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Abstract. A microstudy of soil physical properties in combination with geoelectric 

delineation were adopted for the evaluation of groundwater contamination prospect from 

leachate migration at Bowen University dumpsite location. Samples of soil were collected 

from five different locations, with five locations within the dumpsite and one control 

sample which is 200 m far away from the dumpsite locations. A core sampler which is 

attached to the soil auger is used to obtain each sample within 60 cm depth. Each sample 

is collected into a sample bag and properly labeled for laboratory analysis. Schlumberger 

electrode configuration was employed for the survey spread to delineate total of four (4) 

Vertical electrical sounding (VES) points with electrode spacing varying 60 to 100 m. 

This was done to obtain resistivity, thickness and depth within the dumpsite location. The 

results of the average value of the soil properties between the control and the dumpsite 

are compared such that the soil properties for control site reveal a bulk density (BD) of 

1.45 g/cm3
, particle density (PD) of 2.63 g/cm

3
 and porosity (PO) of 44.90%, 

respectively. Whereas, the mean soil properties of the dumpsite show that BD is 1.35 

g/cm
3
, PD is 2.93 g/cm

3
, and PO is 54.07%, respectively. This signifies that the control 

location has high BD, low PD and low PO, while the dumpsite reveals an inverse of the 

control results. Also, the results from the interpreted VES data reveal the prospect of 

migration of contaminants from the topsoil to the alluvium, which could further percolate 

to the aquifer with time. It could be concluded that groundwater contamination is feasible 

within the study area, since an alluvium and porous soils could permit leachate migration 

to the aquifer. 

 

Keywords: Groundwater contamination; Geoelectric sounding; Soil analysis; Leachate 

migration; Dumpsite; Vertical electrical resistivity sounding (VERS) 

 

1. INTRODUCTION  
The presence of contaminant in groundwater for industrial and domestic accomplishment can lead to a 

high severe risk on human health. The [42] has linked diseases which includes cholera, polio, diarrhea, 

typhoid, and dysentery, has some of the side effect of consuming water with contaminant and poor. The 

importance of groundwater to human cannot be over emphasized [38]. It is found useful both in 

households, farms, industries, and other essential places. The need to carry out investigation into 

groundwater exploitation especially areas with dumpsite facilities is crucial since the contaminant can 

migrate from topsoil to the aquifer. The contamination of groundwater in dumpsite facility has been 
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attributed to the presence of leachate contaminant potential from the waste body. [26] defined leachate 

has serious pollutant existing from liquid embodiment of solid waste which affect the groundwater, 

human health and also the water bodies. [20] reported that these leachates are either suspensions or 

solutions of stabilized, basic and important organic or inorganic composite of biodegradation of solid 

wastes moving out from the dumpsite environment when saturated with rainwater continuously. [11] 

revealed that leachate present in municipal solid waste location are mostly accompanied with high ion 

concentrations and as a result shows very low resistivities. In this regard the geoelectrical method has 

been made very acceptable in mapping the extent of contamination of leachate. [36] have associated 

surface geophysical survey as a method suitable to locate leaches plume migration pathways due to the 

fact that it helps in acquiring physical properties of the waste disposal site. [15] also reported inadequate 

and low quality management of solid waste disposal drastically affects the environment leading to serious 

and diverse public health related hazard like communicable diseases and periodic epidemics 

Generally, soil physical properties are important factors while evaluating the rate of leachate migration 

within the soil and down the groundwater. The study of soil physical properties such as classification of 

texture, distribution of the size of particles, porosity, moisture content, permeability and bulk density is 

essential due to the fact that they represent the parameter influence the flow pattern of leachate 

contamination into the soil. According to [14], buried waste is subjected to leaching by percolating 

surfacewater, groundwater or rainwater with the dumpsite environment. [34] also reported that the 

migration of leachate into the groundwater may enact dangerous difficulties with the present of heavy 

metal within the unsanitary land filling of solid waste which result in significant environmental related 

risk on soil and groundwater contamination. The present study utilized the microstudy of soil properties 

in combination with the vertical electrical sounding (VES) methods with the aim to evaluate leachate 

migration on groundwater resources. The VES helped to delineating some geophysical parameters such as 

the electrical properties, the basement pattern configuration, the distribution of fractures, and 

determination of overburden thickness. The microstudy of soil properties also helped in bulk density 

determination, particle density determination and porosity determination. Further works on groundwater 

quality are documented by [30], [2], [3], [21], [4], [8], and [7] 

The study area is on the SW Basement complex of Nigeria (Fig. 1), which is chiefly composed of 

metamorphic and Precambrian basement complex [33] comprising predominantly migmatized and 

undifferentiated gneisses, schist, older-granite, dolorite, dykes, charnockitic rocks and quartzite of 

Precambrian age [19]; [36], [37]. [29] reported that the Precambrian Basement rocks of SW are grouped 

into Migmatite-Gneiss, metasedimentary and metavolcanic rocks (which is also referred to as Schist 

Belt), and Pan-African Older Granite which then characterized the geological units of Iwo. 
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Fig. 1: Geological map of Nigeria indicating the study area [27]. 

