Geophysical Evaluation of the Impact of Solid Waste Dumpsite on the
Groundwater in llokun, Ado-EKkiti Southwestern Nigeria

ABSTRACT

llokun dumpsite, Ado-EKiti was investigated with the aim of converting it to a sanitary landfill. Attempt was made
to establish the possible impact of the contaminant plumes emanating from the dumpsite on the subsurface aquifers.
The Vertical Electrical Sounding (VES) field technique of the electrical resistivity method was adopted for the
study, and the half-electrode spacing AB/2 varied from 1 to 65 m. A total of three VES stations were occupied and a
control VES point was located outside the dumpsite. The VES data were interpreted quantitatively by partial curve
matching and computer iteration. The dipole-dipole electrode configuration was also used to carry out investigation
on the dumpsite. The acquired data was inverted using DIPRO software to obtain 2-D resistivity structures.

The weathered layer beneath VES 1 was identified to be the aquifer unit, but the anomalously low resistivity of 12
ohm-m within the unit was interpreted as an evidence of pollution from conductive contaminant plume. The
geoelectric section beneath VES1 to 3 delineated five layers, these include the topsoil; the lateritic sand, the
weathered layer; the fresh basement and the fractured basement.. The resistivity and thickness range of the layers are
61.8-933.6 ohm-m and 0.5-1.5m; 23.5-664.7 ohm-m and 0.6-2.7m; 12-177 ohm-m and 3 —16.9m; and 2356.6—
4800.2 and 16.3-33m; and 34.7-146.4 ohm-m respectively. The fractured layer constitutes the main aquifer unit
beneath the three VES points, but the anomalously low resistivity of 34.7-146.4 ohm-m within the fractured layer
beneath VES 1 and 3 is suspected to be as a result of pollution from conductive contaminant plume emanating from
the dumpsite. The 2-D resistivity structures also confirm that the dumpsite is posing a serious threat to the
surrounding formations and groundwater especially those located along the east-west direction of the dumpsite. The
potential of leachate accumulation is relatively higher along the east-western axis.

Keywords: Aquifer, contaminant plumes, geophysical evaluation, llokun dumpsite,
sanitary landfill,

INTRODUCTION

Solid wastes are the unwanted or useless solid materials generated from combined residential,
industrial, and commercial activities in a given area. It may be categorized according to its origin
(domestic, industrial, commercial, construction or institutional); according to its contents
(organic material, glass, metal, plastic paper. e.t.c.)or according to hazard potential (toxic, non-
toxin, flammable, radioactive, inflections. e.t.c)(Ugwu,2009). According to Basel convention,
“Solid wastes are substances or objects which are disposed or are intended to be disposed or are
required to be disposed by the provision of National law.”

Studies have shown that open dumpsites remain the most popular source of groundwater and
environmental pollution. Areas near dumpsites are prone to groundwater and soil contamination
because of the presence of leachate emanating from the source to the natural
environment(Divyaet al., 2020, Nwankwo and Ogoro, 2020, Omeiza, 2023, Bayowaet al., 2022,



Mepaiyedaet al.,2022). Understanding the impacts of open dumpsites and its implication on
groundwater systems is a critical component of water security for long-term environmental
management strategies. However, predicting the impacts of dynamic dumpsites on
environmental systems is a difficult task that requires a technical approach (Omeizaet al., 2023,
Fatobaet al., 2020)

Nigeria, like most developing countries, is hindered by serious financial constraints in
undertaking a program of providing adequate quality or potable water to all her inhabitants.
Thismade people to resort to groundwater exploration for domestic, agricultural and industrial
purposes. Various socio-economically developed activitiescaused by population pressure with
their attendant waste generation and improper management of these wastescontinue to threaten
water quality(Hussainetal.,1989).

