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Abstract
Background: Globally, natural and anthropogenic activities have led to soil pollution resulting in 
physiological and health challenges on environment, plants, animals, and humans. The present study 
was conducted to determine the total levels of heavy metals including cadmium (Cd), copper (Cu), 
chromium (Cr), lead (Pb), and nickel (Ni), in two major dumpsites in Ilisan-Remo, Ogun State, Nigeria.
Methods: Sixteen composite soil samples were collected from both dumpsites (Cargo and Ilisan) at 
depths of 0-15 cm. Samples were collected in the wet and dry seasons. After collecting samples, they were 
air-dried and sieved, and the concentrations of metals were evaluated using flame atomic absorption 
spectrometry (FAAS). The obtained data were used to determine the pollution indices including 
contamination factor (CF), geo-accumulation index (Igeo), and ecological risk index.
Results: The concentrations of heavy metals in Cargo dumpsite followed this order: Cr > Pb > Cu > Ni 
> Cd, during wet and dry seasons. Conversely, the concentrations of heavy metals in Ilisan dumpsite 
followed this order: Pb > Cr > Cu > Cd > Ni, over both seasons. The measured CF levels for both 
Cargo and Ilisan dumpsites were low to very high for Cd over both seasons. The Igeo revealed that both 
dumpsites were moderately to heavily polluted by Cd and Ilisan dumpsite was moderately polluted by 
Pb. A low to considerable ecological risk was observed for both dumpsites.
Conclusion: The pollution indices suggest that both dumpsites were heavily polluted by Cd due to 
anthropogenic activities. Appropriate measures should be implemented to manage these dumpsites. 
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Introduction
Pollution is a global problem which its impact on 
human health is significant (1). Pollutants released from 
industrial effluent and automobiles in overpopulated 
cities have been increased, resulting in adverse impacts on 
human health and the environment (1,2). Heavy metals 
are common environmental pollutants and exposure to 
their significant levels can result in deleterious effects on 
humans (3,4). Environmental monitoring of soil is critical 
in understanding the impact of metal and soil interactions, 
as well as determining the potential accumulation in 
plants, resulting in food safety problems and potential 
human health risks  (5).
Heavy metals encompass metals with densities higher 
than 5 g/cm3 (6). Pollution associated with heavy metals 

and the resultant deleterious health effects on humans 
following exposure, have provided some motivations 
for global research efforts (6,7). Although few heavy 
metals are vital to human health, exposure to elevated 
concentrations of these metals can lead to deleterious 
effects (6). Heavy metals essential for plant growth include 
Co, Cu, Fe, Mo, and Zn. Essential elements for animals 
include Cr, Ni, and Zn. The elements Cd, Hg, and Pb can 
be deleterious at significant concentrations and have been 
shown to be non-essential for plants and animals (7). 
Heavy metals contaminating the food chain have been an 
intense incident in the past few years owing to their ability 
to accumulate in the soil, air, and water in bio-systems (2). 
Soil is a free gift of nature to human beings which provides 
life on Earth (7). Nonetheless, soil is usually polluted by 
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anthropogenic activities, despite its importance. In soil, 
sources of metals could be natural such as geological 
weathering, atmospheric precipitation, disintegration 
of parent rocks because of storms, ore deposits, wind 
bioturbation, and waves or anthropogenic activities such 
as discharge of municipal waste, agricultural practices, 
electroplating, power transmission, industrial release, and 
military testing, which influence soil as a result of elevated 
levels of pollutants (8-11). Chemicals and pollutants that 
contaminate the soil enter the food chain and water bodies, 
and eventually, are consumed by human (7). Occurrence 
of heavy metals at various dumpsites and their likelihood 
of being transferred via soil or dust to non-polluted 
regions require consistent monitoring of the dumpsites, to 
evaluate the public safety and health risks. High levels of 
heavy metal pollution, followed by ecological risks, have 
been reported in soils from dumpsites in various countries 
(12-14).
Many studies have been carried out on the amount of 
pollutants in soils from dumpsites; however, very few 
studies have evaluated the effect of pollutants on dumpsites’ 
ecology. To the best of our knowledge, there is no study 
on the seasonal variation and assessment of heavy metals 
pollution in dumpsite soils in Ilisan-Remo, Ogun State. 
Therefore, this study was conducted to determine the 
seasonal variation in concentrations of heavy metals (Cd, 
Cu, Cr, Pb, and Ni) in soils from dumpsites around Ilisan-
Remo, Nigeria. Furthermore, according to the obtained 
data, the pollution risk assessment was performed using 
contamination factor (CF), geo-accumulation, and 
ecological risk indices.

