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Abstract 
Geophysical and hydrochemical investigations have been undertaken within a reclaimed site of municipal 

dumpsite in Ibadan, southwestern Nigeria with a view of assessing the impact of effluent from the ancient 

dumpsite on the soil and groundwater sytem. The study area is underlain by precambrian Basement Complex 

rocks mainly granite gneiss. The geophysical investigation involved electrical resistivity methods using dipole-

dipole profiling and Schlumberger Vertical Electrical Sounding (VES), while the hydrochemical investigation 

involved physical, chemical and microbial analyses of water samples within the reclaimed land and active 

dumpsite. A total of 175 sampling points were occupied using dipole-dipole profiling, while 29 Schlumberger 

electrical soundings were carried out. In addition, water samples from available nine wells in the area whose 

static water levels range between 1.2 m and 7.4 m were analysed. The results from electrical surveys show that 

the study area is underlain by a maximum of four subsurface layers namely the topsoil, the weathered layer, the 

partly weathered/fractured basement and the fresh basement whose resistivities values range from 41-495 ohm-

m, 13-643 ohm-m, 86-720 ohm-m and 2800 ohm-m and above. Their thickness of the overburden units varies 

from 0.7- 49.5 m. The partly weathered/fractured basement constitute the main aquifer. The resistivity 

distribution of the topsoil and weathered layer indicates that parts of these layers have been infiltrated by plumes 

from the reclaimed land and active dumpsite, especially in areas characterised by low resistivity (<30 Ohm-m). 

In most cases, the suspected leachates are held within the clayey overburden and are prevented from infiltrating 

the aquifer by local barriers. There are indications that the leachate migration is topographically controlled. The 

hydrochemical analysis of samples from the wells show that the concentration of the analysed anions (Cl
-
, S04

2-
 

and N03
-
) and cations (Na

+
,  Ca

2+
, Mg

2+
 and Fe

+
) are within the World Health Organisation (2004) and Standard 

Organisation of Nigeria (2007) permissible limits. This indicates that the aquifer system in the area might be free 

from contamination. However, there is possiblity of future impacts on wells in the area from downwards  

migration of the effluents from active dumpsite and other anthropogenic activities relating to human impacts on 

existing geo-environmental systems. 
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1. Introduction 

Planning and development of effective waste management in a society is very important to healthy living of 

people in the society. Great amount of annual budgets of governments at all levels are always on sustaining 

health sectors worldwide. Most of diseases and outbreaks of health related catastrophes can be associated with 

contaminations from anthropogenic activities relating to human impacts on existing geo-environmental systems. 

The generation of solid wastes from intrinsic elements associated with human existence as the day to day 

activities of man cannot be possible without producing unwanted materials or by-products (WHO, 1971). Solid 

wastes can be grouped into two: (i) Hazardous wastes which include toxic chemicals, radioactive materials, 

flammable and explosive wastes and (ii) Non –hazardous wastes from agriculture, commercial and industrial 

wastes that are not lethal by nature or contain toxic materials (Fasunwon et al, 2010). Groundwater is of major 

importance to civilization since it is the largest reserve of potable water in regions where humans live (Alile, et. 

al. 2011). However, maintaining a portable ground water supply that is free from microbial and chemical 

contaminants is far from reality in most of our urban centers due to poor waste disposal and management 

practices (Ekeocha, et. al. 2012).  

Several works have been carried out on the environmental impact of waste dumpsite on the 

groundwater quality in a typical basement complex terrain of south-western Nigeria (Awoniyi 2013; Lawal et 

al., 2013; Oluwafemi, 2012; Badmus et al., 2009; Ehirim et al., 2009; Mathias et al., 1994). The presence of 

dumpsite in an area poses a major threat to the quality of water consumed by the people living in that 

environment. This assertion has led to the reason why impact of leachate has been given much attention in recent 

years in Nigeria (Ikem et al., 2002; Obase et al., 2009; Ojo, et al., 2014). Indiscriminate dumping of refuse can 

create a number of adverse environmental impacts such as wind-blown litter, attraction of vermin  and 

generation of leachate that are impairable to the quality of groundwater (Bayode et al, 2011). The biodegradation 

of these wastes generates leachate that can contain both chemical and biological constituents (Dauda and Osita, 

2003, Bayode et al, 2012, Slomczynska and Slomczynski, 2004).  

