of hydrocarbon treated soil.
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1.1.
INTRODUCTION



Ogoni land is one of the prominent areas in the Niger Delta region of Nigeria and has been the site of oil industry operations since late 1950s. It has a long-lasting history of pollution from oil spills, gas flares, and well fires on soil and subsurface environment which has become a major concern to the inhabitant of the area and society at large (Tamuno & Felix, 2006; Agarry, 2010; Kadafa, 2012). Crude oil spills on land, in creeks, and in water bodies have become a significant environmental and public health concern at both the national and international levels (Onwurah et al., 2007). Petroleum hydrocarbon pollution poses a threat to the entire ecosystem, including the human population. The response to an oil spill incident within an affected community plays a crucial role in ensuring environmental safety, protection, and sustainability. From an environmental perspective, the most critical factor is to take swift, positive, and appropriate action to safeguard the ecosystem once an oil spill has occurred (United Nations Environmental Programme [UNEP], 2011).



Options for the reduction of petroleum hydrocarbon concentrations are preferably eco-safe techniques. After a cleanup exercise, detoxification of soils polluted with residual petroleum hydrocarbon compounds is necessary. There are different methods by which the concentrations of these pollutants (total petroleum hydrocarbon-TPH, and polycyclic aromatic hydrocarbons- PAH) could be reduced within the acceptable threshold limit. The major mechanism involves remediation processes. Remediation generally applies to the breakdown or transformation of complex toxic materials into simpler innocuous products (Shell Petroleum Development Company, Remediation Management System, 2010). However, biological remediation option (bioremediation) is based on enhancing the biodegradation of organic polluting compounds, because of the existence of autochthonous microorganisms that enhance or facilitate such degradation of organic pollutants under variable environmental factors. Bioremediation offers the best environmentally friendly method for remediating hydrocarbons and heavy metals into innocuous substances (Gradi, 1985; El Fantroussi & Agathos, 2005; Okoh, 2006). 


Bioremediation generally applies to the breakdown of complex xenobiotics into simpler inorganic products (carbon dioxide, water) and biomass (Kao, Chen, Chen, Chien & Chen, 2008; Agarry, Aremu & Aworanti, 2013a). This mechanism has received extensive attention as a current research focus especially on terrestrial environments. Petroleum derived hydrocarbons are the class of organic compounds that can be biodegraded.  Hydrocarbons vary in their degree of susceptibility to microbial degradation. Some high molecular weight polycyclic aromatic hydrocarbons (PAHs) may not be degraded by microorganisms (Dong & Lee, 2009). Essentially, bioremediation of an organic pollutant depends on the type of the pollutants, the type of soil, environmental factor and microorganisms (microbial population). For the process to be successful at the field scale, it is necessary to ensure that the medium to be treated naturally has an ideal synergy of these four factors. 



However, paucity of essential nutrients (e.g., nitrogen (N), phosphorus (P), potassium (K), terminal electron acceptor (TEA), etc.) have often been found to be critical factors in reducing the rate of microbial metabolism and natural attenuation. Thus, natural attenuation does not possess the capacity to remediate highly petroleum hydrocarbon contaminated soils at appreciable rate. Therefore, an alternative such as bioremediation technology, which is environmentally friendly and cheap to compare with conventional treatment approaches, is essential for sustainable environment (Zhang & Lo, 2015).

2.0.       MATERIALS AND METHODS 

2.1 
Description of Study Area



The study area is Gio/B-Dere community in Tai Local Government in Ogoniland, Rivers State. (Figs.1&2). The site has been impacted by several crude oil spill incidents from pipeline and artesian illegal crude oil refining activities (Shekwolo, 2020), with the impacted soil is situated at latitude 4.700567ºN and longitude 7.244240ºE (Plate 1). It is an agrarian community with its’ third party land adjoining to the 28” Nkpoku-Bomu Pipeline (SPDC Right of Way) used for subsistence farming. The crops cultivated included vegetables (fluted pumpkin), cassava, yam etc. The geology of the site is made up of recent alluvial deposits comprising of silt, sand and clays of different admixture (Shokwolo, 2020).



