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Original Research Article

Geophysical Evaluation of a Landfill site in Ikpoba Okhia Local

Government Area, Edo State, Nigeria.

Abstract:-

Electrical resistivity tomography (ERT) technique has been used in this research to evaluate the
contamination zones at a dumpsite in Benin City. Three electrical resistivity profiles were
established for the purpose of the research. The pseudosection maps and the apparent resistivity
values helped in identifying the nature and depth of the conductive sources in the study area. The
field survey was carried out using Dipole-dipole array with a spread of 164 m at Ikpoba Okhia
local government approved dumpsite in Benin City, Edo State. The ERT method revealed highly
conductive zones of less than 20 I©m of leachate to the depth of 39.4 m. The area shows
subsurface resistivity distribution at the Eastern part of the study area trending East with
prominence at the center and distributed North - East which has been interpreted as fractured or
migration zones of leachate. The depth estimate revealed the apparent depth to the causative
body from the surface with depth range from 0.34 m to 39.4 m which agrees with other
literatures. The study has revealed that the area is generally highly conductive due to the
presences of toxic elements while the fractured zones are prospective locations for infiltration of
contaminant plums (leachate).
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Introduction

One of the adverse effects of dumpsites over the years to the environment is the production of
toxic substances known as leachate which causes serious damages to the groundwater. Many of
these substances have been found to act as biological poison even at low concentration (parts per
billion-ppb) level [1]. Groundwater is considered a very important natural resource because it
provides a reasonable percentage of public water supplies. In Africa, three quarters of farm land
is severely degraded [2] due to poor management of waste. Each year about two million people
die as a result of poor sanitation and consumption of contaminated water, ninety percent (90%)
of the victims are children [3]. In Nigeria, majority of the rural populace do not have access to
potable water and therefore, depend on well, stream and river water for domestic use.
Groundwater monitoring is a process used to determine the effects of human activities or
operations on the groundwater aquifers and the soil layers bearing such water resource [4].
Electrical resistivity method has gradually and systematically made their way to the top in the
successful search of groundwater pollution. In electrical resistivity survey current is applied to
the subsurface through a pair of current electrodes and the potential different is measured using
another pair of potential electrodes. The method is also capable of determining the subsurface
flow of contaminated groundwater resulting from pollution if the polluted water has a distinctive
resistivity. The purpose of electrical survey is to determine the subsurface resistivity distribution
by making measurements on the ground surface. From these measurements, the true resistivity of
the subsurface can be estimated. Many authors [5 — 13] have used electrical resistivity method
for many decades in hydrogeological, mining and geotechnical investigations. More recently, it

has been used for environmental surveys. The ground resistivity is related to various geological
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parameters such as the mineral and fluid content, porosity and degree of water saturation in the

rock.

Geology of the Area

The study area, Ikpoba Okhia Local Government Area is located in the southern part of Nigeria
and lies within longitude 5°25'E and 5°75' E and latitude 6°33'N and 6° 36'N. Figure 1 shows the
Snap Shot of Ikpoba Okhia Local Government Area Dumpsite. Edo State has an area of 17,802
square kilometers and falls within the tropical equatorial climate. The landscape is flat, gently
rising with hilly ridges covered by tick vegetation. The surface of the study area is composed of
dry lateritic sand. Geologically, Edo State is basically sand witched between the Niger-Delta
basin and Anambra basin and lies within the Benin formation and Ogwashi-Asaba formation.
The Benin formation consists of thick continental sand [14]. It extends from the west across the
whole of Niger-Delta area and southward beyond the present coastline. The geology map of the
study area is shown in Figure 2, which reveals that the entire area is underlain by sedimentary
rocks. These rocks are of ages between Paleocene to recent. The sedimentary rock contains about
90 percent of sandstone and shale intercalation. It is coarse grained locally fine grained in some
areas, poorly sorted, sub-angular to well rounded and bears lignite streaks and wood fragment
[15]. The sedimentary rock of the study area constitutes the Benin formation. The Benin
formation consist of high percentage of porous and coarse sand with little clay/shale layers [16]
and is the most prolific aquifer in the region [17]. The 3dimentional (3D) view to the depth of

bedrock of the study area is shown in Figure 3.
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68  Figure 1: Snap Shot of Ikpoba Okhia Local Government Area Dumpsite
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72 Figure 2: Geological Map of Nigeria. Showing Benin City and other Locations (Source: [18])
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resistivity values agree with the measured values from the field survey by adjusting the
resistivity of the model blocks and consequently iterate to reduce the difference between the
calculated and measured apparent resistivity [24]. These differences are expressed in form of

root mean square (RMS) error.

