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Abstract E-waste is a global environmental prob-
lem that must not be underestimated. To ascertain
the environmental pollution status of electronic waste
dumpsites, an assessment of seasonal variation in
concentrations of heavy metals in the soils and plants
in electronic waste dumpsites in Lagos metropolis
was undertaken during the two major seasons (wet
and dry seasons) in Nigeria. The soils and plants sam-
ples collected in August during the rainy season and
December during the dry season were digested using
aqua regia, a wet digestion method. The heavy metal
concentrations were quantified with flame atomic
absorption spectrophotometer (FAAS) fitted with a
hollow cathode lamp (Perkin-Elmer AA Analyst 200)
using an air-acetylene flame. The soil samples and the
plants analyzed were found to have high concentra-
tions of heavy metals. All the plants analyzed were
identified and classified as excluders and accumula-
tors of heavy metals based on their shoot/root quo-
tients. The results obtained experimentally were ana-
lyzed using statistical and multivariate techniques.
The soil quality of the study area was evaluated using
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correlation factor, pollution load index, and geoac-
cumulation index. The heavy metal assessment in
comparison with the EU and Canadian standards for
both agricultural and residential soils showed that the
e-waste dumping sites are highly polluted. The results
obtained for both the soil and plants analyzed con-
firmed the great impact of the hazardous components
of e-waste on the ecosystem.
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Heavy metals - Accumulators - Excluders - Principal
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Introduction

Electronic waste (e-waste) pollution is a major global
problem because e-waste consists of toxic substances
which can contaminate the environment and possibly
affect the human health (Hilty, 2005).

The world at large is affected by e-waste pollu-
tion since electronic appliances are used by a larger
percentage of the global population (Kiddee et al.,
2013). China which is the world’s leading manu-
facturing country is the largest dumping ground
for e-waste (Song & Li, 2014). The countries that
are mostly affected by e-waste pollution are coun-
tries that lack comprehensive e-waste management
plan, especially countries that permit the dumping
and burning of e-waste (Huang et al., 2014). The
improper e-waste management (such as dumping
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and burning of these obsolete electronics and their
various parts) impacts on the soil ecosystem and
the air quality (Ogunseitan et al., 2009). Nigeria
like most other developing countries source their
potable water from underground; therefore, leach-
ing of the toxic substances in e-waste into under-
ground and surface water can occur (Olafisoye
et al., 2013; Sun et al., 2001). Therefore, improper
e-waste management has the potential to affect
all the components of the environment (Sullivan,
2014; Onwughara et al., 2010; Manhart et al.,
2011).

Multiple studies have shown that e-waste consists
of different hazardous substances especially halo-
genated compounds (PCB, PBB, PBDE) and heavy
metals (Pb, Cd, Cu, Ni, and Cr) (Cui & Zhang,
2008; Kang & Schoenung, 2005; Babu et al., 2007).
Heavy metals have the tendency to accumulate in
soils and plants, thereby having negative influence
on the physiological activities of plants such as pho-
tosynthesis, gaseous exchange, and nutrient absorp-
tion (Baker, 1981; Devkota & Schmidt, 2000).

According to the Basel Action Network (BAN),
a Seattle-based environmental group, an esti-
mated 500 shipping containers with a load equal
in volume to about 400,000 computer monitors or
175,000 large TV sets enter Lagos, Nigeria, each
month and about 75% of some of these shipments
are classified as e-waste (Sullivan, 2014). The rea-
sons for this huge influx of e-waste into Lagos are
not farfetched; Lagos has a large seaport where
these items easily slip through. There is a huge
desire for very cheap second-hand imported elec-
tronic items in the city, but the lifespan of these
items is usually short, thereby resulting in most
of these imported items being discarded almost
as soon as they are shipped into Lagos. The envi-
ronment in Lagos is negatively impacted by the
influx of these e-waste because of the poor e-waste
management (Nnorom et al., 2007). Therefore, the
aim of this study was to investigate the impact of
electronic waste on the environment by measur-
ing the concentration of the heavy metals in soils
and plants from electronic waste dumpsites in
Lagos metropolis during the wet and dry seasons,
thereby providing a comprehensive understanding
of the seasonal variation effect of e-waste on the
environment.
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Materials and methods
Study location

This study was carried out at two different electronic
waste dumpsites in the metropolis of Lagos, South-
west Nigeria (Fig. 1). The two electronic waste dump-
sites used for this study are Alaba electronic waste
dumpsite, which is situated within Alaba interna-
tional market in Ojo local government area in Lagos,
Nigeria, and Westminster electronic waste dumpsite,
which is situated within Westminster electronics mar-
ket along Apapa road in Apapa local government area
in Lagos (Fig. 2). Some of the electronic wastes found
on these sites include mother board, monitors, televi-
sion, radio, keyboard, phone batteries, finger-like bat-
teries, printers, video players, fluorescent lamps, and
broken parts of other electrical devices.

Sampling

Soil samples were collected at different points at
Alaba and Westminster dumpsites. The samples were
collected at the surface level (topsoil: 0-10 cm) and
sub-surface (sub-soil: 20-30 cm). The soil was col-
lected with the aid of a soil auger from five points to
make a sample and transferred into a black polyeth-
ylene bag and labeled appropriately. Plant samples
found around the dumpsites were collected by uproot-
ing them carefully from the soil, and the plant sam-
ples were kept in a brown envelope and identified in
the Herbarium, Botany Department of University of
Lagos. The plant species found at the study area are
Eleusine indica, Amaranthus viridis, Aspilia thouar-
sii, Phyllantus muellarianus, and Cyperus echinatus.
The sampling was done on a seasonal basis (wet and
dry season); for the wet season, the samples were col-
lected in August, while for the dry season, the sam-
ples were collected in December.

