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Abstract
Surface electrical resistivity has been used as a tool in the detection of groundwater contamination. In this
work, five geoelectric soundings with two at waste dumpsites have been carried out in Uyo, Southwestern
Nigeria to map the gross layered structure of the refuse as well as the extent of groundwater contamination.
The geology of the area (Benin Formation) mainly consists of fine-medium-coarse grained sands. The data
of five Schlumberger Vertical Electrical Soundings (VES), with a maximum of AB/2 = 500 m, were analyzed using Hemkler computer program. In general, there exists a common feature in the resistivity variation
pattern of high-low-high-low-high in the area. The result shows a wide range of resistivity variation ranging
from 2.0 to 60700 Ωm. Based on the survey results, the resistivity values less than 75 Ωm shows contamination due to waste at Eka street and Udo street. Also, the high resistivity value at mechanic village (60700 Ωm)
may be related to the waste oil deposit due to the automobile repair activities. A comparison of the resistivity
values and the curve types at the dumpsites (Eka street and Udo street) and other locations show that the two
dumpsites have an H curve type indicating contaminated zones, while other locations have a K curve type
indicating non contaminated zones. Hydrochemical analysis of groundwater samples collected in the area
was also carried out for some physico-chemical parameters. The results produced higher concentration of
conductivity, total dissolved solids and chloride values for water collected at close locations to dumpsites
than those far away from the dumpsites: an evidence for a quantitative assessment of groundwater contamination.
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1. Introduction
Water is a landscape element and a chemically active
mobile substance; it is always on continuous move
through the surface and subsurface. Frequent handling of
polluting substances on the ground surface involve interventions with water quality, in view of the fact that
water is an excellent solvent, chemically active and always on the move according to the laws controlling the
hydrodynamics of the water cycle. Once caught by the
moving groundwater, pollutants therefore tend to move
along with the groundwater, unless chemical reactions
along the ground pathways influence the mobility of the
pollutant.
Water carries pollutants through invisible and visible
landscape. On the local scale, water soluble components
used in agriculture, industrial refuse, dry waste deposits,
Copyright © 2011 SciRes.

etc., may be caught by water and produce groundwater
pollution, which will remain undetected until the polluted water passes through a local well. Similarly, refuse
disposed of in the discharge area may be leached by the
water, and ultimately transferred to the river. Effect of
pollution may show up further downstream where the
river water is being used for some vulnerable purpose
like irrigation.
Refuse (domestic and industrial solid waste) has been
defined as useless, unwanted materials which arise from
human activities and are not free floating [1]. Poor management of solid waste materials has resulted to a lot of
disastrous effects such as aesthetics, environmental hazards and pollution. Groundwater pollution may also occur due to the contamination potential of leachate from
waste [2]. Various methods by which solid waste can be
disposed are open dumps, sanitary landfill, incineration
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on-site disposal, swine feeding and compositing.
Swartz used surface electrical resistivity to locate salt
water boundaries in the Hawaiian Island [3]. Surface
electrical resistivity has been proved as a practical method in detecting groundwater contamination from sanitary landfills [4,5]; from sewage effluent [6]; from salt
piles [7]; and from industrial waste seepage [8]. In this
study, the feasibility of using electrical resistivity to investigate the internal refuse dumps structure compared to
other areas is assessed in Uyo urban, as well as the hydrochemical analysis so as to access the level of contamination of the groundwater.
When an electrical current is introduced into the saturated soil, it tends to move in a tortuous path through
intergranular spaces following the same path as the
groundwater. In the case of groundwater flow, the driving force is the hydraulic potential; in electrical flow, it is
the electrical potential. If the soil material itself is nonconductive, such as quartz sand, and relatively free of
clay, the magnitude of the current depends primarily on
effective porosity and pore-water conductivity (or resistivity). Conductive materials, such as magnetite in the
matrix, as well as granular surface conductance, can also
affect electrical flow, but these are normally of secondary importance.
A commonly used means of expressing the relationship between pore-water resistivity,  and bulk resistivity, 0 , is by formation factor, F [1].
F

0


(1)

The formation factor is related to porosity,  , in the
following empirical equation [9].
F    m

(2)

where
 = porosity
 = constant ranging from 0.47 to 2.2 and
m = cementation constant ranging from 1.3 to 2.6
Combining (1) and (2)

0    m

(3)

