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In this study, two distinctive pollutants were identified and mapped around 
the dumpsites in Eneka Town, Obio/Akpo Local Government Area of Rivers 
State, Nigeria. These are zones of anomalously high resistivity, probably 
gases containing methane (CH4) since they rarely dissociate in water and 
may have come from the biodegradation of organic wastes or petroleum 
wastes and leachate plumes of low resistivity containing organic substances 
and dissolved solids. The study areas were delineated in both the 2-D and 
vertical electrical sounding sections respectively as anomalously high 
resistive zones. These were identified and mapped in the inverse model 
sections as reddish to purple zones of high resistivity between 618Ωm to 
1713 Ωm between the depths 1.25m to 17.3m in the entire sections. The 
pollutants were continuous and displaced to various degrees on each of the 
inverse models. The concentration levels decrease as they were displaced 
eastward of the dumpsite. This is confirmed by the increase in the resistivity 
of these compounds; 1713 Ωm in profile line1 to 1915 Ωm in profile line 3. 
This may be probably due to dilution effect of the gases in other fluids as it 
moves away from the dumpsite. A contaminant leachate plume was 
delineated in both the 2-D resistivity imaging and the vertical electrical 
sounding sections as low resistivity zones. These were identified and 
mapped as low resistivity between 1.25m and 17.3m in the entire inverse 
model sections. The least resistivity zone occurred along profile line 1, while 
the highest occurred in profile line 3. This suggests that the concentration 
levels of ions in the leachate decreases away from the waste dumpsites. 
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INTRODUCTION 
 
The electrical resistivity imaging (ERI) technology has 
found wide applications in the investigation of 
contaminants at both the unsaturated and saturated zones 
(Ohwoghere-Asuma et al., 2014). This method has been 
widely used in environmental and geotechnical 
investigations for mapping geological structures (Griffiths 
and Barker, 1993) as it can delineate the resistivity 
distribution of such structures. It aims to determine the 
physical properties on the plane delineated by injecting 
current along different paths and measuring the associated 
voltage drops also. 

Christensen and Sorensen (1999) used a combination of 2-
D resistivity imaging and electromagnetic methods to map 
the lithology of the near surface unconsolidated sediments 
and aquifers in the Grand northwest of Aarhus in Denmark. 
Barker(1996), reported the results of a 2-D electrical 
imaging survey on a derelict industrial site where leachate 
was known to be moving from a surface waste lagoon into 
the underlying sandstones, to access the extent of 
groundwater contamination.  

The study area (Eneka Town) is located along Eneka-
Igwuruta   and    Eneka – Rukpokwu   roads  in  Obio/Akpor  
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Figure 1: Geological map of the study area (Modified after Short & Stauble, 1967) 

 
 
 
Local Government Area of Rivers State (Figure 1) covering 
an area of 1,200 and 2,800.04 square meters.  The site is 
located between latitudes 4o53lN and 4o54lN and longitudes 
7o0lE and 7o2lE. The area depicts flat topography with a 
mean elevation of 28 meters above mean sea level. It is also 
characterized by alternate wet and dry seasons with a total 
annual rainfall of about 240cm; relative humidity of over 
90% and mean annual temperature of 27°C (Udom and Esu, 
2004). The dump sites are full to capacity with waste 
therefore dumping has been suspended.The waste dump is 
composed of mainly organic and inorganic municipal waste 
materials which are already degrading. 

Geologically, (Figure 1) the area under study is a typical 
Niger Delta environment of which sedimentary basin has 
been subdivided into three stratigraphic units, namely, the 
Benin, Agbada and Akata Formations in order of increasing 
age (Short and Stauble, 1967). The Benin Formation is 
predominantly sandy with little shale which may represent 
back swamp deposits. Thisformation has thickness ranging 
from 0-2100m (Etu Efeotor, and Odigi, 1983). The Agbada 
Formation consists of alternating deltaic (fluvial, intertidal 
and fluvio marine) sands and shales while the Akata 
Formation consists of low density high pressure deep 
marine shales (Etu Efeotor and Odigi, 1983). 