Sample treatment and chemical analysis

The adhered soils on the plant samples collected from
the dumpsites were thoroughly removed with the use
of hands. The plant samples were then separated into
parts (i.e., roots and shoots) and air dried in the envi-
ronmental laboratory for 4 and 3 weeks for wet and
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dry seasons, respectively. The properly dried sam-
ples were ground using agate mortar and pestle and
transferred into polyethylene bags for storage until
further analysis. The soil samples were also air dried
in the laboratory for 4 and 3 weeks for wet and dry
seasons, respectively. The stones and glasses in the
soils were removed by hand picking, after which they
were ground using mortar and pestle. Thereafter, the
samples were sieved to 2-mm diameter size and trans-
ferred into clean polyethylene bags for storage until
later analysis.

The pH of the soil samples was measured in 0.111 M
CaCl, solution at a ratio of 1:2 with the aid of a pH
meter. The moisture content of the soil was determined
by constant weight method via oven-drying. The total
organic matter (TOM) of the soil samples was deter-
mined by Walkey-Black chromic acid wet oxidation
method (Rhodes et al., 1981; Sleutel et al., 2007). The
cation exchange capacity (CEC) of the soil samples was
determined by the standard magnesium acetate method.

The bioavailable metals in the soil were determined by
using 1 g of soil sample with 20 ml of 0.5 M HCI solu-
tion and shaking for 1 h at a speed of 120 excursions
per minute (e.p.m) as described by Sutherland method
(Sutherland, 2002), after which the solution was filtered
with Whatman filter papers into properly acid washed
bottles for analysis. The plant and soil samples were
digested by wet digestion method via the use of aqua
regia (HCl: HNO; in 3:1).

The concentration of the potential toxic metals in
both the plant and soil samples was quantified with
flame atomic absorption spectrophotometer (FAAS)
fitted with a hollow cathode lamp (Perkin-Elmer AA
Analyst 200) using air-acetylene flame.

Statistical analysis and heavy metal assessment
The experimental data obtained were statistically ana-

lyzed using Pearson correlation and the following
multivariate techniques: principal component analysis
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(PCA) and cluster analysis. The heavy metals were
assessed using contamination factor (CF), pollution
load index (PLI), and the geoaccumulation index ()
to evaluate the soil quality of the study area.

Statistical and multivariate analysis

Pearson correlation and PCA were used to deter-
mine the relationship between the soil parameters
at each sampling point. The PCA and the cluster
analysis were carried out using Microsoft Excel
Addin XLSTAT 2021.1.1107 software. The clus-
ter analysis was used to investigate the similarity
among all the e-waste sampling points based on the
heavy metal concentration values using agglomera-
tive hierarchical clustering (single linkage) analysis
method.
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Heavy metal assessment
Contamination factor

The contamination factor for each of the metal was
calculated using: CF = %, where Cy; is the meas-

ured value of the concentﬁation of each of the metal
in the soil, and Cy is the background value for the
metal. The results obtained from the calculations
were classified using the classes of contamination
factor and contamination degree reported by
Hakanson (1980) (Table 1).

Pollution load index

This index is usually determined by calculating the
nth root of the product of the CF, where n is the total
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Table 1 Classes of contamination factors and contamination degrees

Contamination factor (CF) value

Indication

CF<1

1<CF<3

3<CF<6

CF>6

Contamination degree (C,,,)value
Cueg<8

8<Cp <16

16 <Cpp <32

32<Cppy

Low contamination factor
Moderate contamination factor
Considerable contamination factor
Very high contamination factor

Low degree of contamination
Moderate degree of contamination
Considerable degree of contamination

High degree of contamination

number of metals analyzed. When PLI< 1, there is no
metal pollution, but PLI> 1 indicates metal pollution.

PLI = {/CF, x CF, X CF; ... ... .X CF,

Geoaccumulation index

This index is usually used to assess soil quality by
comparing the measured concentration obtained for
the heavy metals to the background concentration:

L,y =[C,/1.5X B,

where C, is the measured concentration for the
metal n and B, is the background concentration for
the metal n, while 1.5 is used as a factor to mini-
mize the effect of possible variations in the back-
ground data. The results obtained from the calcu-
lations are analyzed and classified using Miiller’s
classifications (Miiller, 1981) as presented in
Table 2.