For the unpolluted sites, geographically similar areas unaffected by crude oil pollution were chosen as negative control situated at latitude 4.709839ºN and longitude 7.240906ºE (Plate 2) (Table 1). Throughout the period that preceded sampling, there were no reported cases of oil pollution at the negative control site (Wegwu, Uwakwe & Anobi, 2010).
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Table: 1 GPS Coordinates for Sampled Site

	Sampled Site
	Coordinates in UTM WGS84 Zone 32N format 

	Contaminated Soil Site
	N 4.7098237º
E 7.740885º

	Unpolluted Soil (Control) Site
	N4.709839º
E7.240906º


2.2 
Field Sampling and Source of Materials

2.2.1.
Soil samples collection
Soil samples were collected in the early morning between 7am to 10am to reduce effect of environmental factors on the samples (Dunn et al., 2007) on the 12th of November 2021. The excavated soils were placed into sterilized nylon sealable sacs to maintain moisture. At the polluted site, a sampling area of 25m2 (5m x 5m) was delineated. Similarly, an area of 25m2 (5m x 5m) was selected from the control (1000m away from the perimeter of the polluted area). The polluted area was cleared of litters and excavated within the depth of 0.1m to 0.3m using stainless steel shovels pre-cleaned by non-ionic detergent and rinsed with deionized water prior to usage as established during site assessment which was performed manually with the aid of soil auger. The unpolluted (control) soil was also excavated manually using pre-cleaned stainless-steel shovel. The excavated soils were placed into sterilized nylon sealable sacs closed tightly to prevent leakage and entry of contaminants and labelled with relevant information in compliance with internation best practice (Food and Agriculture Organization [FAO], 2020). The polluted bulk soil, and unpolluted bulk soils were transferred to the project site area. The excavated soils were thoroughly homogenized respectively with pre-cleaned stainless-steel shovels and trowels (Wegwu et al., 2010). Before utilization in the treatment study, all soil samples were sieved using 2mm size mesh to remove pebbles. 

2.2.2.
 Water sample collection 

Water samples were collected early in the morning between 7am to 9am (Dunn et al., 2007) to reduce effect of temperature on the collected samples from a borehole at Gio/B-Dere in Ogoni, Rivers State, on 12th November, 2021   with the aid of plastic containers previously cleaned by washing in non-ionic detergent, rinsed with tap water and later soaked in 10% HNO3 for 24 hours and finally rinsed with deionized water prior to usage. During sampling, sample bottles were rinsed with sampled water three times and then filled to the brim at the depth of 1cm to avoid contact with the surface water air (Van Loon, 1982). Samples were labeled, kept in icebox and immediately transported to Sabconsult Research Laboratories Ltd, Owerri, in Imo State, for analysis (Ademoroti, 1996).

2.2.3.
 Animal derived organic waste (rabbit and fowl droppings) 

The rabbit droppings were obtained from University of Port Harcourt Animal House in Choba Campus, University of Port Harcourt, Rivers State, Nigeria, whereas the fowl droppings were collected from local poultry house situated at Peter Odili Road, Port Harcourt City LGA, Rivers State, Nigeria.

2.2.4.
 Inorganic fertilizer (NPK; 20:10:10)

The NPK Fertilizer which composed of nitrogen, phosphorus and potassium was purchased from Indorama Eleme Fertilizer and Chemicals Limited at Eleme, Rivers State, Nigeria.

2.2.5.
 Fluted pumpkin (Telfairia occidentalis) seeds

Viable fluted pumpkin (Telfairia occidentalis) seeds were obtained from Eleme market. They were identified and authenticated by a taxonomist (a Curator) in Ecoright Herbarium for Natural Heritage (Centre for Environmental Research, conservation, & Bioresources Development) Port Harcourt, Rivers State. The authenticated specimen was deposited as pictorial sample in the Herbarium with ID NO: EH / P / 080.
2.3 
Sample Processing

2.3.1.
Soil sample processing

The soil samples were air-dried after which they were ground into powder and sieved with a 2mm standard sieve. The sieved soil samples were used for laboratory analysis.

