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ABSTRACT
This study conducts a comparative assessment of two dumpsites 
(abandoned and active dumpsite) around Osogbo metropolis Osun 
State Nigeria. Ten selected heavy metals (HMs) such as arsenic, copper, 
cobalt, cadmium, chromium, iron, nickel, manganese, lead and zinc 
were determined. The soil samples were collected, at strategic points 
to revealed variation in samples. The concentrations of HMs were 
quantitatively determined using atomic absorption spectroscopy. 
The results indicated that all the HMs determined were found between 
below detection limit (bdl) to 0.611 mg/kg and bdl –0.880 mg/kg for 
abandoned and active dumpsites, respectively. The concentration 
factor and geo-accumulation intensity revealed no contamination to 
strong contamination and from uncontaminated to strong contamina-
tion intensity, respectively. The concentrations for some of the HMs 
were below the tolerable recommendation level by National 
Environmental Standards and Regulation Enforcement Agency and 
Food and Agriculture Organization/World Health Organization in soil 
samples. This study recommends periodic monitoring and that possi-
ble decontamination of the dumpsite are crucial because these dump-
sites were currently in use for crops cultivation such as maize, 
vegetable bananas, and some other arable plants. Also, HM concentra-
tions in crops should be investigated and monitored at these dump-
sites regularly in order to avert detrimental effects of HM pollution, 
which could manifest many years after exposure, as they are recalci-
trant in the environment.
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1. Introduction

Dumpsite refers to a certain part of the land set aside for disposal of untreated solid wastes in 
an uncontrolled manner, which in turn could have detrimental effects on the ecological 
imbalance of the ecosystem [1]. Solid wastes are heterogeneous which may consist of 
untreated waste materials of industrial, domestic, agricultural and hospital origins. These 
materials may include used clothes, leathers, nylon, papers, plastics, used batteries, electronic 
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wastes, electroplating wastes, organic materials, syringes, and needles among others. These 
are the sources of the bulk of heavy metals (HMs) observed in dumpsites [2]. In Osogbo and 
most other Nigeria cities, wastes are not sorted into domestic, clinical, industrial and institu-
tional but are co-deposited at the dumpsites. Therefore, they served as a repository for HMs 
and organic pollutants [3]. More often than not, the Government converted these dumpsites 
into developmental projects such as shopping malls, housing estates, recreation centres, 
schools and some general public utilities that lack a proper assessment of the pollution status 
of the land in terms of organic and HM pollutants [3]. In addition, some farmers believed that 
dumpsites composed of fertile soil and could serve as a good source of arable land for crops 
cultivations with no regard to the risk associated with HM pollution by the waste [4,5]. The 
leachate from the dumpsites containing HMs and organic contaminants are spread into the 
nearby underground water (wells) and surface water (rivers) contributing significantly to their 
HMs’ concentrations thereby compromising the health of humans and is harmful to the 
environment [6]. Some of the HMs are naturally occurring in nature and they are required in 
micro quantity for the proper growth of plants. At elevated levels in the environment, they 
become dangerous to both fauna and flora. They are toxic when they are no longer being able 
to metabolise thereby get accumulated in the body tissues [6,7]. Depending on the concen-
tration, heavy metals such as Fe, Mn and Cu could be naturally present in the environment 
and may enrich the soil nutrients. While few other metals such as Pb, Cd and Cr, are 
manufactured and are used for various industrial applications. They are hazardous, non- 
biodegradable and could persist in the environment for many years [5]. For instance, chronic 
ingestion of Cd may lead to gastrointestinal and pulmonary diseases [7]. A high dosage of Cr 
in humans resulted in haematological, respiratory and cardiovascular effects [7]. Ingestion of 
Pb affects the renal, reproductive and nervous systems [8]. Therefore, critical analysis of HMs in 
the dumpsite soils is very important for risk assessment of the waste in dumpsites. Since these 
contaminants adversely affect the quality of the ecosystem around the dumpsites, monitoring 
of the non-biodegradable pollutants such as HMs to recommend suitable remedial measures 
becomes imperatively important [9]. Hence, this study aims at determining and compare the 
levels of some selected potential HMs such as As, Cu, Co, Cd, Cr, Fe, Ni, Mn, Pb and Zn in 
abandoned and active waste dumpsite located within the Osogbo metropolis. The outcome 
of this study would provide much-needed information on the current pollution status 
associated with the selected HMs of abandon (Onibueja dumpsite) and active dumpsites 
(Eco Waste to Wealth Waste Recycling Centre Dumpsites) within the Osogbo metropolis. The 
results of levels of HMs determined in this study would be correlated with National 
Environmental Standards and Regulation Enforcement Agency (NESREA), World Health 
Organization (WHO), and offer recommendations on the associated risks, which may arise 
from the indiscriminate dumping of refuse, based on the toxicity of metals, suitability of the 
sites for developmental and agricultural purposes.

