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ABSTRACT 
 Post-impact assessments of some areas where illegal crude oil related activities 

have been carried out at Bodo West Oilfield (Ogoni), were conducted on selected 

soil quality parameters. The ultimate aim of the study was to identify both organic 

and inorganic contaminants present in the soil. The results obtained showed that the 

mean concentration of soil PH within the artisanal refinery areas was 5.93+ 0.18, 

electrical conductivity (EC)-123.15 + 1.60 µscm, total petroleum hydrocarbons 

(TPH)-581.02mgkg-1, oil and grease- 492.55 mg kg-1, polynuclear aromatic 

hydrocarbons (PAHs)- 20.41 mg kg-1, lead (Pb)- 2.34mg kg-1, cadmium (Cd)-1.93 

mg kg-1, significant correlation exists between TPH and oil and grease (0.97), TPH 

and PAHs (0.64), TPH and hydrocarbon degrading bacteria (0.72). All these values 

were significantly higher than the values obtained outside the artisanal refinery 

areas (control site) about 150m away from the illegal refinery areas. The 

investigation revealed that there were significantly high levels of diffuse petroleum 

hydrocarbons in the illegal refinery areas. Therefore, further monitoring and 

characteristics of the hydrocarbon levels is recommended while a synergistic 

remediation approach should be the first step in the reclamation process.  

Keywords: Soil; Petroleum Hydrocarbons; Artisanal; Refinery; Remediation 

 

INTRODUCTION 

Crude oil contaminated sites represent a major challenge in many communities in the Niger Delta 

Basin of Nigeria. Local soil contamination, mainly associated with operation and activities of the 

oilfield operators and the artisanal refining of crude oil by the illegal oilfield operators, is an actual 

and relevant environmental priority in the area. Furthermore, the occurrence of inorganic and/or 

organic pollutants in soil, sub-soil or sediments and groundwater above certain acceptable levels 

has negative consequences for all types of ecosystems and natural resources, and subsequently for 

human health (Aprile et al., 2007). Considering the peculiar characteristics of wetlands with respect 

to varied degrees of physic-chemical reactions, any crude oil spillage occurrence in this area should 

be properly monitored in order to evaluate the effect on relevant soil indices (Aweto, 2002). This 

study which investigated the impact of illegal oil-related activities caused by sabotage to oilfield 

facilities in Bodo West Oilfield has revealed that these illegal oilfield operations contribute in a 

large scale the amount of hydrocarbon contamination in the area. 

There are 12 oil wells and a flow station at Bodo West Oilfield. A pipeline connecting to a truck 

line was laid to carry crude oil from the field. These pipeline and truck line were been tapped on 

daily bases to siphon crude oil and refine illegally. There are lots of areas in the Bodo West Creeks 

where people undertake illegal refining of crude oil on daily bases. This crude oil can be supplied 

through sabotage to well heads or pipeline. Since this act is illegal, the environmental implications 

of crude oil spill are not under any consideration.  

There is no observation of oilfield operational guide lines, which involve a myriad of 

environmental rules. 
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Not only is there a large volume of regulations, but there are multiple levels of regulations and 

regulatory bodies that monitor how oil and gas can be exploit, drill, produce, transport and refine. 

During the cause of these illegal oilfield activities, none of these rules and regulations are followed. 

So, crude oil continues to spill from tapped pipelines or well heads, contaminating creeks and soil, 

staining and killing vegetation and seeping meters deep into the ground, polluting water table. The 

intensity of damage depends upon a number of abiotic and biotic factors including the season of 

spill, type and amount of oil, prevailing weather condition and soil composition (Osuji, et al., 2009)             

 

MATERIALS AND METHODS 

At the study area, field observations were conducted to assess drainage property, relief and soil 

structure. Randomized sampling design was used at the locations. Soil samples were collected at 

various points on and around the artisanal refinery areas, samples were also collected outside the 

artisanal refinery areas (control site samples) some 150 meters away from the illegal refinery areas. 

