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Abstract 

Soil degradation forms a part of the significant impacts arising from indiscriminate disposal of e-

waste. This study was aimed at assessing the magnitude of legacy contamination by e-waste, 

particularly, its depth and spread in the subsurface soil of Alaba International Market e-waste 

dumpsite, Lagos, Nigeria through the analysis of VES and 2D-Wenner array configuration data 

acquired on the dumpsite. The results of the VES data and 2D resistivity analysis showed that 

Alaba dumpsite was highly impacted by the e-waste due to the permeable geoelectric 

characteristics of the lithologic units beneath the dumpsite. The lithogy enables the pollutants to 

spread laterally and progressively increase in depth through the sand column subsurface to more 

than 30 m. It also showed that the contaminated zones are characterised by resistivity values 

ranging from 5.0 to 8.3 Ω⋅m. The study site is highly populated with wells and boreholes as the 

main sources of water for the community, thus the findings from this study could facilitate Lagos 

State Government decisions on improving protection for groundwater resources around the study 

area. 
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1.0 Introduction: 

Increasingly rapid evolution of information and communication technology (ICT), coupled with 

rapid product obsolescence have invariably led to increasing generation of electrical-electronic 

waste, usually referred to as ‘e-waste’. It is a phenomenon that has been a challenge confronting 

the world economy since the 1990s (Okwu and Onyeje, 2014). A UN report recorded that the 

quantity of e-waste generated in 2016, globally, amounts to 44.7 million metric tonnes, up by 3.3 

Mt or 8 percent (annual growth rate of 3-5%) from 2014 (Leblanc, 2018; UNU, 2017). It is 

likely, therefore, that municipalities or authorities which are responsible for waste management 

in the cities may not be able to perform efficiently and effectively, particularly, if the authority is 

bogged down by ineffective organizational structure, inadequate financial resources, undue 

complexity and system multi dimensionality (Ravi and Vishnudas, 2017; Zohoori and Ghani, 

2017).  

 

In the case of Nigeria, it was reported by UNIDO (2014) that every year, the amount of e-wastes 

that enter the country unlawfully through Apapa and Tincan seaports, Lagos airport (MMIA); 

and other ports in the country is about 100,000 tonnes of e-wastes enter the country unlawfully. 

The said report stated further that Nigeria generates (1.1 million tonnes of e-waste) annually and 

invariably, more than the total volume of e-wastes being generated by all other countries in the 

ECOWAS region combine together (The Guardian, 2018). But, like many of the developing 

countries; Nigeria is bereaved of a functional structure that can enable a cross cutting edge in e-

waste management. The general population is invariably exposed to e-waste scenarios leading to 

all kinds both environmental and health risks.  

Determining e-waste pollutants depth and spread or contamination zones in dumpsite soil is a 

way of providing valuable information about the quantity and toxicity effects of the pollutants to 
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the environment and human health. The aim of this study is to provide an appreciable 

understanding and information about the level of impact of e-waste pollutants with soil of Alaba 

International Market, Lagos, Nigeria and to enable policy implementers to initiate necessary and 

appropriate remediation methods as part of the solutions to the Lagos State environmental 

sustainability problem, particularly, as it concerns indiscriminate disposal and crude recycling 

methods of e-wastes. 

2.0 Field description 

The e-wastes dumpsite (see base map in Fig. 1) which is about 100 m2 in size is located at 

Alaba International Market, Ojo Local Government Area, Lagos State, Nigeria. It has been in 

existence for  more than 20 years as a dumpsite where e-waste collectors and recyclers work, live 

in sheds and indulge in burning and other crude methods of recycling in an attempt to extract 

valuable components of e-waste albeit, without care for their health or environment. The devices 

generating the e-wastes are mostly imported second-hand electrical-electronics products. 

Fig. 1: Base map for Alaba International Market dumpsite 



3.0 Local geology/geomorphology of Lagos state: 

 
 

Lagos State lies within the geographic coordinates of Lat.: N06° 23′ and N06° 40′ and Long.: 

E03° 13′ and E03° 27′ (Oladapo et al., 2013). It is within the Euro – African sector of the world 

in the neighbourhood of the Greenwich Meridian (Somoye, 2017).  

