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ABSTRACT 
This study assessed the nutrient composition (including sulphate, nitrate and phosphate) and electrical conductivity in an oil spill 

contaminated soil along Shell Petroleum Development Company Right of way in Rumuolukwu, Eneka, Port Harcourt. Oil spill 

contaminated soil and control samples (50 m away from the contaminated site) were collected at different depth i.e. 0- 15cm, 15 - 30 

cm, 30 – 45 cm and 45 – 60 cm across a period of 6 months i.e. August to October, 2013 (Wet season) and November 2013 to 

January 2014 (dry season). The samples were prepared and analyzed using standard procedures. The mean result at various depth 

for wet and dry season was 18.2 and 41.7 µS/cm (electrical conductivity), 1.5 and 1.9 mg/kg (nitrate), 4.2 and 4.7 mg/kg (sulphate), 

0.62 and 0.68 mg/kg (phosphate) respectively. The electrical conductivity and nutrient concentration in an oil spill contaminated soil 

were lower than the control soil. Also the concentration during the wet season was lower than the findings during the dry season. As 

such season affects nutrient concentration in an oil spill contaminated soil.  
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Introduction               

Crude oil exploration and production is a major source of 

earning to Nigeria following oil boom of 1970’s. According to 

Ohimain (2013a,b), approximately 90% and 85% of Nigeria 

export and earning respectively are provided by petroleum. 

Oyem and Oyem (2013) also noted that crude oil is the main 

sources of foreign exchange and energy for several 

industries. As such Nigeria loss her place in commercial 

agriculture, where major cash crops such as cocoa, rubber 

and oil palm are main exports.   

The exploration of crude oil and its processing into several 

products has led to several environmental pollution. For 

instance, dredging and canalization activities prior to 

exploration in offshore leads environmental impacts 

(Ohimain, 2012) including heavy metal contamination 

(Ohimain et al., 2011, 2009; Ohimain, 2010), changes in 

water quality (Ohimain et al., 2008a,b), zooplankton 

(Ohimain et al., 2002).Oil spill when there is a leakage in the 

pipeline conveying it to another destination. Oil spill is 

caused by vandalism and or rupture oil facilities, 

Oil spill in various value chain of crude oil production have 

an impact on the ecosystem and its biota. For instance, on 

aquatic ecosystem it could impact on surface water and its 

biota including fisheries (fin and shelled fish), macrophytes 

and other aquatic plants. It could also contaminate ground 

water resources. Also during crude oil and natural gas 
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exploration, excess gas is flared into the ecosystem affecting 

soil fertility, crop yield (Ozabor and Obisesan, 2015; 

Olisemauche and Avwerosuoghene, 2015), soil 

physicochemical parameters such as such as pH, 

temperature, soil moisture, soil microbial population (Ubani 

and Onyejekwe, 2013), phytochemical in plant (Ifemeje, 

2015; Ujowundu et al., 2013), water quality (Dami et al., 

2012, 2013; Mogborukor, 2014; Ubani and Onyejekwe, 

2013; Ezenwaji, Okoye and Otti, 2013; Emumejaye, 2012), 

infrastructure (Iyorakpo and Odibikuma, 2015), human health 

(Nriagu et al., 2016; Donwa et al., 2015; Egwurugwu et al., 

2013a, b; Egwurugwu and Nwafor, 2013). 

Specifically, crude oil spilled into the environment could 

affect soil and its properties including general 

physicochemical, heavy metal, hydrocarbon and nutrient 

content. Variation in the soil characteristics could lead to 

changes in the composition of soil microflora. Typically, soil 

microflora play essential role in the soil including degradation 

of compounds and materials in addition to their role in 

biogeochemical cycles and rhizosphere depending on the 

microbial species.  

According to Mussa et al. (2009), soil is a weathered 

superficial layer of the earth’s crust which is made up 

decomposed and or decomposing parent rock material which 

associated with organic matter. The authors furthered 

reported that plant in the soil absorbs water and solutes  

essential for growth. Soil is also a platform through which 

plants and other infrastructures are anchored on. 

Soil fertility is determined based on the nutrient composition. 

The soil nutrient composition includes anions (such 

phosphate, nitrate, nitrite, sulphate, carbonate, bicarbonate, 

etc) and cations (potassium, magnesium, calcium, sodium). 