Materials and Methods
Study area
Ilisan-Remo is a town located in Irepodun district in 
Ikenne Local Government Area of Ogun State, Nigeria. It 
is located at Latitude 6° 57’ 0” N to 6° 54’ 0” N and Longitude 
3° 39’ 0” E to 3° 42’ 0” E in the tropical rain forest climate 
zone of the country. Two major dumpsites and a control 
site which was about 1 km away from the dumpsites were 
selected. The dumpsites were located at Old Ilisan-lkenne 
road (Ilisan) and Ilisan-Iperu road (Cargo) (Figure 1).

Sample collection
During wet and dry seasons in 2018, soil samples were 
collected from two major dumpsites and one control site 
at 0-15 cm depth. A total of 48 samples were obtained 
from eight locations at each study site; composite samples 
were pooled from the samples. A stainless steel auger 
was used for sampling. All the samples were transferred 
to a polyethylene bag and stored under cool condition in 
the laboratory until analysis. In the laboratory, samples 
were air-dried and sieved through a 2-mm stainless sieve 
to remove sharp objects and debris. The samples were 
further sieved through a 0.5-mm sieve to remove large 
particles, and then, the mixture was homogenized.

Sample preparation, digestion, and total metal concentration 
determination 
The sampled soils were air-dried and sieved with a 2-mm 
stainless steel mesh. One gram of soil was digested using 
aqua regia (HNO3: HCl, 1:3 v/v) at 150°C until a clear 
digest was obtained. Then, the mixture was centrifuged at 
3500 g for 30 minutes and filtered using Whatman filter 
paper (No. 42). The final volume was adjusted to 25 mL 
with distilled deionized water and stored in polyethylene 
tubes maintained at 4°C until analysis. Chemical analyses 
were performed by flame atomic absorption spectrometry 
(FAAS). Similarly, blanks and spiked (for recovery 
experiments) samples were prepared and analyzed for 
heavy metals. All samples were determined in triplicate.

Instrument
The concentrations of Cd, Cu, Cr, Pb, and Ni were 
evaluated using a Buck scientific flame (air/acetylene) 
atomic absorption spectrometer (210 VGP model, East 
Norwalk, Connecticut, USA). The instrumental conditions 
for the analyses were set according to manufacturer’s 
recommendations. The levels of metals in the soil samples 
were analyzed at maximum absorption wavelengths of 
228.9, 324.8, 357.9, 283.3, and 341.5 nm for Cd, Cu, Cr, 
Pb, and Ni, respectively.

Figure 1. Geographic location of the study areas in Ogun State, Southwestern, 
Nigeria.
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Quality assurance
The standard solutions of metals for calibration of 
instrument and spiking, purchased from Sigma-Aldrich, 
were prepared by diluting stock solutions of 1000 mg/L 
for each of the evaluated metals. All glasswares and related 
materials used in this study were properly demineralized 
by soaking in 2 M nitric acid and rinsed with distilled 
deionized water before use. Distilled deionized water 
was used in preparation of all standards and digests for 
metals analyses. The digestion method was validated 
by the recovery experiment. It was carried out by 
quantifying the metal concentrations of both spiked and 
unspiked soil samples. One gram of the soil was spiked 
with known concentrations of metals and subjected to 
digestion procedure as previously described. The recovery 
percentage was estimated as the following equation:

Recovery (%)  = 100a b
c
−

×                                                 (1)

Where a is the level of metal in spiked sample, b is the level 
of metal in unspiked sample, and c is spike level (mg/L).
The average recovery percentages of heavy metals from 
spiked samples after digestion were between 87 and 102%.