Experts have described the local geology/geomorphology of Lagos State as follows; 

 Lagos is underlain by the Dahomey Basin with lithologic constituents that are mainly 

 sands, clays and limestones. The basement complex which forms the basement rocks 

 in the basin is overlain in succession by the Cretaceous Abeokuta Formation which is 

 sandy with inter-bedded shales and limestone formation. Following it is the Tertiary 

 Ewekoro Formation comprising of limestone, clays and shales and the Ilaro 

 formation consisting of clays and shales followed by the poorly sorted coastal plain 

 sands and recent alluvial deposits. The latter which consists of lithoral and lagoonal 

 sediments of the coastal belt is characterized by mangrove (saltwater) and freshwater 

 swamps where aquifers, are readily recharged by copious rainfall thus making them 

 vulnerable to leachate contamination in areas proximal to landfills (Akinlalu and 

 Afolabi, 2018; Odukoya, 2015).  

 

4.0 Materials and methods 

 

4.1 Sample coverage: 

 

Geophysical investigation involving 2-D electrical resistivity imaging (ERI) via Wenner array 

configuration and 1-D Vertical Electrical sounding adopting Schlumberger array was carried out 

along predetermined traverses within the study area. The 2-D resistivity data were collected at 

inter-electrode spacing of 10 m along some traverses and 5 m at other traverses as shown in 

Table 1. The varied inter-electrode spacing was due to constraint in available space within the 

study areas which had developed to communities. A total of three traverses were occupied.  

Along each traverse, four VES were acquired at predetermined stations except on traverse three 

where it was possible to acquire eight (8) VES because of the available space. Thus, 16 VES 

were acquired in all as shown in (Table 1). 



Table 1:  

Traverse spacing and number of vertical electrical sounding 

 

TRAVERSE ELECTRODE 

SPACING (m) 

TRAVERSE 

LENGTH (m) 

 

NO. OF VES COORDINATE 

Lat. (N)/Long. (E) 

 

Alaba 

1 10 200 4 60 27′ 45.8′′/003011′26.5′′ 
 

2 5 100 4 60 27′ 43.6′′/0030 11′ 27.5′′ 
 

3 10 200 8 60 27′ 50.3′′/0030 11′ 22.2′′ 
 

 

4.2 Sampling technique: 

In this study, the Electrical Resistivity Imaging techniques which involve the Vertical Electrical 

Sounding (Schlumberger) and 2D-Wenner were adopted as a result of their less sensitivity to 

noise; and good vertical and lateral resolution and coverage respectively. 

For the Schlumberger array, four electrodes were placed in line around a common midpoint. The 

two outer electrodes, A and B, form the current electrodes, while the two inner electrodes, M and 

N that were placed close together constitute the potential electrodes (Alabi et al., 2010; Dulaymi 

et al., 2012). Now, for each measurement; the current electrodes A and B were moved outward to 

a greater separation continuously throughout the survey, while the potential electrodes M and N 

remained in the same position until the observed voltage becomes too small to be measured 

(Ohaegbuchu et al., 2019). At this point, the potential electrodes M and N are further moved 

outward to a new spacing. Essien et al., (2020) suggested, as a rule of the thumb that; “the 

reasonable distance between M and N should be equal or less than one-fifth of the distance 

between A and B at the beginning.”The ratio thus goes up to about one-tenth or one-fifteenth 



depending on the strength of the signal. The Schlumberger method will enable the determination 

of the depth of the pollutants zone in the dumpsite soil. 

In the 2D (Wenner) array, geo-electrical resistivity imaging is achieved when the VES 

techniques and that of electrical profiling were integrated (Aizebeokhai, 2010). The apparent 

resistivities were measured from electrodes placed along a line using a range of different 

electrode separations and mid-points. The procedure was then repeated for as many 

combinations of current and potential electrode positions based on the survey configuration, that 

is, as a combination of successive profiles that go with increasing spacing of the electrode. The 

2D-Wenner array gives adequate information on the spread of the pollutants zone in the 

dumpsite soil. 

