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Abstract— The study was conducted to examine the physicochemical parameters of soils contaminated with petroleum using 

nonpetroleum contaminated soil as control. Six petroleum contaminated soil samples from Eleme, Port Harcourt and one non 

petroleum contaminated soil sample from Awka were analyzed for pH, texture, moisture content, bulk density, total organic 

carbon, total organic nitrogen, total organic matter and total petroleum hydrocarbon. Some pH of the soil samples were acidic 

while others were alkaline and ranged from 5.26-7.84. The textural class of the petroleum contaminated soils (A-F) were silty 

clay loam while that of the non petroleum contaminated soil (G) was sandy loam implying that samples A-F are somewhat 

clayey and sample G almost sandy. Total moisture content of petroleum contaminated soils and their water holding capacity 

were higher than that of the control and fell in the ranges 0.50-40.56% and 13-29% respectively. Total organic carbon (TOC) 

and Total organic matter (TOM) of petroleum contaminated soils were higher than that of the non petroleum contaminated 

soil and were within the ranges 7.29-15.09% and 12.57-26.02% respectively. Total organic nitrogen result follow the same 

pattern with the non petroleum contaminated soil having the least value. The range was 0.365-0.755%. Bulk density results 

were within the range of 0.80-1.42g/cm3. The uncontaminated soil (G) had less amount of organic matter in it as a result, the 

bulk density was the highest (Olaitan and Lombin, 1984). The total petroleum hydrocarbon (TPH) content ranged from 

107.5305-626.4060 mg/kg with that of the non petroleum contaminated soil being the least. The results indicated that petroleum 

contamination affected the physicochemical properties of the soils analyzed. Regular soil assessment is recommended so as to 

avert any ugly incidence which may occur. 

I. INTRODUCTION 

Contamination of the environment by petroleum products from variety of sources represents one of the most frequent 

contaminations {Mracnova et al.,1999). This is due to the growing demand and supply of fuel oil and new chemicals by the 

industrialized society of the twenty-first century (Jaffe,1991). High concentration levels of hydrocarbons present in 

contaminated sites can pose a health risk to humans, plants and animal lives as they are carcinogenic, mutagenic and toxic 

(Ribes et al., 2003, Freitag et al., 1985 and DEC,1992). 

Oil contamination can also affect soil physical and chemical properties (Wang et al., 2013). Soil temperature, total organic 

carbon, pH, microbial community, available phosphorus and other soil chemical properties are affected (Aislabie et al., 2004, 

Townsend et al., 2003, Ekundayo and Obuekwe, 2000, Hu et al,. 2006), Oil causes anaerobic environment in the soil by 

smothering soil particles and blocking air diffusion in the soil pores. In addition, crude oil contaminated soils are hydrophobic 

compared with pristine sites (Quyum et al., 2002). 

An assessment of the physicochemical parameters of petroleum contaminated soils from Eleme, Port Harcourt was embarked 

upon to monitor the levels of contaminants which can accumulate toxic proportions. The oil finds its way to soil through 

leakages from pipelines, underground and surface fuel storage tanks, indiscriminate spills, and careless disposal of wastes 

(Okop, and Ekpo, 2012). Despite improvements to the technical conditions of sites involved in the production, storage and 

distribution of liquid fuels, the threat to the environment posed by petroleum substance is still very real (PIEP,1995). 
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II. MATERIALS AND METHOD  

2.1 Study Area 

Eleme coordinates are 4.7994oN, 7.1198o E. It is located at east of Port Harcourt and covers an area of 138km2. At 2006 census, 

it had a population of 190,884. Precipitation in Port Harcourt averages 2708mm and the average annual temperature is 26.4oC. 

The average annual relative humidity is 71.0% (https//weather and climate.com). Awka is found in the south eastern part of 

Nigeria. It is the capital of Anambra State and is located on Latitude 6o09′N and Longitude 7o12′E. The climate is tropical with 

an annual rainfall of about 11,450mm, average temperature of 28oC and relative humidity of 91% at dawn (Nwangwu, 2015). 