2. MATERIALS AND METHODS  

The study was performed within Bowen University, Iwo, over an area lying within latitude 7° 50′ to 

8° 00′ N and longitude  4° 00′ to 5° 00′ E as shown from Fig. 2. The determination of BD, PD and PO 

were carried out from the microstudy of the soil properties. Samples of soil were obtained from selected 

wells-dug within the dumpsite location and also a preferred control well-dug (non-dumpsite) at depth of 

60 cm as shown from the layout map in Fig. 2, using a core sampler which is attached to a soil auger. The 

control well-dug sample was taken at distance of 200 meters away from the dumpsite. The soil obtained 

from the different location was firmly tied in a sample bag and labelled for laboratory analysis.  
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Fig. 2: Layout view of the study area. 

The geophysical survey of the study was carried out using electrical resistivity method (ERM) employing 

the Schlumberger electrical array [43] (Fig. 3). 

 

Fig. 3: Schlumberger electrical array [9] 

2.1 Microstudy of Soil Properties 

Determination of BD: BD is determined by calculating the density of the oven dry soil as a whole which 

includes solids and pore space. DB =  
W S

Vt
. Where Ws = Sample oven dry mass (g) and Vt = Sample total 

volume, solid volume + pore volume (cm
3
).   

Determination of PD: PD is determined only by the dry soil weight per unit volume of the soil solids. The 

pore space is neglected when considering the volume measurement.   

Determination of PO: PO or void fraction (VF) of soil is determined by the measure of the void (empty) 

spaces in the soil. It is also the fraction of the voids volume over the total volume between 0 and 1, i.e as a 

percentage between 0 and 100%. The porosity of the soil is related to both the soil bulk density and 

particle density as shown in equation.  PS =  
VP

VT
 andPS = 1 =  

DB

DP
 Vp = Volume of the pores and Vt = 

Total volume of the sample, solid volume + pore volume (cm
3
). 
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2.2 Electrical Resistivity Method 

According to [17], the theory of Ohm’s law is reported to be the basis for electrical resistivity foundation. 

The theory is based on how current flows through a metallic conductor, which is directly proportional to 

the potential difference between its terminal points, provided that the temperature and other physical state 

or quantities remain, unchanged. Mathematically, the voltage is giving as:V = IR. (V= potential 

difference in volts (V); I = current in ampere (A); R = constant known as resistance in ohms (Ω)). An 

apparent resistivity (��) value can be deduced from the values of the current (I) and voltage (V) 

respectively. This can be represented by ρa = k
V

I
 (the geometric factor is giving as K). The geometric 

factor ‘k’ depends on the arrangement of the electrodes spread. The Resistivity meters also known as 

Terrameter usually reveal the value of resistance to be R =  
V

I
. In regards to this, the value of the apparent 

resistivity is determine by   ρa = KR 

Four (4) VES stations were occupied along north-west direction as shown in Fig. 2. The electrical method 

was established withcurrent electrode spacing of maximum half width (AB/2), with interval 45 to 65 m 

which depends on the spread allowance and depth to basement. This was validated from [40] by varying 

the spread allowance between the current electrodes to ensure that the current penetrating changes with 

respect to depth range. 

Geoelectrical sounding data was interpreted automatedly and the auxiliary and theoretical curves [22], 

[23] were curve matched in order to acquire the observed thicknesses, resistivity and depth values of each 

respective layers [1], [5], [6], [10], [18]. Forward modeling computer algorithm, WinResist version 1.0 

software [41] was used to further processed the geoelectrical parameters in order to have an output results 

with low root mean square (RMS) values 

3. RESULTS AND DISCUSSION  
3.1 Results for Soil Properties 

Table 1: Showing the Average BD, PD and PO of uncompacted soil per Wells-dug 

Soil ABD 
Compacted Soil 

(g/cm3) 

APD 
Compacted Soil 

(g/cm3) 

APo 
Compacted Soil 

(g/cm3) 
CONTROL 1.45 2.63 44.90 

WELL A 1.41 2.78 49.64 

WELL B 1.32 2.94 55.06 

WELL C 1.41 2.86 51.38 

WELL D 1.26 2.94 57.22 

WELL E 1.36 3.13 57.03 

Note: ABD = Average Bulk Density 

APD = Average Particle Density 

APo = Average Porosity 
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Table 2: Showing the Average percentage of BD, PD and PO of uncompacted soil per Wells-dug per % 