2. Materials and method

2.1. Study area and site description

This current study explored two major dumpsites within the Osogbo metropolis (aban-
doned and active dumpsite of Osun Waste Management Board Ejigbo Road, Osogbo), 
Osun State, Southwestern Nigeria on the geographical location of latitudes 7°46.110′ N, 
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longitudes 4°32.379′ E and elevated within 285 m above sea level. According to the 
Köppen classification on climate, Osun state is classified as a tropical wet and dry climate 
with an annual temperature of 26.1°C, and precipitation of 1241 mm respectively mostly 
fall in summer [10]. The variation in precipitation with an average value of 193 mm 
between the driest and the wettest months had been noted [10]. The abandoned 
dumpsite was once active and there has been no dumping in recent times and is currently 
being used for farming activities. Among the food, crops currently been grown in the 
study sites and its environs include maize, vegetable, plantain, and cocoyam. The pictorial 
representation of the sampling locations across the dumpsites is shown in Figure 1. These 
dumpsites accommodate various wastes generated by the majority of residents of the 
state capital, Osogbo that consists of different kinds (heterogeneous) of wastes. The major 
inputs of waste into these dumpsites are; domestic waste, hospital waste, poultry wastes 
from poultry and saw-mill, chemical wastes, electronics wastes, and wastes from the 
mechanic workshop as well as wastes from various light-, medium- and large-scale 
industries within the environment. Major land use around these dumpsites include 
residential, commercial, industrial, agricultural practice and road construction where 
vehicular exhaust could contribute significantly to the existing waste on the soil. The 
proximity of houses to this dumpsite could result in HM pollution from dumpsites 
leachates to underground water such as boreholes and well which serve as the main 

Figure 1. The cross-sections of site locations across the dumpsites within the Osogbo metropolis, (a) 
(Abandoned dumpsite) and (b) (active dumpsite). Site coordinates = (A1) 07°47ʹ39.63”N 04°29ʹ23.6”E, 
(A2) 07°47ʹ40.73”N 04°29ʹ24.14”E, (A3) 07°47ʹ47.29”N 04°29ʹ27.35”E, (A4) 07°47ʹ51.28”N, 04° 
29ʹ30.31”E, (A5) 07°47ʹ46.62”N 04°29ʹ30.92”E.(B1) 07°46ʹ31.19”N 04°26ʹ40.15”E, (B2) 07°46ʹ28.96”N 
04°26ʹ38.03”E, (B3) 07°46ʹ35.93”N 04°26ʹ33.35”E, (B4) 07°46ʹ29.81”N 04°26ʹ30.05”E, (B5) 07°46ʹ24.46”N 
04°26ʹ30.81”E
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source of water for various households around this area. Farmlands for the cultivations of 
some arable crops by the local farmers and stream waters (river networks) where local 
people depend as a source of their water for washing and bathing purposes are also very 
close to these dumpsites.

2.2. Sample collection and preservation

A total number of 10 samples, 5 samples in each dumpsite (abandoned and active 
dumpsites) represented by A and B respectively were collected on 28 March 2021. Grab 
sampling technique was used for the soil samples collection taken from different points 
where global positioning system (GPS) was used for the identification and points loca-
tions. Site coordinates are appended in footnote 1. Samples were collected between 0 
and 30 cm depth using a stainless-steel soil Auger. A pre-acetone-washed foil was used for 
the collection of the soil samples, wrapped and transported safely to the laboratory 
(Department of Science Laboratory Technology, Osun State Polytechnic, Iree). Samples 
were carefully handled to avoid any possible contaminations or interferences following 
the standard procedure as reported by Ahlers et al. [11]. The air-dried samples were 
ground, sieved using a 2 mm mesh sieve size. The soil physicochemical properties such as 
pH, electrical conductivity, total dissolved solids, salt concentration, and resistance were 
determined using a multi-metre probes while organic matter and soil organic matter 
contents were determined using standard wet digestion Walkley Black Method [12].