2.2 Sample Collection 

Samples from both petroleum contaminated soils Eleme, Port Harcourt (A-F) and non petroleum contaminated soil Awka (G) 

were collected from a depth of 0-12 cm with soil auger (Okop and Ekpo, 2012). Five samples were randomly collected and 

mixed to form a representative sample (Edori and Iyama, 2017). The samples which were more than 1kg were transported to 

the laboratory for immediate analysis. 

2.3 Sample Analysis  

The pH was determined by the method of APHA (2000). The soil moisture was estimated by the method of Ibitoye (2006). 

The textural class was determined by the method of Brady and Weil (2013). The methods proposed by Page (1982), Ibitoye 

(2006) and Head (1992) were used for the determination of organic matter, organic carbon and organic nitrogen. The total 

hydrocarbon content was determined by the method described by AOAC, 1990). The bulk density of the soil was determined 

by the method adopted by Olaitan and Lombin (1984). 

III. RESULTS AND DISCUSSION 

The pH of the soils samples ranged from 5.26-7.84 as presented in Table1.This is comparable with those obtained by Adoki 

(2012) for soil samples from borehole drilling at a legacy spill site in Eleme Port Harcourt. 

TABLE 1 

PHYSICOCHEMICAL PARAMETERS OF SOIL SAMPLES 

 Sample A Sample B Sample C Sample D Sample E Sample F Sample G 

pH 5.26 5.37 7.69 7.64 7.79 7.84 5.37 

Texture 
Silty clay 

loam 

Silty clay 

loam 

Silty clay 

loam 

Silty clay 

loam 

Silty clay 

loam 

Silty clay 

loam 

Sandy 

loam 

Moisture content (%) 40.56 16.28 15.61 11.73 19.76 20.48 0.50 

Bulk density (g/cm3) 0.80 0.94 0.90 1.03 1.05 0.95 1.42 

Total organic carbon 

(%) 
14.41 15,09 10.68 12.40 10.85 10.68 7.29 

Total organic nitrogen 

(%) 
0.721 0.755 0.534 0.620 0.543 0.534 0.365 

Total organic matter (%) 24.84 26.02 18.41 21.38 18.71 18.41 12.57 

Total petroleum 

hydrocarbon (mg/kg) 
620.9427 319.2833 626.4060 620.9427 163.3685 148.7637 107.5305 
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The pH of the environment affects the speed and direction of biological processes in the soil and is one of the factors that 

influence the decomposition of hydrocarbons by microorganisms in the environment (Hawrot-Paw, 2010). According to Arias 

(2005), soil pH plays the greatest influence on availability of nutrients to plants and the type of organism found in the soil. 

Although plants have begun to thrive under varying pH conditions, the optimum pH for most agricultural soils is between 5.5-

7.5 QDEHP, (2017). As soil becomes increasingly acidic, important nutrients like phosphorus become less available to plants 

which result in reduced crop yield.  

The textural classes of the petroleum contaminated soils are silty clay loam in contrast with the sandy loam of non petroleum 

contaminated soil (control). The percentage of sand, clay and silt are categorized as textural class. Soil texture is a measure of 

the physical properties of the soil such as plasticity of the soil, water retention capacity, soil productivity, soil permeability and 

ease or toughness of tillage of the soil (Brady, 1996). Soills with high percentage of clay have the potential to hold more water 

within the particles (Osuji, 2007). Sandy soils retain little water and therefore percolation of water through it is high and so 

promotes ground water contamination while clayey texture prevents water percolation (Schulte, 1999).  