 

4.3 Soil geophysical equipment and materials: 

 

Equipment and materials used in this study include: 

 

 PASI Earth Resistivity Meter: P100-2N; 16GL terrameter (see Plate 1) consisting of a 

constant current source (commonly a battery pack connected to a commutated direct current 

(DC) circuit to change polarity of the current source); an ammeter which measures the 

injecting current; a very sensitive voltmeter that measures the response signal; four metal 

stake electrodes usually stainless steel or non-polarising Cu-CuSO4 and Ag - AgCl 2 which 

ensures low impedance characteristic. 

 Four cable for connecting electrodes to the current source and voltmeter . 

 12 volts Battery (DC) 

 Hammer 

 Measuring tapes 



 Resistivity sounding field records (Data sheet) 

 Cutter or razor blade 

 GARMIN etrex 10 - Global Positioning System (GPS) to geo-reference the data points. 

 Log-log graph, tracing paper, master curve (Schlumberger), ha auxiliary and kq auxiliary 

curves for sequent by sequent matching method of processing the Schlumberger array data.  

 

                  Plate 1: PASI earth resistivity meter: P100-2N; 16GL terrameter 

4.4 Data analysis 

 

The curve matching (observing the shape of the field curve) method was used to interprete the 

sub-surface resistivity distribution. A curve is drawn by plotting apparent resistivity against 

electrode spacing; field curve was then matched with the master curve for qualitative 

interpretation (Coker, 2012). Subsequently, the VES data were processed using segment by 



segment curve matching through which the geoelectric models of the subsurface were generated. 

The distributions of resistivities of different subsurface layers (ρ) were classified, based on curve 

shapes, in a three-layered earth model. 

The whole set of three-layer sounding curves were divided into four groups, depending on the 

relative values of ρ1, ρ2, and ρ3 (Anudu et al., 2014; Vasantrao et al., 2017).  

 

i. Minimum type: When ρ1>ρ2<ρ2<ρ3 i.e H-type (from the name - Hummel) 

ii. Double-ascending type: When ρ1<ρ2< ρ3 i.e A-type (from the term anisotropy) 

iii. Maximum type: When ρ1ρ3 i.e K-type or DA-type (implying displaced or modified 

anisotropy). 

iv. Double descending type: When ρ1>ρ2>ρ3 i.e Q-type or DH-type (meaning displaced 

Hummel or modified Hummel).  

 

A combination of the curves of the three-layer type (i.e. H, A, K, and Q), the four-layered 

curves; HA type (ρ1>ρ2<ρ3<ρ4); HK type (ρ1>ρ2<ρ3 >ρ4); KH type; QH type (ρ1>ρ2>ρ3<ρ4) 

etc could be produced. These models were fed into the Winresist (version 1.0, C.1998, 2004) 

software along with the field data to undergo iteration and obtain the best fit between the field 

data and the calculated models. This process yielded the true resistivity of the subsoil layers, 

their thicknesses and depth which became useful for generating the geoelectric sections of the 

subsurface along each traverse.  

The acquired 2-D resistance data were multiplied by the geometric factor and then fed into 

Diprofwin software for inversion and 2-D resistivity images of the subsurface to show the 

pollutant plumes along the traverses. The results from both 2-D ERI and VES were integrated to 



determine the extent of impact of pollutants at the e-waste dumpsites in the same manner of 

investigation by Vasantrao et al., (2017). 

 

5.0 Results and Discussions 

5.1 Geoelectric section (VES) of Alaba dumpsite soil: 

Sounding curve types obtained at Alaba were H, KH, A, HK, QH and K (see Fig. 2 and Table 2). 

The iteration of these curve types led to the identification of the geoelectrical section or nature of 

the dumpsite subsurface soil.  

 

 

 

 

 

 

 

                 H type: ρ1>ρ2<ρ3 curve                                      KH type: ρ1>ρ2>ρ3<ρ4 curve           
 

 

 

 

               

            KH type: ρ1>ρ2>ρ3<ρ4 curve                                H type: ρ1>ρ2<ρ3 curve 

       Fig. 2: VES curves 1 – 4 for Alaba international market dumpsite 



 

 

 

 

 

 

               

 

              

            KH type: ρ1>ρ2>ρ3<ρ4 curve                        KH type: ρ1>ρ2>ρ3<ρ4 curve 

     

 

 

 

 

 

 

 

 

               