2.3. Samples preparation and instrumental analysis

The HM contents in the sample extracts were determined using an AOAC method 1990 [13]. 
Briefly, about 3 g each of the test samples was weighed and digested with 20 mL of the acid 
mixture (Conc.HNO3/HClO4/Conc.H2SO4 acids) in the ratio 2:1:1. The solution was heated until 
a clear digest was obtained [13]. The digest was allowed to cool down, diluted with distilled 
water to the 50 mL mark, and filtered through watchman filter paper. A portion of the filtrate 
was used for atomic absorption spectrometer (AAS) analysis. The AAS of Buck scientific model 
200A System was set up with optical alignment of the system. A mixed standard was 
prepared in parts per million ranges (ppm) for calibration. These solutions along with the 
samples were aspirated into the air/acetylene flame of the nebuliser channel of the spectro-
meter set up for each. The concentrations of each HM were then calculated by extrapolation 
using the standard curve. The detection limit of the AAS used for HMs determinations was 
noted to be 0.001 µg/mL (ppm). To maintain the integrity of the samples, all the sample 
preparations were performed promptly within two weeks of post samples collection and all 
the quality control measures were carefully observed. Analytical grade HNO3, HClO4 and 
Conc.H2SO4 acids were used for metal digestion. All sample containers were soaked with the 
acid solution, prewashed with detergents and tap water and finally with deionised water. 
Plastic containers were used throughout the sample preparations to avoid the metals been 
adhered into the wall of glass containers. To avoid any carry-over effect from one site to the 
others, the remnants of soil from the soil Auger were adequately removed just before taken 
the next samples. Blank determinations were carried out for each set of analyses using the 
same reagents to check for any cross contaminations from any of the materials used.
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2.4. Data analysis

Statistical analyses were performed using SPSS version 25. A student’s t-test of 2 tails was 
used to separate means of HM concentrations and soil properties across the sampling 
point’s sites in this study. All statistical analyses were carried out at a 95% confidence level 
with significant differences (p < 0.05). All analyses were conducted in triplicate, and the 
results were determined as the mean values.

The pollution levels in the soil at the dumpsites, the HM contamination factor (CF) for 
each of the heavy metals analysed are evaluated using Equation (1) as proposed by 
Hakanson [14] and Ngole-Jeme [15]. 

CF ¼ Cn=Bn
1 

where CF, Cn and Bn represent contamination factor, measured concentration, and 
background values of metals, respectively. The following CF values represent different 
contaminations levels in the environment; CF < 1 (low contamination); 1 ≤ CF < 3 
(moderate contamination); 3 ≤ CF < 6 (high contamination factor); CF ≥ 6 (considered 
very high contamination).

The degree of pollution in this study was evaluated using Geo-Accumulation Index 
(Igeo). Muller [16] presented the geo-accumulation index (Igeo) as shown in Equation 2 

Igeo ¼ log2
Cn=1:5Bn

� �
2 

Therefore, Cn and Bn denote measured concentration HM in the sample and the geo-
chemical background concentration respectively and the constant 1.5 represent 
a correction factor, which could account for the any possible variation in the system as 
proposed by Barbieri [17]. According to Huu et al. [18], the pollution level by HMs is 
monitored according to the progressive numerical value of the seven-contamination 
index as follows. Igeo < 0 = class 0 (practically uncontaminated), Igeo > 0 − 1 = class 1 
(uncontaminated to moderate intensity), Igeo > 1–2 = class 2 (moderate contamination 
intensity), Igeo > 2–3 = class 3 (moderate to strong contamination intensity), Igeo > 3– 
4 = class 4 (strong intensity), Igeo > 4–5 = class 5 (strong to very strong contamination 
intensity) and Igeo > 5 = class 6 (very strong contamination intensity).

3. Results and discussion

3.1. Heavy metal contents in soil samples and soil physicochemical parameters

The pollution levels at the dumpsites, the HM concentrations determined in this study are 
presented in Figures 2(a,b) while the significant differences between the abandoned and 
active dumpsites are shown in Figure 3. The composition of the waste materials, microbial 
decomposition rate has been reported as the most significant factors controlling the 
distribution of the HMs in the soil [19]. The levels of HM concentrations at the dumpsites 
generally are in order as Cu > Zn > Fe > Mn > Ni > Pb > Cd > Cr ≤ As ≤ Co at both 
dumpsites A and B.