Table 2 Classes of geoaccumulation index

Results and discussion
Wet season

The physicochemical properties of the soils ana-
lyzed in wet season are presented in Table 3. The
pH of the soil samples was observed to be slightly
alkaline with values ranging from 7.2 to 7.6, which
is an indication of the availability of the nutrients
in the soil (though the ideal pH for soil is mainly
less than 7), therefore indicating a level of con-
tamination. ALAT has the highest TOC, TOM, and
CEC compared to other soil samples investigated.
To adequately compare the results obtained for the
investigated soil samples, reference soil samples are
analyzed to compare their measured values with
certified values as presented in Table 4. The meas-
ured values obtained for SO-2 was within the cer-
tified values for the heavy metals that were deter-
mined, and this indicates the accuracy in values of
the concentration of heavy metals obtained for the
samples. The recovery of spiked samples ranged

Class Geoaccumulation index (/) value Soil condition

6 5<lyp, Extremely contaminated

5 4<1,,,<5 Highly to extremely contaminated

4 3<ly,,<4 Highly contaminated

3 2<1,,<3 Moderately to highly contaminated

2 1<I,,<2 Moderately contaminated

1 0< <1 Uncontaminated to moderately contaminated
0 1,,<0 Practically uncontaminated

geo =
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Table 3 Physiochemical properties of the soil samples for wet season

Soil samples Moisture content pH Total organic carbon (% Total organic Matter (% CEC (meq/100 g)
(%) TOC) TOM)

ALAT 4 7.6 222 6.58 87.5

ALAS 0 72 0.55 1.62 26.25

ALAW 2 72 2.20 6.52 11.25

WSTT 0 73 1.49 4.41 17.5

WSTA 0 7.3 0.62 1.84 11.45

ALAT Alaba topsoil, ALAS Alaba sub-soil, ALAW Alaba topsoil few meters away from ALAT, WSTT Westminster topsoil, WSTA

Westminster topsoil few meters away from WSTT

from 86.25 to 108.75%. ALAT had the highest pH
of 7.6, CEC of 87.5 meq/100 g, organic matter of
6.58, and the highest concentration of all heavy
metals investigated. There were also noticeable dif-
ferences in the concentration of metals in each of
the samples depending on pH values and organic
matter content. The soil samples with alkaline pH
and high organic matter (OM) content accumu-
lated significantly higher concentrations of heavy
metals compared with other soil samples. Organic
matter content is one of the most important fac-
tors that control the accumulation, mobility, and
bioavailability of heavy metals in soils. Increase
in soil organic matter (SOM) content can lead to
elevation of the soil adsorption capacity by which
accumulation of heavy metals will be enhanced
(Lo et al., 2008). Multiple studies have shown that
organic matter form complexes with heavy metals
and other contaminants; therefore, increase in SOM
may serve as a natural barrier against heavy metal
in plants (Kwiatkowska-Malina, 2018; Chibuike &
Obiora, 2014).

Table 4 Certified and measured values of heavy metals in ref-
erence soil sample (SO-2)

Heavy metals Certified values (mg/ Measured

kg) values (mg/
kg)
Lead (Pb) 21+4 18.3
Cadmium (Cd) - ND
Nickel (Ni) 8+2 6.9
Copper (Cu) T+1 6.5
Chromium (Cr) 16+2 17.4

SO-2 Canada reference soil sample

@ Springer

Distribution of heavy metals in soils and plant
species

Amaranthus spinosus and Cyperus echinatus were
predominant plant species at the Alaba site followed
by Aspilia thouarsii, while in Westminster site, very
few plants were seen on the site; Phyllantus muellari-
anus and Eleusine indica were the only plants seen at
the site during the wet season. The presence of other
plant species in Alaba site was sporadic. The concen-
tration of heavy metals in plants and soils is as given
in Tables 5, 6, and 7. Soil contamination with Pb,
Ni, and Cu was very obvious in the topsoil of Alaba
dumpsite. Pb, Ni, and Cu levels in soils from Alaba
and Westminster sites ranged from 224.4 to 1890 mg/
kg, 6.2 to 125.9 mg/kg, and 31 to 180.9 mg/kg for
total metals present, while for bioavailable metals,
Pb, Ni, and Cu ranged from 80.4 to 975.4 mg/kg,
ND to 17.6 mg/kg, and 9.4 to 142.2 mg/kg, respec-
tively. The concentrations of Cd and Cr observed in
soils ranged from 1.4 to 3.6 mg/kg (total) and 3.1 to
7.2 mg/kg (total), respectively, while the concentra-
tions of bioavailable metals in Cd and Cr ranged from
1.1 to 2.7 mg/kg and 0.1 to 2.0 mg/kg.

Among all the sampling points, ALAT had the
highest concentrations of Pb and Cu as shown in
Table 5. At the Alaba dumpsite, these e-wastes were
burnt which led to the increase in the surface area of
these components, thereby impacting the air qual-
ity and soil quality of the environment. Pb, Cd, Ni,
Cu, and Cr concentrations in ALAW were obtained
as 254.3 mg/kg, 3.2 mg/kg, 10.8 mg/kg, 102 mg/kg,
and 4.2 mg/kg, respectively, while the heavy metal
concentrations obtained for ALAS were 224.4 mg/
kg, 1.7 mg/kg, 9.3 mg/kg, 102 mg/kg, and 3.9 mg/kg,
respectively, though sub-soil was not expected to have
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Table 5 Mean concentration (mg/kg) of heavy metals in soil samples

Soil samples Lead (Pb) Cadmium (Cd) Nickel (Ni) Copper (Cu) Chromium (Cr)
Total Bio Total Bio Total Bio Total Bio Total Bio
ALAT 1890 975.4 3.6 1.8 125.9 17.6 180.9 142.2 7.2 0.6
ALAS 224.4 81.6 1.7 1.1 9.3 1.38 102.5 35.8 39 2.0
ALAW 254.3 112.7 3.2 1.7 10.8 ND 102 9.4 4.2 0.1
WSTT 264.4 110.1 32 2.7 38.4 4.84 56.5 13.6 3.7 1.6
WSTA 259.4 80.4 1.4 1.4 6.2 3.79 31.0 11.8 3.1 0.2
SO-2 18.3 - ND - 6.9 - 6.5 - 17.4 -

high levels of heavy metals. This result showed that
the leaching of these metals from the topsoil to the
sub-soil did occur which might have been due to rain-
fall during the wet season. The concentrations of Pb,
Cd, Ni, Cu, and Cr obtained from ALAW were higher
than that of ALAS but lower than that of ALAT; this
could be due to the landscape of the area which is
sloppy; therefore, rainfall could have played a major
role in the washing off of the ALAT soil towards
ALAW.

