Bioremediation Potentials of Poultry Manure in Crude Oil Polluted Soil

Abstract
Today, petroleum-based products are the major sources of energy for daily life and for the industries. This study was conducted to investigate the bioremediation potentials of poultry manure in crude oil polluted soil, as well as its effects on microbiological composition of the soil. Top soil (0-15 cm depth) samples were collected from Prince Abubakar Audu University Teaching and Research Farm, Anyigba, Kogi State, Nigeria. One kilogram of soil was measured into nine clean dry containers of three litres respectively.  Exactly ten percent (10%) spiking of crude oil was adopted to achieve severe contamination. The poultry manure was homogenized with the soil samples atthe rate of 0, 50 and 100 g kg-1 soil in triplicates. A Completely Randomized Design (CRD) was adopted in the experiment. At 0 and 40 days, soil samples were collected from each container for Total Hydrocarbon Degrading Bacteria (THDB) and Total Petroleum Hydrocarbon (TPH) determination using standard methods. Collected data were subjected to descriptive and inferential statistics to draw meaningful insights. The TPH (mgkg-1) of the soil before poultry manure application was 83.97. After the amendments at 0, 50 and 100 g kg-1, this value reduced to 55.12±1.0, 35.8 ±2.0 and 27.64±2.0, respectively after 40 days. A biodegradation efficiency of 67.08% was recorded after 10days in soil amended with 100 g kg-1 of poultry manure. Application of 100 g of poultry manurekg-1 soil was more effective in the remediation of crude oil polluted soil. Results demonstrated that poultry manure could be used to enhance activities of the microbial hydrocarbon-degrading bacteria duringbioremediation of crude oil polluted soil.
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1.0 INTRODUCTION

“Today, petroleum-based products are the major sources of energy for daily life and for the industries” [1]. “Unfortunately, these products could leak or spurt in to the environment either duringexploration, production, refining, transport and storage”[1]. Hence, environmental deterioration including endangering public health, natural resources, contamination of agricultural lands with soil dependent organisms being adversely affected, as well as surface and groundwater bodies [2, 3, 4].
Crude oil is a complex mixture of a number of hydrocarbons including alkanes, aromatics, branched and non-branched hydrocarbons compound includingheavy metals [5, 6], such as hetero-atom of nitrogen, sulfur andoxygen which are polar fractions and asphaltens [7, 8]. “The increasing demand for petroleum products in form ofgas oil, engine lubricating oil, cooking gas, aviation fuelskyrocket’s its production and then eventually results in oilspills and hydrocarbon pollution of the environments” [9, 10].Nonetheless, there is need for studies aimed at maintaining environmental and human health sustainability. 

Biological systems have evolved natural ways of re-cycling and self-remediation. Among the current techniquesavailable for remediating crude oil-polluted soils, bioremediation appears to be a great area of interest. Most specifically, it could be due to the fact that bioremediation techniques do notleave any negative effects on the soil [11, 13]. “It is a technology which involves the utilization of microorganisms to decontaminate the environmentvia the mechanisms of biodegradation. Bioremediation is considered to be environmentally-friendly and sustainable, non-invasive and relativelycost-effective” [13, 14]. “The biodegradation process is dependent on the ability of certain microorganisms tomodify, utilize, and convert toxic pollutants into energy and biomass source in the process” [15]. “Bioremediation is simple,affordable and less labor intensive due, as  compared to other chemical technologies used in degrading hydrocarbons” [16]. “Also upon completion,the residues from bioremediation are harmless productssuch as water, carbon dioxide and cell biomass” [17].
In spite of this remediation technology, a number of studies have been conducted using animal and plant matters [18, 19, 20]. [21] claimed that the addition ofpoultry manure to crude oil-polluted soil not onlyincreased the growth of autochthonousmicroorganisms but also enhanced plant height andthis proposed the adoption of poultry manure for thestimulation of hydrocarbon in the soil as a goodtechnique of battling petroleum contamination in thenatural environment. Another study by [22] has shown that poultry manure is rich in organic matter. Therefore, it encourages the growth ofa substantial amount of microorganisms. An examination of chicken- dropping for oil spill remediation was conducted by [23], and the results showed that chicken droppings enhanced degradation of the crude oil in thesoil. A study also reported that bacteria inchicken manure were able to break down 50 percentmore crude oil than soil lacking the amendment [24].The specific objectives of the study were to assess the bioremediation potentials of poultry manure on the degradation of total petroleum hydrocarbon in crude oil polluted soil, soil chemical and microbial properties.
MATERIALS AND METHODS
Samples collection

