GEOPHYSICAL INVESTIGATION OF WASTE DUMPSITE SAABO AREA, OKITIPUPA, SOUTHWESTERN, NIGERIA



ABSTRACT
Electrical resistivity method is one of the geophysical methods that have been found effective in investigating the subsurface. This was carried-out around Sabo waste dumpsite, Okitipupa, southwestern part of Nigeria. The geophysical investigation involve the techniques of electrical resistivity geophysical methods using vertical electrical sounding in order to investigate the groundwater quality of the study area as it happens to fall on an abandoned dumpsite area turned to residential area. A total of nine (9) traverses were established in the NE to SW and SW to NE directions covering a total distance of 200m and a total of seventeen (17) vertical electrical soundings were acquired. Seventeen (17) vertical electrical resistivity (VES) stations were established using schlumberger configuration with half-current electrode spacing that ranged from 1 to 100 m while dipole–dipole profiling was carried-out along Nine (9) profiles. Results show that the typical curve types in the area are A, K and H curves. The vertical electrical Sounding (VES) interpreted result delineated three subsurface layers comprising, the topsoil, clay/clayey sand and sandy clay. While the dipole–dipole result shows that the topsoil and clay layer has been virtually merged with characteristic low resistivity. It was observed on the results of the two techniques that the dumpsite has generated a leachate within the subsurface that are conductive and give rise to the low resistivity within the abandon dumpsite to the depth of about 25m, whereas in the control traverse, there is high resistivity that has not been contaminated. 
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2. INTRODUCTION
An open dumpsite in Saabo Okitipupa town, located in Ondo State, Southwestern Nigeria, was examined to assess the movement of contaminants within the subsurface. Okitipupa lies within a sedimentary zone of the Dahomey Basin in Southwestern Nigeria.  The zone constitutes the easternmost segment of the extensive Dahomey basin. Studies have shown that sedimentary basins generally contain enormous quantities of water [1-4]. The abandoned dumpsite, situated at the town's center near the main market, has been in existence for over 40 years and is still surrounded by active dumpsites. Notably, this former dumpsite has transformed into a residential area, which necessitated an investigation since many residents rely on groundwater. A non-invasive geophysical method, specifically electrical resistivity, has proven to be a cost-effective approach for subsurface assessment. According to Elijah et al. [5], Electrical Resistivity Tomography (ERT) is utilized for visualizing the electrical structure of the subsurface by applying electrical currents through a series of electrodes, with the potential distribution being measured in response [5]. The environmental ramifications of solid waste landfilling include loss of land, soil contamination, leaching of hazardous substances into groundwater, and methane emissions into the atmosphere. Solid waste management poses a global environmental challenge, particularly in developing nations like Nigeria [6]. Open dumpsites are characterized by the uncontrolled disposal of solid waste without regard for environmental and health regulations, leading to their illegal establishment and operation. Waste is linked to virtually every aspect of human activity and is generated from our daily activities. It results from an event or process that does not have immediate economic value or demand and must be discarded [7]. Wastes deposited into dumpsites undergo oxidation, corrosion of metallic components, and decomposition of organic matter, resulting in the generation and release of leachate, which can impact the soil surface and groundwater resources, thereby affecting groundwater resources [8]. These leachate components include suspension and solution of both organic and inorganic biodegradation of solid waste constituents [9].
Consequently, this study aimed to evaluate the quality of groundwater in the area by employing geophysical methods to ascertain the extent of subsurface pollution. The subsurface conditions of groundwater can be analyzed and characterized by geophysical methods, which are extremely valuable tools [10,11]. Moreover, geophysical methods can improve the speed and dependability [11]. Hydrochemical assessment exposes groundwater quality by examining geochemical parameters [12, 13].
1.1 Location and Description of the Study Area 
The study area is situated between latitudes 6°27’33” N and 6°27’45” N and longitudes 4°46’14” E and 4°46’27” E. In Universal Traverse Mercator (UTM) coordinates, zone 31, it lies within northings 714238 to 714600 N and eastings 695800 to 696203 E (Fig. 1). The topography ranges from 12 to 35 meters above mean sea level. The area is located in Nigeria's tropical climatic zone, characterized by a bimodal rainfall pattern, with annual rainfall averaging around 2000 mm and daily temperatures varying between 21°C and 29°C. The accessibility of the study area is mainly by road and footpaths and its accessible through the two main broad street within the town. Geologically, the region is underlain by the Tertiary Benin Formation, also known as the Coastal Plain Sands. This formation consists of sands with interbedded shale and clay layers. The sands are fine to coarse-grained, poorly sorted, and range from sub-angular to well-rounded [14]. The aquifers in the Coastal Plain Sands of Okitipupa are composed of poorly cemented unconsolidated coarse-to-medium grained sands [15,16,17]. By implication, these sands would show high resistivity values due to the coarse nature of the grain sizes of the aquiferous unit [18] This justifies the reason for high resistivity values in the aquiferous unit of the study area. Further, it could also be an indication that the aquiferous zone in Okitipupa has been contaminated with bituminous oil sands [19]. This study is in agreement with the work of [20] that showed that high resistivity values within the aquiferous sand unit of the Benin Formation corresponded to prospective layer for groundwater exploitation.