Pollution indices for analysis of heavy metals
The contamination levels of metal (Cd, Cu, Cr, Pb, and Ni) 
in soils taken from both dumpsites (Cargo and Ilisan) were 
estimated using CF and geo-accumulation index (Igeo), as 
proposed by Hakanson (15) and Förstner and Müller (16), 
respectively. The EF, CF, and Igeo were determined using 
equations 2 and 4, respectively. 

Contamination factor
It is applied to determine the extent of soil contamination 
by heavy metals. It measures the ratio of each metal to 
the background concentrations values. The method of 

Hakanson (15) was used for interpreting the CF values.

CF Cm Bm=  (2)

Where, Cm is heavy metal concentration in the soil and 
Bm is background concentration of heavy metals. The 
Department of Petroleum Resources (DPR) standard 
values, shown in Table 1, were used as the background 
concentration values. The following criteria were applied 
to categorize the CF values as very high (CFmetal≥6), 
considerable (3≤CFmetal<6), moderate (1≤CFmetal<3), and 
low (CFmetal<1) (17).

Pollution load index
The pollution load index (PLI) measures the level of 
overall contamination in a dumpsite. It was estimated 
using the equation reported by Ngole and Ekosse (18) as 
depicted in Eq. (3):

1 2 3...PLI n CF CF CF CFn= × ×  (3)

Where CF is the contamination factor and n is the number 
of metals. The PLI can be categorized as extremely heavy 
pollution (3<PLI), heavy pollution (2<PLI<3), moderate 
pollution (1<PLI<2), and no pollution (PLI<1) (19).
 
Geo-accumulation index
The Igeo is applied to estimate the level of metal pollution in 
the soil. The Igeo enables the assessment of contamination 
by relating the current level with background levels, and 
it could also be applied to estimate the contamination of 
various environments (16). This index is calculated using 
Eq. (4):
 

2 1.5
CnIgeo Log

Bn
=

×
 (4)

Table 1. Heavy metal concentrations (mg/kg dry soil) in soils from the study sites during wet and dry seasons

Study Site Cd Cu Cr Pb Ni

Wet season
Cargo 3.81 ± 0.66b 13.40 ± 1.03a 30.29 ± 4.40a 29.18 ± 2.66b 11.68 ± 1.06a

Ilisan 7.82 ± 0.87a 9.98 ± 1.03a 41.38 ± 3.99a 75.76 ± 9.12a 6.77 ± 1.28b

Control 0.85 ± 0.12c 5.08 ± 0.71b 17.73 ± 2.02b 16.98 ± 3.41b 3.42 ± 0.61c

Dry season

Cargo 2.38 ± 0.45b 21.86 ± 3.94b 39.29 ± 4.56b 38.03 ± 4.12b 14.55 ± 0.93a

Ilisan 14.26 ± 1.53a 55.33 ± 1.91a 60.13 ±3.61a 106.45 ± 8.51a 8.06 ± 0.59b

Control 0.00 ± 0.00c 3.52 ± 0.21c 18.87 ± 2.82c 13.16 ± 2.44c 0.00 ± 0.00c

WHO* 3 100 100 100 50

EU# 3.00 140 150 300 75

DPR (Target)## 0.80 36 100 85.0 35.0
DPR (Intervention)## 17.0 190 380 530 210

Note: Values are shown as mean ± Standard Deviation (SD); n=3 and values with different letters within the same season on the same column are 
significantly different at P<0.05.
WHO: The World Health Organization, EU: The European Union, DPR: Department of Petroleum Resources. 
*WHO (20), #EU (21), ##DPR (22).



Shokunbi et al

Environmental Health Engineering and Management Journal 2020, 7(3), 193–202196

Where, Cn is heavy metal concentration in the soil and 
Bn is mean background metal concentration, and 1.5 is 
the background correction factor. The World mean metal 
levels in mg/kg (0.30 for Cd, 45 for Cu, 90 for Cr, 20 for Pb, 
and 68 for Ni) in the earth’s crust were used as reference 
levels (23). The Igeo for metals is classified as follows: 
extremely polluted (Igeo≥5, Class 6), heavily to extremely 
polluted (4<Igeo≤5, Class 5), heavily polluted (3<Igeo≤4, 
Class 4), moderately to heavily polluted (2<Igeo≤3, Class 
3), moderately polluted (1<Igeo≤2, Class 2), unpolluted to 
moderately polluted (0<Igeo≤1, Class 1), and unpolluted 
(Igeo≤0, Class 0) (16).