The results obtained for the mean concentrations
of the heavy metals in soils and plants (Tables 6 and
7) at the e-waste dumpsites showed that the root to
shoot transfer of Pb, Cd, Cr, and Cu in A. spinosus
and Eleusine indica is greater than the other plants.
This showed that A. spinosus and E. indica readily
allow the translocation of the heavy metals within
them compared to the other plants. This also mean
that A. spinosus and E. indica maintained high con-
centrations of these metals in their shoot over a wide

range of concentrations; therefore, their heavy metal
uptake is very high.

Extraction coefficient and shoot/root quotient

Excluders are plants that limit the levels of heavy
metal translocation within them and maintain rela-
tively low concentrations in their shoot over a
wide range of soil concentrations. They are mostly
employed in re-vegetation and stabilization of heavy
metal-contaminated soils (Baker, 1981). Plants that
accumulate heavy metals are commonly reported
with shoot/root quotients greater than 1, while shoot/
root quotients less than 1 characterize heavy metal
excluders. Three of the plants analyzed had extrac-
tion coefficient greater than 1; Aspilia thouarsii had
an extraction coefficient of 2.07 for Cd; Amaranthus
spinosus had an extraction coefficient of 1.33 for Cd;
and Eleusine indica had an extraction coefficient of
1.19, 12.58, and 1.16 and 8.08 for Cd, Ni, Cu, and Cer,

Table 6 Mean concentration of heavy metals in soils and plants collected from Alaba dumpsite

Plant species Pb mg/kg Cd mg/kg Ni mg/kg
Soil Root Shoot Soil Root Shoot Soil Root  Shoot
Aspilia thouarsii 1890  210.6  197.3 3.6 6.5 7.4 1259 9.6 7.5
P. muellarianus 1890 197.8 1654 3.6 2.0 33 1259 34 2.7
Cyperus echinatus 1890 250.6 192.4 3.6 2.0 3.2 1259 103 4.0
A. spinosus 1890 190.6 2729 3.6 4.7 4.8 1259 5.7 11.7
Cu mg/kg Cr mg/kg
Soil Root Shoot Soil Root Shoot
Aspilia thouarsii 180.9 26.3 26.7 7.2 24 1.8
P. muellarianus 180.9 13.1 342 7.2 2.1 2.0
Cyperus echinatus  180.9 34.2 13.2 7.2 2.2 1.6
A. spinosus 180.9 20.7 29.5 7.2 1.5 1.7
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Table 7 Mean concentration of Pb, Cd, Ni, Cu, and Cr in soils and plants collected from Westminster dumpsite

Plant species Pb mg/kg Ni mg/kg

Soil Root Shoot Soil Root Shoot
P. muellarianus 259.4 - 162.3 38.42 - 5.5
Eleusine indica 259.4 171.3 203.6 38.42 51.9 483.5

Cu mg/kg Cr mg/kg

Soil Root Shoot Soil Root Shoot
P. muellarianus 31.0 - 6.3 3.1 - 2.0
Eleusine indica 31.0 13.9 65.5 3.1 0.3 29.7

respectively. Most of the plants have their shoot/root
quotient greater than 1, especially Eleusine indica
which had its shoot/root quotient greater than 1 for
all the metals analyzed. The concentrations of heavy
metal concentrations in the plants varied with plant
species and levels of heavy metals in the soils. Ama-
ranthus spinosus and Eleusine indica can be referred
to as accumulators of heavy metals based on the
result in Table 8 because the shoot/root quotient of
all the heavy metals analyzed in Amaranthus spino-
sus and Eleusine indica exceeded 1.0. All the plants
had their shoot/root quotient for Cd being greater than
1.0; therefore, they are all accumulators of Cd, while
other plant species with shoot/root quotient less than
1 can be regarded as excluders.

Comparison of soils and plants between the two
locations

The levels of heavy metals found in soils and plants
on Alaba site and that of Westminster site were com-
pared; it was observed that the levels of heavy metals
(Pb, Ni, Cu, Cd, and Cr) in soils from Alaba site were
extremely greater than that of soils from Westminster

site, especially when values of ALAT and WSTT
were compared and were probably because the elec-
tronic wastes in Alaba site were burnt which does not
occur in Westminster site as the surface area of the
components of electronic waste would have increased
after being burnt. Also, the lower levels of heavy
metals in Westminster may be due to the short time
that these e-wastes used on the site, as investigation
from the market sellers in the warehouse near the site
revealed that the e-wastes on the site were usually
removed by LAWMA (Lagos State Waste Manage-
ment Agency) every two Saturdays. Therefore, the
e-waste removal after a short period of being dumped
can be said to be the reason for the low level of heavy
metals in the soil samples obtained from Westminster
site since these wastes stay on the site for a shorter
period and burning of these e-wastes does not occur
at this dumpsite compared to Alaba dumpsite.