Top soil (0-15 cm depth) samples with no history and devoid of hydrocarbon contamination were randomly taken in triplicates from Prince Abubakar Audu University Teaching and Research Farm, Anyigba, Kogi State, Nigeria, using a soil auger, as described in [25].
Poultry manure samples were collected from the poultry house at Prince Abubakar Audu University Teaching and Research Farm, Anyigba, Kogi State, Nigeria. 
Samples Preparation

As described by [19, 20], the soil samples were air dried in clean, well ventilated laboratory, thoroughly mixed by crushing and sieved with a 2mm mesh sieve. Exactly nine (9) clean, dry containers of three litres each were used to collect a kilogram of soil respectively.To achieve sever contamination, ten percent (10%) spike of crude oil was used[26]. The soil samples were kept for  a week prior to the poultry manure amendment. 

The poultry manure samples were air dried, pulverized, homogenized, sieved with a 2 mm sieve and stored in polythene bag prior to use. Manure samples wereevenly mixed with the soil and the nine containers were arranged in a Completely Randomized Design (CRD) in the laboratory [19, 20]. Samples of soils were taken from each container at 0 and 40 days for pH, organic carbon, nitrogen (N), phosphorus (P), potassium (K), hydrocarbon degrading bacteria count, hydrocarbon utilizing bacteria and total petroleum hydrocarbon determination.
Laboratory Analysis
Chemical Properties of Soil 
The methods of [27] were standardly adopted and followed to assess the pH, organic carbon, total nitrogen, potassium and available phosphorus in the soil samples. 

Cultural Characterization of Bacteria

“Pure cultures of representative bacteria colonies were randomly picked from inoculated plates and were grouped on the basis of their colonial characteristics such as colony elevation, colour, size, opacity, shape, consistency, and edge” [28].
Morphological Identification of bacteria

“Cultural grouping preceded microscopic examination of isolates for cellular morphology. Day-old cultures of the bacteria isolates were stained with cotton blue, lacto-phenol blue, and observed microscopically for cell shape, size, and sporulation” [28].
Biochemical Characterization of Bacteria

“The Gram staining, catalase test, urease test, citrate utilization test, indole test, motility test, coagulase test and sugar fermentation test were” used for the characterization of bacteria isolates, following the methods of [29].
Determination of Total Hydrocarbon Utilizing Bacteria Count

Total hydrocarbon utilizing bacteria count was carried out on mineral salt medium (MSM) agar as described by [30]; and the isolated bacteria in the crude oil contaminated soil were identified using Bergey's manual of systemic bacteriology [31].

Determination of Total Petroleum Hydrocarbon

“Ten grams (10g) of the petroleum products-polluted soil sample was weighed into a clean bottle and 25ml of dichloromethane was added, and the mixture was placed on a mechanical shaker for a period of 3- 4 hours. The procedure was repeated twice and the aliquots were collected and mixed together in a beaker. The aliquots were concentrated on a steam bath reducing the extracts to about 5 ml. The concentrate was passed through a pipette packed with anhydrous sodium sulphate on top of a glass wool to remove moisture and other impurities. The final extract was analyzed using a Hewlett-Packard 5890 series Gas Chromatography – Mass Spectrophotometer(VG TRIO 2000) to determine the quantity of total petroleum hydrocarbons” [25].
The concentration degraded and percentage degradation was calculated using equation 1 and 2 respectively as described by [31].
(%) Biodegradation =  [image: image2.png]Control—Degraded
Degraded



 × 100
Data Analysis

Data obtained were subjected to descriptive (mean and standard deviation) and inferential (ANOVA) statistics. Means were separated using Duncan Multiple Range Test (DMRT).
RESULTS 
Physicochemical Properties of Soil and Poultry Manure Samples
The chemical properties of soilsbefore and after crude oil contamination were shown in table 1. The pH, organic carbon (gkg-1), and exchangeable potassium (Cmolkg-1) of the crude oil contaminated soil were higher than those determined prior contamination. The values recorded were 6.9, 70.25 (gkg-1), and 0.26 (cmolkg-1) respectively, as compared to the 6.6, 26.7 (gkg-1) and 0.24 (cmolkg-1) recorded for the uncontaminated soil. Total hydrocarbon degrading bacteria (THDB) was higher in uncontaminated soil at a value of 9.0×103 (cfug-1) than the 3.2×104 (cfug-1) recorded for the contaminated soil. In addition, the total petroleum hydrocarbon (TPH) was below detection limit (BDL) in the uncontaminated soil. However, the contaminated soil was observed to have a total petroleum hydrocarbon of 83.97 (mgkg-1) of soil. This could be because of the severe contamination with 10% crude oil.

