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Abstract 
Electrical resistivity tomography (ERT) and geochemical analysis were integrated to assess hydrocarbon contaminated soil in Warri 
area. Earth resistivity meter was used for the electrical imaging of the subsurface. Physico-chemical and geochemical parameters of 
groundwater samples were determined. The ERT results shows that the subsurface is saturated with hydrocarbon of resistivity values 
ranging from 11 – 5902 Ohm-m to the depth of 25m in most parts, reflecting varying degree of conductivity associated with changing 
lithology and fluid type. This low conductivity contaminant could be attributed to hydrocarbon incursion. The water samples show 
mild acidity with pH values in the range 4.3-6.6. Total Dissolved Solids (TDS) is low 69.37-89.32mg/L and conductivity ranges from 
119.60-153.50 µS/cm. Iron content is fairly high (0.485-0.961mg/L). Groundwater samples analysis using ultra violet (UV) detector 
and gas chromatography (GC) show that Total Petroleum Hydrocarbons (TPH) as oil and grease is very low (< 0.01 mg/L and < 
0.031mg/L) respectively. This further indicates the contamination of shallow aquifer in the study area. The results have shown that the 
study area has been degraded. It is recommended that geophysical investigation be carried out before drilling of wells.  Boreholes 
should be drilled to the depth of at least 40m beneath the surface to exploit for groundwater, and periodic laboratory test of 
groundwater samples. 
 
Keywords: Contamination; degradation; groundwater; imaging; resistivity. 

 
 
 
 Introduction 
 
Environmental pollution in the broadest sense quickens a 
systemic toppling of the balance in the ecosystem. Its 
implication could have a dastardly and far reaching effect on 
humans and animals. It is worrying that pollution in soil as a 
result of leaks of petroleum products has created potentially 
contaminated areas by the possible presence of organic 
pollutants in soil (Rosales et al., 2012). Oil and gas pollution 
of the soil wherever exploration and exploitation activities are 
carried out constitute serious degradation problems for the 
ambient vegetation and the groundwater system (Baird, 2010). 
The most dangerous degradation of the groundwater system is 
by hydrocarbon (Obasi and Balogun, 2001; Tamuno and Felix, 
2006). The small-scale release of oil into the environment is 
called “slick”, while large-scale ones are called “spill” (Ivanov 
and Zatyagalova, 2008). 
Electrical resistivity method is a preferred electrical technique 
for groundwater studies because it will clarify subsurface 
structure, delineate contaminated zones of groundwater and 
the equipment is readily available (Balia et al., 2003). 
Electrical resistivity surveying delineates subsurface resistivity 
distribution by making measurements on the ground surface 
and from the apparent resistivity measurements on the surface; 
the true resistivity of the subsurface can be estimated. 
Geophysical surveys particularly ground penetrating radar 
GPR, electrical resistivity tomography ERT and 
electromagnetic methods EM are increasingly being used at 