The ancient city of Ibadan in the southwestern Nigeria is one of the largest and most densely populated 
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cities in West Africa (Fourchard, 2003). The large population in turn accounts for the huge wastes produced in 

these cities. Many of the huge wastes produced on daily basis across the ancient City of Ibadan are disposed off 

in a number of dumpsites across the city, which include Apete, Sango, Challenge, Bashorun and Jenbewon 

dumpsites (Figure 1).  

 
Figure 1: Map of Ibadan, Southwestern Nigeria Showing the Study Area (Modified after Fourchard, 2003). 

 

This paper focused on the impacts of the long existing Jenbewon dumpsite on the geo-environment around its 

locality. Jenbewon dumpsite is an old dumpsite that was in operation for more than sixty years, which was 

reclaimed for residential purpose and located within Ibadan metropolis. A portion of the area is kept as active 

dumpsite (Figure 2),  where both degradable and non-degradable materials from the community are being 

deposited, which can constitute health hazards in feature if no proper waste management program is put in place. 

In addition, the fact that no previous environmental or geophysical investigations have been conducted in the 

area, underscore the importance of addressing potential environmental degradation from Jembewon dumpsite. 

This paper hereby addressed in the detailed study involving geophysical and hydrochemical investigation aimed 

at characterizing the environmental impacts from effluents associated with the dumpsite. 
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Figure 2: Location map of the study area showing data acquisition layout (inset a photograph showing the 

dumpsite). 

 

1.1. Description of the Study Area 

Ibadan  falls within the Precambrian basement complex of South-western part of Nigeria which is dominated by 

rock types such as granite and granitic schist of the metasedimentary series, banded gneiss and granite gneiss, 

augen gneiss and migmatite complex (Obaje et. al. 2009; Okunlola et al., 2009) (Figure 3). The study area of 

investigation is monolithic as preliminary geological investigation revealed that the study area is underlain 

mainly by granite gneiss. It lies between longitude 3
°
 52' 12" E to 3

°
 53' 54" E and latitude 7

o
 24' 8.5" N and 7

°
 

24' 31.2" N.  
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Figure 3: Geological Map of Ibadan Showing the Study Area (after Okunlola et al., 2009). 

 

The area occupies an area of about 0.21 km
2 

and drained by River Ogunpa, which traverses the area in 

approximately north-south direction (Figure 2). The river constitutes major transport mechanism for the wastes 

downstream. The study area is characterized by a gently undulating relief with elevation ranging between 185 m 

and 202 m.  

 

2. Methodology  

The geophysical surveys were carried out using dipole-dipole profiling and Vertical Electrical Sounding (VES). 

The layout of the data points and traverses are as shown in Figure 2. The dipole-dipole survey was carried out 

along five traverses using electrode separation of 5 m, with sampling level or expansion factor n ranging from 1 

to 5. The data were processed by the use of DIPPROwin software and presented as 2D goelectric structures 

(pseudo-sections).  

A total of 29 VES points were occupied and the selection of VES points was based on the results 

obtained from Dipole-Dipole. Schlumberger configuration was employed for the electrical sounding, utilizing 

current electrode separation varied between 1 m and 130 m. The VES data were manually curve matched and 

inverted geoelectric parameters obtained subjected to computer iteration using Winresist software. 

Iterated geoelectric parameters obtained were also used to generate geoelectric sections along the 

traverses. The results of the VES and dipole-dipole enabled the mapping of leachate plumes from the dumpsite 

that has infiltrated the subsurface across the traverses. 

A total of nine (9) hand-dug wells were selected for the hydrochemical analysis. Water samples from 

the nine wells and Ogunpa River within the study area were collected and chemical analysis were conducted on 
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the samples.. The quality of the ambient groundwater was evaluated by comparing the concentration levels of the 

measured parameters obtained with the recommended standards of the World Health Organisation (WHO, 2004) 

and Standard Organisation of Nigeria (SON, 2007). A control well (well 12) sited on a topographic high and 

remote from the dumpsite served as a control well in the area. 