The area is basically underlain by the Benin Formation, 
classified as coastal plain sands (Reyment, 1965). It consists 
of massive, highly porous and permeable freshwater 
bearing sands with minor clay intercalations (Figure 1). 
The formation is generally water-bearing and hence it is the 
main source of potable groundwater in the area (Etu-
Efeotor and Odigi, 1983).  

This study therefore assesses the potential contaminants 
in groundwater in a typical open refuse dumpsite. It is also 
significant as the large population of the area depend on 
groundwater as the source of fresh water. The fresh water 
is limited through water boreholes. These boreholes are 
located in and around the dumpsites and thus assessing the 
groundwater quality becomes imperative. 
 
 
METHODOLOGY  
 
All the three profile lines are in NW – SE direction parallel 
to each other and to the dumpsite. Each profile line is 
separated from another at a distance of 25 meters.The 
electrodes are laid in a straight line with “a” spacing of 10m 
between two consecutive electrodes, where C1 and C2 are 
current electrodes, while P1 and P2 are potential electrodes.   



 
 
 
 
After taking the first reading at the first station, the cables 
were moved to the next position being electrodes 2, 3, 4 
and 5 which are used for C1, P1, P2, C2 respectively. This is 
repeated down the line until electrodes 12, 13, 14 and 15 
were used for the last measurement with “1a” spacing. For 
the 15 electrodes there are 12 possible measurements with 
10m spacing for the Wenner array. 

After completing the sequence, the next measurements 
with 10m spacing using the 20m electrode spacing is made. 
Here, electrodes 1, 3, 5 and 7 were used for the first 
measurement and electrodes 2, 4, 6, 8 are used for the 
second measurement. This method is repeated down the 
line until electrodes 9, 11, 13, and 15 for the last 
measurement. The same process is repeated for 
measurements of 30 meters.  

The three resistivity profiling data were processed using 
an iterative constrained least square inversion method to 
create a model of subsurface resistivity by inverting the 
apparent resistivity data. The software used is called 
RES2DINV which is a 2-D resistivity and IP inversion 
program for interpretation of resistivity data (Loke & 
Barker, 1996). The computer program automatically 
subdivides the subsurface into a number of blocks and it 
then uses a least-square smoothness constrained inversion 
scheme to determine the appropriate resistivity value for 
each block. The 2-D data carries out an inversion of the data 
and presents the result in a contouring format which 
reflects qualitatively the spatial variation in resistivity with 
depth. The contoured data can be modeled using a 2 – D 
finite or finite difference algorithm. The location of the 
electrodes and the apparent resistivity values must be 
entered into a text file which can be read by the RES2DINV 
program to provide an image of true resistivity (Griffiths 
and Barker, 1993). 
 
 
DISCUSSION OF RESULTS 
 
Interpretation of 2-D resistivity imaging result 
 
The RES2DINV program used in the processing of 2-D 
resistivity imaging data displayed the output individually in 
pseudo sections. The first pseudo section is a contouring 
plot of the measured apparent resistivity values input into 
the program. The second pseudo section is the contour of 
the calculated apparent values andis compared with the 
measured apparent resistivity field data to develop the 
inverse model section. The inverse model resistivity section 
is the third pseudo section presented in the result, being 
approximate true resistivity values of the subsurface. This 
inverted section will be used for the interpretation of the 
profiles. In order to get significantly better results, a cell 
width of half the unit electrode spacing is used because all 
data show large resistivity variations near the surface. 

Two distinctive pollutants were identified and mapped 
around the dumpsite. These are zones of anomalously high 
resistivity, probably gases containing methane (CH4) since 
they  rarely  dissociate  in  water,  they may have come from  
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the biodegradation of organic wastes or petroleum 
wastes(Tatsi and Zouboulis, 2002) and leachate plumes of 
low resistivity containing organic substances and dissolved 
solids(Ugwu and Nwosu, 2009). The study areas were 
delineated in both the 2-D and vertical electrical sounding 
sections respectively as anomalously high resistive zones. 
 