           KH type: ρ1>ρ2>ρ3<ρ4 curve                                 H type: ρ1>ρ2<ρ3 curve     

         Fig. 2: VES curves 5 -8 for Alaba international market dumpsite 

 

 

 



                                 

 

 

 

 

 

 

 

 

 

                 

 

            A type: ρ1<ρ2 <ρ3 curve                                      HK type: ρ1>ρ2<ρ3 >ρ4 curve               

 

 

 

 

 

 

 

 

 

 

                

 

 

            H type: ρ1>ρ2<ρ3 curve                                                    H type: ρ1>ρ2<ρ3 curve 

 

          Fig. 2: VES curves 10 - 12 for Alaba international market dumpsite 

 

 



       

  KH type: ρ1>ρ2>ρ3<ρ4 curve                                   KH type: ρ1>ρ2>ρ3<ρ4 curve 

 

 

   QH type: ρ1>ρ2>ρ3<ρ4 curve                                     K type: ρ1<ρ2>ρ3 curve 

 Fig. 2: VES curves 13 – 16 for Alaba international market dumpsite 

 



The summary of the curve types (VES 1 – VES 16) and site lithology is shown in Table 2. 

 Table 2: 

Vertical electrical sounding summary of Alaba international market dumpsite 

 

VES NO RESISTIVITY 

(ohm-m) 

THICKNESS 

(m) 

DEPTH 

(m) 

LITHOLOGY CURVE 

TYPE 

1 24 1.2 1.2 Topsoil H 

7 38.5 39.7 Leachate 

23 -------- --------- Clay KH 

2 23 0.9 0.9 Topsoil 

27 1.9 2.8 Clay 

6 19.6 22.4 Leachate 

38 -------- --------- Clay 

3 31 1.2 1.2 Topsoil KH 

15 5.5 6.8 Clay 

6 11 17.8 Leachate 

30 -------- --------- Clay 

4 31 1.2 1.2 Topsoil H 

54 2.9 2.9 Topsoil 

16 9.7 12.6 Clay 

370 -------- --------- Sand 

5 13 0.9 0.9 Topsoil KH 

30 1.3 2.2 Clay 

6 6.7 9 Leachate 

375 -------- --------- Sand 

6 19 0.9 0.9 Topsoil KH 

25 1.9 2.8 Clay 

7 20 23 Leachate 

72 ------- -------- Sandy clay 

7 32 0.8 0.8 Topsoil KH 

46 3.1 3.9 Sandy clay 

17 18.6 22.5 Clay 

378 -------- --------- Sand 

8 74 3.7 3.7 Topsoil H 

21 24.9 28.6 Clay 

454 -------- -------- Sand 

9 54 1.9 1.9 Topsoil A 

66 7.6 9.5 Clayey sand 

603 --------- --------- Sand 

10 90 0.9 0.9 Topsoil HK 

28 2.5 3.3 Clay 



670 12.3 15.6 Sand 

30 --------- --------- Clay 

11 87 1.2 1.2 Topsoil H 

28 8.4 9.7 Clay 

136 --------- --------- Sand 

 

12 54 2.8 2.8 Topsoil H 

23 13.4 16.2 Clay 

147 -------- --------- Sand 

13 43 0.7 0.7 Topsoil KH 

65 2.2 2.9 Sandy clay 

14 27 29.4 Clay 

 138 -------- --------- Sand 

14 63 2.2 2.2 Topsoil QH 

37 4.2 6.4 Clay 

10 11.4 17.8 Clay 

103 -------- --------- Sand 

15 40 0.8 0.8 Topsoil KH 

132 5.6 6.5 Sand 

19 6.7 13.2 Clay 

344 -------- --------- Sand 

16 47 0.8 0.8 Topsoil K 

1024 4.3 5.1 Sand 

194 -------- --------- Sand  

 

The results of the vertical electrical sounding (see Figure. 3 a, b, c & d) revealed that the 

geoelectric section of Alaba dumpsite consists mostly three subsurface layers composed of clay 

column, clayey sand and sand which allows a high level of impact of the dumpsite soil. 
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Fig. 3 (a- d): Geoelectric sections of Alaba dumpsite 
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5.2 Depths and spread of pollutants in Alaba dumpsite soil based on the 2D Wenner array: 