These samples were collected at 0cm – 30cm and 30cm – 60cm depths respectively with the aid of 

a stainless steel soil auger. The samples were transferred into polyethylene bags, labeled and taken 

for laboratory analysis. Soil samples for the evaluation of the hydrocarbon contents (such as total 

petroleum, polynuclear aromatic hydrocarbons (PAHs) and oil and grease) were placed in clean 1 

litre glass jar with Teflon lined screw cap, cooled to about 4oC in ice jackets. The soil samples 

meant for microbial analysis were placed in aluminum foil and labeled for easy identification. 

These samples were analyzed in the laboratory using Gas Chromatography Atomic Absorption 

Spectrophometer (AAS) with Flame Ionization Detector (FID) which has the capacity to reveal the 

type of hydrocarbons present and is applicable to both volatile and semivolatile samples. 

Soil Samples Analysis  
Soil for the determination of selected relevant physicochemical properties was dried at an ambient 

temperature range (22oc – 26oc), crushed in a porcelain mortar and sieved through a 2mm (10 mash 

size) stainless sieve. The <2mm fractions were used for the various determinations. 

Soil PH in water was determined according to the method described by Jackson using the glass 

electrode PH meter in soil suspension ratio 1:2 (US Congress, 1991). Similarly, electrical 

conductivity measurements were taken after calibrating the conductivity meter in a series of KCI 

standard solutions. Particle size analysis was achieved according to the hydrometer method of 

Bouyoucos (1962). Total organic carbon was determined by the Walkey Blacke rapid dichromate 

oxidation technique with the use of correction faction of 1.3 to account for the incomplete oxidation 

of organic carbon (Jackson, 1960). Phosphates and nitrates were determined colorim etrically 

according to Osmand’s method using molybdophosphopric blue colour formation and nitrophenol 

disulforic acid medium respectively. 

Cation exchange capacities (Na, K, Ca and Mg) of the solid were determine by extracting the 

cations with 1m neutral NH4OAC and subsequently quantifying calcium and magnesium using the 

Perkin Elmer model 3030 atomic absorption spectrophotometer (AAS). While sodium and 

potassium were determined using the Sherwood Model 410 flame photometer after due calibration 

of both equipment. 

Heavy metal analysis was carried out after digesting 1g of soil using concentrated HCIO4. The 

digest was allowed to cool, then filtered using Whatman No. 42 filter paper in 100ml, volumetric 

flask and then made up to the mark with distilled deionized water. Following the calibration of the 

AAS using the respective standard solutions of the metals the levels of the metals, in the various 

filtrates were determined.  

 

ORGANICS (PETROLEUM HYDROCARBONS) 

The petroleum hydrocarbon components of the soils were analysed using appropriate standard 

methods recommended by ASTM (NELSON and Sommers, 1982; ASTM, 1995). 



92 
 

 

International Journal of Advancement in Development Studies, Volume 16, Number 1, 2021 

 

 The samples were extracted using appropriate sampling extraction techniques. The following 

petroleum hydrocarbon parameters were analysed: TPH, PAHs, benzene, ethlybenzene, toluene and 

xylene (BETX) and oil and grease. 

All the samples were run in duplicate while standard quality assurance and control measures were 

employed to ensure precision and reliability of the results obtained from the various determinations. 

Descriptive statistics were also carried out on the results obtained. The standard error was estimated 

at a 95% confidence limit (CL) by multiplying by 1.96. The correlation matrix between the various 

hydrocarbons and micro-organism was also computed.  

 

RESULTS AND DISCUSSION 

The soils were moderate to finely grain from areas with indications of flooding during the wet 

season and high water tides from adjourning creeks. Generally, the artisanal refinery areas possess 

a slope of < 3 with a flat to gentle slope formulation. There were no concretions and relatively few 

mottles at the sub depths of the soils, indicating poor soil aeration and a favourable reducing 

environment. Soil structure was columnar and platy. The results of the soil analysis are shown in 

Tables 1 – 4. Table 1 represents selected physicochemical properties of the soils. Table 2 shows the 

levels of organics in the soil followed by their correlation matrix (Table 3). The concentration of 

heavy metal in the soils is exhibited in Table 4. 

The PH of the hydrocarbon contaminated areas varied between 5.05 and 6.65 with a mean level of 

5.93 + 0.18 showing a slightly acidic property of the soils. These values were slightly lower than 

the PH of the soils from the control areas which was 6.16. Soil PH is an important index that 

controls various physicochemical reactions. It is possible that the presence of residual hydrocarbon 

spills must have hindered the leaching of basic salts which are responsible for raising the PH in soil. 