Each of the nutrient play essential roles in the soil and under 

unfavourable conditions could affect the physiology and 

growth mechanism of plant that utilizes them. In addition, 

some anions assist in reducing the disease incidence in 

roots and leaves of plant could also be affected (Edeogu, 

2007). Again, The  affinity  for adsorption  of  some  of  

anions  commonly  present  in  soil  is in the  order:  nitrate< 

chloride<sulphate<phosphate, as such anions easily 

adsorbed   are   lost   by   leaching processes (Mussa et al., 

2009) 

Therefore, this present studies aimed at determining nutrient 

(phosphate, sulphate and nitrate) and electrical conductivity 

in a pipeline oil spill soil in Rumuolukwu, Eneka, Port 

Harcourt, Nigeria 

 

Materials and Methods 

Study area  

Rumuolukwu community is within Eneka district in Port 

Harcourt metropolis. Rumuolukwu is located in Obio/Akpor 

Local Government Area of Rivers State. Like other region in 

the Niger Delta, two predominant climatic conditions is found 

in the area including dry season (November to March of the 

following years) and wet season (April to October). The 

region is characterized by relative humidity and temperature 

of 50 – 95% and 30 ± 7 respectively all year round. Shell 

Petroleum Development Company (SPDC) right of way 

passes through the community. The study was carried out in 

SPDC damage of the pipeline that led an oil spill within the 

right of way. 

 

Sampling collection and preparation  

The oil impacted site was mapped out such as to cover the 

spill area, as the plot was about 20 meters from point source 

of oil contamination (faulty oil pipeline). The total sampling 

area was measured to be about 100 m x 50 m area. Soil was 

collected at four (4) different depths at the plot centre of oil 

spill site (0 - 15 cm, 15 - 30 cm, 30 - 45 cm and 45 - 60 cm). 

Sampling covers a period of six months between August 

2013 and January 2014 covering 3 month wet season 

(August – October) and 3 months dry season (October – 

January of the following year i.e. 2014). Prior to sample 

collection, a petroleum or oil sheen test as recommended by 

the Minnesota Pollution Control Agency (MPCA, 2008) was 

carried out to ascertain that the site under study was actually 

saturated or contaminated with crude oil. Soil samples 

collected were air dried under ambient temperature. The 

dried samples were homogenized, grounded and filtered by 

passing through a 2 mm mesh size.  

 

Experimental Methods 

Determination of Soil Electrical Conductivity 

The electrical conductivity measurements of the soil samples 

were measured electrometrically using a conductivity meter. 

The conductivity meter was switched on. The electrode was 

rinsed with distilled water severally as the meter was 

calibrated  using a 0.01 M potassium chloride (KCl) standard 
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solution, this standard reference solution at 25oC has an 

electrical conductivity of 1413 µS/cm. About 20 g of air-dried 

soil (crushed and passed through a 2-mm mesh size sieve) 

was weighed into a 50 ml beaker and 20 ml of distilled water 

was added so that a 1:1 soil to water ratio was attained; this 

soil-water mixture was allowed to stand for 30 minutes and 

stirred occasionally with a glass rod. The electrode of the 

conductivity meter was inserted into the partly settled 

suspension or supernatant after which the electrical 

conductivity was measured whilst avoiding the stirring of 

suspension during measurement and ensuring that the 

electrodes were rinsed with distilled water intermittently 

between readings before being wiped dry with a clean tissue 

or filter paper after each reading. 

 

Nitrate determination  

Soil nitrate were determined using Na-acetate Extraction 

Method:  

Extraction procedure –About 5.0 g of soil was transferred 

into a shaking bottle and 1/4 teaspoon (about 0.25 g) of 

activated carbon and 20 ml of extracting solution (100 g Na-

acetate + 30ml of 99.58% acetic acid, diluted to 1 liter) was 

agitated for 1 minute before filtration. 

Test Procedure - A 1 ml aliquot of the soil extract was 

transferred to a sample vial and mixed. 0.5 ml of the brucine 

reagent (2.5 g brucine sulphate in 100 ml glacial acetic acid) 

was added, followed rapidly by the addition of 2 ml sulphuric 

acid. This solution was mixed for about 30 seconds and 

allowed to stand for 5 minutes. Solution was mixed again 

before 2 ml distilled water was added with continuous mixing 

for about 30 seconds. Afterwards, water was added to make 

solution up to the 10 ml mark of the sample vial. Vials were 

stood, while leaving them to be air-cooled for about 15 

minutes (to allow the test solution form a brownish color) 

(Greweling and Peech, 1965), this was read as ppm nitrate 

(NO3
-), at an absorbance measured at 400 nm using the 

HACH DR 890 colorimeter. 