The proximate analysis of the poultry manure used in this study, is shown in table 2. The nitrogen (gkg-1) concentration was higher than that of the soil, as well as the pH.
Table 1. Chemical Properties of Soils Before and After Crude Oil Contamination.

	Parameters
	Soilbc
	Soilac

	pH
	6.6
	6.9

	Nitrogen (gkg-1)
	1.94
	1.82

	Available Phosphorus (mgkg-1)
	16.65
	10.23

	Exchangeable Potassium (Cmolkg-1)
	0.24
	0.26

	Organic Carbon (gkg-1)
	26.7
	70.25

	THDB (cfug-1)
	9.0×103
	3.2×104

	TPH (mgkg-1)
	BDL
	83.97


Soilbc= Soil before contamination; Soilac = Soil after contamination; THDB =Total hydrocarbon degrading bacteria; TPH = Total petroleum hydrocarbon; BDL =below detection limit.
Table 2. Proximate Analysis of Poultry Manure.

	Parameters
	Poultry Manure

	pH
	7.8

	Nitrogen (gkg-1)
	14.4

	Available Phosphorus (mgkg-1)
	1.21

	Exchangeable Potassium (Cmolkg-1)
	0.26

	Organic Carbon (gkg-1)
	53

	THDB (cfug-1)
	8.0×103

	TPH (mgkg-1)
	BDL


THDB =Total hydrocarbon degrading bacteria; TPH = Total petroleum hydrocarbon; BDL = below detection limit.

Effects of Poultry Manure Application on the Chemical Properties of Crude Oil Contaminated Soil.

The effects of poultry manure application on the chemical properties of crude oil contaminated soil were depicted in table 3. The pH of the polluted soil increased from 6.9 to 7.3 after the addition of the poultry droppings. A progressive decline was obtained for nitrogen (gkg-1) and organic carbon (gkg-1) across all samples. Values obtained were 1.11±0.43, 1.10±0.18 and 1.29±0.43, and 52.66±2.51, 42.57±2.02 and 44.66±2.51 respectively. Total potassium level was lowest in the control sample at mean value of 0.06 while the highest value was significantly (p<0.05) obtained in soil amended with 100g of poultry manure on day 10, with mean value at 1.18 (Cmolkg-1). In addition, the values of phosphorus across all samples were significantly higher than the initial value of 10.23 (mgkg-1) on day 0. At day 40, the mean values obtained were 57.80, 76.51 and 102.0 for control, 50g and 100g poultry manure amended soils respectively.  

Table 3.Effects of Poultry Manure Application on the Chemical Properties of Crude Oil Contaminated Soil.

	Poultry manure level (g)
	pH
	Nitrogen (gkg-1)
	Phosphorus (mgkg-1)
	Potassium (Cmolkg-1)
	Organic Carbon (gkg-1)

	0
	6.9±0.15a
	1.11±0.43b
	57.80±4.82b
	0.06±0.05a
	52.66±2.51c

	50
	7.3±0.20b
	1.10±0.18b
	76.51±4.12a
	1.12±0.10b
	42.57±2.02b

	100
	7.2±0.15b
	1.29±0.43a
	102±4.82b
	1.18±0.05c
	44.66±2.51b


Values are mean ± SD of three replicates. Different superscript in the same column indicate significant difference at p<0.05 (DMRT).
Effects of Poultry Manure on Total Hydrocarbon Degrading Bacteria Count in Crude Oil Contaminated Soil.

The total hydrocarbon degrading microbial counts of the crude oil polluted soil after 40 days of amendment as shown in table 4, revealed that the highest significant (p<0.05) value of 1.86×104 ±0.2 (cfug-1) was recorded in soil treated with 100g of poultry manure kg soil, while the least hydrocarbon degrading bacteria count was obtained in the control sample without amendment with a value of 0.88x104±0.38 (cfug-1). Whereas, a relatively high value of 1.24×104 ± 0.2 (cfug-1) was obtained in soil sample amended with only 50g of poultry manure.

Table4.Effects of Poultry Manure on Total Hydrocarbon Degrading Bacteria Count in Crude Oil Contaminated Soil.
	Poultry Manure (g)
	THDB (cfug-1)

	0
	0.88×104 ±0.38a

	50
	1.24×104 ± 0.2b

	100
	1.86×104 ±0.2c


Values are mean ± SD of three replicates. Different superscript in the same column indicate significant difference at p<0.05 (DMRT).
Effects of Poultry Manure on Total Petroleum Hydrocarbon (TPH) of Crude Oil Contaminated Soil.