 

The result from the 2D Wenner array profiles for Alaba indicated that the soil was highly 

impacted by e-waste. The finding was based on three profiles that were obtained from the 

dumpsite. The profiles were as follows: 

 

Profile 1: The profile (see Fig. 4) was to the north of the dumpsite along Alaba F-Line Locality 

1 (see Fig. 1). Two impacted zones of very low resistivity value of 5 Ω⋅m were observed.  The 

first zone starts from the ground surface and migrated to about 5 m depth at a lateral distance up 

to 45 m. The low value of resistivity at the end of the spectrum revealed the real nature of the 

contaminant plume. The second highly impacted zone spread at a lateral distance of about 83 – 

155 m on the topsoil and then increasingly percolates the soil through a narrow gauge between a 

lateral distance of about 85 – 105 m reaching a depth of more than 30 m.  

Also observed was a no impact zone having resistivity value of  55 Ω.m.  The zone dominated a 

lateral distance from about 105 – 180 m from a depth of about 10 m to more than 30 m.  The 

relatively high resistivity value spectrum corresponds to the clay column identified in the 

geoelectric section of VES 1 -4. 

 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 4: 2D Wenner for Alaba (profile 1) 
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Profile 2: The profile (see Fig. 5) was to the southern flank of the dumpsite along Alaba F-Line 

Locality 2 (see Fig. 1) where two impacted zones were identified. The first, highly impacted 

zone of low resistivity values of 5.0 - 8.3 Ω⋅m lies at a lateral distance of about 10 – 50 m and 

occupied the sand column of the subsurface as shown by VES 5 and 6 rights in the middle of the 

dumpsite and on active locations of e-waste dumping activities. The impacted zone lies at a 

depth of about 3 m to more than 15 m.  Further to the east of the dumpsite at a lateral distance of 

73 – 90 m, lies the second slightly impacted zone of 11 Ω⋅m resistivity value. The zone lies at a 

depth range of 6 – 13 m within the sand column subsurface (VES 7). 

   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Fig. 5: 2D Wenner for Alaba (profile 2) 
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Profile 3: The profile (see Fig. 6) was further north of the dumpsite along Bishop Mathew Street.  

The area formed part of the dumpsite before it was built up for residential purpose. The profile 

indicates two impacted zones. The first zone of low resistivity value between 6.5 and 8.3 Ω⋅m 

was observed at a lateral distance of about 50 – 85 m and progressively increases in depth 

through the clayey sand from about 5 – 20 m (VES 14). The second zone of low resistivity value 

between 5.0 and 8.3 Ω⋅m was observed at a lateral distance of about 145 m to more than 180 m. 

The contaminant progressively increases in depth through the sand column subsurface from 

about 8 m to more than 30 m (VES 16). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

   Fig. 6: 2D Wenner for Alaba (profile 3) 
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6.0 Conclusion 

 

The Alaba subsurface soil has been highly impacted as a result of e-waste dumpsite located in 

the area and more importantly due to the permeable geoelectric characteristics of the lithologic 

units beneath the dumpsite. The geoelectric sequence is in agreement with the findings of other 

researchers which according to Bello et al., (2015) consists  of sediment of clay, unconsolidated 

sands and mud with a varying proportion of vegetable matter along the coastal areas while the 

alluvial deposit consisted of coarse claying unsorted sand with clay lenses  and occasional pebble 

beds. The lithogy enables the pollutants to spread laterally and progressively increase in depth 

through the sand column subsurface to more than 30 m.  

 

This study provides information on e-wastes as a major environmental problem in Lagos, Nigeria 

due to the large influx of e-wastes into open dumpsites in the city. While e-wastes have 

economic and social benefits in terms of valuable materials they contain and potential job 

opportunities they offer, e-wastes are also known to be hazardous with concentrations of heavy 

metals that have the potentials to contaminate the environment and cause adverse health effects 

on people. The study site is highly populated with wells and boreholes as the main sources of 

water for the community, thus the findings from this study could facilitate Lagos State 

Government decisions on improving protection for groundwater resources around the study area 

and generally in Lagos State in compliance with the environmental policy of the State and its 

mantra of becoming a smart city. 
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