The medium to coarse-grained sands serve as the primary aquifer units, being both porous and permeable, which allows for significant groundwater storage and high yielding capacity and the shale can retard the speed of the contaminant.
3. MATERIALS AND METHOD OF THE STUDY 
The materials used for the geophysical investigation are Resistivity meter (Ohmega).The resistivity meter is capable of measuring accurate resistance values in rocks and it displays the value of resistance directly.  Reels of Cables: The reel is a round wheel – shaped metal in which the cables are wound. There are four reels; two for current cables while the other two for the potential cables. The wheels help to control the cables. 
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Fig. 1. Base Map of the Study Area.


They are used for communication between the electrodes and the resistivity meter.   Global Positioning System Device (GPS): The etrex 20 GPS receiver was used to establish the coordinates of the vertical electrical sounding (VES) and dipole dipole locations in the study area. Electrodes: Two pairs of galvanized steel electrodes were used for the survey. A pair serves as current electrodes and another pair as the potential electrodes. Hammers: They are used for driving electrodes firmly into the ground (earth) in order to ensure good contact.   Measuring tape, used to measure the distance throughout the course of survey. 

2.1 Vertical Electrical Sounding Technique
 A reconnaissance survey was carried out in the study area to gather information on the topography and geology of the study area. Nine (9) traverses were established along three different directions SE-NW (Traverse 2), NW-SE (Traverse 1, 3, 4, 5, 7, 8), and S-N (Traverse 6 and 9) directions, covering a total length of 100m (Fig. 2). Using the Schlumberger electrode array, 17 Vertical Electrical Sounding (VES) data in total were acquired. The distance electrode spacing AB/2, varied from 1-100m. The results are presented as curves and geoelectic sections.
2.2 Dipole-Dipole (Combined HP and VES) Field Procedure 
In this procedure, pair of current and potential electrodes were arranged along a straight survey line of length 100 meters with electrode inter-spacing of five (5) meters apart along the established traverse. An electric current was sent into the subsurface through current electrodes, and the resulting voltage difference is measured between the potential electrodes. The electrode pairs are moved along the line, maintaining a consistent spacing, and the apparent resistivity is recorded at each station. The data was processed on the dipro software and plotted to generate 2-D resistivity structure of the subsurface area, which was analyzed to identify subsurface structures, making the method effective for detecting lateral and vertical variations in the subsurface. The results are presented as 2-D pseudosection maps.
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Fig. 2. Data Acquisition Map of the Study Area