 
Interpretation of 2-D resistivity results for dumpsite 
location one  
 
Profile Line 1 
 
This profile is located 20m away from the landfill towards 
the NW – SE direction. Low resistivity zones (<42.0 Ωm) 
were isolated at the depths of 1.25 m to 17.3 m. These are 
interpreted as contaminated leachate plume mixed with 
decomposing wastes (Abdullahi et al., 2011). In the western 
and the eastern sides of the low resistive zones are isolated 
zones of high resistivities of ˃819 Ωm with depths between 
3.88m to 17.3 (Figure 2). These are interpreted as high 
resistive components that could be gases produced in the 
decomposition process in the dumpsite, thereby diffusing 
through the permeable formation, for liberation to the 
atmosphere (Ehirim and Ofor, 2011).  
 
Profile Line 2 
 
This profile is 20m away from profile line 1. Figure 3 is the 
inverse model resistivity pseudo section which shows that 
there are mainly two types of anomalies present in the 
section, the first being the low resistive portion with 
resistivity less than 60 Ωm, while the second is represented 
by highly resistive portions greater than 1221Ωm.  

The low resistive anomaly can only be interpreted as a 
leachate plume containing organic liquid contaminants 
associated with low resistivity portion (Abdullahi et al., 
2011). This anomalous feature dominated the permeable 
sandy formation whose water content could also aid the 
migration of contaminants through them. The lowest depth 
imaged being 17.3 metres as a result of space constraints 
falls within the water table zone below the surface reported 
in the area. Therefore the contaminant leachate plume has 
contaminated the aquifer at that depth and possibly more. 

The shape of this structure indicates downward 
movement of contaminated water from the dumpsite into 
the soil. Apart from the leachate plume, the other 
anomalous high resistive portions with a resistivity of 1221 
Ωm and above is revealed between the lateral point of 20m 
to 40m at the depth of about 9.5m. These structures are 
interpreted as highly resistive gases resulting from 
bacterial discharges which are soluble in the water 
permeating the pores of the formation which were 
produced as the organic and inorganic municipal wastes 
decompose, otherwise known as landfill gases. The most 
probable landfill gas suspected is methane, which is slightly 
soluble in water but less dense than air.Gas movement 
could    be     greatly     influenced     by    variations   in     the  
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Figure 2: Inverse model resistivity section – Profile line 

 
 

 
 

Figure 3: Inverse model resistivity section – Profile line 1 

 
 
 
groundwater table, because if the water table is rising into 
an area, it will force the landfill gases upward (Akankpo, 
2011). 
 
Profile Line 3 
 
The movement of contaminant both liquid and gases is also 
shown in profile line 3 which is 20m away from profile line 
2 in NW – SE direction (Figure 4). Interpretation of this 
section reveals that the low resistive zone between 65m to 

80m surface points is due to point source pollution from a 
dug canal through the dumpsite channeling leachate to the 
eastern part of the site so as to prevent leachates entering 
the motorable way in the west of the dumpsite. 

The location of the anomaly also shows that the 
contaminant is moving east of the dumpsite with increasing 
resistivity as compared to the resistivity of the profile line 2 
away from the refuse dump site. This is to say that 20m 
away from profile line 2, the resistivities increased from 
between  10.4 Ωm  and 40.7 Ωm to 60.8 Ωm to 142 Ωm. This  
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Figure 4: Inverse model resistivity section – Profile line 1 

 
 
 
is an indication that the ionic concentration of 
contaminants has greatly reduced and this is probably due 
to the filtering action of sediments and distance from the 
refuse dumpsite(Abdullahi et al.,2011). 

The location of the highly resistive zone of deeply from 
the purple, which has the highest resistivity in the entire 
section, can also be compared with the highest resistivity 
recorded in the anomaly of profile line 2. They are located 
25m and 40m surface points along the line. This might be a 
continuous transport of channel gases with resistivity 
increasing as it moves away from the site which may be as a 
result of continuous products of bacterial metabolism and 
less escape of route of gases and less dilution or dissolution 
in water. 
 