The highest value of TPH (mgkg-1) was significantly observed in the control soil at 55.12±1.0 on day 40, while the least significant (p<0.05) was obtained in soil amended with 100g of poultry manure on day 40. However, the highest value of TPH degraded was obtained in the soil with 100g of poultry manure, as compared to the control. The values obtained were 56.33 (67.08%) and 28.83 (34.33%) respectively. On the other hand, a degradation efficiency of 57.36% (48.17 mgkg_1) was obtained in soil amended with 50g of poultry manure.
Table 5. Effects of Poultry Manure on Total Petroleum Hydrocarbon (TPH) of Crude Oil Contaminated Soil.
	Poultry Dung Level (gkg-1)
	TPH (mgkg-1)
	TPH Degraded (mgkg-1)
	Degradation (%)

	0
	55.12±1.0a
	28.83
	34.33

	50
	35.8±2.0b
	48.17
	57.36

	100
	27.64±2.0c
	56.33
	67.08


Values are mean ± SD of three replicates. Different superscript in the same column indicate significant difference at p<0.05 (DMRT).
DISCUSSION

Effects of Poultry Manure Application on the Chemical Properties of Crude Oil Contaminated Soil
The variation in pH as in this study, is similar to that of  [33], who noted that chicken manure raised the pH of soil from 6.3 to 7.4, which is optimal for the growth of oil utilizing bacteriasuch as Bacillus species, Pseudomonas aeruginosa, Proteus, Enterobacterand Micrococcus species [15, 34, 35]. However, this observation slightly differs from the pH range (6.0 to 8.9) that wasreported by [36] as the most suitable pH range forbioremediation of hydrocarbon polluted soils and thatthese changes in pH level could be due to the releaseof acidic and basic intermediates and final productsduring biodegradation of hydrocarbons, which has an effect on the pH.
The decrease in Nitrogen and Organic carbon between days 0 and 40 could be due to their high demand by soil microbiota [2, 37]. Whereas, the increase observed in the levels of phosphorus and potassium could be attributed to the presence of poultry manure in the soil. This steady increase, as in this study, is similar to that noted in [38].
Effects of Poultry Manure on Total Hydrocarbon Degrading Bacteria Count in Crude Oil Contaminated Soil
The evidence of the effect of poultry manure on total hydrocarbon degrading bacteria count in crude oil polluted soil in this study, is in consistency with the position of [39] that nutrient deficiencies which arise due topetroleum hydrocarbon contamination of soil may, however, be offset by addition of poultry manure to the soil.This finding is also in consistency with the findings reported in [40], that addition of nutrients in the soil leads to increase in number of microorganisms, which enhances their growth and facilitate the rate of biodegradation. It was also noted that thepopulation increased with the increase in the weight ofpoultry manure, similar to the report of [10]. The increase in the effect of manure onpopulation’s growth of soil microorganism, according to [41] may not be unconnected with thecomposition of the poultry manure.
However, the low results obtained, as compared to the initial 3.2×104(mgkg-1) on day 0 might be attributed, probably to initial inhibition of water and nutrient uptake due to the hydrophobic nature of crude oil [10, 42].
Effects of Poultry Manure on Total Petroleum Hydrocarbon (TPH) of Crude Oil Contaminated Soil

A similarobservation of the efficacy of poultry manure for crude oil bioremediation, as in this study has earlier been reported [23, 43]. “The samples amended with chicken manure degraded TPH more than the control sample. This may possibly bedue to a higher nutrient level present in poultry manure” [38, 44]. Also poultry manure could be carriers of hydrocarbon- degrading bacteria [46]. “The Biodegradation recorded in the control soil sample (34.33%) could be due to non-biological factorssuch as evaporation, photo-degradation” [45].
5.0 CONCLUSION

Experiments wereconducted in this study to evaluate the effectiveness of poultry manure in the bioremediation of crude oil polluted soil. After 40 days of amendment, an impressive 67.08% remediation efficiency wasachieved in 100g poultry manure kg-1 soil. The results infers that the use of poultry manure shows promising potentials in the bioremediation of crude oil polluted soils, as it enhances the degradation of petroleum hydrocarbons. However, further investigation is needed to explore the synergistic relationship between poultry manure and microorganisms, and its potential in biostimulation of crude oil contaminated soils over a longer period of time and on larger scale.
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