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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, through the analysis of VES and 2D-Wenner array configuration data, not only the
magnitude of legacy contamination by e-waste in terms of depth and spread but the level of impact as a result of the
soil type or nature. 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
while Soulous- Igando recorded relatively high resistivity values which correspond to the clay column identified in
the geoelectric sections of the site, thus the level of soil impact was low because, the clay/laterite column of the
subsurface of Soulous-Igando site provides a means of preventing leachate movement down to the aquifer. The sites
might need to be recovered in the future for a better developmental project; hence, the benefits of this research on
the appropriate methods to detoxify the sites. In addition, the results from this study could facilitate Lagos State
Government decisions on improving protection for groundwater resources for residents around the study area.
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Introduction

Soil serves as a very important sink for heavy metal contaminants
in an ecosystem [1]; so its pollution by heavy metals is a problem
of concern considering the adverse consequences on plant, animal
and human [2]. According to Balseiro-Romero and Baveye [3];
Jerzy et al., [4] and Xudong et al., [5]; “heavy metals, due to the
mobility of the pollutants in deep soil, may result in groundwater
contamination either as a result of natural or manmade processes”.

Several studies including Ofudje et al., [6]; Adeyi and Oyeleke
had revealed the impact of e-wastes on dumpsites soil thrugh the
detection of high concentrations of heavy metals like Cr, Cu, Zn,
Ni, and Mn in the soil although in some instances the concentra-
tions were found to be below the stipulated standard limits [7].
The probable reasons for the different conclusions have been at-
tributed to age of the dumping sites and level of activities in terms
of indiscriminate burning, melting or chemical leaching of e-waste
by informal operators or scavengers at the sites [7]. However, the
studies fell short of recognising the contribution of the dumpsite
type of soil to the migration of leechate in the soil leading to the
eventual contamination of groundwater.

The aim of this study is to investigate the effects of dumpsite type
of soil on the level of impacts of the soil due to indiscriminate
dumping of e-wastes. Two different open dumpsites locations at
Alaba International Market and Solous - Igando, Lagos, Nigeria.

Field description

The first site 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 recy-
cling in an attempt to extract valuable components of e-waste. It
is located at Alaba International Market, Ojo Local Government
Area, Lagos State, Nigeria.

The second site is located at Soulous-Igando dumpsite in the
South Western part of Lagos State along LASU — Isheri Road in
Alimosho Local Government. It started operations more than 25
years ago and it receives waste of all sorts including e-wastes, oth-
er domestic, commercial, industrial and institutional trashes from
entire Lagos State [8]. The base maps of the locations are shown
in Figure. 1.
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Figure 1: Base map for Alaba International Market and Soulous-Igando dumpsites

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" [9]. It is within
the Euro — African sector of the world in the neighbourhood of the
Greenwich Meridian [10]. Experts have described the local geol-
ogy/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-bed-
ded 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 fresh-
water swamps where aquifers, are readily recharged by copious

rainfall thus making them vulnerable to leachate contamination in
areas proximal to landfills [11, 12].

Materials and Methods

Geophysical investigation involving 2-D electrical resistivity im-
aging (ERI) via Wenner array configuration and 1-D Vertical Elec-
trical 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 var-
ied inter-electrode spacing was due to constraint in available space
within the study areas which had developed to communities. A to-
tal of six traverses were occupied and along each traverse, four
VES were acquired at predetermined stations except on traverse
three where it was possible to acquire eight VES because of the
available space. Thus, 28 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"/00301126.5"
2 5 100 60 27'43.6"/0030 11’ 27.5"
3 10 200 8 60 27'50.3"/0030 11’ 22.2"
Soulous
4 5 100 4 60 34’ 15.3”/0030 15’ 09.8"
5 10 150 4 60 34’ 20.6"/0030 15’ 15.0"
6 5 100 4 60 34’ 13.9"/0030 15’ 22.9"
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Results and Discussions

The curve matching (observing the shape of the field curve) meth-
od was used to interpret 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 [13]. 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 (p)
were classified, based on curve shapes, in a three-layered earth
model divided into four groups (minimum, double ascending,
maximum, and double descending types) depending on the relative
values of pl, p2, and p3 or a combination of the curves [14, 15].
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
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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 Vasant-
rao et al., [15].