The total moisture content of the soils varied from 0.50 to 40.56% with those of the petroleum contaminated soils being higher 

than the non petroleum contaminated soil. The results are similar to those of Azlan et al., (2012) and are in agreement with the 

findings of Wang et al., (2013) which stated that hydrocarbon contamination can increase soil total organic carbon. Oil clogs 

the pores of soil particles and thus hinders evaporation of water (Olaitan and Lombin, 1984). Aggregation due to force of 

adhesion existing in oil particles is responsible for the high moisture content of petroleum contaminated soils (Atkins and 

Jones, 1999). Also sandy soil retains very little water while clay will hold the maximum amount. Any soil with high 

concentration of organic components has the capacity to retain water for a long time and the drying takes longer time than 

usual. High moisture content is due to de-aeration which displaced air in the soil and also oxygen content of the soil and 

decreased microbial activity (Brady and Weil, 2008).  

The water holding capacity of soils fell in the range 13-29%. These are comparable with those of the petroleum contaminated 

soils which are silty clay loam in texture and have higher water holding capacity than the non petroleum contaminated soil 

which is sandy loam. Oil blocks air diffusion in the soil pores and affects soil microbial communities (Townsend et al., 2003). 

The blockage of air diffusion also reduces pore spaces which results in an increase of water holding capacity and of the humidity 

needed for bacterial growth which eventually increases the total organic carbon and soil organic matter content. The presence 

of large pores results in an decrease of water holding capacity and of the humidity needed for bacterial growth (Azlan et al. , 

2012). Also, the presence of a relatively high percentage of clay in samples A-F accounts for the ability of the soils to hold 

more water within the particles. 

The bulk density of samples were within the range 0.80-1.42 g/cm3. Clay soils have bulk density values ranging from 

1.10to1.40g/cm3. Loams, sandy loams and sand have bulk densities ranging from 1.20-1.80g/cm3 (Olaitan and Lombin, 1984). 

 The total petroleum hydrocarbon content of the samples compares favourably with those of Okop and Ekpo, (2012) and Adoki, 

(2012). The results fell within the range 107.5305- 626.4060 mg/kg and increased in the following order C>A, D >B>E>F>G. 

The petroleum contaminated samples show elevated concentrations of TPHs when compared with the control (non-petroleum 

contaminated sample) and could be attributed to oil spilling effect at the sampled areas (Asaolu, 2000). Hydrocarbon 

contamination can increase soil total organic carbon (Ekundayo and Obuekwe, 2000) and change soil pH values (Hu et al., 

2006). The total organic carbon (TOC) content varied from 7.29 to 15.09% and the total organic matter (TOM) content varied 

from 12.57 to 26.02%. The total organic nitrogen (TON) range is 0.365-0.755%. The results of the TOC and TOM agree 

favourably with those Edori and Iyama (2017). The TOC, TOM and TON of petroleum contaminated soils are higher than that 

of the control and this is in agreement with the work of Nwankwoala and Ememu (2018). Soil organic matter (SOM) is the soil 

nutrient pool and the changes will affect the quality and quantity of soil fertility. SOM stabilizes soil pH which plays an 

important role in controlling the supply of nutrients and their availability for plant intake (Azlan et al., 2012). Concentration 

and turnover of SOM is affected by the formation of a large number of factors such as climate (Ganuza and Almendros, 2003), 

topography (Burke, 1999), vegetation (Finzi et al., 1998), the parent material (Spain, 1990) and management (Yang and 

Wander, 1999). The soil organic carbon is obtained by decomposition of the plants, animals and anthropogenic sources such 

as chemical contaminants, fertilizers or organic rich waste (Kong et al., 2009). 

Higher levels of organic nitrogen are observed in samples A-F (petroleum contaminated soils) than in sample G (control). This 

again is due to increased level of decayed organic matter and contamination by petroleum in samples A-F. Nitrogen compounds 

detected in petroleum include polycyclic aromatic amines, carbazole, benzocarbazole, heterocyclic aromatics, triaromatic 

azaarenes, nitrogen heterocycles as well as diaromatic nitrogen bases (Thomas and Ringen, 1985). 
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