Soil ABD 
Compacted Soil 
(g/cm3) per % 

APD 
Compacted Soil 
(g/cm3)per % 

APo 
Compacted Soil 
(g/cm3)per % 

CONTROL 18 % 15 % 14 % 

WELL A 17 % 16 % 16 % 

WELL B 16 % 17% 18 % 

WELL C 17 % 17% 16% 

WELL D 15 % 17% 18 % 

WELL E 17 % 18% 18 % 

Note: ABD = Average Bulk Density 

APD = Average Particle Density 

APo = Average Porosity 

3.2 Discussion of Soil Properties Results 

Effect of dumpsite on Bulk Density (BD): The results revealed that the average controlled well (non-

dumpsite) recorded the higher BD (1.45 gcm-3
) when compared with other well-dug (wells A – E) 

samples within the dumpsite with values of 1.41, 1.32, 1.41, 1.26, 1.36 (g/cm
3
) (Table 1). This is in line 

with the study of [25] and [28], where they observed higher BD in wells outside the dumpsite than those 

within the vicinity of the dump. 

Effect of dumpsite on Particle Density (PD): PD is determined by the weight per volume of the solid 

portion of the soil. (Table 1) shows the results for the average particle density with the average control 

well (non-dumpsite) having the lowest PD (2.63) when compare with other well-dug (wells A – E), with 

values of 2.78, 2.94, 2.86, 2.94, 3.13 (g/cm3
) respectively within the study area. In this regards [16] 

reported that to characterize the soil particle density of a usual mineral soil, a standard value of 2.65 g/cm
3
 

has been recommended and if enormous evaluation of heavy minerals such as limonite, hematite and 

magnetite are present in the soil, the particle density will be increased.  

Effect of dumpsite Porosity (PO): PO is calculated from the BD and PD respectively. It is the amount of 

void space or air space between soil particles. It is also called the volume of soil voids that can fill air or 

water. The result of the average PO (Table 2), shows that the average control well also has the least 

percentage value (44.90 %) when compare with other well-dug (wells A – E) within the located area 

(49.65 %, 55.06 %, 51.38 %, 57.22 %, 57.03 %). In regards to this, [12] reported that the differences in 

soil total porosity has been view to varying organic matter content of the sites such as leachates. This is 

because higher organic matter helps to build soil aggregates and increasing pore space. 
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3.3 Results for VES  

Table 3: showing the detailed resistivity, thickness and depth of VES points 

VS L R (Ωm) T (m) D (m) LU 
VES 1 1 

2 

3 

4 

1313.8 

136.1 

3063.3 

7211.0 

3.4 

6.6 

14.5 

- 

3.4 

10.0 

24.5 

- 

Lateritic topsoil 

Alluvium/ Groundwater  

Fresh basement 

Fresh basement 

VES 2 1 

2 

3 

4 

419.1 

69.0 

6311.6 

1640.9 

1.8 

4.2 

645.4 

- 

1.8 

6.0 

651.3 

- 

Lateritic topsoil 

Groundwater (fresh) 

Fresh basement 

Fresh basement 

VES 3 1 

2 

3 

4 

357.4 

60.1 

5428.4 

8424.8 

1.3 

2.8 

15.4 

- 

1.3 

4.1 

19.4 

- 

Lateritic topsoil 

Groundwater (fresh) 

Fresh basement 

Fresh basement 

VES 4 1 

2 

3 

4 

689.3 

126.6 

1751.8 

2985.0 

1.8 

6.4 

12.3 

- 

1.8 

8.2 

20.5 

- 

Lateritic topsoil 

Alluvium/ Groundwater  

Fresh basement 

Fresh basement 

Note VS = VES Station 

L = Layers(s) 

R = Resistivity 

T = Thickness 

D = Depth 

LU = Lithology Units 

3.4 Discussion of VES Results 

The interpretation of the VES results was presented as resistivity, thickness and depth and four layered 

model was observed respectively. From (Table 3), it was observed that the top soil with depth ranging 1.3 

to 3.4 m while weathered layer has a depth varying 4.1 to 10 m. In addition, VES 1 and VES 4 both 

layered 2, with resistivity value of 136.1 and 126.6 showed that there is a presence of alluvium due to the 

flowing of water to the subsurface. Also, from VES 2 and VES 3 with layered 2 respectively, it was 

observed that groundwater prospect is visible within the locations with resistivity of 69.0 and 60.1 

respectively. The observed feature in VES 1 layered 1 with resistivity of 1313.8 shows the present of a 

laterite as reported by [39]. Laterites are composed principally of the oxides of aluminum, manganese, 

titanium and iron which are weathered material. They range from earthy, soft and porous soil to hard 

dense rock.The result of modeled resist graph of VES 1 to VES 4 with layered 3 to 4 shows that the study 

area is classified with metamorphic or igneous rock. Therefore, since the observed results revealed the 

present of alluvium due to present of flowing water to the subsurface, and also revealed the prospect of 

groundwater within the study area, leachate migration is thus visible within the study area.      
 