Comparison of soil samples, reference soil sample
(80-2), and quality standards

According to the results of the different soil sam-
ples recorded in Table 5 for wet season analysis,

Table 8 Extraction coefficient and shoot/root quotient of plant species

Plant species Pb mg/kg Cd mg//kg Ni mg/kg Cu mg/kg Cr mg/kg

EC S:R EC S:R EC S:R EC S:R EC S:R
A. thouarsii 0.10 0.94 2.07 1.14 0.06 0.78 0.15 1.02 0.25 0.75
P. muellarianus 0.09 0.84 0.91 1.60 0.02 0.78 0.02 0.27 0.29 0.97
C. echinatus 0.10 0.77 0.88 1.57 0.03 0.39 0.07 0.39 0.23 0.75
A. spinosus 0.14 143 1.33 1.02 0.09 2.06 0.16 1.42 0.24 1.2
P. muellarianus (west) 0.61 - 0.43 - 0.14 - 0.11 - 0.54 -
E. indica 0.77 1.19 1.57 1.34 12.58 9.31 1.16 4.71 8.08 93.0

EC extraction coefficient (shoot: soil), S:R shoot:root quotients

@ Springer
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Table 9 Comparison of results with Environmental quality standards for soil

Heavy metals ALAT ALAS ALAW WSTT WSTA SO-2 EU Canada,gg Canadaggg
Pb (mg/kg) 1890 2244 254.3 264.4 259.4 18.3 70.0 70.0 70.0
Cu (mg/kg) 180.9 102.5 102 56.5 31.0 6.5 50.0 63.0 63.0
Ni (mg/kg) 125.9 9.3 10.8 38.4 6.2 6.9 50.0 50.0 50.0
Cd (mg/kg) 3.6 1.7 3.2 3.2 1.4 ND 1.00 1.40 10.0
Cr (mg/kg) 72 39 42 3.7 31 17.4 50.0 64.0 64.0

Source of soil quality standards: EEA (2000); EEC (1991); and Environment Canada (2002)

ALAT had the highest Pb content of 1890 mg/
kg which when compared with the EU and Cana-
dian standards; it showed a high level of contami-
nation because it did exceed the quality standards,
except for the level of Cr which was within the cer-
tified standard’s value; all other heavy metals such
as Cd, Ni, and Cu levels in ALAT were very high
and exceeded the EU (EEA, 2000) and Canadian
(CCME, 1991) standards for both agricultural and
residential soils (Table 9).

The level of pollution of the soil samples was in
the order: ALAT>ALAW >ALAS > WSTT > WSTA.
ALAW showed a higher level of metal concentration
than ALAS despite the fact that ALAW soil sample
was taken few meters away from the major dumpsite
and this may be due to movement of people across
the path, wind, and washing of the metals via rainfall
from the dumpsite to the soil area few meters away
from the site. The pollution trend for the soil sam-
ples was expected since burning of e-waste occurred
at Alaba site compared to Westminster site. The con-
centrations of heavy metals such as Ni, Cu, and Cr in
WSTT were lower than that of the quality standards
except for Pb and Cd. Concentrations of heavy met-
als in WSTA all satisfied the quality standards except
for Pb that was 3 times greater than the quality stand-
ard for soils. All the soil samples from the two sites

except for Cr have the concentrations of their heavy
metals higher than that of the reference soil sample
(SO-2). The level of pollution of the soil samples was
in the order of ALAT>ALAW>WSTT>ALAS>
WSTA. When the level of the individual heavy met-
als in the soil samples from both sites was compared
with the quality standards, it became clear that for Pb,
only ALAT and ALAW exceeded the 70 mg/kg rec-
ommended by the EU and Canada standard for agri-
cultural soil, while ALAS, WSTT, and WSTA had Pb
concentrations that were lower than the concentration
recommended. ALAT and WSTT exceeded 1.0 mg/
kg and 1.4 mg/kg of Cd (EU and Canada,gg) which
was recommended according to the quality standards.
ALAW only exceeded the 1.0 mg/kg (EU) by 0.1 but
satisfied the Canada,gy standard of 1.4 mg/kg for Cd.
The concentration of Cu in the samples was observed
in the order ALAT > WSTT > ALAS. The three (3) soil
samples have their concentrations of Cu being higher
than that of the quality standard with ALAT having the
highest concentration. In the case of Ni, only ALAT
and ALAW exceeded the required limit, but for Cr, all
the soil samples satisfied the required limit.

Based on these results, ALAT is a highly con-
taminated soil; therefore, the high concentrations of
these metals present in Alaba site present a poten-
tially hazardous and highly inimical to food chain and

Table 10 Physiochemical properties of the soil samples for dry season

Soil samples Moisture content (%) pH Total organic carbon (%  Total organic matter (% CEC

TOC) TOM) (meq/100 g)
ALAT 6 7.6 2.38 7.06 84.5
ALAS 2 73 0.58 1.72 12.5
ALAW 0 7.5 2.30 6.83 6.25
WSTT 0 7.2 1.49 4.42 8.75
WSTA 0 7.3 0.62 1.84 6.45
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Table 11 Mean concentrations of heavy metals in Alaba’s plant species

Plant species Pb mg/kg Cd mg/kg Ni mg/kg Cu mg/kg Cr mg/kg

Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot
Cyperus echinatus 83.2 10.5 ND 0.55 68.5 14.9 1722.5 643.9 9.7 ND
Amaranthus viridis 2.3 54 0.1 1.7 14.5 10.5 89.0 164.5 ND ND
Amaranthus spinosus 13.2 4.9 1.1 0.7 15.6 15.0 527.6 288.8 ND ND

biological life in the environment. This makes reme-
diation of the site a matter of urgency for safe biologi-
cal life and for a clean environment.