Solid waste management has emerged as one of the greatest challenges facing state and local
government environmental protection agencies in Nigeria. The volume of solid waste being
generated continues to increase at a faster rate than the ability of the agencies to improve on the
financial and technical resources needed to parallel this growth. Solid waste management is
characterized by inefficient collection methods, insufficient coverage of the collection system
and improper disposal of solid waste (Ogwueleka,2003).As a result, most of these wastes,
indiscriminately dumped in landfill site, find their way into water course either through run-offs
during rain (into surface water) or by leachate-percolation from the wasteswhichnaturally
infiltrates into the groundwater depending on the stratigraphy of the area hence, making it
unwholesome for use(Badmus, et al.,2001)

Unarguably, uncontrolled citing of boreholes as the source of potable water inmost of our urban
and rural communities as the government seemingly no longer provides the populace with water
has become a serious challenge. However, maintaining a potable groundwater supply that is free
from microbial and chemical contaminants is far from reality in most of our urban centers, and
particularly, Ado-EKkiti,Nigeriadue to poor waste disposal and management practices. The
challenge is worsened by the fact that there are inadequate trained waste disposal workers and
equipment, poor waste collection, sorting and disposal sites without regards to the local geology
and hydrogeology of the area. All these contribute significantly to the groundwater
contamination as well as soil quality (Bou-Zeid and El-Fadel,2004). Some of the major effects of
poorly managed dumpsite areleachate formation, disease spread, attraction of Vermin, mosquito
breeding, strong odour spread in the entire area, gas formation e.gmethane, increase in soil
acidity and alkalinityanddestruction of the ecosystem (Hussainet al., 1989).

In Ado-EKkiti,Nigeria,groundwater servesasthe main source of potable water for the population at
large.Since thequality of groundwater is more important than its quantity, there is need to study
the possible effect(s) of the leachate emanating from the Ilokun dumpsite on the surrounding
aquifer unit(s).



LOCATION AND GEOLOGY

The dumpsite is located within Longitude 513 30" E and 5 25" 33"E and Latitude 7 36" 30N
and 7" 48" 30"'N respectively (Figure 1) along Ado-lworoko road. The site is very accessible. A
small community of Ebira indigenes is located very close to the study area. The composition of
llokun dumpsite are organic materials, polythene and plastic materials, metascraps, animal
wastes etc.The geology of the dumpsite is that of the Basement Complex of southwestern
Nigeria (Rahaman, 1988). Migmatite is the main rock unitin the area (Figure 2).This rock unit
manifests as surface outcrops around the study area.

METHODOLOGY

The electrical resistivity method of geophysical prospecting was adopted for this research. The
method involves the supply of direct current (D.C.) or low-frequency alternatingcurrent into the
ground through a pair of current electrodes. The ratio of voltage measured to current measured
by the ammeter results to resistance and resistivity is gotten from the product of resistance and
length or electrode spacing. A total of three (3) Vertical Electrical Sounding (VES)
measurements were taken on and around the dumpsite. Two VES were taken on the dumpsite to
delineate its resistivity properties and to identify the contaminant plume. The results of these
Two VES points were compared with the result of control VES taken outside the dumpsite to
assess the extent of contamination.Field resistance measurements were taken using ABEM SAS
1000 terrameter. The apparent resistivity values obtained were manually plotted against their
respective current-electrode spacing values (AB/2) on a log-log graph. The curves were
interpreted by partial curve matching and electronically iterated using WINRESIST 1.0 computer
iteration program.

RESULTS AND DISCUSSIONS

Depth Sounding Curves and Geoelectric Sections

Three (3) different types of sounding curves (Figures 3a-c) were obtained from the study area,
these include the 5-layer (KHA); the 5-layer (QH) andthe 4-layer (HA) types. Details of the
geoelectric parameters of each VES are presented in Table 1. The very low/low resistivity (12-
360.2 ohm-m) and (23.5-188.90hm-m) characteristics observed on VES 1 and VES 2 (Figures 3a
and 3b) which were established on the dumpsite depicts the nature of the wastesdeposited on the
dumpsite. As seen on the surface, the materialsare majorly composed of metal scraps and other
types of wastes. The geolectric column of VES point 1 (Figure 4) delineated five geoelectric
layers. The first layer is the topsoil and it has a thickness of 0.5 m and resistivity of 61.8ohm-m.
The secondand third layers are typical of weathered layer and they are characterised by a
resistivity range of between 12 and 360.2 ohm-m and a thickness range of 0.6 to 3m.The
confined fracturewithin fractured basement is themajor aquifer unitin VES 1(Olorunfemi, 2009;



Ademilua and Eluwole, 2013; Obasiet al., 2013; Eluwole and Ademilua, 2014) and the
resistivity of the layer plays a vital role in the nature of the aquifer.