 

Sulphate determination  

Extraction/Test Procedure–Extraction was carried out using 

KH2PO4 Extraction Method. About 5 g of soil sample (air-

dried, 2 mm mesh size sieved) was weighed into a centrifuge 

tube and 25 ml of extracting solution (KH2PO4 solution 

containing 500 ppm P) was added. The soil solution was 

agitated for 30 minutes on a mechanical shaker before the 

suspension was filtered through a Whatman filter paper 

(Ensminger, 1954). 10 ml of sample aliquot was pipetted into 

a 25 ml volumetric flask and made up to volume with distilled 

water; 1 ml of a gelatin-BaCl2 reagent (0.6 g gelatin in 200 ml 

hot distilled water + 2 g BaCl2, refrigerated solution) was 

added, making the volume up to mark with thorough mixing, 

after which, the content was left to stand for 30 minutes (the 

test solution formed a whitish precipitate) and was measured 

at 420 nm (Tabatabai, 1974) using a HACH DR 890 

colorimeter. 

 

Phosphate determination  

Phosphate in the soil samples was determined using Bray 

No. 1 Method. 

Test Procedure–About 1 g of air-dried soil sample (passed 

through a 2 mm sieve) was weighed into a 15 ml centrifuge 

tube and 7 ml of extracting solution (15 ml, 1.0 N NH4F + 25 

ml, 0.5 N HCl + 460 ml distilled water) was added. The 

suspension was agitated on a mechanical shaker for 1 

minute, after which it was centrifuged at 2,000 rpm for 15 

minutes.2 ml of clear supernatant was pipetted into a 20 ml 

test tube while, 5 ml of distilled water and 2 ml of ammonium 

molybdate was added. Content was mixed properly, followed 

by the addition of stannous chloride dilute solution (1 ml 

SnCl2 stock solution (10 g SnCl2.2H2O in 25 ml of conc. HCl) 

+ 333 ml distilled water). A 10-minute reaction time was 

allowed and a bluish colour indicating the presence of 

phosphate ion was developedand read at a wavelength of 

840 nm (Bray and Kurtz, 1945) using a HACH DR 890 

colorimeter. A blank, consisting of distilled water and every 

other reagent as applicable to the test sample extract was 

mixed and used to zero the equipment. The concentration of 

PO4
3- present in test sample was read as ppm PO4-P. 

 

Results and Discussion 

Electrical conductivity and nutrient composition in soil 

contaminated by pipeline oil spill in Rumuolukwu, Eneka is 

presented in Table 1. The concentration of electrical 

conductivity and nutrients (nitrate, sulphate and phosphate) 

is lesser in contaminated soil compared to the control. This 

suggests that oil spill reduces nutrient composition in soil. 

Also the findings of this study also suggest that oil spill 

decreases the ability of the soil to convey electrical current. 
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Table 2 presents the seasonal variation in electrical 

conductivity and nutrients composition in oil spill 

contaminated soil at 0 - 30 cm depth. At August to October 

2013 (wet season) for 0 – 30 cm depth, the mean electrical 

conductivity was 18.2 µS/cm in contaminated soil and 26.8 

µS/cm in the control. Similarly during the dry season 

(November 2013 to January 2014) for 0 – 30 cm depth, the 

mean electrical conductivity was 41.7 µS/cm (contaminated 

soil) and 71.8 µS/cm (non- contaminated soil) Again the 

electrical conductivity soil at both season decreases with 

depth during both dry and wet seasons. This was similar to 

the findings of Benka-Coker and Ekundayo (1995), Oyem 

and Oyem (2013), Agbogidi et al. (2007) who reported lower 

electrical conductivity in oil contaminated soil compared to 

control. However in August 2013 of this study apparent lower 

conductivity was observed in the control compared to the 

contaminated soil. This could have arisen from the effect of 

soil topography, soil drainage conditions, heavy rainfall and 

occasional flooding which may have led to the erosion of 

organic-rich residues and transportation of leached nutrients 

from surrounding farmlands, thereby leading to enhanced 

soil nutrients of the oil contaminated soil. To this effect 

previous study in an oil spill contaminated soil at Owaza in 

Abia State suggests that there was positive correlation 

between soil Electrical conductivity and drainage conditions 

(Osuji and Nwoye, 2007). 