Dry season

The pH values obtained for the soil samples (Table 10)
during the dry season did not differ from that obtained
for wet season except in the case of ALAW and ALAS
where a slight change was observed. Also, a little
increase in the TOM for dry season soil samples was
observed especially in the case of ALAT, ALAW, and
ALAS compared to the values obtained for wet season,
and this could be attributed to the bush burning prac-
ticed during the dry season.

Concentration of heavy metals in plant species and
soils

Among all the plants analyzed from Alaba site (Table 11),
Cyperus echinatus accuamulated the highest concentration
of Pb, Ni, and Cu in its root and shoot with concentra-
tions level of 83.2 mg/kg and 10.5 mg/kg; 68.5 mg/kg and
14.9 mg/kg; and 1722.5 mg/kg and 643.9 mg/kg, respec-
tively, followed by Amaranthus spinosus with high levels
of Pb, Ni, and Cu in its root and shoot as 13.2 mg/kg and
4.9 mg/kg; 15.6 mg/kg and 15.0 mg/kg; and 527.6 mg/kg
and 288.8 mg/kg. Eleusine indica accumulated a higher
level of metals than Amaranthus viridis though they were

both sampled from Westminster site (Table 12). Amaran-
thus spinosus accumulated higher concentrations of Pb,
Ni, and Cu than Amaranthus viridis. The level of heavy
metals accumulated by the plant is dependent on the plant
species as well as the concentration of these metals in the
soils (Yadav, 2009). Table 13 shows the mean concen-
trations of heavy metals in the soil samples investigated
during the dry season. All the soil samples were contami-
nated with heavy metals with ALAT being the most con-
taminated and WSTA as the least contaminated.

Seasonal variations in the concentration of heavy
metals in soils and plants obtained from the two
locations

During the dry season, dumping and burning of wastes
are a common practice at the dump sites. These and
more intense evaporation in the dry season make soil
solution more concentrated. Generally, higher mean
heavy metal concentrations are usually recorded in soil
during the dry season than in the wet season (Yahaya
et al., 2009).

The mean concentration of heavy metals in all
the three plants in Table 14 for dry season was
greater than those obtained for wet season except
in the case of Pb and Cd. The standard devia-
tion values for Pb, Cd, Ni, Cu, and Cr in Cyperus
echinatus were calculated at 95% confidence level
and obtained as 1.63, 0.05, 0.09, 0.09, and 0.05,
respectively. In the case of A. spinosus, the standard
deviation values for Pb, Cd, Ni, Cu, and Cr at 95%

Table 12 Mean concentrations of heavy metals in Westminster’s plant species

Plant species Pb mg/kg Cd mg/kg Ni mg/kg Cu mg/kg Cr mg/kg

Root Shoot Root Shoot Root Shoot Root Shoot Root Shoot
E. indica 40.7 4.6 ND 1.1 90.2 18.0 260.3 73.6 337 6.8
A. viridis 4.6 0.9 1.6 0.6 152 15.5 14.5 214.0 ND ND

@ Springer



Environ Monit Assess (2021) 193: 582

Page 11 of 19 582

Table 13 Mean concentrations of heavy metals in soil samples in mg/kg

Soil samples Pb mg/kg Cd mg/kg Ni mg/kg Cu mg/kg Cr mg/kg

Total Bio Total Bio Total Bio Total Bio Total Bio
ALAT 512.9 395.4 5.0 ND 149.9 100.4 2045.0 783.8 423 9.7
ALAS 29.5 6.0 0.4 ND 32.4 54 116.0 72.0 3.8 ND
ALAW 378.9 74.9 1.1 ND 120.0 34.4 40.7 29.1 59 5.7
WSTT 52.7 9.3 252 ND 443 15.7 460.3 303.4 31.6 43
WSTA 159 2.1 0.3 ND 46.2 12.0 61.9 242 30.6 59
SO-2 19.0 ND 7.2 6.8 17.8

confidence level were obtained as 0.46, 0.27, 0.37,
0.09, and 0.19, respectively. The standard deviation
values of Pb, Cd, Ni, Cu, and Cr in E. indica at 95%
confidence level are 0.79, 0.19, 0.37, 0.37, and 4.62,
respectively. The high values of Pb and Cd obtained
for wet season could be due to the wet deposition
of Pb and Cd from the air to the soil via rainfall.
All the heavy metals analyzed in the various plants
exceeded the toxic concentration expected for plants
according to Tisdale et al. (1985).

Table 15 shows that the concentrations of heavy
metals of soils obtained during the wet season were
lower than the concentrations of heavy metals in the
dry season except in the case of Pb. This is prob-
ably because of lower e-waste with Pb content being
dumped and burnt during the dry season. ArcGIS 10.2
version is employed to show the distribution of the
heavy metals in the study area as presented in Figs. 3,
4,5, 6 and 7. The distribution of these heavy metals
gave better understanding on the seasonal variation
effect on the concentration of these heavy metals.