Ecological risk index
This index expresses the ecological risk (Er) associated 
with a given contaminant. It is the ratio of the toxic 
response factor to the CF for a given pollutant (17). The 
equation is depicted as: 

Er = Tr × Cf (5)

Where Tr is the toxic response factor and Cf is the 
contamination factor. The values used for the risk factors 
for each metal are (Cd=30, Cu=5, Cr=2, Pb=5, and Ni=5). 
Ecological risk is categorized as very high (Er≥320), 
high potential (160≤Er<320), considerate potential 
(80≤Er<160), moderate potential (40≤Er<80), and low 
potential (Er<40). 
The potential ecological risk index (RI) is the degree of 
contamination defined as the sum of the risk factors: 

1

m

i
i

RI Er
=

=∑  (6)

Where Eri is the ecological risk factor and m is the count 
of the heavy metal species. The potential ecological risk 
index is categorized as very high (RI>600), considerable 
(300≤RI<600), moderate (150≤RI<300), and low (RI<150) 
(16).

Statistical analysis
The obtained data were analyzed using analysis of variance 
(ANOVA) at significance level of 5% by SPSS version 
22.0, and the means were separated using least significant 
difference (LSD). Pearson’s correlation was used to 
examine the correlation between the concentrations of 
different metals. The principal component analysis (PCA) 
was used to extract a subset of the factors from the original 
variables. Kaiser-Meyer-Olkin (KMO) and the Bartlett 
sphericity tests were used on the basis of eigenvalue to 
validate the PCA.

Results 
Heavy metal concentrations
The concentrations of heavy metals in both dumpsites 
during wet and dry seasons are shown in Table 1. In wet 
season, the average concentrations of Cd, Cu, Cr, Pb, 

and Ni in Cargo and Ilisan dumpsites were 3.81-7.82, 
9.98-13.40, 30.29-41.38, 29.18-75.76, and 6.77-11.68 
mg/kg, respectively. The concentrations of Cd and Pb 
were significantly higher (P < 0.05) in Ilisan dumpsite 
compared with those in Cargo site. However, there were 
no significant differences in the levels of Cu and Cr at 
both sites (P ˃  0.05). Only the mean level of Cd was higher 
than the DPR target values in both dumpsites during wet 
season, while the levels of other metals were below the 
target values. 
In dry season, the average concentrations of Cd, Cu, Cr, 
Pb, and Ni in Cargo dumpsite were 2.38 ± 0.45, 21.86 ± 
3.94, 39.29 ± 4.56, 38.03 ± 4.12, and 14.55 ± 0.93 mg/kg, 
respectively, while in Ilisan dumpsite, they were reported 
14.26 ± 1.53, 55.33 ± 1.91, 60.13 ± 3.61, 106.45 ± 8.51, and 
8.06 ± 0.59 mg/kg, respectively. The concentrations of Cd, 
Cu, Cr, and Pb were significantly higher (P < 0.05) in Ilisan 
dumpsite compared with those in Cargo dumpsite. The 
mean levels of Cd, Cu, and Pb were very higher than the 
DPR target values, especially in Ilisan dumpsite, during 
dry season, while the levels of other metals were below the 
target values. 
The mean levels of all heavy metals were significantly 
higher in both dumpsites compared with those in control 
site during wet and dry seasons (P < 0.05). Furthermore, 
the mean concentrations of the most metals in Cargo 
and Ilisan dumpsites were significantly higher during 
dry season, compared with wet season (P < 0.05). The 
concentrations of Cd and Pb were significantly higher in 
Ilisan dumpsite than those in Cargo dumpsite during both 
seasons (P < 0.05). The concentration of Cd was above the 
DPR target values in both seasons.