sites contaminated by organic substances (Atekwana et al., 
2000). Hydrocarbons are excellent insulators and exhibit very 
high values of electrical resistivity (Delaney et al., 2001). 
Geophysical method based on the study of electrical 
resistivity, such as Electrical Resistivity Tomography (ERT) 
which is 2-dimensional (2-D) was proved to be very important 
in making a diagnosis of soil contamination by industrial and 
urban localized sources (Meju, 2000). A rather recently 
proposed geoelectrical model for hydrocarbon contaminated 
sites predicts high conductivities that coincide with 
contamination as opposed to the traditionally accepted low 
conductivity zone (Park, 2001; Werkema et al., 2003). This 
model considers a low resistivity to mineral weathering 
resulting from microbial redox processes in the subsoil. 
Warri is located in the Niger Delta province. It is a prolific oil 
producing region in Southern Nigeria, West Africa. 
Exploration and exploitation of oil and gas since 1958 in the 
region have led to the environmental degradation in the 
region. The ambient vegetation, plants and crops have shown 
strong evidences of stunted growths. The leaves, stem and 
bark of the vegetation at the study areas are characterized with 
blights and strong discoloration of the natural green pigment 
to pale yellow which obviously are a result of the hydrocarbon 
pollution of the soil. Also the groundwater system at the study 
area, both in the surficial hand-dug wells and in relatively 
deep boreholes have shown severe evidences of hydrocarbon 
pollution as hydrocarbon film visibly laced the water surface. 
In this study, electrical resistivity imaging and geochemical 
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analysis were integrated to assess the impact of oil spill on the 
environment with respect to both soil and groundwater system 
in the study area. The site of investigation is the scene of 
vandalized pipeline for crude oil theft. Hence a study was 
conducted to know the environmental impact in the vicinity. 
Materials and Methods 
The Study Area 
Warri is located in Delta State, Western Niger Delta. The 
range of the coordinate is longitude 5040’ – 50 52’E and 
latitude 50 30’– 50 37’N. The city hosts an oil refinery, 
numerous oil fields, gas companies, tank farms and oil 
pipelines criss-crossing residential areas and owned by some 
of the oil and gas companies operating in the country. Figure 1 
shows the map of Delta State and the study area. The Google 
image of the location is shown in Figure 2, while the base map 
is shown in Figure 3. Plate 1 shows the oil spill and refuse 
dump in the area. 
 
                

 
              Figure 1: Map of Delta State Nigeria, showing the 
study area [After GAMERS]. 
 
                        

 
                        Figure 2: Google image of the location showing 
Traverse lines 
 
 

                   

 
                    Plate 1: Oil spill and refuse dump location in the 
study area. 
 
                                

 
                             Figure 3: Base map of the Location showing 
Traverse lines. 
 
Data Acquisition:  
Resistivity data 
Earth resistivity meter was used for the electrical imaging. 
Traverses covered lateral distances of 126 m, 120 m and 100 
m depending on the available space in the surveyed area. 
Wenner array with 5m spacing was chosen in the acquisition 
of data. This provides details of the subsurface.  
 
 
Water Sampling 
 Four (4) water samples from boreholes and hand dug wells 
were collected locations of about 200m from the survey area 
as there are no readily available borehole and hand dug well 
within the vicinity of the traverses, since it is Right Of Way 
(ROW) of oil pipelines and unapproved dumpsite situates 
there.  
 
Data Processing 
Resistivity data 
Dipro software was applied to the acquired data. First order 
smoothening constraint was applied to iterate the data. This 
software simulates the values of the apparent resistivity and 
that of the current electrode spacing to obtain a two 
dimensional layered model. Consequently, resistivity and the 
depths of the layers were estimated. Borehole log from the 
location was used as an aid in the interpretation of the 
resistivity data.  

Study 
Area 
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Water Samples Analysis  
Water samples were stored in glass containers and kept in ice 
vessels. Samples were preserved with ratio 1: 1 (Nitric acid) 
HNO3 for heavy metals test and ratio 1:1 (sulphuric acid) 
H2S04 for Total Petroleum Hydrocarbons- TPH test. The 
purpose of sample preservation is to retard biological action, 
retard hydrolysis of chemical compounds and to reduce 
volatility of constituents. To prevent contamination, all 
sampling materials and containers were sterilized.  
In situ test were carried out for unstable physical parameters 
like Temperature and pH using Thermometer and HACH 
meter respectively. 
Sample analyses were carried out for physico-chemical 
parameters and geochemical parameters carried out using UV-
Detector and Gas Chromatography techniques in the 
laboratory. 
            
Results and Discussion 
The results of the resistivity data are shown in Figures (5 - 8). 
Figure 4 is the lithologic description of Warri used as an aid in 
the interpretation of the electrical resistivity tomography data. 
                                                       

 
                                       Figure 4: Lithologic description of 
study area in Warri 
 Traverse 1 

 
Fig. 5: 2D Electrical resistivity image along traverse 1 using 
Wenner array. 
 