 

3. Results and Discussion 

Figures 4 shows the 2-D dipole-dipole resistivity structures along the five traverses in the study area. The models 

depict the apparent image of both the lateral and vertical variation of the resistivity beneath the traverses as a 

means of establishing the subsurface geology and delineating the media contamination from leachates from the 

dumpsite. Generally, the 2-D Dipole-Dipole resistivity models beneath traverse 1-5 depict that the subsurface is 

characterized by four main regions; zones with anomalous low resistivity coloured in blue (2 – 15 Ohm-m), 

zones with distribution of relatively low resistivity values coloured in green (15-80 Ohm-m), areas with 

relatively high resistivity values coloured in yellow (100-238 Ohm-m) and areas with high resistivity values 

coloured in red to purple (800-8128 Ohm-m). The anomalously low resistivity zones in blue are suspected to be 

due to the leachates from the old dumpsite that has infiltrated the subsurface along bedrock depressions or paths 

characterized by loose materials at different depths across the traverses.  

It was observed that there are two possible other sources of leachate infiltration along the rivers, 

especially at the upper end of the dumpsite where materials are being deposited into the Ogunpa River and 

possible degraded hydrocarbon products from the mechanic workshop, as depicted by low resistivity to the east 

of Traverse 1 at the upper section of the active dumpsite in Figure 4a. Other possible source is to the east of 

traverse 4 along a tributary of Ogunpa River, where low resistivity values are observed at shallow and 

intermediate levels within the reclaimed area (Figure 4d). Along traverse 5 (Figure 4e), situated NW of the active 

dumpsite, absence of low resistivity zones shows that migration of leachates is topographically controlled and 

confined down the slope in the area. There is also evidence that the leachate flow is structurally controlled by 

bedrock highs and depressions, which can influence the concentration of plumes in the aquifer system in the 

whole area. 

From quantitative interpretation of the geo-electric parameters obtained from the vertical electrical 

soundings, five curve types including A-, H-, KH-, HA-, HK-, KHA-, and HKH-type were identified in the area. 

The H-type curve type dominates, while the HK-type is the list occurring around the locality of the dumpsite 

(Table 1). The underlying geo-electrical layers or units were interpreted to form three to five subsurface geologic 

sequence (topsoil, plume infected layer, clayey/highly weathered layer, weathered/aquiferous layer, and partly 

weathered/fracture/ fresh bedrock).  

 
Figure 4: 2D Electrical imaging of the subsurface along Traverses 1 to 5. 
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Table 1: Geo-electrical characteristic of the study area. 
Field 

Curve  

Layer resistivity (ohm-m) 

 

 Layer Thickness (m) 

Topsoil 1st 

substratu

m 

2nd 

substratu

m 

Weathered 

/Aquiferous layer 

Bedrock  Topsoi

l 

1st 

substratu

m 

2nd 

substratu

m 

Weathered 

/Aquiferou

s layer 

Group I 

A-type 

[VES- 11, 

12, 20] 

52, 41, 

31 

  78, 63, 57, ∞, 316, 

∞, 

 1.9, 

1.1, 

1.5 

  12.4, 5.8, 

7.6 

Group II 

H-type 

[VES-2, 4, 

6, 8, 9, 14, 

15, 16, 17, 

22, 23] 

100, 

153, 

154, 

133, 

190, 

144, 

225, 

239, 

146, 

229, 83 

  65, 15, 47, 24, 

29, 13, 51, 24, 

64, 15, 59 

2800, 

245, 150, 

526,  ∞, 

963, 410, 

442, 334, 

630, 86 

 1.4, 

1.0,  

0.9, 

2.0, 

1.0, 

1.5, 

1.9, 

2.2, 

0.7, 

0.9, 

0.7 

  19,  3.5,  

3.9, 4.4, 

10.3, 6.6, 

11.3, 11.6, 

11.8, 13.5, 

5.1 

Group III 

HA-type 

[VES-1,   

21, 4] 

60, 47, 

54 

*16, 3, 14  55, 53, 60 146,  ∞, 

98 

 0.7,  

0.5,  

0.4 

0.4, 0.7, 

1.4 

 4.3, 16.8, 

1.3 

Group IV 

HA-type 

[VES-1,5, 

21, 24, 4] 