 

Based on Table 2, the nitrate concentration at August to 

October 2013 (wet season) for 0 – 30cm depth, 1.5 mg/kg 

contaminated soil and 4.3 mg/kg in the control. Furthermore 

during the dry season (November 2013 to January 2014) for 

0 – 15 cm depth, 1.9 mg/kg in contaminated soil and 5.1 

mg/kg in non-contaminated soil. The observed trend in this 

study conformed with the earlier findings of Benka-Coker 

and Ekundayo (1995), Agbogidi et al. (2007). The low Nitrate 

levels in the oil contaminated soil could have resulted from 

the effect of oil contained in the soil which might have 

induced acidification of the soil (McKenzie, 2003). However, 

there was a steady rise in Nitrate levels for both the 

contaminated and control plots during the dry season, the 

comparatively lower levels of Nitrate in the oil contaminated 

soil during the dry season could have been as a result of the 

slow microbial nitrification of ammonium into Nitrates, leaving 

only crops which can absorb ammonium with access to 

nitrogen (McKenzie, 2003) 

 

Furthermore, the comparatively lower Nitrate levels during 

the rainy season conformed with earlier findings of McKenzie 

(2003), Osuji and Nwoye (2007) that suggested that in low 

CEC soil, the soil particles cannot bind strongly to the Nitrate 

ions, as a result, upon heavy rain, the Nitrates leach away 

into ground water or surface water and is washed away 

making them unavailable to crops. In water logged soil, 

Nitrates can be converted into N2 and N2O gases, which are 

then lost to the atmosphere. The effect of rainfall and 

flooding during this study periodmay similarly be attributed to 

nutrient loss in oil contaminated soil. The lower levels of 

Nitrate could also have been an indication that the oil 

contaminated soil structure and water retention capacity 

might have been destroyed, leading to the denitrification 

process (Hodges, 1996). 

 

At August to October 2013 (wet season) for 0 – 15 cm depth, 

the mean sulphate was 4.2 mg/kg for crude oil contaminated 

soil and 13.4 mg/kg for control. Furthermore, during the dry 

season (November 2013 to January 2014) for 0 – 15 cm 

depth, the mean sulphate was 4.7 mg/kg for contaminated 

soil and 16.5 mg/kg for non-contaminated soil. The findings 

of this study are comparable to other study on crude oil 

contaminated soil. Benka-Coker and Ekundayo (1995) 

reported that soil nutrients in oil contaminated soil are 

generally lower in comparison to control soil. The lower 

sulphate level of the oil contaminated plot may have resulted 

from the similar effect of oil contained in soil which might 

have induced acidification of the soil. 

 

At August to October 2013 (wet season) for 0 – 15 cm depth, 

the mean was 0.62 mg/kg for crude oil contaminated soil and 

1.70 mg/kg for control. However, during the dry season 

(November 2013 to January 2014) for 0 – 15 cm depth, the 

mean phosphate was 0.68 mg/kg for contaminated soil and 

1.84 mg/kg for non-contaminated soil. Like sulphate, lower 

phosphate levels may have resulted from the effect of oil 

contained in the soil which might have induced acidification 

of the soil. The trend of this study is comparable to the work 

of Benka-Coker and Ekundayo (1995) who reported that soil 

nutrients in oil contaminated soil are generally lower 

compared to non-contaminated soil.



Biotechnol Res.2016; Vol 2(4):179-186 

183 | e I S S N  2 3 9 5 - 6 7 6 3  

 

Month Parameter(s) CPS 

(0-15) 

CPS 

(15-30) 

CPS 

(30-45) 

CPS 

(45-60) 

COMPS 

(0-15) 

COMPS (15-

30) 

Mean  CCS  

(0-15) 

CCS 

(15-30) 

CCS 

(30-45) 

CCS 

(45-60) 

COMCS 

(0-15) 

COMCS (15-

30) 

Mean  

Aug 2013 Nitrate(mg/kg) 2.0 1.6 1.3 1.0 1.7 1.3 1.48 5.1 3.4 2.8 1.5 4.6 4.0 3.57 