2.3.2.
Rabbit and fowl droppings processing

The fowl droppings and rabbit droppings were air-dried after which they were ground into powder using an electrical grinder and sieved through 2mm standard mesh. Representative samples were sent to the laboratory for proximate composition, physicochemical properties and microbial counts to ascertain the remediating properties of the animal droppings derived organic substrates (manure) used.

2.4 
Biocell experimental design 

Biocells of dimensions 0.8m(length) x 0.8m(Width) x 0.6m (height) were fabricated locally by the research group. The interior of fabricated biocells was lined with high density polyethene (HDPE) liner to prevent nutrients escape and cross-contamination (United Nation Environmental Programme [UNEP], 2011).

Petroleum hydrocarbon-polluted composited soil was divided, each weighing 50kg and placed in each of the biocell except for the negative control (U.S) which was obtained greater than (>) 1km away from the spill site whereas the untreated petroleum hydrocarbon polluted soil served as the positive control (P.S) (Table 2).

The powdered animal derived organic substrates; rabbit dropping (R.D), fowl dropping (F.D) and inorganic or synthetic Fertilizer (NPK; 20:10:10) were administered accordingly at only one dose rate of 5% w/w hydrocarbon impacted soil (Table 2). All treatments and controls were set up in triplicates.

Using manual means, each content in biocell set-up was homogenized and allowed to incubate to trigger and stimulate microbial activities. Borehole water from Gio/B-Dere locality was analyzed and used for watering to field capacity of 12 to 30% (US EPA, 2006) in such a manner to prevent leachates from being formed to hamper the process or cause discharge into the environment.

Both treated samples and controls network were subjected to the same ambient environmental conditions. The various biocells were tilled twice in a week using pre-cleaned trowel and watered to allow for optimum aeration and microbial activities (Ayotamuno, Kogbara & Hart, 2006). 

To obtain the initial data, polluted soil sample and controls   were taken from the biocells (baseline sample) and analyzed for total petroleum hydrocarbon (TPH) and polycyclic aromatic hydrocarbon (PAH)soil physicochemical parameters, biochemical activities (enzyme assays) and microbial counts at day 0 (represent the baseline study for all readings obtained) before one dose treatment (bioremediation). The comparative remediating efficacy and efficiency analysis of the animal derived organic substrates and synthetic fertilizer with respect to their controls were conducted on day 7, 14, 21, and 28. The bioremediation study lasted for 28 days as applicable to micro scale described by Environmental Protection Agency (National Environmental Technology Application Center [NETAC], 1993a; Nichols, 2001).

Table 2: Experimental design (addition of animal derived organic substrates and inorganic fertilizer)

	PRODUCT CODE
	RD (Organic)
	FD (Organic)
	N.P.K (20:10:10) (Inorganic)
	P.S(Positive Control)
	U.S(Negative Control)

	Description
	Rabbit Dropping
	Fowl Dropping
	Nitrogen, Phosphorus & Potassium Fertilizer
	Polluted Soil
	Unpolluted Soil

	Product Application Per Biocell
	2.5kg
	2.5kg
	2.5kg
	-
	-

	Mass Petroleum Polluted Soil Per Biocell
	50kg
	50kg
	50kg
	50kg
	50kg


Note: 

5%w/w of 50kg Petroleum hydrocarbon impacted soil = 2.5kg particulates products (Rabbit droppings (RD), Fowl droppings (FD) and nitrogen, phosphorus and potassium (NPK 20:10:10)). PS: polluted soil (positive control), US: unpolluted soil (negative control).