77, 194  50, 64  560, 109  ∞, 4401  1.3,  

0.5 

 8.4, 0.7 7.8, 46.3 

Lithological 

Characteristic 

Clay

ey 

*Plume 

infected/ 

†Clayey 

soil 

Clayey 

/highly 

weathered 

layer  

Weathered/Aquif

er  

Partly  

weathered

/ 

fractured 

/fresh 

bedrock,  

     

           

 

Table 1 Cont’. 
Field 

Curve  

Layer resistivity (ohm-m) 

 

 Layer Thickness (m) 

Topsoil 1st 

substratum 

2nd 

substratum 

Weathered 

/Aquiferous 

layer 

Bedrock  Topsoil 1st 

substratum 

2nd substratum Weathered 

/Aquiferous 

layer 

 

Group V 

HK-type 

[VES- 10] 

66 *15  643 97  1.0 2.3  4.5 

Group VI 

KH-type 

[VES- 29] 

100 *12  1014 130  0.5 1.0  1.7 

Group VII 

KH-type 

[VES- 3, 7, 

13, 19,] 

30, 53, 

57, 6 

 54, 387, 

486, 284 

38, 13, 14, 33 231, 244, 

∞, ∞ 

 0.7, 

0.7, 

0.4, 0.5 

 1.3,  

0.2, 

0.9, 0.4 

15.6,  2.4, 

5.5, 14.4 

Group VIII 

HKH-type 

[VES- 18] 

55,  *14, 79, 15,  ∞,  0.7 0.2 3.6 17.6 

Group IX 

HKH-type 

[VES- 25, 26, 

27] 

119, 

127, 

68, 

†39, 89, 

54 

242, 133, 

115, 

69, 65, 61 1560, 

1142, 272 

 0.5, 

0.8, 0.7 

1.7, 

1.3, 1.5 

4.6, 

3.5, 2.0 

26.6, 21.0, 

21.9 

Lithological 

Characteristic 

Clayey *Plume 

infected/ 

†Clayey 

soil 

Clayey 

/highly 

weathered 

layer  

Weathered/Aquifer  Partly  

weathered/ 

fractured 

/fresh 

bedrock,  

     

 

Figure 5 shows the geo-electric sections along the traverses; four in the W-E direction and one in the 

SW-NE direction. It was observed from the resistivity sections, that there is possible downward movement of 

effluent from the dumpsite into the weathered layer resulting into lowering of resistivity (3-16 Ohm-m) in the 
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first substratum (second layer) of the overburden across the traverses.  This imparted zones fall within 

topographic depressions, especially along traverses 2 and 4 within the reclaimed section of the study area, 

thereby suggesting a possible topographically controlled migration of the leachates. Along these sections, it was 

discovered that presence of thick clayey overburden could serve as natural barriers, which might prevents further 

leachate migration to the unaffected zones within some parts of the study area. Downward migration of leachate 

can negatively impact on the fractured basement aquifer when unconfined, except in a situation where the 

overburden is thick enough and protective.  

In Figure 5e, along Traverse 5 designed as a control traverse to the western flank of the active 

dumpsite on the topographic high in approximately (SW-NE) direction, the geo-electric section indicates that the 

basement is generally shallow, but deepens relatively towards the southern part of the study area. The weathered 

layer beneath VES 28 and 29 shows evidence of leachate impartation with resistivity values ranging between 12 

and 14 Ohm-m, which is a reflection of the proximity of the VES positions to the active dumpsite.  

Figure 6 shows the distribution of the topsoil resistivity over the entire study area, showing values 

ranging from 30 to 285 Ohm-m. It was observed that local areas of moderate resistivity between 100 ohm-m and 

150 Ohm-m were observed to the western, eastern and southern parts of the active dumpsite and right within the 

reclaimed sections, diagnostic of top soil comprising of sandy clay to clayey sand. However, the map shows that 

there are isolated areas of low resistivity close to Ogunpa river in the northern part and outside the reclaimed 

land to the east and south-eastern end of the study area, which could be attributed to either silty topsoil. Figure 7 

also, shows that the weathered layer resistivity around the dumpsite are generally low, ranging from 13 to 80 

Ohm-m (Table 1), indicating possible long time and recent of impacts of leachate infiltration into the weathered 

layer or high clayey content in the aquiferous layers within the reclaimed area and around the active dumpsite. 