Pollution indexes
Contamination factor (CF)
Table 2 shows the CFs for each metal. The results show that 
Cd had the highest contamination level in Ilisan dumpsite 
while contamination level was low for Cu, Cr, Pb, and Ni in 
both dumpsites during wet and dry seasons. The average 
CF for Cd and Pb in Cargo and Ilisan dumpsites during 
wet season was 4.76, 0.34 and 9.78, 0.89, respectively. 

Geo-accumulation index
The Igeo was used to explain the quality of dumpsite soils. 
The values of Igeo from all sampling sites are presented in 
Figure 2. According to Table 3, the Igeo class shows that 
Ilisan dumpsite had strong to extreme contamination with 
Cd and Pb during both seasons, whereas Cargo dumpsite 
was strongly contaminated with Cd only during wet 
season, and contamination levels of other metals were low. 
The average Igeo values were ranked as: Cd > Pb > Cu >Ni 
> Cr (Figure 2).

Ecological indexes
Potential ecological risk of a single metal, as well as the 
RI of combined metals were measured, and the results are 
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shown in Table 4. It was clearly shown that majority of the 
metals had low potential ecological risk in both dumpsites. 
However, the risk index was low in Cargo dumpsite, in 
contrast with Ilisan dumpsite, which had moderate to 
considerable ecological risk index in both seasons.

Identification of heavy metal sources
Pearson correlation matrix
Pearson correlation coefficient (r) is used to determine 
the relationship between heavy metals and the sources 
of occurrence. Table 5 shows the correlation analysis of 
heavy metals in Cargo dumpsite during both seasons. 
There was a very strong positive correlation between Ni 
and Cr (r=0.996, P < 0.01) during wet season in Cargo 
dumpsite. There was also a strong negative correlation 

between Pb and Cr (r=0.957, P < 0.05) in Cargo dumpsite 
during dry season.
The correlation analysis of heavy metals in Ilisan 
dumpsite during wet and dry seasons is shown in Table 
6. The results showed a very strong positive correlation 
between Pb and Cd (r=0.994, P < 0.01) during wet season. 
In dry season, there was a very strong positive correlation 
between Cu and Cd (r=0.980, P < 0.05), while there was a 
strong negative correlation between Ni and Cr (r=0.971, 
P < 0.05) in Ilisan dumpsite. The other correlations were 
not significant.

Principal component analysis 
PCA was applied to obtain the validity of the source 
identification of heavy metals pollution in the dumpsites 
using KMO and its significance was determined using 
Bartlett’s test. Components loadings are categorized as 
strong (>0.75), moderate (0.75-0.50), and weak (0.50-
0.30).
The results of PCA, including eigenvalues, variance, and 
communalities for Cargo and Ilisan dumpsites are shown 
in Tables 7 and 8, respectively. Table 7 shows two principal 
components (PC1 and PC2) on Cargo dumpsite. In wet 
season, PC1 accounted for 79.2% of the total variance, 
while Cd, Cu, and Pb indicated a high positive loading 
ranged from 0.942 to 0.987. In dry season, PC1 accounted 
for 58.4% of the total variance while Cr and Pb indicated 
a strong loading. Table 8 shows two principal components 
(PC1 and PC2) on Ilisan dumpsite with eigenvalue greater 
than 1, which accounted for 82.8% of the total variance 
during dry season, and 89.2% of the total variance during 
wet season, indicating a strong positive loading of Cd and 
Cr (0.903-0.923) and a moderate loading of Cu (0.698).

Discussion
Heavy metal concentrations
The mean concentrations of Cd in this study, were higher 
than 0.18 to 2.60 mg/kg, which was reported by Amadi 
and Nwankwoala (24). The concentrations of Cd reported 
by Victoria and Lajide, were considerably higher than 

Table 2. Contamination factor for the studied metals in Ilisan and Cargo 
dumpsites

Metal Season Dumpsite Value CF Level

Cd

Wet
Cargo

4.76 Considerable
Dry 2.98 Moderate

Wet
Ilisan

9.78 Very high

Dry 17.83 Very high

Cu

Wet
Cargo

0.37 Low

Dry 0.61 Low

Wet
Ilisan

0.28 Low

Dry 0.60 Low

Cr

Wet
Cargo

0.30 Low

Dry 0.39 Low

Wet
Ilisan

0.41 Low

Dry 0.60 Low

Pb

Wet
Cargo

0.34 Low

Dry 0.45 Low

Wet
Ilisan

0.89 Low

Dry 1.25 Moderate

Ni

Wet
Cargo

0.33 Low

Dry 0.41 Low

Wet
Ilisan

0.19 Low
Dry 0.23 Low
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Figure 2. Variation of Igeo values in the dumpsite soils.