Results and Discussion

The pseudosections derived from the 2-D inversion of ERT field data are presented (Figures 4 -
6) and discussed here with their resistivity depth models. The “true” resistivity of the area is
from 0.34 Qm to 239549 Qm. The low resistivity zones identified as (blue colour) with
resistivity values of 0.3 Qm to 36 Qm were interpreted as leachate contaminant zones containing
toxic substances that contaminate groundwater. These leachate migration zones are more
pronounce at 96 m to 110 m and 80 m to 120 m marks on the profiles (Figures 5 and 6). The
leachate is observed to have seeped from the surface soil to depths ranging from 0.34 m to more
than 37 m in the study area. The observed leachate migration is enhanced by the loosed sandy
soil layer at the study area. Layers of high resistivities (light Green to Yellow) with resistivities
ranging from 150 Qm to 871 Qm were mapped and identified as porous and permeable sandy
layers of varying grain sizes and moisture contents. Finally, compounds of anomalously high
resistivities between 808Qm and 4069Qm (purple to Red) suspected to be landfill gases
(Ammonia, Methane or Carbon (IV) Oxide) at depths exceeding 26 m. The pseudosection results
show no significant clay formation in the study area an indication that the subsurface zone is

prone to contamination because of the permeable (sandy) layer.
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115  Figure 4: The 2D inverse model resistivity section of profile 1
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Figure 6: The 2D inverse model resistivity section of profile 3

Conclusions

The results of the geophysical survey of landfill environs to evaluate the contamination zones at
Ikpoba Okhia local government area in Benin City was quite revealing. In this study, we have
demonstrated some of the advantages of ERT information from surface measurement. The
electrical resistivity imaging technique was used to locate and monitor the vertical and horizontal
distribution of leachate plumes in landfill site. The leachate plumes have contaminated the
surface soil to depths of more than 37 m in the study area. Because the electrical conductivity of
landfill leachate is often so much higher than that of the natural groundwater, a large contrast in
properties is seen enabling the detection of the migrating leachate plume. The above findings
indicate the importance of using ERT approach of geophysical techniques for acquiring the
physical properties of landfills. The employment of ERT technique allows the resolution of

possible discrepancies and the most accurate description of landfill’s characteristics.



UNDER PEER REVI EW

138

139
140
141
142

143
144

145
146
147

148
149
150

151
152
153

154
155
156

157
158
159

160
161
162
163

164
165
166

167
168
169

170
171

REFERENCES

[1] Okoronkwo, N. Igwe, J. C. and Onwuchekwa, E. C. “Risk and Health Implications of
Polluted Soils for Crop Production. ‘Africa Journal of Biotechnology” 2005; 4 (13): 1521-1524

[2] Eswaran, H; R. Almaraz, E. van den Berg and Reich P. “An Assessment of the Soil
Resources of Africa in Relation to Productivity” Geoderma. 1997; 77: 1-18.

[3] Anon, S. “Hydrogeological Implications in Solid Waste Disposal,” Bull. International
Association Hydrogeol, 2009; 146-158.

[4] Depountist, N; Harris, C; Davics, M. C. R; Koukis, G; and Sabatakakis, N. Application of
Electrical Imaging to Leachate Plume Evolution Studies under in-situ and Model Conditions.
Environmental Geo.2005; 47; 907 -914

[5] Adegbola, A. Ayodele A. and Abosede O. On Investigating Pollution of Groundwater from
Atenda Abattoir Wastes, Ogbomoso, Nigeria. International Journal of Engineering and
Technology 2012; 2 (9)

[6] Alvin K. Benson, Kelly L. Payne, and Melissa A. Stubben. Mapping Groundwater
Contamination Using DC Resistivity and VLF Geophysical Methods-A Case Study Geophysics,
1997; 62 (1) 80 — 86.