2.5.
Seed germination and plant growth on the post-remediated soil 


As a demonstration of the beneficial utility of the end-product and human safety, the bioremediated soils (RD, FD, NPK), the untreated polluted soil (Positive control) and unpolluted soil (negative control) were used for planting fluted pumpkin (Telfairia occidentalis) as indicator crop after twenty-eight (28) days study. The vegetable (Telfaria occidentalis) seeds were sown professionally to a uniform of three (3) seeds per biocell to the depth of 0.04m (complete burial planting method was adopted). Germinated vegetables were allowed to grow for 52 days before harvesting (Plate 3).

[image: image6.png]autirupe BEH F

o

" 4

v &
G 5
& 3
A
Lar - 4mga4nge wepnesoay 02 B3 2022

Lone M OYgPY5° LOCAL TIME 84309




2.6.
Laboratory Analyses
2.6.1.
Determination of total petroleum hydrocarbon (TPH) (speciated) and polycyclic aromatic hydrocarbons (PAHs).

The United States Environmental Protection Agency (USEPA) method 3550C (USEPA, 2007) was adopted. Soil samples were crushed, air-dried for four (4) days and sieved through a 2mm mesh to obtain a uniform size. Then, 10.00±0.001g of homogenized sample was quantitatively transferred into 100ml beaker and thoroughly mixed with anhydrous sodium sulphate to absorb moisture. Ten (10) ml of 1:3 mixture of distilled hexane/dichloromethane was added to the sample inside the beaker. The sample was thereafter stirred for 30mins at a constant speed in an ambient temperature. Hexane was used to elute the non-polar fractions consisting of normal alkanes and isoprenoids while dichloromethane was used to elute the column for a fraction containing polycyclic aromatic hydrocarbons (PAHs). The supernatant was filtered after complete extraction into an extraction vial. The extract obtained was further concentrated to 1ml prior to GC-FID (TPH) and GC-MS (PAHs) analysis (USEPA, 2018). After the analysis, Chemstation software was used to quantitate the results in relation to Accurate Calibration standards. The chromatograms were quantified by the method of internal standards (Osuji, Idung, & Ojinnaka, 2006).

2.7.
 Statistical Analysis

Data generated were analyzed using students t-test and one-way ANOVA with the aid of Graph pad prism version 5.0. and result were presented as mean +/- standard deviation at P<0.05 level of significant difference.

3.0.
RESULTS 
3.1.
Detoxification of Total Petroleum Hydrocarbon (TPH).

The results of the efficacy of inorganic fertilizer (NPK 20-10-10) and organic manure (fowl dropping and rabbit dropping, respectively) for detoxification of chronic petroleum hydrocarbon polluted Gio/B-dere (Ogoni land) soil samples during the 28 days of bioremediation study are presented in Fig. 3. At the end of the 28 days bioremediation period, the treated soils showed significant (P<0.05) reduction of TPH concentration with NPK treated soil having the highest reduction followed by rabbit dropping treated soil in comparison with the untreated polluted soil sample (positive control).

        Table 3: Physicochemical analysis of animal droppings (Baseline Result).

	
Parameters
	Poultry dropping
	Rabbit dropping
	T-value
	P-value
	Comment

	pH
	9.10 ± 0.05
	8.30 ± 0.06
	17.74
	<0.0001
	Significant

	Total organic carbon (%)
	10.90 ± 0.10
	9.77 ± 0.15
	10.86
	0.0004
	Significant

	Total Nitrogen (%)
	0.25 ± 0.01
	0.23 ± 0.04
	0.8402
	0.4481
	Non-significant

	Phosphorus (mg/kg)
	7.50 ± 0.09
	6.25 ± 0.35
	5.991
	0.0039
	Significant

	Potassium, (mg/kg) 
	3.00 ± 0.02
	3.00 ± 0.01
	0.00
	1.000
	Non-significant

	Nitrate (mg/l)
	51.50 ± 0.13
	78.00 ± 0.20
	192.40
	<0.0001
	Significant

	Nitrite (mg/l)
	0.53 ± 0.01
	0.69 ± 0.02
	12.39
	0.0002
	Significant

	Phosphate (mg/kg)
	6.15 ± 0.03
	6.95 ± 0.04
	27.71
	<0.0001
	Significant

	Ammonia (mg/kg) 
	5.60 ± 0.07
	1.68 ± 0.04
	84.22
	<0.0001
	Significant

	Ash Content (%)
	0.82 ± 0.01
	3.43 ± 0.03
	143.00
	<0.0001
	Significant
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Values are mean ± standard deviation of triplicate determinations. Values with different superscript letters are statistically significant (p<0.05).