Figure 5 shows the resistivity profiling result for traverse 1. 
The profile covers a total horizontal distance of 116m and a 
maximum depth of 25m is investigated. The results show that 
the resistivity values range from 11-5902 Ωm. The profile area 
is a dump site (Figure 3) where oil spillage had occurred. The 
resistivity signatures are indicative of changing degree of 

resistivity associated with varying lithology. A high resistive 
substance has infiltrated into the subsurface at lateral 
distances; 41-71m and depth of 10-25m; 101-120m and depth 
of 0.5-20m. The effect of the high conductive leachate is 
minimal as the traverse is about 80m away from the dumpsite. 
The high resistive plume has not been completely degraded. 
Sauck, (2000) observed that recent oil pollution shows a high 
resistivity anomaly, while mature oil (> 20 years) pollution 
gives a low resistivity anomaly with a strength that depends on 
the geological characteristics of the subsoil. 
 
Traverse 2 
  
Traverse 2 is shown in Figure 6 below. 
  

 
Figure 6: 2D Electrical resistivity image of traverse 2 using 
Wenner array. 
 
This profile (Figure 6) investigates horizontal distance of 
115m and maximum depth of 25m. The 2-D array results 
show that the subsurface has resistivity values ranging from 
37-863Ωm. The high conductive leachate has lowered the high 
resistive hydrocarbon. Traverse 2 is closer to the ruptured 
pipes and dumpsite than traverse 1 (Figure 3). The plume 
seems to migrate downward at lateral distance 15 to 87m and 
96 to 115m into the subsurface.  
         
Traverse 3 
             

 
       Figure 7: 2D Electrical resistivity image along traverse 3 
using Wenner array 
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Traverse 3 (Figure 7) investigates a horizontal distance of 
116m and 25m depth. The 2-D resistivity values range from 
125-395Ωm. Traverse 3 is few meters away from the dumpsite 
and the ruptured pipes. The high resistive contaminant plume 
has lowered the conductivity of the high conductive leachate. 
This is indicative of changing degree of resistivity associated 
with varying lithology. There is an indication that the plume 
migrated into the subsurface between lateral distances of 76-
86m to a depth of 25m and beyond (Figure 7).  
 
Traverse 4 
       

 
Figure 8: 2D Electrical resistivity image along traverse 4 using 
Wenner array 
 
Traverse 4 shows the resistivity profile with a total horizontal 
profile length of 116m. The maximum depth of investigation 
is 25m. The resistivity ranges from 60-4250 Ωm and is 
indicative of the presence of high resistive contaminant plume 
that is relatively deep seated at depth of 8 - 25m and between 
65 and 80m horizontal distance along the profile. Traverse 4 is 
about 100m away from the dump site (Figure 3) and the high 
resistive plume >4000 Ωm is still fresh. The effect of the 
leachate is minimal as it is far from the traverse. Being a 
freshly spilled hydrocarbon, microbial action has not reached 
advanced stage to lower the high resistivity of the organic 
compound.   
  
 
The sample statistics of groundwater hydro-physical 
parameters is shown in Table 1. Geochemical parameters are 
shown in Table 2, while the Total Petroleum Hydrocarbons (as 
oil and grease) is presented in Tables 3 and 4. 
  
Table 1: Sample Statistics of Groundwater Hydro-Physical 
Parameters. 
 pH Temp 0C Cond. µS/cm TDS 

 mg/L 
Bicarbonate 
mg/L 

BH 4 (Hand dug) 6.6 29 119.60 69.37 6.83 
BH 5 4.3 28 153.50 89.03 5.10 
BH 6 5.6 29 136.02 78.89 6.10 
BH 7 (Hand dug) 6.5 28 154.00 89.32 6.10 
WHO/SON 6.5-8.5 40 1000 500 150 
BH= Borehole 
WHO= World Health Organization 
SON= Standard Organization of Nigeria 
 
 
 

Table 2: Sample Statistics of Groundwater Heavy Metals 
Concentration. 
 