[7] Onwuka F. O, Ujuanbi O, and Molua O. C. Environmental Pollution Potential of Dumpsite
Using Very Low Frequency (VLF) Electromagnetic Method. The Pacific Journal of Science and
Technology Environmental 2011; 12 (1).

[8] Olowofela Joseph, Akinyemi Olukayode, Ogungbe Abiola. Application of Electrical
Impedance Tomography (EIT) in the investigation of the impact of solid waste leachate
contaminant plumes on groundwater International Journal of Environmental Sciences. 2012; 2

“)

[9] M.U. Igboekwe, A.B. Eke, C.C. Emeka-Chris, and G. Ihekweaba. Geophysical Assessment
and Groundwater Quality in Michael Okpara University of Agriculture, Umudike, Abia State.
The Pacific Journal of Science and Technology 2013;14 (2).

[10] Abdullahi, N.K Osazuwa, I.LB and Sule, P.O Application of Integrated Geophysical
Techniques in The Investigation of Groundwater Contamination: A Case Study of Municipal
Solid Waste Leachate Ozean Journal Of Applied Science. 2011; 4(1)

[11] Olowofela, J.A, AkinyemilO.D, and Ogungbe, A.S. Imaging and Detecting Underground
Contaminants in Landfill Sites Using Electrical Impedance Tomography (EIT): A Case Study of



UNDER PEER REVI EW

172
173

174
175
176

177
178
179

180
181

182

183
184

185
186

187
188
189

190
191

192
193

194
195

196
197

198
199

200
201

202

Lagos, Southwestern, Nigeria. Research Journal of Environmental and Earth Sciences. 2012;
4(3): 270 - 281.

[12] Nasir Khalid Abdullahi, Isaac Babatunde Osazuwa, Abraham Onugba. Detecting
Municipal Solid Waste Leachate Plumes Through Electrical Resistivity Survey And Physio-
Chemical Analysis Of Groundwater Samples. Journal of American Science 2010; 6 (8)

[13] Elijah Adebowale Ayolabi, Adetayo Femi Folorunso, Olusola Titilope Kayode. Integrated
Geophysical and Geochemical Methods for Environmental Assessment of Municipal Dumpsite
System. International Journal of Geosciences, 2013; 4, 850-862.

[14] Kogbe, C. A. and Assez, L. O:”’Geology of Nigeria, the stratigraphy and sedimentation of
the Niger Delta” Elizabethan Publication, Lagos. 1979; 311-323.

[15] Reyment, R.A: Aspects of the Geology of Nigeria. University of Ibadan Press. Nigeria.1965

[16] Short K. C and Stauble A. J: Outline Geology of the Niger Delta. AAPG Bull. 1967; 51,
761-779.

[17] Asohkia, M. B. “Engineering Geology” Samtos Services Ltd. 26 Ilupeju Road, Palm Grove
Lagos, Nigeria. 1995.

[18] Nigerian Geological Survey Agency. Geological and Mineral Resource Map of Edo
State2016,August. 20. Available from www.http//. Google search of the geological map of Edo State,
Nigeria

[19] Dey A. and Morrison, H. F. “Resistivity Modelling for Arbitrary Shaped Two-Dimensional
Structures,” Geophysical Prospecting, 1979; 27 (1): 1020-1036.

[20] Degroot-Hedlin C. and Constable, C. “Occam’s Inversion to Generate Smooth Two-
Dimensional Models from Magnetotelluric Data,” Geophysics, 1990; 55 (12): 1613-1624.

[21] Loke, M. H. “The Inversion of Two-Dimensional Resistivity Data,” Ph.D. thesis, University
of Birmingham Birmingham, 1994.

[22] Loke M. H. and Barker, R. D. “Rapid Least-Squares Inversion of Apparent Resistivity
Pseudosections Using a Quasi-Newton Method,” Geophysical 1996; 44 (1): 131-152.

[23] Dahlin T. and Loke, M. H. “Resolution of 2D Wenner Resistivity Imaging as Assessed by
Numerical Modelling,” Journal of Applied Geophysics, 1998; 38 (4): 237-249.

[24] Loke, M. H, Acworth I, and T. Dahlin, “A Comparison of Smooth and Blocky Inversion
Methods in 2D Electrical Imaging Surveys,” Exploration Geophysics, 2003; 34 (3): 182-187.

10