The hindering of the oil with soil particulate matter in the affected areas probably posed a major 

resistance to the removal of such basic ions. While the oil may have had some direct impact in 

lowering the PH, it is more likely that production of organic acid by microbial metabolism is 

responsible for the difference. Electrical conductivity was significantly lower in the crude oil 

affected soils than in the control sites soils. 

A similar decrease was observed in the amount of NO3-N determined in the contaminated soils 

(44.63mg kg-1). The control site areas had an NO3-N level of 46.20mg kg-1. The reduction in the 

concentration of NO3-N in the oil-spilled areas suggests that following the oil spillage, the process 

of nitrification might have reduced. The oil degrading or hydrocarbon-utilizing microbes such as 

Azobacteria ssp. normally become more abundant, while nitrifying bacteria such as Nitrosomonas 

ssp. become reduced in number (Odu, 1985). This probably explains the relatively lower values of 

NO3-N obtained for the contaminated soils. Furthermore, it has been established that petroleum-

based contamination in soil leads to reduction in the two major organic nutrients, nitrate-nitrogen 

and phosphate-phosphorus (Paul and Clark, 1996). Nitrate serves as the terminal electron acceptor 

in the oxidation of organic substance. The present study shows reduction in the levels of both 

nutrients, especially phosphates. Total organic carbon increased significantly in the contaminated 

areas with a mean level of 41.8%, while the control site areas averaged 3.57%. This observation 

clearly shows that a significant quantity of the oil has undergone appreciable decomposition or a 

degradation process, Organic matter content should normally increase following hydrocarbon fuels 

or condensates. Two decomposition processes are of significance to the present study; the 

decomposition of the soil organic matter and the decomposition of the added petroleum 

hydrocarbons. Both are, however, the prerogative of heterotrophic organisms (Osuji and Nwoye, 

2007). It is important to emphasize that total organic matter in soil represents humus which is the 

stable end product of organic matter decomposition in soil matrices. This implies that significant 

decomposition of the petroleum hydrocarbons has taken place with different factors of 

decomposition enhancing the process. 
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CATION EXCHANGE CAPACITY (CEC) 

The cation exchange capacity (CEC) is a direct contribution from the clay and organic matter 

content of soil. The CEC was slightly higher in the oil contaminated soils (1.87MEquiv./100g) 

compared with the control site soils (1.35MEquiv./100g). This is logical following the high organic 

matter content determined in the impacted areas which resulted increased exchange sites for the 

base metals (K, Na,Ca & Mg).      

SOIL TEXTURE 

The entire soils generally had high clay content typical of soil in wetland ecologies. However, the 

amount of clay was slightly higher in the oil spilled area than in the control soils (Table 1). High 

clay content ensures the retention of petroleum hydrocarbon in soil. 

PETROLEUM HYDROCARBONS 

Concentrations of TPH and oil and grease in the artisanal refuse areas were significantly higher 

than the control area. Their mean values were 581.02 and 492.55mg kg 1 respectively. These values 

suggested an extremely high petroleum hydrocarbon land implying high values of hydrocarbon 

contaminations in this soil. However, the values of standard deviation (Table 2) evidently indicate 

that the impact is diffuse and the spread of the hydrocarbon is highly uneven in the entire area. 

Some reviews of existing data in the Niger Delta, affirmed that such high hydrocarbons levels 

affected both above-ground and subterranean flora and fauna which are essential adjuncts in the 

biogeochemical cycle that affects availability of plant nutrient (NDES, 1999, Osuji, 2001: Osuji et 

al., 2004). The levels of total PAH and BTEX obtained in the control samples were far lower than 

the oil contamination areas (Table 2). Mean total PAH of the oil spilled area was 20.41 mg kg 1 

while the control was 3.10 mg kg 1. The value of 20.41 mg kg 1 exceeded the background values for 

PAH, in rural agricultural wetlands soils of the Niger Delta region in Nigeria and regulated limits 

(Oviasogie et al., 2006; EGASPIN, 2002). Furthermore the correlation matrix of the organics and 

microbial population in the soil (Table 3) is quite interesting. Significant correlation exists between 