From the laboratory analyses carried out on the nine groundwater samples drawn from wells around 

the dumpsite for both physical and chemical parameters, a total of twenty four (24) parameters were analysed 

and their results presented in Table 2. The results show that there is no evidence of pathogens within the samples 

and the traces of heavy minerals such as lead, copper, cadmium and zinc were completely absent except in the 

river sample. However, the detected heavy metals in the river sample falls within permissible standard. The table 

shows that all the analyzed parameter values fall within the WHO (2004) and SON (2007) reference standards 

for portable drinking water with the exception of the pH parameter values in the samples. 

Besides sample 4 from well 5 located up slope of the active dumpsite and the river sample, all other 

water samples have pH values less than the WHO  (2004) and SON (2007) minimum permissible standards, 

which indicates that these samples are slightly acidic . This is probably due to the waste materials from mechanic 

workshops and households disposed in the waste dump.  

The concentration of the electrical conductivity of the groundwater in the study area is noted to be 

anomalously high in areas around the dumpsite relative to other areas away from the dumpsite. This scenario is 

also reflected from the concentration of the total dissolved solids (TDS). The concentrations of the anions (Cl
-
, 

S04
2-

, N03
-
) have been observed to build up within the vicinity of the dumpsite and increase down slope towards 

the eastern part of the dumpsite. Meanwhile other areas outside the dumpsite reflect low concentration of the 

anions with increasing distance away from it. This indicates that there is possible impact of dumpsite on the 

groundwater and such impact are aided by gravity to infiltrate areas down slope of the dumpsite within the study 

area. The mere presence of phosphates and nitrates within the groundwater are probably due to the biological 

wastes from the dumpsite (Ehirim et al., 2009). 
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Figure 5: Geoelectric 

Sections along 

Traverses 1 to 5. 
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Figure 6: Resistivity distribution map of the topsoil within the study area. 

 

Samples from wells close and down slope of the dumpsite show the highest concentration in contrast to samples 

away from it. The concentration of iron is high from samples close to the active dumpsite with highest value of 

0.2 mg/L in sample 7 from well 11 located down slope of the active dumpsite. Samples at distance from 

dumpsite show a uniform value of 0.01 mg/L, whereas sample 8 from well 12 (control well), located away out of 

both the active dumpsite and reclaimed area, show no evidence of iron content. Notably, water samples from 

hand-dug wells 5 and 11 located close and down slope to the active dumpsite respectively show anomalous 

concentrations of these analysed parameters and there is possible indication that they are reflections of the direct 

impact of the dumpsite within areas where they are situated. Generally, there is an increase in concentration of 

the analysed parameters of the water samples with decreasing distance away from the dumpsite, but major 

evidence of pollution is not revealed as the analysed parameters fall within the WHO (2004) reference standard. 
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Figure 7: Resistivity distribution map of the weathered layer within the study area. 

 

Figures 8 shows the integration of the results of the dipole-dipole profiling and vertical electrical soundings 

showing good correlation in the delineation of the suspected saturation of the contamination plumes from the 

active dumpsite and the reclaimed land. The interpretation of the geo-electric sections along the five traverses 

shows that the subsurface media underlying the dumpsites are characterized by relatively low resistivity values 

which range between 3 and 153 Ohm-m for the topsoil and 13 and 242 for the weathered layer. It was suspected 

that the topsoil and weathered layer in the study area have been infiltrated by leachates from both the active 

dumpsite and reclaimed area characterized by the relatively low resistivity values (< 30 Ohm-m). This is in 

agreement with the results of the dipole-dipole profiling where zones defined by blue colour band (< 15 Ohm-m) 

have been inferred to image the leachate saturation across the traverses (Figure 9). 
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Table 2: Comparison of the Concentration of the Analysed Parameters with the WHO (2004) /SON (2007) 

Standards. 