In surface electrical resistivity methods, an electrical
current is introduced into the ground at the surface using
two outside electrodes, and the resultant electrical potential is measured between two central electrodes. In the
Schlumberger electrode arrangement, the central electrodes are kept relatively close together as compared to
the separation of the outside current electrodes. The apparent resistivity,  , of the bulk earth can be determined by the following equation:
V 
  F  
I 
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where,
F 

a2
b

(5)

is called the geometric factor and it is defined as the parameter which when multiplied by the measured resistance will convert the resistance to the resistivity for a
uniform medium. Equation (4) gives a relationship between the potential difference V, current I, and apparent
resistivity  measured using the Schlumberger array.
Uyo is situated between latitude 5001” North of Equator and 7056” East of the meridian. Figure 1 shows the
location map of the study area. The sub-equatorial climate region is influenced by warm humid air masses
from the Atlantic Ocean and slightly by the hot day air
masses called harmattan. The area enjoys the influence
of maritime all the year round. Rainy season occurs
between March and October with a short dry season from
November to February. The area has mean annual rainfall of 2 484 mm and a mean yearly temperature of 27˚C.
It has relative humidity range of 70 - 80%.
The study area is located within the lowland coastal
plain region of Nigeria. It has almost flat terrain of 61 m
average height above sea level, except in the Northern
sides where 50 meters deep Ikpa river valley breaks the
monotony. A close study of the area indicates that 90%
of the town slopes to the South while the remaining
portion slopes towards the Ikpa valley [10]. The virtually
flat nature of the town has adversely affected rhe drainage of the town and its physical development. The stabilized ground surface has greatly increased the rate of
rainfall infiltration into the ground.
The aluvial deposits of the late tertiary age from homogenous rock structures and sandstones, shales and
clay have resulted in a physiographic region underlined
by coastal plain sand. The resultant ferralitic soils are
rich in free iron but low mineral reserves. The specific
ferralitic soil type is brownish and porous.
Geologically, Uyo belongs to the area classified as
coastal plain sands known as the Benin formation [11].
The Benin formation is the upper most unit of the Niger
Delta complex and overlies the Agbada formation.
Ugbaja and Edet observed that coastal plain sands are
made of alternating sequences of gravels and sands of
different grain sizes, silt, clay and alluvium [12]. According to Edet and Okereke, Benin formation comprises of
sediments whose age is from tertiary to recent [13].
Mpipom et al., observed that Benin formation consists of
fine-medium coarse grained sands which sometimes
poorly sorted [11].

2. Methods
Electrical resistivity technique surveys have been em-
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ployed for many years in routine hydrogeological investigation. This technique is particularly useful in the area
of complex geology [14], in archeology, and in other
shallow subsurface investigations [15]. For the geoelectric soundings carried out in this study, an ABEM Terrameter SAS300B and its accessories were used. The
instrument displays directly the apparent resistivity of the
subsurface under probe. It has an in-built dc power
source. A total of five vertical electrical soundings (VES)
were made using the Schlumberger array with a maximum current electrode separation of AB/2 of 500 m.
Two VES were made at the flat surfaces of two dumpsites, one at a popular automobile service outlet (mechanic village), while the remaining two were carried out
at locations free from waste (Figure 1).

ET AL.

For a comprehensive study, five groundwater samples
were collected from wells located at the various VES
points (Figure 1). For all the samples, temperature, conductivity, total dissolved solid, pH, and dissolved oxygen
was determined at the sites. The temperature, conductivity and total dissolved solid were determined using a
HACH 44600-00 Conductivity/TDS meter. The pH was
determined using a HACH sensor 3 pH meter, while the
dissolved oxygen was determined using a JYD-IA dissolved oxygen meter. The samples were then stored in a
sterilized 250 ml bottles and transferred to the laboratory
for further analyses. The laboratory analysis for chloride
(Cl–) was done by titrimetric using potassium dichromate
as the indicator [16]. For the total heterotrophic bacteria
(THB), the pour plate technique was used with nutrient-

Figure 1. Locations of dump sites and VES points on the map Uyo urban.
Copyright © 2011 SciRes.
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contamination due to waste at Eka street and Udo street.
Also, the high resistivity value at mechanic village
(60700 Ωm) may be related to the waste oil deposit due
to the automobile repair activities.
The resistivity values and the curve type at Eka street
dumpsite show that the area has an H curve type indicating contaminated zone (Figure 2). Also, another contaminated zone appears at Udo street dumpsite with an H
curve type (Figure 3). The resistivity values and the
curve type at mechanic village show that the area has a K
curve type indicating non contaminated zone (Figure 4).
Also, other non contaminated zones appear at Itam (Figure 5) and Anua (Figure 6) with a K curve types. The
resistivity values at the dumpsites are relatively low at
the first and second layers ranging from 8.0 to 39.7 Ωm,
while the values at other locations are higher ranging
from 756 to 4090 Ωm. The sandy and porous nature of
the area contributes to the high infiltration process at the
dumpsites leading to groundwater contamination. Also
the virtually flat nature of the town with a poor drainage
system also increases the rate of rainfall infiltration into
the groundwater since the rate of run off will be slow.
Table 2 shows the results of the physico-chemical parameters either measured or analysed for the five wells.
The temperature values at all the locations appeared uniform, ranging from a minimum of 26.10˚C to a maximum of 26.80˚C. For the entire area, the temperature
has a mean value of 26.38˚C. These values are consistent

agar as the medium, and an indication temperature of
37˚C, while the incubation period was 24 hours.