The geolectric column of VES point 2 (Figure 5) delineated fourgeoelectric layers. The first
layer is the topsoil and it has a thickness of 0.9 m and resistivity of 188.9 ohm-m. The
second,and third layers are typical of weathered layer and they are characterised by a resistivity
range of between 23.5 and 177 ohm-m and a thickness range of 2.7 to 16.9m.

The geolectric column of the VES 3(controlpoint) (Figure 6) delineated five geoelectric layers.
The first layer is the topsoil and it has a thickness of 1.5 m and resistivity of 934ohm-m. The
second,and third layers are typical of weathered layer and they are characterised by a resistivity
range of between 28.3 and 665 ohm-m and a thickness range of 0.6 to 10.9m.

The very low resistivity zone (12 ohm-m and 23.50hm-m) within the aquifer unit beneath the
VES 1 and VES 2 respectively is suggestive of the presence of conductive contaminant plume
emanating from the dumpsite. The resistivity of the sub-surface material observed is also a
function of the magnitude of the current, the recorded potential difference and the geometry of
the electrode array used.

The geoelectric section (Figure 7) was generated from the geoelectric parameters (thicknesses
and resistivities) obtained from three VES points. Fivegeoelectric layers were delineated and
these include the topsoil; the lateritic sands, the weathered layer; the fractured basement and the
fresh basement.The depths to basement are 5m, 20m and 13m at VES 1, VES 2 and VES 3
respectively.The resistivity of the topsoil varies from 61.8 and 933.6 ohm-m, while the thickness
is between 0.5 and 15 m. The lateritic sand layer has a resistivity range of between 23.5 and
664.7 ohm-m and the thickness range is 0.6 to 2.7m. The resistivity of the weathered layer varies
from 12 and 177 ohm-m,while the thickness is between 3 and 16.9m.The fresh basement rock
beneath the topsoil and the weathered layer has a resistivity range of 2356.6 to 4800.2 ohm-m
and thickness of between 16.3 and 33m at Control VES point and VES 1 but it is infinitely thick
at VES 2. The fractured basement which constitutes another aquifer unit in the area has
resistivity range of 34.7 to 146.4 Ohm-m andis infinitelythick at VES 3(control point) and VES
1.
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Figure 1: Geophysical Data Acquisition
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Figure 2: Geological Map of the study Area (Modified after NGSA, 2017)
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Figure 3: Resistivity Sounding Curves Obtained from the Study Area. (a) QH-Type (b)
HA-Type (c) KHA-Type

Having established from the interpretation of the Control VES point that the contaminant plume
is conductive in nature, it is pertinent to note that a portion of the fractured basement identified
asthe aquifer unit in the surrounding of the dumpsite has been polluted with the contaminant
plume emanating from the dumpsite. The polluted zone characterised by anomalously low
resistivity of between 34.7 and 146.4 ohm-m is present within the fractured basement beneath
VES 3 and VES 1 respectively.The resistivities of the overlying layers around the polluted zone
is relatively high and portrays no evidence of pollution, this suggests that the mode of migration




of the contaminant plume may not be vertical. The migration may be structurally controlled by
the interconnectivity of nearby fractured/sheared zones that have been polluted.
Table 1: Summary of the Geoelectric Characteristics of the Study Area

VES No. of | Resistivity (Ohm-m) Curve | Thickness (m) Depth(m)
Stn. Layers Type | hyhs....hpa di/ds.....dn1
1 5 61.8/360.2/12/2356.6/146.4 | QH | 0.5/0.6/3.0/33 | 0.5/1.1/4/37
2 4 188.9/23.5/177/4800.2 HA | 0.9/2.7/16.9 0.9/3.6/20.6
3(Control) | 5 933.6/664.7/28.3/4269.6/34.7 | KHA | 1.5/0.6/10.9/16.3 | 1.5/2.1/13/29.2
61.8 Ohm-m
0 360.2 Ohm-m
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Figure 4:Geoelectric Column Beneath theVES 1
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Figure 5: Geoelectric Column Beneath the VES 2
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2-D Electrical Resistivity Imaging