Parameters Range Mean WHO (2004) / Son (2007) 

Standard Maximum Permissible 

Levels 

PH 6.1 - 6.6 6.3 6.5 - 8.5 

Temperature(
0
c) 25.20 - 26.20 26.2 - 

Conductivity(µ ohms/cm) 150 - 350 189 1000 

Turbidity(NTU) 0.01 - 0.05 0.02 0.5/5 

Total Solid (mg/L) 30.25 - 45.67 30.84 - 

Total Dissolved solid (mg/L) 12.76 - 19.55 16.44 500 

Total Suspended Solid(mg/L) 17.41 - 26.12 22 - 

Total Alkalinity(mg/L) 22 - 34 29.8 - 

Nitrate(mg/L) 4.10 - 6.80 5.3 10/50 

Sulphate (mg/L) 5.30 - 9.56 7.1 200/100 

Chloride(mg/L) 19.53 - 24.30 21.77 250 

Total Hardness(mg/L) 20.00 - 38.00 32.1 500 

Phosphate(mg/L) 12.50 - 17.00 15.6 10 

Total plate count(cfu/ml) 23 - 46 28.7 - 

Sodium 11.43 - 13.63 12.4 200 

Potassium 12.22 - 17.41 13.4 - 

Calcium 8.33 - 14.01 13.3 75 

Iron 0.01 - 0.12 0.1 0.3 

Magnesium 6.12 - 8.01 6.55 150 

Lead 0.001 0.001 1.05 

Zinc 1.50 1.50 4.00 

Cadmium 0.01 0.01 1.0 

Stacked 2D resistivity structures (Figure 9) across traverses 1-4 reveal the lateral disposition of the leachate flow 

in the north-south direction similar to the pattern of low resistivity values for the aquuferous layer in Figure 7.  

The leachate flow in the western part of the area along traverse 1 could be traced to that observed on traverse 2. 

Similarly, the flow pattern of plumes from the western part of traverse 2 could also be traced to the leachates that 

infiltrated western part of the traverse 3, while the leachate flow on traverse 4 could be traced as well to traverse 

3. This suggests a possible eastward migration of the leachate from traverse 1 to 4. However, the geological 

barriers are suspected to have held the leachate in place and influence the lateral movements of the leachates. 

 

4. Conclusion 
Geophysical and hydro chemical investigations have been undertaken within the vicinity of the Jembewon 

dumpsite located in the Basement Complex area of Ibadan, southwestern Nigeria. The geoelectric sections 

identified maximum of four subsurface layers; the topsoil, the weathered layer, the partly weathered/fractured 

basement and the fresh basement. The partly weathered/fractured basement constitutes the major aquifer unit in 

the area.  
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Figure 8: Stacked results of 2-D resistivity structures and geo-electric sections along the traverses. 
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Figure 9: Stacked 2D Dipole Dipole Resistivity Model across Traverses 1-4. 

 
It is suspected that the weathered layer as well as the overlying layers have been imparted by effluent from both 

the active and reclaimed dumpsites, especially in areas characterised by low resistivity value (< 30 Ohm-m).  

Similarly, the 2D resistivity structure revealed that the subsurface layers have been contaminated by the leachate 

from the dumpsite especially in places characterised by typically low resistivity values (<15 Ohm-m). However, 

the physico-chemical analyses of the water samples generally show that the analysed parameters are within the 

WHO (2004) and SON (2007) permissible standards despite the fact that the subsurface had been imparted. This 

scenario could be explained by virtue of the fact that the major aquifer in the study is the partly weathered/ 

fractured bedrock, while the suspected leachate are held within the weathered layer by the presence of suspected 

geological barriers as imaged by the resistivity structure. This suspected geological barrier is considered to be 

responsible for the safety of the aquifer preventing further migration of the suspected leachate plume in both 

lateral and vertical directions. It is therefore concluded that the scenerios presented by the geophysical 

interpretations and the hydrochemical analysis can be attributed to the long time impacts on the geology of the 

area from effluents from the reclaimed and active dumsites, which informs the safety of the available wells of the 

area from the direct impacts of leachates into groundwater system in the area. However, it  might not be a matter 

of long time before the aquifer sytsem in the study area will be subjected to serious effects of migrating effluents 

into the aquifer through loose overburden materials and flow paths along the topographic depressions. There is a 

need to  relocate the active dumpsite from residential area and prevent dumping of houshold wastes along the 

river channles in the area in order to prevent future occurnce of health hazards that might be related to the 

contimantion of groundwater.  
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