Sulphate(mg/kg) 8.0 2.3 2.0 1.4 3.2 1.9 3.13 16.1 14.5 10.6 7.3 13.7 10.2 12.07 

Phosphate(mg/kg) 0.89 0.76 0.62 0.50 0.48 0.35 0.6 1.67 1.53 0.88 0.55 2.14 1.96 1.46 

EC(µS/cm) 26 28 11 6 19 14 17.33 20 7 9 13 36 13 16.33 

Sept 2013 Nitrate(mg/kg) 1.5 1.3 0.8 0.6  1.4   1.0 1.20 3.9 2.7 2.1 1.2 3.4 2.8 2.68 

Sulphate(mg/kg) 5.3 1.6 1.2 0.9 2.5 1.6 2.18 13.7 11.3 8.7 4.9 10.1 7.8 9.42 

Phosphate(mg/kg) 0.82 0.71 0.45 0.28 0.43 0.27 0.49 1.33 1.20 0.75 0.43 1.64 1.49 1.14 

EC(µS/cm) 9 5 9 2 3 5 5.50 22 7 3 4 29 11 12.67 

Oct 2013 Nitrate(mg/kg)  1.3 1.2  0.7  0.4  1.3  0.8  0.95 NM NM NM NM NM NM NM 

Sulphate(mg/kg) 4.1 1.3 1.1 0.7 2.0 1.2 1.73 NM NM NM NM NM NM NM 

Phosphate(mg/kg) 0.70 0.67 0.41 0.22 0.37 0.24 0.435 NM NM NM NM NM NM NM 

EC(µS/cm) 30 11 22 25 22 25 22.5 NM NM NM NM NM NM NM 

Nov 2013 Nitrate(mg/kg)  1.6  1.4 0.9  0.6   1.2 1.0  1.12 NM NM NM NM NM NM NM 

Sulphate(mg/kg) 4.0 1.5 1.2 0.7 1.7   1.4 1.75 NM NM NM NM NM NM NM 

Phosphate(mg/kg) 0.79 0.71 0.53 0.29 0.40 0.28 0.5 NM NM NM NM NM NM NM 

EC(µS/cm) 21 17 11 23 11 19 17 NM NM NM NM NM NM NM 

Dec 2013 Nitrate(mg/kg)  1.9  1.4 1.2  1.0  1.6 1.1 1.35 4.6 3.0 2.8 1.8 4.2 3.5 3.32 

Sulphate(mg/kg) 7.2 1.9 1.8 1.1 2.4 1.7 2.68 15.8 12.4 9.2 6.7 12.8 10.0 11.15 

Phosphate(mg/kg) 0.93 0.80 0.60 0.42 0.42 0.33 0.58 1.58 1.36 0.90 0.61 1.85 1.57 1.31 

EC(µS/cm) 28 22 20 26 26 25 24.50 29 27 24 26 36 26 28.00 

Jan 2014 Nitrate(mg/kg) 2.7  2.0 1.5 1.1 2.2  1.4  1.77 6.3 4.8 3.6 2.2 5.4 4.4 4.45 

Sulphate(mg/kg) 10.0 2.6 2.2 1.3 2.8 2.1 3.50 22.0 17.8 14.4 9.3 15.4 12.6 15.25 

Phosphate(mg/kg) 1.04 0.91 0.76 0.48 0.51 0.39 0.68 1.87 1.61 1.12 0.68 2.06 1.79 1.52 

EC(µS/cm) 62 72 50 50 102 38 62.33 88 124 146 116 134 172 130.00 

Table 1: Electrical conductivity and nutrient composition in oil spill contaminated soil 

 

CPS - Centre of polluted Site, COMPS - Composite of polluted site, CCS - Centre of control site, COMCS - Composite of control site; NM-Not monitored 
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Table 2: Seasonal variation in electrical conductivity and nutrient composition in oil spill contaminated soil at 0-15cm and 15-30cm depth 

Sampling 

Site 

Rainy season (August - October 2013) Dry season (November 2013  - January 2014) 

Range Mean  Standard deviation  Range Mean  Standard deviation  

Electrical Conductivity Values (µS/cm) 