 



4th International Conference on Science and Sustainable Development (ICSSD 2020)
IOP Conf. Series: Earth and Environmental Science 655 (2021) 012069

IOP Publishing
doi:10.1088/1755-1315/655/1/012069

8

 

3.5 Correlation Observed from the Results  

 

Fig. 4a: Statistical Modeling of Pie Chart  

Showing the Average BD  

 
Fig. 4b: Statistical Modeling of Pie Chart  

Showing the Average PD 

 
Fig. 4c: Statistical Modeling of Pie Chart  

Showing the average PO 

 

 
Fig. 4d: Statistical Modeling of Bar Chart  

Showing the Average BD, PD and PO 

3.6 Discussion of the Statistical Modeling Observations 

The statistical models (Fig. 4a - d) were based on the average percentage modeled results derived for BD, 

PD and PO (Table 2). It was observed that the control well-dug as the average highest percentage BD 

when compared with the average percentage of PD and PO. This is due to the fact that dumpsite areas has 

effect and reduces the BD of soil. The model also revealed that PD and PO were higher in average 

percentage within the dumpsite locations when compared with the control well-dug location. This 

suggested that locations with high percentage porosity and permeability encourage the seepage of 

leachate as reported by [31].     
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3.7 Geoelectrical Modeling Observations 

 

Fig. 5a: Modeled Geoelectric section  

Beneath VES 1 and 2 

 

Fig. 5b: Modeled Geoelectric section  

Beneath VES 1 and 3 

 

Fig. 5c: Modeled Geoelectric section  

Beneath VES 4 and 3 

 

Fig. 5d: Modeled Geoelectric section  

Beneath VES 4 and 2 
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Fig. 5e: Modeled Geoelectric section  

Beneath VES 3 and 2 

 

Fig. 5f: Modeled Geoelectric section  

Beneath VES 4 and 1 

3.8 Discussion of Geoelectrical Modeling Observations 

The variations in the subsurface resistivity are primarily reflected by the electrical method [32]. The 

electrical resistivity variations between lithological orders [13], [24] within the subsurface structure are 

often satisfied to affirm the delineation of the geoelectric layers and also identify the aquifer or non-

aquifer zones [35]. Three geoelectric layers were reveals from the VES interpretation, which comprises of 

the topsoil consisting of decomposed organic matters and sand soil; the weathered layer which is made up 

of alluvium and sandy soil and the third layer constituting  the bedrock which is majorly the fresh 

basement as shown in (Fig. 5a – f). The geoelectric sections reveal the variation in the electrical resistivity 

along the profiles and attempt to correlate the geoelectric sections across the profiles. However, low 

resistivity values represented in these layers are subjected to pollution which resulted from the high 

permeability and porosity of sandy/alluvium soil characteristics which encouraged the seepages of the 

leachate plumes to a maximum depth of 24.5 m within the subsurface but extreme at VES 3 to maximum 

depth of 651.3 m. Low resistivity value of 60.1 Ωm and 69.0 Ωm were revealed at the dumpsite where 

older wastes are deposited beneath the region of VES 2 and 3 with layer 2 respectively. It was also reveals 

that at VES 1 and 4, an elevation in the resistivity values was observed. This was deduced as a result of 

the leachate originated from the environment where older wastes deposit are migrated and spread out in 

all direction thereby polluting the subsurface surrounding in the process. The geoelectric observations 

principally served as the first investigation within the study area.  
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4. CONCLUSION  

Going by the correlations observed from the statistical models generated from the microstudy of the soil 

properties and the geoelectrical models interpretations, it can be concluded that groundwater 

contamination is possible within the study area since an alluvium and porous soil allows the flow of 

surface water from the topsoil into the subsurface at different depth which then can allow the leachate 

from the dumpsite to migrate to the groundwater table. Periodic water samples analysis from groundwater 

sources should be recommended within the study area so as to build on the possibilities of contamination 

that can result since nobody canpredict the specific time the contaminant can affect the groundwater in the 

study area. This will help to ensure that constant intake of quality portable water consumption is available 

for some years before the water-table is contaminated. 
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