2.2 Dipole-Dipole (Combined HP and VES) Field Procedure 
In this procedure, pair of current and potential electrodes were arranged along a straight survey line of length 100 meters with electrode inter-spacing of five (5) meters apart along the established traverse. An electric current was sent into the subsurface through current electrodes, and the resulting voltage difference is measured between the potential electrodes. The electrode pairs are moved along the line, maintaining a consistent spacing, and the apparent resistivity is recorded at each station. The data was processed on the dipro software and plotted to generate 2-D resistivity structure of the subsurface area, which was analyzed to identify subsurface structures, making the method effective for detecting lateral and vertical variations in the subsurface. The results are presented as 2-D pseudosection maps.
4. RESULTS AND DISCUSSION 
3.1	Curve Types 
Figs. 3-5 show the typical curve types in the study area which are A, K and H curve type.
4.2 Geoelectric Sections
The Geoelectric Section (GS) is an aspect that enables a sequential view of the subsurface lithology. Some VES points are mapped linearly to facilitate visualization of variations in the facies around the study area [21].
Fig. 6-9 show the geoelectric sections carried out along four traverses established within the dumpsite and outside the dumpsite at the control site. The geoelectric sections generated within the study area delineated three major geologic layers: the top soil, sandyclay and sand. The first geoelectric section connects VES 3 and VES 4 which indicates that resistivity of the top soil ranges between 32 to 48 Ωm with a thickness ranging between 0.4 to 0.7 m (Fig. 6). 
The second layer has resistivity values ranging between 96 and 1160 Ωm and a thickness from 2.4 to 5.6 m. The third layer shows resistivity values ranging from 176 to 406 Ωm. The low resistivity of the topsoil is suspected to be as a result of the leachate generated from the dumpsite (Fig. 6). The second geoelectric section connects VES stations (7&8), the resistivity of topsoil ranges between 40.7 to 54.9 Ωm with a thickness range between 1.3 to 2.3 m. The second layer resistivity has resistivity values ranging between 301.6 and 464.2 Ωm and a thickness from 22 to 26.9 m. The third layer shows resistivity values ranging from 138.5 to 63.8Ωm. 
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Fig. 3. A typical A-curve type
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Fig. 4. A typical H-curve type
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Fig. 5. A Typical K curve type
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Fig. 6. Geoeelectric Sedtion Along Traverrse 1
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Fig. 7. Geoelectric Section Along Traverrse 2


The low resistivity of the topsoil to the third layer shows that the three layers is porous and permeable which might have given way for the migration of the leachate to a depth greater than 28m which might have affected the quality of the groundwater in the location as a result of the leachate generated from the dumpsite (Fig. 7).

 Omosuyi et al. [22] observed that the depth to the top of the aquifer varies from 20.5m to 39m which shows that part of the aquifer of this traverse has been polluted and there is the need to alert the local authority in the area of this dangerous trend, so that an alternative arrangement can be made to provide potable domestic water for the residents of the area [13]. Traverse 5 shows VES stations (5 & 6). The variation in resistivity values is indication of heterogeneity of the materials making up the layer [23]. The resistivity of topsoil ranges between 97.5 to 38.3 Ωm with a thickness range between 2.2 to 4.4 m. The second layer resistivity values ranging between 254.7 and 176 Ωm and a thickness from 11.6 to 26.8 m. The third layer shows resistivity values ranging from 100 to 165.7Ωm. The low resistivity of the  the topsoil to the third layer shows that the three layers has been polluted to a depth greater than 28m which  was also suspected to be as a result of the leachate generated from the dumpsite. This depth also falls within the zone of the three aquiferous zone within Okitipupa.  The VES stations (5 & 6) along traverse 6, indicates that, the resistivity of the topsoil ranges between 228.9 to 102.9 Ωm with a thickness range between 2.5 to 3.3 m. The second layer resistivity values ranging between 33.9 and 63.8 Ωm and a thickness from 5.8 to 6.3 m. The third layer shows resistivity values ranging from 138 to 223.5Ωm. The low resistivity of the from the topsoil to the third layer shows that the three layers has been polluted to a depth greater than 6m which  was also suspected to be as a result of the leachate generated from the dumpsite (Fig. 8). For the VES stations (16 & 17) along traverse 9, the resistivity of topsoil ranges between 750 to 1108.3 Ωm with a thickness range between 0.7 to 1.3 m. The second layer resistivity values ranging between 1664.3 and 22161 Ωm and a thickness from 12.8 to 30.2 m. The third layer shows resistivity values ranging from 6771 to 112 Ωm. The higher resistivity values of this control site from the topsoil to the third layer show that the three layers has not been polluted (Fig. 9). 
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Fig 8: Geoeelectric Section Along Traverrse 6
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Fig. 9. Geoeelectric Section Along Traverse 9(control site)