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

= e e
Fonarr sl by b D Lt 01 ]

VES 2: KH type: p1>p2>p3<p4 curve

e e
Ciarvmed [ bk pokn s (3

VES 6: KH type: p1>p2>p3<p4 curve

Adv Envi Was Mana Rec, 2022

www.opastonline.com

Volume 5 | Issue 1 | 27



Tk, Fiia Res Trage Cupm
] et Conbourgion | | -
T ad Ba
T 44 31 3@
1 3 e e =9
& PR T R
&
3w i RS on e deta
&
O
| e
| e 4
= .
15 ey w2 ]

et Ehecinos Dantancs: (S )

VES 7: KH type: p1>p2>p3<p4 curve

[ree mes Tmeen Deen

i 240 19 id
2 840 T4 B
3 a0

| a5 o rmcoved dsta

L F 1
i w -
4 a4 — L
o e w3 'l

Carand D e Cnstirss (MR =)

VES 9: A type: pl<p2 <p3 curve

Fentioaw - 33 = [t A s o
Schigrbaiom Conourslion [

w1 "
T Ll B e i A [

")

curve

VES 11: H type: p1>p2<p3

VES THMRS
i St Dordogtpon

i i

& ]

]

3 w2 | 1

& 1

L=}

1 .E 1 b ¥

b 1 o
: | T
I e i -
| |
1 {
L |
1 o
i L] ] FE] 1243
] Coartwell Ebadiriade Drilirsln [T P
i
i
|

VES 13: KH type: p1>p2>p3<p4 curve

b R e S

# Tié XT AT
& R ME A
3 odlds -
F
~ RS o Lol 26
E 11 1
| = -,
3 S
< o
19 1
e R S R
108 we 1o L]

Courreet [hechode Ceptmncn L8

VES 8: H type: p1>p2<p3 curve

VS Humbel
regrmiyer e s e
&
1
2
§
L 1 %
+
W
e W e i
‘Curmat Dipciroste Ceplance 483

VES 10: HK type: p1>p2<p3 >p4 curve

A S Shsata Fiz  Aes Theok Caph
E it o - kg gy by
] 1 e 2 28
I 2 e 104 W2
; I i * B 2 A dsth
3 w2 >
3 I .
| -
PO et
- | -
w | i
e e e |
L] L el iy
Cogrvwed g Dowlamon UG ()
|

VES 12: H type: p1>p2<p3 curve

& VA Thausa) ¥
WS 4 e Bad Thio Dioin
o Sipame i Corbie e ———
&
s | _
-3
I
B
il -
| - ] r
- 4 1
|t 5 v ot
i L
)
"
N Ll
i e L al wa Loy
W Curgd Diedrady Cuiliras (AT 1=
i
il
H

VES 14: KH type: p1>p2>p3<p4 curve

Adv Envi Was Mana Rec, 2022

www.opastonline.com

Volume 5 | Issue 1 | 28



B TR
St Cordounton

Rigt Ripioiedy [ferar]

T - 157
Currnet [iackode Dotaretn (4437 1

)

VES 15: QH type: p1>p2>p3<p4 curve

R{at RpbiBaly ferer]

18

Ciormiet Dincirods Distascn (AT o

* MM o ol

VES 16: K type: pl1<p2>p3 curve

Figure 2: VES curves 1 — 16 for Alaba international market dumpsite

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 e e Clay KH
2 23 0.9 0.9 Topsoil
27 1.9 2.8 Clay
6 19.6 22.4 Leachate
K R T Clay
3 31 1.2 1.2 Topsoil KH
15 5.5 6.8 Clay
6 11 17.8 Leachate
3o e Clay
4 31 1.2 1.2 Topsoil H
54 2.9 2.9 Topsoil
16 9.7 12.6 Clay
370 e Sand
5 13 0.9 0.9 Topsoil KH
30 1.3 2.2 Clay
6 6.7 9 Leachate
37s e e Sand
6 19 0.9 0.9 Topsoil KH
25 1.9 2.8 Clay
7 20 23 Leachate
72— e Sandy clay
7 32 0.8 0.8 Topsoil KH
46 3.1 3.9 Sandy clay
17 18.6 22.5 Clay
LY e B Sand
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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 e [ Sand

10 90 0.9 0.9 Topsoil HK
28 2.5 33 Clay
670 12.3 15.6 Sand
3o e Clay

11 87 1.2 1.2 Topsoil H
28 8.4 9.7 Clay
136 | e Sand

12 54 2.8 2.8 Topsoil H
23 13.4 16.2 Clay
47 |- Sand

13 43 0.7 0.7 Topsoil KH
65 2.2 2.9 Sandy clay
14 27 29.4 Clay
LR L S et [EES Sand

14 63 22 22 Topsoil QH
37 4.2 6.4 Clay
10 11.4 17.8 Clay
O e Sand

15 40 0.8 0.8 Topsoil KH
132 5.6 6.5 Sand
19 6.7 13.2 Clay
344 |- e Sand

16 47 0.8 0.8 Topsoil K
1024 4.3 5.1 Sand
9% e - Sand

The results of the vertical electrical sounding (see Figure. 3 a,
b, ¢ & 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.