Location two profiles of dumpsites 
 
Profile Line 1 
 
The profile is located 20m away from the dump site in NW-
SE direction, which is the closest section to the dump site 
revealed a high resistivity zone values of 86.7-305Ωm) 
which has a stretch of about 100m and extends vertically to 
a depth of 20m (Figure 5). The high resistivity value 
indicates that the zone could be uncontaminated. Within 
the profile (HRP1), there lies a  very low resistivity zone 
with values of 0.0462- 7.03Ωm) having a lateral stretch and 

depth of about 40m and 20m respectively. This zone 
indicates a contaminant Leachate plume. 

 
Profile Line 2 
 
HRP2 which is 100m from HRP1 displayed a high resistivity 
zone (Purple –Red portion) having values ranging from 
146-346 Ωm with a spread of about 150m and depth of 
7.75m. The high resistivity could be indicative of highly 
resistive chemical compounds which are less penetrative 
on account of their low density, thereby migrating along the 
surface. The saturated zone which is a yellow portion (at 
depth of 13.5m) is underlain by a low resistivity zone 
having values of 0.622-23.7 Ωm (Figure 6). The low 
resistivity zone depicts a contaminant leachate plume 
which infiltrated down to 20m. The migration of the plume 
below the saturated zone implies it is denser and confirms 
also, that the groundwater at a 100m radius from the Dump 
site is contaminated. 

 
Profile Line 3 
 
HRP3 which is about 200m away from the dumpsite was 
almost entirely dominated by high resistivity zones with 
values of 89.5-483Ωm (Figure 7). These suggest the 
groundwater  may  not  be  contaminated. The   presence  of  
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Figure 5: Inverse model resistivity section – Profile line 1 

 
 

 
 

Figure 6: Inverse model resistivity section – Profile line 1 
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Figure 7: Inverse model resistivity section – Profile line 1 

 
 

 
 

Figure 8: Inverse model resistivity section – Profile line 1 
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low resistivity zone (though relatively higher than those of 
earlier sections) at depth beyond 20m indicates clay 
formation as revealed by the geoelectric layers. 
 
Profile Line 4 
 
The  control  site (HRP4)  which  is  not Leachate impacted, 
exhibited a dominance of High resistivity values ranging 
from 97.5-563Ωm (Figure 8). This vindicates the inference 
the groundwater at HRP3 is not contaminated. The low 
resistivities at depths of 17-22m are clay horizons(Ugwu 
and Nwosu, 2009) as revealed by geo-electric layers of VES 
2. 
 
 
Conclusion  
 
Two distinctive pollutants were identified and mapped 
around the dumpsite. These are zones of anomalously high 
resistivity, probably gases containing methane (CH4) since 
they rarely dissociate in water. The study areas were 
delineated in both the 2-D vertical electrical sounding 
sections respectively as anomalously high resistive zones. 

They are identified and mapped in the inverse model 
sections as reddish to purple zones of high resistivity 
between 618Ωm to 1713 Ωm between the depths 1.25m to 
17.3m in the entire sections. The pollutants are continuous 
and displaced to various degrees on each of the inverse 
models. The concentration levels decrease as they are 
displaced eastward of the landfill. This is confirmed by the 
increase in the resistivity of these compounds; 1713 Ωm in 
profile line1 to 1915 Ωm in profile line 3. This may be 
probably due to dilution effect of the gases in other fluids as 
it moves away from the dumpsite. 

A contaminant leachate plume was delineated in both the 
2-D resistivity imaging and the vertical electrical sounding 
sections as low resistivity zones. They are identified and 
mapped as low resistivity between 1.25m and 17.3m in the 
entire inverse model sections. The least resistivity zone 
occurred along profile line 1, while the highest occurred in 
profile line 3. This suggests that the concentration levels of 
ions in the leachate decreases away from the waste 
dumpsites. 
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