TPH, and oil and grease (0.97), TPH and PAHs (0.64), TPH and hydrocarbon degrading bacteria 

(0.65), oil and grease and hydrocarbon degrading bacteria (0.65), oil and grease and hydrocarbon 

degrading bacteria (0.72). The implication of these correlation values is that there is sufficient 

interaction between these hydrocarbon components and subsequently with the microorganisms 

significant correlation between any two hydrocarbons may indicate that both originated from the 

same source. The correlation existing amongst the hydrocarbon degrading bacteria, TPH and oil 

and grease presupposes that these bacteria are involved in the degradation processes of these 

components in the soils. 

HEAVY METALS 

The levels of heavy metals were generally higher in the area where the soil had spilt except for Fe. 

Mean concentrations (mg kg-1) were: Zn, 0.57; Fe, 177.33; Cu, 0.66; Cr, 1.02; Co, 0.57; Pb, 2.34; 

Cd, 1.96. These levels are, however within tolerable limits. 

IMPACT OF THE PRESENC OF PETROLEUM HYDROCARBONS 

The concentration of macronutrients in both the artisanal refining areas and control areas were 

inherently low compared to the acceptable ranges of 15,000; 2,000 and 10,000 mg kg for N, P and 

K respectively (HSN-ENV, 2004) recommended for agricultural soils. The concentrations of 

extractable N, P and K in the oil impacted area were generally lower than in the adjacent control 

soils. This may be due to free hydrocarbons in the soil interacting with the aqueous extractant but 

more likely to the utilization / complexation of the nutrients by the resident microflora. It is 

unlikely that the oil release is directly responsible for loss of micro nutrients. However, because the 

concentrations of macro-nutrients are well below those recommended for agriculture, it could be 

inferred that the presence and / or levels of petroleum hydrocarbons has impacted negatively or 

reduced the fertility status of the affected area. Consequently, land use for agricultural productivity  
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of the soil; prolonged retention of these hydrocarbons can adversely affect both surface and 

subterranean water quality. 

 

CONCLUSION 

The soil quality assessments revealed that there were significantly high levels of diffuse petroleum 

hydrocarbons in the areas where illegal oil refining are going on. Furthermore, proper and effective 

monitoring of the hydrocarbon levels is recommended, while a synergistic bioremediation approach 

should be the first step in the reclamation process. The study also showed that land use for farming 

purpose may have been negatively impacted upon due to the visible presence of spilled petroleum 

hydrocarbons. This was further evidenced in the relative reduction in available soil macronutrients; 

hence soil fertility may have been adversely affected 
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 pH EC 

(S cm-1) 

NO3 

(mg 

kg-1) 

PO4 

(mg kg-

1) 

TOC 

(%) 

Na 

(mEquiv 

./100g) 

K 

(mEquiv./ 

100g) 

Mg 

(mEquiv./ 

100g) 

CEC 

(mEquiv.

/100g) 

Sand 

(%) 

Silt 

(%) 

Clay 

(%) 

No. of samples  15 15 15 15 15 15 15 15 15 15 15 15 

Mean  5.93 123.15 44.63 7.94 41.18 0.11 6.6610-3 1.75 1.87 67.83 12.16 20.83 

SEM 0.18 18.78 2.65 1.73 12.05 1.8310-2 3.5510-3 0.28 0.28 0.75 0.78 1.09 

Median  5.95 112.50 45.10 5.00 36.60 0.11 0.00 1.44 1.54 68.00 13.00 20.00 

Mode 5.05 55.00 33.00 2.50 1.86 0.01 0.00 0.42 2.65 70.00 13.00 17.00 

SD 0.62 65.05 9.20 5.99 41.75 6.310-2 1.210-2 0.98 0.98 2.62 2.72 3.78 

Variance  0.39 4232.67 84.80 35.92 1743.30 4.0410-3 1.510-4 0.97 0.97 6.87 7.42 14.33 