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 indicat-
ed that the soil was highly impacted by e-waste. The finding was
based on three profiles that were obtained from the dumpsite. Pro-

file 1 (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 Q[lm were observed. The first zone starts
from the ground surface and migrated to about 5 m depth at a later-
al 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 8— 105
m reaching a depth of more than 30 m.
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Profile 2 (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 also identified. The first, highly impacted zone of low
resistivity values of 5.0 - 8.3 Q-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 Q-m resistivity value. The zone lies
at a depth range of 6 — 13 m within the sand column subsurface
(VES 7).

ALABA VES
TR-2 5

VES VES VES

b 3% 3%

ErPTH (METER)

Booow B

B(ohm-m|

Figure 5: 2D Wenner for Alaba (profile 2)

Profile 3: The profile (see Fig. 6) was further north of the dump-
site 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 val-
ue between 6.5 and 8.3 Q-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 Q-m was observed at a
lateral distance of about 145 m to more than 180 m. The contam-
inant progressively increases in depth through the sand column
subsurface from about 8 m to more than 30 m (VES 16).
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Geoelectric Section (VES) of Soulous Dumpsite Soil types led to the identification of the geoelectrical section or nature

Sounding curve types obtained at Soulous were KH, K, HK, H, of the dumpsite subsurface soil.
AK, and A (see Fig. 7 and Table 3). The iteration of these curve
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The iteration of the curve types (see Figure. 8 a, b & c) revealed
that the geoelectric section of Soulous dumpsite consisted most-
ly four subsurface layers composed of clay column and clayey
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and site lithology is shown in Table 3.
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Table 3: Vertical Electrical Sounding Summary of Soulous Dumpsite

VES NO RESISTIVITY (ohm-m) | THICKNESS (m) | DEPTH (m) LITHOLOGY CURVE TYPE

VES 17 56 1.4 1.4 Topsoil KH
205 14.7 16.1 Sand
31 18.1 34.2 Clay
32t e e Sand

VES 18 12 1.0 1.0 Topsoil K
57 43 5.3 Clay
B e - Clay

VES 19 41 0.5 0.5 Topsoil
14 0.8 1.3 Clay
549 6.2 7.6 Sand
45 |- - Clay

VES 20 42 0.6 0.6 Topsoil HK
19 1.0 1.6 Clay
527 6.2 7.8 Sand
3t e Clay

VES 21 60 3.0 3.0 Topsoil KH
76 8.9 11.9 Sandy clay
45 18.0 29.9 Clay
4 e e Sand

VES 22 74 5.5 5.5 Topsoil H
35 12.3 17.8 Clay
412 e e Sand

VES 23 80 0.9 0.9 Topsoil H
65 14.8 15.8 Clayey sand
15 N R Sand
34 2.3 2.3 Clay

VES 24 635 11.5 13.8 Sand K
206 | e Sand

VES 25 53 2.0 2.0 Topsoil K
271 9.5 11.5 Sand
204 |- e Sand

VES 26 60 1.2 1.2 Topsoil A
140 3.0 4.2 Sand
665 10.1 14.3 Sand
6 | [ Sand

VES 27 55 1.7 1.7 Topsoil A
924 e e Sand

VES 28 11 0.8 0.8 Topsoil K
49 6.3 7.1 Clay
| e

VES 29 56 HK
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Depths and Spread of Pollutants in Soulous Dumpsite
Soil (2D Wenner Array)

The type of subsurface soil determines the rate of percolation as
well as the depth and spread of the pollutants in the soil. Thus, the
result from the the 2D Wenner array profiles for Soulous indicated
that the level of soil impact was low. The finding was based on
three profiles that were obtained from the dumpsite as follows:

Profile 1: The profile (see Fig. 9) was to the western edge of the
dumpsite. An impacted zone of very low resistivity value which
ranged from 6 Q-m to 11 Q-m was observed. The zone started
from the ground surface to about 2 m depth, at a lateral distance of
65 — 84 m. The low value of resistivity at the end of the spectrum
revealed the real nature of the contaminant plume. Also observed
was a no impact zone of 70 Q.m resistivity value. The zone domi-
nated a lateral distance from about 30 — 85 m at about 5 m to more
than 15 m depth. The relatively high resistivity value spectrum
corresponded to the clay column identified in the geoelectric sec-
tion of VES 18, 19 and 20.