3.2.

Detoxification of Polycyclic Aromatic Hydrocarbon (PAH).


The results of the efficacy of inorganic fertilizer (NPK 20-10-10) and organic fertilizers (fowl dropping and rabbit dropping, respectively) for detoxification of polycyclic aromatic hydrocarbon (PAH) in the chronic petroleum hydrocarbon polluted Gio/B-Dere (Ogoni) soil during the 28 days of study are shown and presented in Fig. 4. At the end of the 28 days, there was a significant reduction of polycyclic aromatic hydrocarbon concentration in all the treatments with inorganic fertilizer (NPK 20-10-10) and organic fertilizers compared to the initial PAH concentrations in all the soil samples. However, there was non-significant difference (P>0.05) between all treated soils in comparison with the untreated polluted soil sample (positive control).
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4. 
DISCUSSION

From the result on day 0 of this study as represented in Fig. 3. It was observed that the total petroleum hydrocarbon for the unpolluted soil (negative control) indicated that the soil had not been exposed to petroleum hydrocarbon whereas that of polluted was above the Environmental Guidelines and Standards for the Petroleum Industry in Nigeria (EGASPIN) intervention value for soil total petroleum hydrocarbon of 5000 mg/kg. There was a difference between the unpolluted and polluted soil on Day 0.  After one dose application of Nitrogen-Phosphorus-Potassium (20:10:10) (inorganic fertilizer), fowl droppings (organic nutrient) and rabbit droppings (organic nutrients) respectively on the chronic petroleum hydrocarbon polluted Gio/B-Dere soil contained in the various biocells. The total petroleum hydrocarbon (TPH) concentration decreased for all the treatment options relative to the unpolluted soil (positive control) at 7 days. Moreover, there were progressive decreases for all the three treated options compared to the positive control within the 28 days of bioremediation study. There was also difference between the inorganic treated soil (NPK fertilizer) and the organic treated soils (fowl droppings and rabbit droppings respectively). The NPK fertilizer treated soil had the best efficacy in terms of total petroleum hydrocarbon degradation within the 28 days of the bioremediation. This may be due to readily available inorganic nutrients for immediate microbial utilization whereas the organic nutrients required mineralization by soil microbes before they can be assimilated by the microorganisms but possessed longer supply of needed nutrients for sustainability. This delay in the availability of nutrients could limit their efficacy for bioremediation. However, the use of NPK as an effective biostimulant to facilitate bioremediation and replenish nutritional deficiencies in agriculture have been decreased owing to their irreversible negative consequences on soil, water bodies and human health (Macauley & Rees, 2014).
The concentration of polycyclic aromatic hydrocarbon (PAH) between polluted and unpolluted soils in Gio/B-Dere was different. The NPK fertilizer (inorganic nutrient) fertilizer, fowl droppings (organic nutrient) and rabbit droppings (organic nutrient) treated soils respectively did not change relative to the positive control (polluted) at day 0 (Figure 3.2). As the remediation time progressed to day 7, the concentrations of the inorganic and organic treated soils decreased relative to the controls. At the end of the bioremediation study time of 28 days, there was no difference for all the treatment options compared to the controls. This report corroborates several studies that nutrient amendments influence the indigenous microbial community as well as efficiency of bioremediation of PAHs in contaminated soil (Gandolfi et al., 2010; Loick et al., 2012; Lukić et al., 2016; Rein et al., 2016). Furthermore, the observed Gio/ B-Dere polluted soil (positive control) reduction in PAH at the end of the 28 days remediation period may be attributed to natural attenuation. It was also shown that the polluted soil (positive control) may have contained an indigenous microorganism consortium that quickly initiated PAH degradation. This study therefore affirmed Loehr (1992) observation that polycyclic aromatic hydrocarbons could be biodegraded in polluted soils when the environmental factors such as, indigenous acclimated organisms, aerobic conditions, moisture, nutrients, nontoxic loading rates, and degradable organic matter are controlled. Also, there were seed germination in both positive and negative controls as well as the organic treated soil (fowl droppings and rabbit droppings respectively) except for inorganic fertilizer (npk:20;10;10) treated soil which inhibited Telfairia occidentalis seeds’germination and growth (Plate 2.3). This may be hinged on over-nitration caused by osmotic stress, toxicity, nutrient imbalances and pH alteration. This finding corroborates report by Ukpaka and Amadi (2016) who observed inhibited germination of both beans and maize seeds due to the use of NPK fertilizer (20:10:10) in the pre planting remediation of crude oil-polluted soil. 