Electrical resistivity method was adopted with dipole-dipole electrode configuration to carry out
investigation on the Illokundumpsite in Ado-EKkiti. The study area is located at the outskirt of
Ado-EKkiti. It is a location where 80 percent of wastes generated in Ado-Ekiti metropolis are
disposed.Figure 8 shows a 2-D electrical resistivity image of profile line one located on the
dumpsite as indicated in the base map.Readings were taken along west to east direction in the
study area. This profile was established to study the migration of the leachate into the
formations on the dumpsite area. The 2-D image shows that the formation along the traverse is
majorly characterized with partly weathered rock materials with reddish coloration, while
accumulation of migrated leachate material is located within distances 45 to 60m at a depth
range of 5 to 15m.The profile further confirms the fractured zone and that it is oriented along
North-South direction of the study area. From 90m distance on the profile to the end of the
profile line is composed of predominantly of highly weathered andpartly polluted zone with a
small portion of partly weathered bedrock.

Figure 9 is an indication of 2-D resistivity image along profile line two. Readings were taken
along South to North direction in the study area. The profile was established on the dumpsite to
observe the migration of the leachate along east-west direction. The section indicates that the
leachate is moving also along west-east direction. It shows that the migration of the leachate is
more pronounced along the west-east direction than the North-South movement on the profile.
The 2-D image shows that the formation along the profile is majorly characterized with partly
weathered rock materials with reddish colouration. The deposition of migrated leachatewith
relatively very low resistivity values as indicated with bluish colouration is found within
distances 20 to 45m at depth range between 6 to 15 m within the partlyweathered rock.Highly
weathered and partly polluted zone with greenish colourationis found within distances 87-97min
the east-west direction.

The profile linethreelocated at the center of the dumpsiteis 140m long. Observed from the 2-D
resistivity image (Figure 10) is leachate accumulation with bluish colouration to a depth of 10m
from the starting point to a distance of about 85 m long. Fracture was noticed within distances 90
m to 110 m along the profile. The leachate permeates the hollow created by the fractured zone
into the subsurface formation. This can pose a great risk to the groundwater. The groundwater
formations around this area are more susceptible to the dumpsite leachate pollution as a result of
the widely opened fractured bedrock.Highly weathered but partly polluted zone with greenish
coloration are areas where the pollution of the leachate is much pronounced. Partly weathered
bedrock can be found within starting point and distance 85 m which are weathered rock materials
but not yet penetrated by the dumpsite pollutant within the study area. Highly indurated bedrock
can be found located within distances 115m to 140 m within the study area.



Figure 11 confirms that the dumpsite is posing a serious threat to the surrounding formations and
groundwater especially those located along the east-west direction of the dumpsite. The potential
of leachate accumulation is relatively higher along the east-western axis as indicated in figure 11.
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CONCLUSION

Solid waste disposal is considered as one of the main environmental problems, most of the
generated solid waste amount to household waste and is buried in landfill or dumpsite. The
dumped solid waste produce large amount of leachate which is a potential harm to both human
and environment and likely contaminate groundwater. This would adversely affect industrial and
agricultural activities that depend on groundwater.

This study conducted electrical resistivity investigation on Ilokun dumpsite, Ado-EKiti,via eight
(8) vertical electrical sounding measurements. The anomalously low resistivity characteristics of
the weathered layer beneath the Control VES point have been attributed to the presence of
conductive contaminant plume. The anomalously low resistivity (16-47 ohm-m) within the
fractured basement beneath VES 4, 5, 6 and 7 are evidences of pollution from the contaminant.
The fracturedbasement beneath VES 2 and 3 which possess the characteristics of a good aquifer
unit is under a threat of being contaminated due to its interconnection with the polluted fractured
zones. The mode of migration of contaminant plumeswas also identified to be independent of the
layers overlying the polluted fractured basement.Environmental studies using geophysical survey
is important in the reduction of ground water contamination and also helps in siting good areas or
good location for dumpsite which will not have any effect on the ground water or surrounding
environment and also helps in locating proper area for borehole sinking.

REFERENCES

Ademilua, O. L. and Eluwole, A. B. 2013.Hydrogeophysical Evaluation of the Groundwater
Potential of AfeBabalola University Ado-Ekiti, Southwestern Nigeria.Journal of Emerging
Trends in Engineering and Applied Sciences. 4(1): 77-83.