Oil Contaminated (0-15cm) 3 - 30 18.2 10.3 11 – 102 41.7 34.2 

(15-30cm) 5 - 28 14.7 9.9 17 – 72 32.2 20.9 

Control (0-15cm) 20 - 36 26.8 7.3 29 – 134 71.8 49.1 

(15-30cm) 7 - 13 9.5 3.0 26 – 172 87.3 72.8 

Nitrate Concentrations (mg/kg) 

Oil 

Contaminated 

(0-15cm) 1.3 - 2.0 1.5 0.3 1.2 - 2.7 1.9 0.5 

(15-30cm) 0.8 - 1.6 1.2 0.3 1.0 -2.0 1.4 0.3 

Control (0-15cm) 3.4 - 5.1 4.3 0.8 4.2 - 6.3 5.1 0.9 

(15-30cm) 2.7 - 4.0 3.2 0.6 3.0 - 4.8 3.9 0.8 

Sulphate Concentrations (mg/kg) 

Oil 

Contaminated 

(0-15cm) 2.0 - 8.0 4.2 2.2 1.7 - 10.0 4.7 3.2 

(15-30cm) 1.2 - 2.3 1.7 0.4 1.4 - 2.6  1.9 0.4 

Control (0-15cm) 10.1 - 16.1 13.4 2.5 12.8 - 22.0 16.5 3.9 

(15-30cm) 7.8 - 14.5 11.0 2.8 10.0 - 17.8 13.2 3.3 

Phosphate Concentrations (mg/kg) 

Oil 

Contaminated 

(0-15cm) 0.37 - 0.89  0.62 0.22 0.40 - 1.04 0.68 0.28 

(15-30cm) 0.24 - 0.76 0.50 0.24 0.28 - 0.91 0.57 0.27 

Control (0-15cm) 1.33 - 2.14 1.70 0.33 1.58 - 2.06 1.84 0.20 

(15-30cm) 1.20 - 1.96 1.55 0.31 1.36 - 1.79 1.58 0.18 
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In all the nutrient compositions, the top soil of both the oil 

contaminated and control soils retained more sulphate, 

phosphate and nitrate than the sub soils, as nutrients 

concentrations characteristically decreased with further 

depth. This may have resulted from nutrient demand by 

crops within the root zone and the predominance of sand 

presence of higher sandy soil compositions in both the 

contaminated and control soil and the predominance of 

sandy clay loam soils which may have led to a higher 

nutrient retention at the top soil, as higher clay contents of 

the bottom soil may have reduced the penetration of 

nutrients to further depths. This observation has been 

previously reported by Hodges (1996) suggesting that clay 

soils tend to retain more soil nutrients. 

 

Conclusion 

In this study, the nutrient (sulphate, nitrate and phosphate) 

and electrical conductivity in pipeline oil spill contaminated 

soil in Rumuolukwu, Eneka, Port Harcourt. Results show that 

the soils samples around crude oil contaminated soil 

decreases in nutrient and electrical conductivity 

concentration compared to control. This is an indication that 

crude oil in spoil alters soil chemical parameters which could 

affect plant growth and yield in the environment. The study 

also found that season affect soil nutrient, with high 

concentration observed during the dry season at various 

depth as compared wet season in both oil spill contaminated 

soil and control. 

 

Acknowledgements 

This publication is based on part of M.Sc. project work of Mr 

Ayobami Omozemoje Aigberua supervised by Dr. Allen 

Tobin Ekubo and Dr. Azibaola Kesiye Inengite. The authors 

sincerely appreciate the management and staff of Anal 

Concept Ltd (ACL) for their selfless input towards ensuring 

quality assurance of sampling and laboratory analysis. We 

also thank Rumuolukwu community representatives who 

guaranteed a safe field sampling exercise.  

 

References 
Agbogidi, O.M., Eruotor, P.G., Akparobi, S.O. and Nnaji, G.U. 
(2007). Evaluation of Crude Oil Contaminated Soil on the Mineral 
Nutrient Elements of Maize (Zea mays L.). Journal of Agronomy, 6: 
188-193. 
 
Benka-Coker, M.O. and Ekundayo, J.A. (1995). Effects of oil spill on 
soil physiochemical properties of a spill site in the Niger Delta 
Nigeria. Environ. Monitoring Assessment, 36: 93-109. 