Range  1.60 152.00 28.60 15.00 145.14 0.22 0.04 3.22 3.30 8.00 8.00 11.00 

Minimum  5.05 55.00 33.00 2.50 1.86 0.01 0.00 0.42 0.52 64.00 8.00 17.00 

Maximum  6.65 207.00 61.60 17.50 147.00 0.23 0.04 3.64 3.82 72.00 16.00 28.00 

Sum 71.2

2 

1477.80 535.6

0 

95.30 501.81 1.39 0.08 21.03 22.50 814.0

0 

146.0

0 

2.50 

Control  6.16 168.5 46.20 16.25 3.57 0.10 0.05 1.20 1.35 68.20 14.45 17.35 

Soil Quality Assessments Where Illegal Refining of Crude Oil have been Carried Out at Bodo West Oilfield, Niger Delta 

Basin, Nigeria 

 

Table 1: Levels of selected physicochemical properties of the soils  



97 
 

International Journal of Advancement in Development Studies, Volume 16, Number 1, 2021 
 

Table 2: Concentration of petroleum hydrocarbons and bacteria loads in the soils   

 TPH 

(mg kg-1) 

Oil and Grease 

(mg kg-1) 

PAH 

(mg kg-

1) 

BTEX 

(mg kg-1) 

TBC HCDB 

No. of samples  15 15 15 15 15 15 

Mean  581.02 492.55 20.41 6.66 4.22 1.7510-2 

SEM 415.15 410.72 4.88 0.95 0.73 2.7810-3 

Median  48.60 56.50 14.15 6.05 3.40 1.5010-2 

Mode 0.00 109.00 0.09 6.24 3.00 0.001 

SD 1438.13 1422.77 16.91 3.31 2.52 9.6510-3 

Range  4959.00 4999.16 50.71 12.16 8.20 0.03 

Minimum  0.00 084 0.09 1.34 1.60 0.01 

Maximum  4959.00 5000.00 50.80 13.50 9.80 0.04 

Sum 6972.20 5910.64 244.89 79.93 50.68 0.21 

Control  <0.05 <0.05 3.10 1.07 3.40 1.2510-2 

 

Table 3: Correlation matrix of the various hydrocarbon parameters and bacterial load in the 

soil  

 TPH Oil and 

Grease  

PAH 

(mg kg-1) 

BTEX 

(m kg-1) 

TBC HCDB 

TPH  0.97** 0.64** 0.21 0.17 0.65* 

Oil and Grease    0.55 0.18 0.21 0.72* 

PAH    0.49 0.66 0.35 

BTEX     0.39 0.04 

TBc      0.12 

HcDB       

** Correlation is significant at the 0.01 level. 

* Correlation is significant at the 0.05 level. 
 

Table 4: Concentrations (mg kg1) of heavy metals in the soils  

 Zn Fe Cu Cr Co Pb Cd As Ba Hg Ni V 
No. of 
samples  

15 15 15 15 15 15 15 15 15 15 15 15 

Mean  0.57 177.33 0.66 1.02 0.57 2.34 1.96 9.16

 
10-2 

3.33

 
10-2 

1.00 1.04 5.6610
-2 

SEM 0.13 18.28 0.19 0.25 0.12 0.48 0.78 4.16 3.33

 
10-2 

0.00 0.22 4.9810
-2 

Median  0.60 164.00 0.48 0.95 0.40 2.07 0.95 0.00 0.00 0.00 1.06 0.00 
Mode 0.00 110.00 0.20 0.00 0.20 0.00 0.20 0.00 0.00 0.00 0.00 0.00 
SD 0.46 63.35 0.66 0.88 0.43 1.69 2.71 0.14 0.11 0.00 0.78 0.17 
Range  1.4 232.00 2.10 2.50 1.10 5.30 8.00 0.40 0.40 0.00 2.50 0.60 

Minimum  0.00 110.00 0.00 0.00 0.20 0.00 0.20 0.00 0.00 0.00 0.00 0.00 

Maximum  1.40 342.00 2.10 2.50 1.30 5.30 8.20 0.40 0.40 0.0 2.50 0.60 

Sum 6.90 2128.0

0 

8.01 12.2

6 

6.93 28.1

5 

23.6

1 

1.10 0.40 0.00 12.5

1 

0.68 

Control  0.30 192.50 0.15 <0.0

5 

0.10 1.20 0.20 <0.2

0 

<0.2

0 

<0.0

1 

0.90 <0.05 
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