3.3 Dipole-dipole pseudo-sections
Comparing the resistivity of all the traverses on the dumpsite to the control site, it can be deduced that the pollutants have infiltrated the subsurface materials, which implies that the contaminants have infiltrated the topsoil into the  third layer within the section, therefore polluting the groundwater in that section of the study area [24].  
Figs. 10-13 show the 2-D resistivity structure of the traverse in the study area. The pseudo-section in fig. 10 shows that the topsoil has been polluted to the depth of 9m as a result of low resistivity values which range between 13.8 to 34.3 Ωm, it equally suggested that the top soil is made of clayey soil and sandy clay soil that can easily make room for the migration of the leachate. Low electrical resistivity is indicative of good electrical conducting path arising from reduced aeration, increase electrolyte saturation or high concentration of dissolved salts in soils [25] (Akintorinwa and Abiola, 2011).    The second layer resistivity ranges from   241-1003 Ωm  to a depth of 5m and the third layer having a resistivity ranging from 21,731 to 317,592 Ωm to a depth of 25m. The topsoil to the depth of 5m is suspected to have been polluted. The result of the 2D resistivity survey show that the top soil is delineated at shallow depth through zones of low resistivity value suggests the presence of conductive fluid or rock kind. The low resistivity value might have been associated to clayey rock in the topsoil. It shows the infiltration and migration of leachate plumes from a location to another within the dumpsite. The electrical resistivity imaging has the advantage of showing two dimensional evolutions of leachate plumes. The 2D electrical imaging shows the inverse model of resistivity of the subsurface and various lithology with depth [24]. (Bakare, 2019). Fig. 11 shows the 2D- resistivity structure along traverse 2. Four layers were delineated, the topsoil resistivity values ranges from 4.14 to 64.4 Ωm at a distance of 35 to 45 m to a depth of about 12m which was interpreted to be clay, the second layer has virtually merged with the third layer having a resistivity varies between 69.4 - 203 Ωm having a thickness of 12 to 14m which was interpreted to be a clayey sand and the fourth layer resistivity ranges from 614 to 73544 Ωm to a depth which was also interpreted to be coarse sandstone. The topsoil and the second layer was suspected to be a polluted zone


[image: ]
Fig. 10. 2-D imaging along traverse 1
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Fig. 11. 2-D Imaging Along Traverse 2


due to the infiltration of leachate into the subsurface at various depth between 10 - 55 m and at a distance of 60 to 70 m to a depth less than 3m.
Fig. 12 shows the 2D - Structure of traverse 6. Three layers were delineated. The topsoil resistivity values ranges from 1.62 to 8.35 Ωm to a depth of about 2m which was interpreted to be clay, the second layer has resistivity value varies between 12.5 - 295 Ωm to a depth of 15m at a distance between 6 - 21m and at a distance of 24 - 57 m to a depth less than 6m, which was interpreted to be a clayey sand and the third layer resistivity ranges from 1450 to 60100 Ωm to a depth of 15m which was also interpreted to be coarse sandstone. The topsoil and the second layer was suspected to be a polluted zone due to the low resistivity value which occurred as a result of the infiltration of leachate into the subsurface to a depth of about 15m at a distance between 6-21 m and at a distance of 24 to 57 m to a depth less than 7m. Fig. 13 shows the 2D - Structure of traverse 9 which happen to be the control traverse. Four layers were delineated. The topsoil resistivity values ranges from 3 to 16.6 Ωm to a depth of about 2 m which was interpreted to be clay, the second layer has resistivity value varies between 115 - 688 Ωm to a depth of 5m, the third layer resistivity ranges from 3543 to 11524 Ωm to a depth of 10 m which was interpreted to be sandstone. The fourth layer has the resistivity value ranges from 33674 to 206423 Ωm. The resistivity of the topsoil was suspected to be polluted to a depth of less than 2m and the other layer to be pollution free.   
4. Conclusion 
A geophysical investigation involving a vertical electrical sounding and 2-D electrical imaging was used. The geoelectric sections reveal three geoelectric layer consisting of clay, clayey sand and sandy layer. In all the traverses, the topsoil to the third layer shows low resistivity indicating that from the topsoil to the third layer of the area to the depth of 30m has been contaminated as a result of percolation of a conductive leachate into the subsurface. The 2-D imaging shows three layers, the pseudo section reveals that the delineated layer of the area was polluted to a depth of about 15 m. The 2D imaging and the vertical electrical sounding agreed that the topsoil to the third layer is polluted while the control site was not polluted as it has high resistivity value in all the three layers delineated by the geoelectric sections and the 2-D structural imaging compared to the other traverses.





[image: ]Fig. 12. 2-D Imaging Along Traverrse 6
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Fig. 13. 2-D Imaging along traverse 6
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