Statistical analysis and heavy metal assessment

Pearson correlation was applied to the results obtained
for wet season for all the heavy metals analyzed, and a

positive association was obtained for each of the metals
(Table 16). The correlation coefficient of ~+1 shows
that the variables are perfectly correlated. When the
correlation coefficient magnitude is>0, it indicates a
positive association, and when the magnitude is<0, it
denotes a negative association. The correlation coef-
ficient values of 0.1 to 0.3 indicate a small correlation
and 0.3 to 0.5 denote a medium correlation, while 0.5
to 10 indicate large correlation (Laerd Statistics, 2020).
According to the correlation coefficients obtained and
presented in Table 16, there is no low or medium cor-
relation between the heavy metals rather a large corre-
lation was observed. The correlation results obtained
showed that the source of these heavy metals is mainly
electronic waste. The soil quality at the dumpsites was
evaluated by assessing the level of heavy metal contam-
ination at the sites using the multivariate techniques.

Principal component analysis

The principal component analysis of the studied sites
shows a total variability of 91.43% with the PCl1
having a variability of 49.09% (eigenvalue 2.46)
and 42.35% (eigenvalue 2.46) for PC2 as shown in
Fig. 10. The bi-plot factors analysis shown in Fig. 8
indicates that ALAT and WSTT have negative

Table 14 Mean concentration of total heavy metals in some plant samples for wet and dry season

Plant samples Pb mg/kg Cd mg/kg Ni mg/kg Cu mg/kg Cr mg/kg

Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry
Cyperus echinatus 443 93.7 52 0.55 14.3 83.4 474 2366.4 3.8 9.7
A. spinosus 463.5 18.1 9.5 1.8 17.4 30.6 50.2 816.4 32 ND
Eleusine indica 374.9 453 8.7 1.1 535.4 108.2 79.4 333.6 30.0 40.5
Toxic conc. level for plants 5-10 1-2 15-20 20-30 10-20

(mg/kg) (Tisdale et al., 1985)
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Table 15 Comparison of wet and dry season results for soil sample

Soil samples Pb mg/kg Cd mg/kg Ni mg/kg Cu mg/kg Cr mg/kg

Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry
ALAT 1890 512.9 3.6 5.0 125.9 149.9 180.9 2045.0 72 42.3
ALAS 2244 29.5 1.7 0.4 9.3 32.4 102.5 116.0 39 3.8
ALAW 254.3 378.9 32 1.1 10.8 120.0 102 40.7 42 59
WSTT 264.4 52.7 32 252 38.4 443 56.5 460.3 3.7 31.6
WSTA 259.4 159 1.4 0.3 6.2 46.2 31.0 61.9 3.1 30.6
SO-2 18.3 19.0 ND ND 6.9 7.2 6.5 6.8 17.4 17.8

correlations at PC1 and positive correlations at PC2.
ALAW showed positive correlation at PC1 and PC2,
and WSTA showed negative correlation at PC1 and
PC2, while ALAS showed a positive correlation at
PC1 but a negative correlation at PC2.

Cluster analysis

The spatial similarity matrix among sampling points
based on the heavy metals was determined using
XLSTAT software. The single linkage agglomeration
method was carried out to obtain and analyze the clusters.

3°11"15"E 3°11'30"E

6°27'30"N 6'27‘45"N

6°27'15"N

6°27'30"N 6°27'45"N

6°27'15"N

The dendrogram (Fig. 9) obtained from the analysis sum-
marizes and classifies the clustering. ALAS showed a
similarity of about 94% with WSTA, ALAT, and ALAS
as clearly shown in the dendrogram. WSTA formed clus-
ters with ALAT and ALAW, thereby showing a similarity
of approximately 97%.

Contamination factors
The contamination factors and the degree of contamina-

tion for four heavy metals (Pb, Ni, Cu, and Cr) were cal-
culated for all the sampling points at the two dumpsites
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Table 16 Pearson correlation coefficient (r) for all the heavy
metals investigated

Pb Cd Ni Cu Cr
Pb 1
Cd 0.55 1
Ni 0.97 0.67 1
Cu 0.84 0.60 0.79 1
Cr 0.97 0.67 0.94 0.94 1

(Table 17); all the sites were highly contaminated
with Pb and Cu (CF>6). The contamination factors
obtained for Ni at all the sampling points indicated low
to high contamination; ALAT showed a very high level
of Ni contamination, while WSTA showed a low level
of Ni contamination. All the sampling points showed
low Cr contamination except for ALAS that indicated
a moderate contamination. The degree of heavy metal
contamination for all the sampling points was evaluated
and considered to be very high (32<C,,,) at ALAT and
ALAS, while other sampling points indicated consid-
erable contamination (16<C,,,<32). The degrees of
contamination of heavy metals within the study area are
presented in Figs. 10 and 11.

Pollution load index

The pollution load indices (PLI) were calculated for
all the sampling points using the following elements:

25

2 - WSTT T Ni cd

15 ALAT

S
n

PC2 (42.33%)
\

-1 WSTA

PC1 (49.10 %)

Fig. 8 Principal component analysis (PCA) correlation bi-plot
of heavy metals present in the soil at selected sites
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Fig. 9 Dendrogram showing the similarity index among all
the sampling points

Pb, Ni, Cu, and Cr. All the sampling points indicated
that the dumpsites are highly polluted with heavy
metals (PLI>1); ALAT had the highest PLI value of
12.0 as shown in Table 17. Therefore, these e-waste
dumpsites need urgent clean up.