Table 3. Geo-accumulation index class of dumpsite soils for wet and dry 
seasons

Dumpsite Season
Class

Cd Cu Cr Pb NI

Cargo
Wet 3 0 0 0 0

Dry 0 0 0 0 0

Ilisan
Wet 4 0 0 1 0

Dry 3 0 0 2 0

Extremely polluted (Igeo≥5, Class 6), heavily to extremely polluted 
(4<Igeo≤5, Class 5), heavily polluted (3<Igeo≤4, Class 4), moderately 
to heavily polluted (2<Igeo≤3, Class 3), moderately polluted (1<Igeo≤2, 
Class 2), unpolluted to moderately polluted (0<Igeo≤1, Class 1), and 
unpolluted (Igeo≤0, Class 0) (16).
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Table 4. Potential ecological risks index of heavy metals in soil during wet and dry seasons

Location
Potential ecological risk factor (Eri)

RI Risk grade
Cd Cu Cr Pb Ni

Wet season

Cargo 142.80 1.85 0.78 1.70 1.65 148.78 Low ecological risk

Ilisan 293.40 1.40 0.82 4.45 0.95 301.02 Considerable ecological risk

Considerable to high Low Low Low Low

Dry season

Cargo 89.40 3.05 0.78 2.25 0.65 96.13 Low ecological risk

Ilisan 159.90 7.70 1.20 6.25 1.15 176.2 Moderate ecological risk

Considerable Low Low Low Low

RI: Ecological risk index.

Table 5. Correlation matrix of heavy metals in Cargo dumpsite during wet and dry seasons

Cd Cu Cr Pb Ni

Wet season

Cd 1

Cu 0.268 1

Cr 0.889 0.680 1

Pb 0.547 0.305 0.553 1

Ni 0.926 0.612 0.996** 0.571 1

Dry season

Cd 1

Cu 0.824 1

Cr -0.775 -0.910 1

Pb 0.918 0.894 -0.957* 1

Ni 0.948 0.606 -0.619 0.820 1

*Correlation is significant at P ≤ 0.05 (2-tailed).
**Correlation is significant at P ≤ 0.01 (2-tailed). 

Table 6. Correlation matrix of heavy metals in Ilisan dumpsite during wet and dry seasons

Cd Cu Cr Pb Ni

Wet season

Cd 1

Cu 0.601 1

Cr 0.470 0.428 1

Pb 0.994** 0.553 0.374 1

Ni -0.739 -0.609 0.169 0.784 1

Dry season

Cd 1

Cu 0.980* 1

Cr -0.292 -0.111 1

Pb -0.159 -0.160 -0.314 1

Ni 0.210 0.015 -0.971* 0.118 1

*Correlation is significant at P ≤ 0.05 (2-tailed).
**Correlation is significant at P ≤ 0.01 (2-tailed).
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Table 7. Varimax rotated component matrix and total variance of heavy 
metals in Cargo dumpsite for wet and dry seasons

Variable
Rotated Component Matrix

Communalities
PC1 PC2

Wet season

Cd 0.987 0.995

Cu 0.970 1.00

Cr 0.619 0.778 0.988

Pb 0.942 0.335 1.00

Ni 0.998 0.994

Eigenvalue 3.962 1.014

Total variance (%) 79.248 20.275

Cumulative (%) 79.248 99.523

Dry season

Cd 0.993

Cu -0.509 0.281

Cr 0.698 -0.624 0.877

Pb 0.985 0.996 0.974

Ni -0.993 0.999

Eigenvalue 2.921 1.202

Total variance (%) 58.422 24.045

Cumulative (%) 58.422 82.467

Table 8. Varimax rotated component matrix and total variance of heavy 
metals in Ilisan dumpsite for wet and dry seasons