 
Bray, R.H. and Kurtz, L.T. (1945). Determination of Total Organic 
and Available Forms of Phosphorus in Soils. Soil Sci. 59: 39-45. 
 
Donwa, P.A., Mgbame, C.O., Utomwen, O.A. (2015). Gas flaring in 
the oil and gas sector in Nigeria. International Journal of Commerce 
and Management Research, 1(1): 28-39 
 
Edeogu, C.O. (2007). Nitrate, Sulphate, Phosphate and Chloride 
Status of Staple Food Crops, Soils and Water as Indicator of 
Environmental Base Anion Pollution Load in Ebonyi State, Nigeria. 
Journal of Biological Sciences, 7: 745-751. 
 
Egwurugwu, J.N. and Nwafor, A. (2013). Prolonged Exposure to Oil 
and Gas Flares Ups the Risks for Hypertension. American Journal of 
Health Research 1(3): 65-72. 
 
Egwurugwu, J.N., Nwafor, A., Chinko, B.C., Oluronfemi, O.J., Iwuji, 
S.C. and Nwankpa, P. (2013a). Effects of prolonged exposure to gas 
flares on the lipid profile of humans in the Niger Delta region, Nigeria. 

American Journal of Research Communication, 1(5): 115‐145. 
 
Egwurugwu, J.N., Nwafor, A., Oluronfemi, O.J., Iwuji, S.C. and 
Alagwu, E.A. (2013b). Impact of Prolonged Exposure to Oil and Gas 
Flares on Human Renal Functions. International Research Journal of 
Medical Sciences, 1(11): 9-16 
 
Emumejaye, K. (2012). Effects of Gas Flaring On Surface and 
Ground Water in Irri Town and Environs, Niger-Delta, Nigeria. IOSR 
Journal Of Environmental Science, Toxicology And Food 
Technology, 1(5):29-33. 
 
Ensminger, L.E. (1954). Some Factors Affecting the Absorption of 
Sulphate by Alabama Soils. Soil Sci. Soc. Amer. Proc. 18: 259-264). 
 
Ezenwaji, E. E., Okoye, A. C. and Otti, V. I. (2013). Effects of gas 
flaring on rainwater quality in Bayelsa State, Eastern Niger-Delta 
region, Nigeria. Journal of Toxicology and Environmental Health 
Sciences, 5(6): 97-105. 
 
Greweling, T. and Peech, M. (1965). Chemical Soil Tests. Cornel 
Univ. Agric. Exp. Station, Bull 960. 
 
Hodges, C.S. (1996). Soil Fertility Basics', NC Certified Crop Advisor 
Training. Soil Science Extension North Carolina State University, 1-
75. 
 
Ifemeje, J.C. (2015). Effect of Gas Flaring on the Anti-nutritional 
Composition of Four Green Leafy Vegetables from Eleme in Rivers 
State, Nigeria. Columbia International Publishing International 
Journal of Environmental Pollution and Solutions, 3(1): 31-37. 
 
Iyorakpo, J. and Odibikuma, P. W. (2015).  Impact of gas flaring on 
the built Environment : the case of Ogba/Egbema/Ndoni Local Govt 
Area, Rivers State, Nigeria. European Scientific Journal, 11(26): 83 – 
95. 
 
McKenzie, R.H. (2003). 'Soil pH and nutrients', Government of 
Alberta, Agriculture and Rural Development, [online at 
http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/agdex660
7, accessed 21 Jan 2012]. 
 
Minnesota Pollution Control Agency (MPCA) (2008). Soil sample 
collection and analysis procedures.  
 
Mogborukor, J.O.A. (2014). The Impact of Oil Exploration and 
Exploitation on Water Quality and Vegetal Resources in a Rain 
Forest Ecosystem of Nigeria. Mediterranean Journal of Social 
Sciences, 5 (27): 1678 – 1685. 
 
Mussa, S.A.B., Elferjani, H.S., Haroun, F.A. and Abdelnabi, F.F. 
(2009). Determination of Available Nitrate, Phosphate and Sulfate in 
Soil Samples, International Journal of PharmTech Research, 
1(3):598-604. 
 
Nriagu, J., Udofia, E.A., Ekong, I. and Ebuk, G. (2016). Health Risks 
Associated with Oil Pollution in the Niger Delta, Nigeria. International 
Journal of Environmental Research and Public Health, 13, 346; 
doi:10.3390/ijerph13030346. 
 