Badmus, B.S., Odewande, A.A.,Ojelabi, E. A. and Oyedele, Y. 2001. Leachate Contamination
Effects on Groundwater Exploration.African Journal of Environmental studies.2:38-44.

Bayowa, O. G., Afolabi, O. A., Akinluyi, F. O., Adelere, I. O., Oshonaiye, A. O. and Mudashir,
A. W. 2022. Integrated geoelectrics and hydrogeochemistry investigation for potential
groundwater contamination around a reclaimed dumpsite in Taraa, Ogbomoso, Southwestern
Nigeria. International Journal of Energy and Water Resources. VVolume 7, Pages 133-154 (2023).

Bou-Zeid, E. and El-Fade,] M. 2004. Parametric Sensitivity Analysis of Leachate Transport
Simulations at Landfills.Science Direct, WasteManagement, 24:681-689.

Divya A., Shrihari, S. and Ramesh, H. 2020.Predictive simulation of leachate transport in a
coastal lateritic aquifer when remediated with reactive barrier of Nano ion.Groundwater for
sustainable development.VVolume I1, 2020.Article 100382.



Eluwole A. B. and Ademilua O. L. 2014. Integrated Geophysical Investigations for the
Development of a Sustainable Water Supply Scheme Within the Ekiti State University Campus,
Ado-EKiti, Southwestern Nigeria. International Journal of Scientificand Technology Research 3
(10): 294-304

Fatoba, J. O., Eluwole, A. B., Sanuade, O. A., Hammed O. S., Igboama, W. N. and Amosun, J.
0. 2020. Geophysical and geochemical Assessments of Environmental Impact of Abule-Egba
Landfill, Southwestern Nigeria.Modelling Earth Systems and Environment. VVolume 7, pages
695-701 (2021).

Hussain, T., Hoda, A., and Khan, R. 1989.Impact of Sanitary Landfill on Groundwater Quality.
Water, Air and Soil pollution 45: 191-206.

Mepaiyeda, S., Madi K., Gwavava O. and Baiyegunhi, C. 2022.Geological and Geophysical
assessment of groundwater contamination at the Roundhill landfill site, Berlin, Eastern Cape,
South Africa.Heliyon, Volume 6, Issue 7, 2020.

Nwankwo, C. N. and Ogoro, M. 2020. Geophysical investigation of the impact of solid waste
dump on Subsurface Soil and Groundwater in Eneka, Rivers State, Nigeria.Geoscience
Engineering.VVolume 66 (2020). No 3 pp. 121-135, ISSN 1802-5420.

Obasi, R.A., Ademilua O.L., and Eluwole A. B. 2013.Geoelectric Sounding for Groundwater
Potential Appraisal Around the Northeastern-Southwestern Parts of the Federal Polytechnic
Ado-Ekiti Campus, Southwestern Nigeria. Research Journal in Engineering and Applied
Sciences. 2(3): 211-219.

Ogwueleka, T.C., 2003. Analysis of Urban Solid Waste in Nsukka, Nigeria.Journal of Solid
WasteTechnology andManagement. 29(4): 239-246.

Olorunfemi, M.O., 2009. Groundwater Exploration, Borehole Site Selection and Optimum Drill
Depth in Basement Complex Terrain. Water Resources, Special Publications Series 1, ISSN
0795-6495. 20p.

Omeiza, A. J. 2023. Impacts of open dumpsite leachates on soil and groundwater
quality.Groundwater for sustainable development.VVolume 20, 2023.Article 100877.

Omeiza, A. J., Adeniyi, L. H. and Shettima, N. M. 2023.Investigation of groundwater
vulnerability to open dumpsites and its potential risk using electrical resistivity and water
analysis.Heliyon, Volume 9, Issue 2, 2023, Article 13265

Rahaman, M.A., 1988. Recent Advances in the Study of the Basement Complex of
Nigeria.(Edited by Nigeria Geological Survey), pp. 11-43.

Ugwu, S. A. and Nwosu, J. I. 2009. Effect of Waste Dumps on Groundwater inChoba using
Geophysical Method. Journal of Applied Sciences and Environmental Management 13(1): 85—
89.