3. Results and Discussion
Table 1 shows the result of the computation of resistivity
and depth at each measurement point done with the
Hemkler computer program [17]. The software performs
inversion of resistivity sounding data collected using
Schlumberger array. The computer modeling results for
all the sounding locations in the area show that a number
of layers could be distinctly defined ranging from three
to six (Table 1). Two locations (Eka street and Udo
street dumpsites) show low resistivity top layers of between 8.0 to 72.2 Ωm, while the remaining three locations show resistivities ranging between 756 to 1930 Ωm.
These values can be attributed to a variation in the
amount of moisture and clay substance in that soil. The
resistivity values of the bottom layers ranged between
not too high to relatively high values ranging from 124
(Itam) to 60700 Ωm (mechanic village). This high resistivity layer may be considered to have prevented and
reduced chances of detecting deeper layers.
In general, there exists a common feature in the resistivity variation pattern of high-low-high-low-high in the
area. The result shows a wide range of resistivity variation ranging from 2.01 to 60700 Ωm. Based on the survey results, the resistivity values less than 75 Ωm shows

Table 1. General VES results from computer modeling.
Number of resistivities of layers (Ωm)

VES locations

Thickness of layers

Curve
type

Depth to bottom of layers

No.

Name

1

2

3

4

5

6

t1

t2

t3

t4

d1

d2

d3

d4

d5

1

Eka street
dumpsite

72

39.7

56 900

-

-

-

20.99

-

-

-

0.71

21.7

-

-

-

H

2

Udo street
dumpsite

8.0

2.01

1 160

15 900

-

-

4.6

23.5

-

-

1.4

6.0

29.5

-

-

H

3

Mechanic
village

756

2 540

584

3 120

60 700

-

19.02

40.9

32.0

-

0.28

19.3

60.2

92.2

-

K

4

Itam

1 930

2 740

373

4 910

860

124

0.48

2.3

6.2

62.3

0.92

1.4

3.7

9.9

72.2

K

5

Anua

1 340

4 090

712

3 880

8 600

-

16.1

29.0

59.1

-

1.8

17.9

46.9

106.0

-

K

Table 2. Physico-chemical parameters for the five wells.

Parameters
Temperature ˚C
Conductivity µ/cm
pH

2 (Udo street dump1 (Eka street dumpsite)
site)
26.40
26.10
107.10
24.80
3.82
4.03

Locations
3 (Mechanic
village)
26.40
29.70
4.52

4 (Itam)

5 (Anua)

Mean

26.80
59.30
5.14

26.20
16.10
4.22

26.38
47.40
4.35

WHO
limit
1400
6.5 - 8.5

Total dissolved solid mg/L

53.70

12.40

14.90

29.70

8.10

23.76

500

Dissolved oxygen mg/L
Chloride (Cl–)

2.10
20.00

1.60
10.00

1.80
10.00

1.90
10.00

1.40
9.00

1.76
11.8

5.0 min
250
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Figure 2. Sounding curve at VES 1 (Eka street dumpsite).
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Figure 5. Sounding curve at VES 4 (Itam).

Figure 3. Sounding curve at VES 2 (Udo street dumpsite).

with the mean yearly air temperature of 27˚C for the
area.
The conductivity values in the area fluctuated greatly
ranging from 107.10 to 24.80 µ/cm, with a mean value
of 47.40 µ/cm. The pH values in the area varied from
3.82 to 5.14. (Table 2) According to Zamxaka (2004)
[18], the pH values ranging from 3.0 to 10.5 could favour
both indicator and pathogenic microorganism growth.
The total dissolved solid values fluctuated. The values
range between 8.10 to 53.70 mg/L. The concentration of
dissolved oxygen for all the locations range between 1.40
to 2.10 mg/L. According to Akankpo, et al., groundwater in Uyo urban has a very low concentration of dissolved oxygen due to the high concentration of bacteria
in the area [19]. Chloride concentration in the area varied
from 9.00 to 20.00 mg/L which is relatively low below
the WHO standard of 250 mg/L. Also, a scatter chart for
temperature, conductivity and pH is shown in Figure 7,
while Figure 8 shows a scatter chart for total dissolved

Figure 4. Sounding curve at VES 3 (mechanic village).

Figure 6. Sounding curve at VES 5 (Anua).
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Figure 7. Scatter chart for temperature, conductivity and
pH.
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Locations

Figure 8. Scatter chart for total dissolved solid, dissolved
oxygen and chloride.

solid, dissolved oxygen and chloride. The study shows
that high concentration of chloride is related to high concentration of conductivity and vice versa.

4. Conclusions
Quantitative interpretation of geoelectric soundings of
dumpsites compared to other locations have yielded information on groundwater contamination as indicated by
the measured values of dumpsites resistivity, curve types
and hydrochemical parameters of the water samples. It is
concluded that waste disposal has affected the groundwater quality in the area leading to contamination as indicated by the geoelectric curves obtained at the two
dumpsites. Therefore a combination of electrical tomography and hydrochemical analysis is a unique and powerful technique for monitoring the groundwater contamination at dumpsites as well as examining shallow
complex subsurface structures; an approach suitable in
the studies of water quality.
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