CONCLUSION 

The research revealed that inorganic nitrogen, phosphorus and potassium (NPK) fertilizer had the best biostimulation efficiency and efficacy in terms of total petroleum hydrocarbon degradation rate compared to the organic nutrients (fowl droppings and rabbit droppings, respectively) within the 28 days of study but the organic nutrients had the distinct advantage for soil restoration and sustainability which was evidenced in Telfairia occidentalis germination and growth within 52 days whereas the inorganic NPK fertilizer used at the same rate of 5% w/w produced unsustainable and poor soil quality outcome which did not support Telfairia occidentalis germination and growth. The NPK 20-10-10 treated soil had superior performance compared to organic treatments (fowl droppings and rabbit droppings) in the detoxification of polycyclic aromatic hydrocarbon (PAH) in Gio/B-Dere petroleum polluted soil. The NPK treatment proved to be the most time efficient, achieving optimal bioremediation within 21 days. However, the organic nutrient was a better option for sustainable quality of soil after treatment and the technology is recommended to be applied in the Gio/B-Dere hydrocarbon polluted soil as a suitable option for bioremediation.   
The findings of this study promote sustainable and eco-friendly practices. Implementing this natural alternative reduces the reliance on chemical fertilizers that can have detrimental effects on soil health and water quality. Utilizing these locally available rabbit and fowl droppings for bioremediation can reduce the financial burden of importing foreign remediation products on oil and gas companies, environmental remediation companies and environmental agencies. This approach offers a cost-effective solution for rehabilitating contaminated soil, potentially leading to economic prosperity for the society. The research contributes valuable insights to the scientific community and policymakers involved in soil remediation and restoration. Sharing knowledge about the efficacy of natural fertilizers can drive further research and innovation in sustainable practices for soil restoration, benefiting not only the Ogoni land region, but also other Niger Delta areas facing similar environmental challenges.
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Fig. 1: River State indicating Tai Local Government study area in Ogoni land 








Fig. 2: Study area showing polluted site downhill and unpolluted site (negative control) uphill in Gio/B-Dere communities Ogoni land, Rivers State.








Plate 1: Imagery indicating the petroleum hydrocarbon impacted site





Plate 2: Imagery indicating petroleum hydrocarbon unpolluted site (negative control)





Plate 3: Post-remediation planted fluted pumpkin (Telfairia occidentalis) before harvesting





Fig. 3: Efficacy of inorganic fertilizer (NPK) and organic manure (Fowl and Rabbit droppings) for detoxification of Total Petroleum Hydrocarbon (TPH) in hydrocarbon impacted Ogoni (Gio/B-dere) soil. 








Figure 4: Efficacy of inorganic fertilizer (NPK) and organic manure (Fowl and Rabbit droppings) for detoxification of Polycyclic Aromatic Hydrocarbon (PAH) in the hydrocarbon impacted Ogoni (Gio/B-dere) soil. 
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