Profile 2: The profile (see Fig. 10) was to the east side of the dump-
site. The profile indicated two impacted zones of moderately low
resistivity values from 20 - 26 Q.m. The first one emanated at a
lateral distance of about 60 m and progressively increased in depth
from the surface to about 2 m within the next 5 m (i,e at 65 m). The
zone could be attributed to the migrating plume from Traverse 1 in
Profile 1 (see Fig. 9), suggesting the west — east flow of the plume.
The second impacted zone was very pronounced and it occurred
at a lateral distance of about 90 — 120 m; at a depth range from 15
m to more than 30 m. Also identified was a zone of no impact with
values of resistivity between 141 and 180 Q.m. It originated from
the ground surface into a depth of more than 30 m. Presumably,
the value could be a true representation of the clay subsurface,
overlying from Traverse 1 in Profile 1 and in agreement with the
geoelectric section of VES 21 and 22.
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Figure 10: 2D Wenner for Souolus (profile 2)

Profile 3: The profile (see Fig. 11) was to the south of the dump-
site. The profile indicated two impacted zones with values of re-
sistivity varying from 40 - 52 Q.m. The first one emanated at a
lateral distance of about 10 — 30 m and progressively increased
in depth from the surface but narrowing in width as it percolated
through the sandy subsoil indicated by VES 25 and 26 to a depth of
about 7 m. The zone could be linked to the migrating plume from
the end of Traverse 2 in Profile 2 (see Fig. 10) and it affirmed the
west — east flow of the plume.

Two zones of high resistivity values between 370 and 400 Q[Im
were also observed. The zones were regarded as no impact zones.
The first zone lied at a lateral distance between 22 and 45 m while
the second zone lied between 68 m and 85 m. The two zones em-
anated at a depth from about 5 m to more than 15 m in agreement
with the true resistivity of the clay subsurface (VES 27 and 28).
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Conclusion

The results of the geophysical investigation conducted at Ala-
ba International Market and Soulous-Igando showed that Alaba
subsurface soil has been highly impacted as a result of e-waste
dumpsite located in the area and more importantly due to the per-
meable geoelectric characteristics of the lithologic units beneath
the dumpsite. The geoelectric sequence is in agreement with the
findings of Bello et al., that the sequence consists of sediment of
clay, unconsolidated sands and mud with a varying proportion of
vegetable matter along the coastal areas while the alluvial depos-
it consisted of coarse claying unsorted sand with clay lenses and
occasional pebble beds [16]. The lithogy enables the pollutants to
spread laterally and progressively increase in depth through the
sand column subsurface to more than 30 m.

Generally, the geophysical study of Soulous dumpsite recorded
relatively high resistivity values which correspond to the clay col-
umn identified in the geoelectric sections of the site (Fig. 8), thus
the level of soil impact was, therefore, low (Fig. 9, 10 & 11). Ac-
cording to Oladapo et al., the clay/laterite column of the subsur-
face of Igando (Soulous) landfill provides a means of preventing
leachate movement down to the aquifer [17].

However, the study found that there was a column of sandy sub-
soil as shown by VES 22, 23 and 24 (Fig. 8b) through which the
west — east flow of the migrating plume had percolated at a depth
that ranged from 15 m to more than 30 m on the eastern flank of
the dumpsite (Fig 10). In the future, therefore, boreholes/wells dug
on this side of the dumpsite might not be totally protected from
pollutants.

In conclusion, the study revealed a progressive increase in depth
and spread of contaminants into subsurface soil of Alaba. Its three
subsurface layers which composed of clay column, clayey sand
and sand allows a high level of impact of the dumpsite soil but
Soulous-Igando was less impacted because of the nature of the
subsurface soil which consists mainly of clay intercalated with lat-
eritic clay

This study provides information on e-wastes as a major envi-
ronmental problem in Lagos, Nigeria due to the large influx of
e-wastes into open dumpsites in the city. The sites are highly popu-
lated with wells and boreholes as the main sources of water for the
community and so might need to be recovered in the future for a
better developmental project. Knowing the difference in the levels
of impact of one site compared to the other will allow appropri-
ate decisions on how to detoxify the sites. In addition, the results
from this study could facilitate Lagos State Government decisions
on the appropriate protection method for groundwater resources
around the study areas.
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