Biotechnol Res.2016; Vol 2(4):179-186 

186 | e I S S N  2 3 9 5 - 6 7 6 3  

 

Ohimain, E. I., Gbolagade, J. and Abah, S. O. (2008b). Variations in 
heavy metal concentrations following the dredging of an oil well 
access canal in the Niger Delta. Advances in Biological Research, 2 
(5-6): 97 – 103. 
 
Ohimain, E. I., Imoobe, T. O. T. and Bawo, D. D. S. (2008a). 
Changes in water physico-chemistry following the dredging of an oil 
well access canal in the Niger Delta. World Journal of Agricultural 
Sciences, 4(6): 752 – 758. 
 
Ohimain, E. I., Ogamba, E. N. and Kigigha, L. (2011). Microbial 
leaching of heavy metal contaminated dredged materials using 
modified Starkey medium. International Journal of Biotechnology & 
Biochemistry, 7 (4): 439-449 
 
Ohimain, E. I., Olu, D. S. and Abah, S. O.  (2009). Bioleaching of 
Heavy Metals from Abandoned Mangrove Dredged Spoils in the 
Niger Delta; A Laboratory Study. World Applied Sciences Journal, 7 
(9): 1105-1113. 
 
Ohimain, E.I. (2010). Aerobic bio-precipitation of heavy metal 
contaminated dredged materials from the Niger Delta. Research 
Journal of Environmental Sciences, 4(1): 93 – 100. 
 
Ohimain, E.I. (2012). Environmental impacts of petroleum 
exploration dredging and canalization in the Niger Delta. In Five 
decades of oil production in Nigeria: impact on the Niger Delta. 
Akpotoe, A. S., Egboh, S. H., Ohwona, A. I., Orubu, C. O., Olabaniyi, 
S. B., Olomo, R. O. (eds). pp 391 – 405. Centre for Environmental 
and Niger Delta Studies, Abraka. 
 
Ohimain, E.I. (2013a). Can the Nigerian biofuel policy and incentives 
(2007) transform Nigeria into a biofuel economy? Energy Policy, 54, 
352–359. 
 
Ohimain, E.I. (2013b). The challenge of liquid transportation fuels in 
Nigeria and the emergence of the Nigerian automotive biofuel 
programme. Research Journal of Applied Sciences, Engineering and 
Technology, 5(16): 4058-4065. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Ohimain, E.I., Imoobe, T.O.T. and Benka-Coker, M.O. (2002). 
Impacts of dredging on zooplankton communities of Warri River, 
Niger Delta. African Journal of Environmental Pollution and Health, 
1: 37-45. 
 
Olisemauche, O.O. and Avwerosuoghene, O.P. (2015). The effect of 
gas flaring on Agricultural production of Okpai, Ndukwa East Local 
Government Area, Delta State, Nigeria. Standard Scientific Research 
and Essays, 3(9): 266-272. 
 
Osuji, L.C. and Nwoye, I. (2007). An appraisal of the impact of 
petroleum hydrocarbons on the soil fertility: The Owaza Experience. 
African Journal of Agricultural Research, 2(7): 318-324. 
 
Oyem, I.L.R. and Oyem, I.L.  (2013). Effects of Crude Oil Spillage on 
Soil Physico-Chemical Properties in Ugborodo Community. 
International Journal of Modern Engineering Research, 3(6): 3336-
3342. 
 
Ozabor. F. and Obisesan, A. (2015). Gas Flaring: Impacts on 
Temperature, Agriculture and the People of Ebedei in Delta State 
Nigeria. Journal of Sustainable Society, 4(2):5-12. 
 
Tabatabai, M.A. (1974). Determination of Sulphate in Water 
Samples. Sulphur Institute Journal, 10: 11-13.  
 
Ubani, E.C. and Onyejekwe, I.M. (2013).Environmental impact 
analyses of gas flaring in the Niger delta region of Nigeria. American 
Journal of Scientific and Industrial Research, 4(2): 246-252. 
 
Ujowundu, C.O., Nwaogu, L.A., Ujowundu, F.N. and Belonwu, D.C. 
(2013).Effect of Gas Flaring on the Phytochemical andNutritional 
Composition of Treculia Africana and Vigna subterranean, British 
Biotechnology Journal, 3(3): 293-304. 