Variable
Rotated Component Matrix

Communalities
PC1 PC2

Wet season

Cd 0.903 0.347 0.935

Cu 0.698 0.368 0.622

Cr 0.991 0.998

Pb 0.923 0.913

Ni -0.953 0.993

Eigenvalue 3.298 1.164

Total variance (%) 65.951 23.281

Cumulative (%) 65.952 89.232

Dry season

Cd 0.981 0.986

Cu 0.977 0.955

Cr -0.985 0.993

Pb 0.443 -0.334 0.308

Ni 0.942 0.899

Eigenvalue 2.303 1.838

Total variance (%) 46.051 36.762

Cumulative (%) 46.051 82.813

The results of Kaiser-Meyer-Olkin (KMO) and Bartlett’s sphericity tests 
are significant at P < 0.01. Extraction method: Principal component 
analysis. Rotation method: Varimax with Kaiser Normalization. Rotation 
converges after 3 iterations.

those recorded in soil from the dumpsites studied in Ilisan 
(25). The higher Cd levels in the dumpsites could be due 
to disposal of lubricating oil, vehicles wheels, and metal 
alloys used in automobiles on the sites (26). 
The higher Cu levels during dry season can be attributed to 
run-off during wet season (27). The higher concentrations 
of Cu in the dumpsites compared to the control site 
could be due to inappropriate disposal of lubricants and 
automobile wastes (28). The values obtained for Cu in 
the dumpsites (9.98-55.33 mg/kg) and control site (3.52-
5.08 mg/kg) were within the uncontaminated soil range 
(2-100 mg/kg) as reported by Nangia (29). Also, the 
concentrations of Cu were higher than those reported by 
Olufunmilayo et al, which ranged 1.71 to 3.30 mg/kg in 
dumpsite soil and 0.27 to 1.56 mg/kg in control site soils 
in Iree, Osun State, Nigeria (30). Brady and Weil reported 
high concentrations of Cu ranging from 59.32 ± 0.01 to 
96.13 ± 0.26 mg/kg and 40.16 ± 0.01 to 62.10 ± 0.01 mg/kg 
during dry and wet seasons, respectively (31), which were 
higher than those reported in this study. 
The high Cr concentrations, especially during dry season, 
could be attributed to disposal of wastes containing high 
levels of Cr (32). It can also be due to the cleansing effects 
of rainfall during the rainy season or the availability of this 
heavy metal at depth of 0-15 cm from automobile emissions 
and other human activities (33). The Cr concentrations 
obtained from the dumpsite soils in this study were lower 
than 120.28 ± 103.34 mg/kg, which was reported by 
Ediene and Umoetok (32), and also lower than 59.14 ± 
0.14 to 102.50 ± 0.01 mg/kg and 49.96 ±0.3 to 89.46 ± 0.03 
mg/kg during dry and wet seasons, respectively, reported 
by Yahaya et al (27). Meanwhile, the values were higher 
than those (0.1 to 0.5 mg/kg) reported by Dauda (34). The 
concentrations of Cr (15.30 to 62.75 mg/kg) recorded by 
Adelekan and Alawode (35), are similar to those obtained 
in this study. Although, Cr toxicity is relatively rare in the 
environment, it still poses some health risks to humans 
because it accumulates in skin, muscles, lungs, and liver, 
leading to various health problems (36).
Kabir et al (37), reported Pb concentrations of 65.80 to 
624.50 mg/kg, which are higher than those reported in the 
present study. Similarly, the values reported in this study 
are lower than that (1162 mg/kg) obtained by Nwachukwu 
et al (38) in soil from South-East, Nigeria. The values of Pb 
in the studied dumpsites was higher than the DPR target 
values which could be due to high quantities of dumped 
scraped lead proof pipes, paint materials and batteries in 
the dumpsites.
The values obtained for Ni in this study were similar to 
those obtained by Adelekan and Alawode (35), ranged 
4.35 to 49.80 mg/kg. However, they were much lower 
compared with the mean concentrations of Ni (26.3 ± 51.1 
mg/kg) reported by Olayiwola and Onwordi (39).