Geoaccumulation index

The I, values (Table 18) for all the sampling
points were analyzed according to Muller’s classi-
fications, and all the sampling points showed that
all the sampling sites investigated were heavily
contaminated with Pb except for ALAT which was
extremely contaminated (5 <I,,). The I, values
for Ni varied from — 0.7 to 3.6 which indicates that
the soil quality at the sampling sites ranged from
uncontaminated to heavily contaminated. The /.,

value for the sampling point, ALAT, showed that

Table 17 Contamination factors and pollution load indices

Sam-  CFp, CFy CFo CFo Cqq  PLI

pling
points

ALAT 1033 182 278 0.4 149.7  12.0

ALAW 123 1.3 1538 0.2 29.6 2.7
ALAS 13.9 1.6 157 1.1 323 4.4
WSTT 144 5.6 8.7 0.2 28.9 3.4
WSTA 142 09 4.8 0.2 20.1 1.9

@ Springer



582 Page 16 of 19

Environ Monit Assess (2021) 193: 582

3°11'20"E

3°11'25"E

3°11'30"E

Z
=)
il B
N [
o
Z
['e]
©
~
~
o
z
=)
I
~
I
o
Z
©
«
~
~
o

3°11'20"E

3°1125"E

3°11'30"E

6°27'40'N

6°27'35'N

6°27'30"N

6°27'25'N

Legend

° 201

O 20.2-289
O 29.0-29.6
O 297-323
O

32.4-149.7

180 Meters
|

Degree of contamination
within Alaba market area
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Table 18 Geoaccumulation indices for sampling sites

Conclusions

Sampling Sampling Igeo (Pb) ]geo (Ni) Igeo (Cu) Igeo (Cr) . . .
sites points E-waste pollution is a global problem since elec-
. tronic appliances are used by a larger percentage
Alabasite  ALAT 6.1 36 42 19 of the global population. The results obtained from
ALAW 30 -0z 3.0 27 the investigation of the e-waste dumpsites in Lagos
) ALAS 3.2 0.1 34 26 metropolis confirmed that e-waste pollution is a sig-
Westminster  WSTT 33 19725 2.8 nificant problem in today’s society. The analytical

site WSTA 3.2 -07 17 3.1

the site is heavily to extremely contaminated with
Cu, while other sampling points showed that they
are moderately to heavily contaminated. There-
fore, all the sites are contaminated with Cu. The
Iy, values for all the sampling sites showed that
the soil is practically uncontaminated with Cr.

Comparison of present study with other studies

The heavy metal concentrations obtained in this
present study are compared with other relevant
studies as presented in Table 19. Adesokan et al.
(2016) reported high heavy metal concentra-
tions in the soils of Ogunpa e-waste dumpsites in
Ibadan, Nigeria. Tokumaru (2015) also reported
extremely high heavy metal contamination in soil
within Agbogbloshie e-waste dismantling site in
Accra, Ghana. The extremely high values in the
concentration of heavy metals from the Agbogb-
loshie site were reported to be due to dismantling
and burning of e-waste dumpsites. In addition,
Kumar and Fulekar (2019) have reported high
concentrations of heavy metals in soil from three
e-waste dumpsites at Ahmedabad in north central
Gujarat, India.

Table 19 Comparison of present study with other studies

results obtained for this research showed that most
of the soils and plants studied were highly contami-
nated with Pb, Ni, and Cu for both wet and dry sea-
sons suggesting that the site poses potential hazards
to grazing animals and the food chain especially
soils obtained from Alaba site. The results obtained
from the CFs, PLIs, and I, showed that these sites
are highly contaminated with heavy metals espe-
cially Pb. The result obtained from the comparison
of the present study with other studies showed that
the site is highly contaminated with heavy met-
als and the range of heavy metal concentrations
obtained are close to those obtained at e-waste dis-
mantling sites reported by Tokumaru (2015) and
other e-waste dumpsites reported by Adesokan
et al. (2016). Most of the plants analyzed accumu-
lated high concentration of heavy metals most espe-
cially Amaranthus spinosus. Among all the plants
analyzed, Eleusine indica (a weed and herb) was
observed to be an accumulator of all the heavy met-
als. Therefore, it can be used to decontaminate the
studied sites and other polluted soils in Nigeria,
thereby reducing potential dangers of heavy metal
toxicity to ecology. These findings suggest that there
is a need for urgent attention to proffer far-reaching
solutions to the problems of the contaminated elec-
tronic waste dumpsites.

Sites Heavy metal concentrations (mg/kg) Sources

Pb Cd Cu Cr Ni
e-Waste dumpsites 15.9-1890 0.3-5.0 31.0-2045 3.1-7.2 6.2-149.9 Present study
e-Waste dismantling site 78-8976 0.39-7.34 44-53,643 - - Tokumaru (2015)
e-Waste dumpsites 269-5650 ND-2.50 203-3483 3.30-42.4 0.14-24.0 Adesokan (2016)
e-Waste dismantling sites 61-70 12-17 148-158 109-200 11-18 Kumar (2019)
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Recommendation

It is highly recommended that recycling of electronic
waste should be encouraged and employed immedi-
ately in Nigeria, thereby putting an end to the burning
of electronic wastes. The members of public should
be enlightened on the dangers involved in the harvest-
ing of edible vegetables and herbs from dumpsites
irrespective of the type of dumpsite, most especially
from e-waste dumpsites as these vegetables and herbs
could be highly contaminated.

Data availability Additional data will be provided on request
by the corresponding author.
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