 
Table 3: Groundwater Total Petroleum Hydrocarbons TPH 
(UV detector).  
BOREHOLES BH 1 BH 2 BH 3 BH 4 
TPH(as Oil and grease) 
mg/L 

>0.01 >0.01 >0.01 >0.01 

WHO/SON 
STANDARD 

0.3 0.3 0.3 0.3 

 
Table 4: Groundwater TPH (Gas Chromatography) 
BOREHOLES BH 1 BH 2 BH 3 BH 4 
TPH(as Oil and grease) 
mg/L 

>0.03 >0.03 >0.03 >0.03 

WHO/SON 
STANDARD 

0.3 0.3 0.3 0.3 

 
Table 1 show that groundwater in Warri is mildly acidic as 
seen from the pH value range (4.3-6.6). Ugbe, (2012) reported 
mild acidity of groundwater in some boreholes in the region, 
which was attributed to gas flaring. The city hosts an oil 
refinery and gas companies that flare gas. The groundwater is 
fresh as can be seen from the low conductivity (119.60-
154.00µS/cm). The values are in agreement with the low Total 
Dissolved Solids-TDS values (69.37-89.32mg/l).  Meaning 
that the period of interaction of water with soil is short. This 
further explains that there is no salt-water intrusion into the 
fresh water aquifer in the area. The temperature of the water is 
normal as can be seen from the range (28 - 290 C). The 
bicarbonate values are in agreement with the pH values. 
Table 2 shows the concentration of heavy metals in the 
groundwater of the area. Only Iron is fairly high (0.485 – 
0.961mg/L), this can be attributed to the interaction of 
groundwater with Benin formation’s iron content. Other heavy 
metals are within the permissible quantity recommended by 
WHO and SON. Total petroleum hydrocarbon concentration is 
shown in Table 3. The lithological stratigraphy of the area 
shows that clayey sand is found between 10-12m, while the 
confined aquifer is 28-38m beneath the surface (Figure 4). The 
clayey sand filters the contaminants. So, water samples 
analyzed are almost below detection limit < 0.01 and 
0.03mg/L respectively (Tables 3 and 4). This is because the 
water samples were collected meters away from the survey 
area, since there is no borehole or hand dug well within the 
vicinity where the traverse occupied, being a right of way of 
oil pipelines. Buildings and sinking of borehole are prohibited 
within the proximity of the pipelines. 
 
 

 Iron 
mg/L 

Zinc 
mg/L 

Copper 
mg/L 

Lead 
mg/L 

Cadmium 
mg/L 

BH 1 (Hand 
dug) 

0.604 0.158 0.060 < 0.002 < 0.005 

BH 2 0.689 0.073 0.016 < 0.002 < 0.005 
BH 3 0.485 0.056 0.017 < 0.002 < 0.005 
BH 4 (Hand 
dug) 

0.961 0.080 0.019 < 0.002 < 0.005 

WHO/SON 0.3 3.0 0.5 0.01 0.003 

Plume 
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Conclusion 
The results have shown that the soil of the area where there is 
spillage is saturated with hydrocarbon. Groundwater samples 
taken from borehole are free from the contaminant due to the 
sealing of the aquifer by impermeable clay and being that 
boreholes are far from the vicinity of the spillage. Shallow 
wells and surface water are prone to contamination in the area. 
Remediation should be carried out immediately whenever 
there is oil spillage in an area. Boreholes should be drilled to 
the depth of at least 40m beneath the surface to exploit for 
groundwater, and periodic laboratory test of groundwater 
samples. Geophysical and other methods of investigation of 
soil and groundwater should be a routine in the study area.    
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