Pollution indices
The CF showed that the dumpsites contained considerable 
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to very high levels of Cd (Table 2). The CF values obtained 
for the remaining four metals indicated that the dumpsites 
were lowly polluted with these metals. The PLI less than 
1 in the Cargo dumpsite during both seasons suggests no 
pollution, while PLI>1 obtained in the Ilisan dumpsite 
during dry season, suggests moderate pollution of the 
dumpsite.
The Igeo revealed that the two dumpsites studied during 
both seasons, related to all the metals, fell into class 
0 (unpolluted), except for Cd in both sites and Pb in 
Ilisan dumpsite (Table 3, Figure 2). The pattern of Cd 
contamination as indicated by the Igeo class was similar to 
that reported by Ihedioha et al (40).
The values of the ecological risk factor (Eri) for Cu, Cr, Pb, 
and Ni were below 40, indicating low potential ecological 
risk in the two dumpsites during wet and dry seasons. 
However, the relatively high Eri of Cd (142.80 to 293.40) 
in Cargo and Ilisan dumpsites suggests that Cd could pose 
a considerable to high ecological risk to the dumpsites 
(Table 4), which is consistent with the results reported 
by Ihedioha et al (40). In addition, the ecological RI was 
used to determine the overall potential risk, indicating low 
risk of Cargo dumpsite during both seasons, in contrast to 
Ilisan dumpsite with considerable risk during wet season 
and moderate risk during dry season, which is consistent 
with the results reported by Ihedioha et al (40). 
The strong positive correlations between some heavy 
metals (Ni and Cr, Pb and Cd, Cd and Cu) in both 
dumpsites for both seasons indicate that these metals are 
from related anthropogenic activities. The strong negative 
correlations between Ni and Cr, and Pb and Cr shows that 
their presence in both dumpsites during dry season were 
not from related activities or sources, rather they were 
from different sources.
The correlations observed in this study are similar to those 
reported for Cd and Pb (r=0.731) by Mugoša et al (41). 
The correlation between Cd and Cu is consistent with that 
between Pb and Cu (r=0.831) reported by Yusuf et al (42).
Table 7 and 8 show that the eigenvalue for two principal 
components during both seasons was above 1. The 
observed positive loading for Cd, Cr, and Pb in Cargo 
dumpsite, and for Cd, Cu, Pb, and Ni in Ilisan dumpsite 
show that the metals are from anthropogenic activities. 
This could be related to the disposal of automobile scrap 
parts, discharge of traffic emissions, cooking utensils and 
chromium plated materials on the dumpsite. The negative 
loading observed for Ni show that it is from different 
anthropogenic activities. 

Conclusion
This study was conducted to evaluate the metal 
concentrations in Cargo and Ilisan dumpsites during wet 
and dry seasons. For this purpose, the dumpsites were 
accessed for pollution using pollution indices. The total 
metal concentrations obtained for Cd Cu, Cr, Pb, and Ni 

were higher during dry season compared with wet season. 
Their mean values were found to be above the DPR target 
limit in Nigerian soils. The CF, Igeo, and ecological risk 
index suggest a low to heavy pollution of the Cargo and 
Ilisan dumpsites, especially with Cd during the two 
seasons. The results of Pearson’s correlation and PCA show 
that most of the metals are most likely to be related to the 
same anthropogenic sources. In Cargo dumpsite, Cd, Cr, 
and Pb are most likely to be from anthropogenic sources, 
while Cu and Ni are from natural sources, while on Ilisan 
dumpsite Cd, Cu, Pb, and Ni were from anthropogenic 
sources and Cr was from natural source. The results of 
PCA indicated that the dumpsite was much more polluted 
with Cd.
These metals studied, especially Cd, could pose serious 
threats to human health, if transferred along food chain 
within the ecosystem. The results of this study could help 
the Government to take appropriate measures in preventing 
further pollution of the dumpsites. Furthermore, 
appropriate measures should be implemented to manage 
these dumpsites for achieving positive outcomes on 
population health. 
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