The results of the physicochemical parameters are presented in Table 3. The pH of 
abandoned and active dumpsites ranged from 5.62 (A1) to 6.95 (A5) and 6.32 (B1) to 
7.22 (B4), respectively. This indicates that the soil at the abandoned and active 
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dumpsites is within the slightly acidic to neutral pH. The pH is used in determining the 
carbonate, bicarbonate and corrosion index of water [20,21]. Therefore, the pH at these 
dumpsites may partially cause dissolution of HMs during the wet season; thereby 
encourage the leaching into the underground water. The conductivity of solution soil 
sampled at the dumpsites ranges from 84 µs (A3) to 296 µs (A1) and 230 µs (B3) to 
1998 µs (B2) respectively. Conductivity indicates the amount of ionisable inorganic 
compounds in water [22]. The result of the soil solution under investigation indicates 
that its ionisation ranges from low to high levels. The high values observed in the active 
dumpsite could be attributed to recent inputs from anthropogenic activities of various 
materials containing various ions. The total dissolved solids (TDS) give the overall 
effects of dissolved particulates in soil solution [23]. The result shows that the TDS for 
the studied sites ranges from 41 mg/l (A3) to 145 mg/l (A1) and 114 mg/l (B3) to 
979 mg/l (B2) for abandoned and active dumpsites, respectively. The high TDS value in 
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Figure 2. Distribution of heavy metal in soil samples collected from (a) abandoned dumpsite, (b) active 
dumpsite. A1 – location 1, A2 – location 2, A3 – location 3, A4 – location 4, A5 – location 5 (Abandoned 
dumpsite) and B1 – location 1, B2 – location 2, B3 – location 3, B4 – location 4, B5 – location 5 (Active 
dumpsite).
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active dumpsite is proportional to conductance observed, indicating the active deposi-
tion of heterogeneous materials riched in minerals. The elevated values of TDS could 
cause either temporary or permanent hardness of underground water in the nearby 
location and could hurt aquatic flora and fauna [23]. The result of salt concentrations in 
this study is in tandem with both conductivity and TDS values. The organic carbon (OC) 
of the sampling sites ranges from 2.89% (A2) to 3.32% (A4) and 0.96% (B4) to 1.86% 
(B3), respectively. Similar trends were observed for soil organic matter (SOM) along with 
the sites. The SOM values ranged between 11.62% (A2) to 13.29% (A4) and 4.54% (B4) 
to 7.83% (B3) for abandoned and active dumpsites, respectively. The elevated values 
observed in the abandoned dumpsite compared to the active dumpsite in this study 
could be as a result of decaying processes over time which consists of decomposed 
plants and animal tissues, conversion of inorganic and organic materials into nutrients, 
thus enhances the soil productivity [24]. The high SOM content could improve soil 
texture, structure, water-holding capacity, soil productivity and microbial biomass 
properties thereby encourage the sorption of heavy metals and inhibit herbicides 
leaching and in turn reducing the soil toxicity and contamination of surface and 
groundwater.

3.2. Levels of HMs in soil

The concentrations of arsenic (As) ranged below the detection limit (bdl) to 0.031 and bdl 
to 0.015 in abandoned and active dumpsites, respectively. The highest As concentration 
was obtained at the location A4 (0.031 mg/kg), this was found below the permissible 
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levels of 20.0 mg/kg for Nigerian soils as recommended by FAO/WHO [25,26]. Agbeshie 
et al. [27] reported 0.40 to 0.44 mg/kg in the municipal waste dumpsite, Sunyani, Ghana. 
The level of As was found to show no significant differences (p < 0.05) between the 
abandoned and active dumpsites. In some cases, as compounds have been reported to 
adsorb strongly to soils and have a short range of transportation through leachate into 
the groundwater and surface water [28]. The associated effects such as skin damage 
increased risk of cancer, and problems with the circulatory system related as have been 
reported [28].

The level of copper (Cu) in soil from both abandoned and active dumpsites were 
between BDL to 0.610 mg/kg, 0.012 to 0.887 mg/kg, respectively. The level obtained in 
this study was found below what was reported by Alam et al. [29] from the soil within the 
landfill site Mogla Bazar in Sylhet, Bangladesh. Agyarko et al. [30] also reported an 
elevated value for Cu between 5.70 and 27.0 mg/kg across selected refuse dump soils 
in Ghana. The levels recorded in this study were below the 100 mg/kg permissible limit of 
Cu in Nigerian soil as given by FAO/WHO [25] and lower than the concentration range in 
soil 2 − 250 mg/kg [31]. There is a clear significant difference (p < 0.05) in Cu concentra-
tions between the abandoned and active dumpsites. Copper is an essential element, plays 
a significant role in plants, microorganisms, animals, and humans development. Cu, 
despite being an essential element, its high doses in humans can be detrimental such 
as causes of anaemia, liver and kidney damage, and stomach as well as intestinal irritation.

Cadmium (Cd) is one of the least prominent HM found in the soils from the dumpsites in 
this study. The concentrations ranged between 0.00 to 0.041 mg/kg and 0.00 to 0.031 mg/ 
kg in abandoned and active dumpsites, respectively. Results from this study indicated that 
there are no significant differences (p < 0.05) in the levels of Cd recorded between the 
abandoned and active dumpsites. The level found in this study was relatively lower as 
compared to what was reported by Agyarko et al. [30]. Agbeshie et al. [27] also reported 
between 0.19 and 0.32 mg/kg in the municipal dumpsite in Chana. The level of Cd 
concentrations recorded in this study was below permissible levels as recommended by 
FAO/WHO, 2001 (3 mg/kg) and AEP, 2016 (3.8 mg/kg). The lower level of Cd recorded in this 
study could be attributed to insignificant inputs of materials such as batteries, PVC materials, 
coatings, and motor oils containing Cd metal. Despite being rare HM, reports have shown 
that Cd is highly injurious HMs with serious potential health risks to humans [32,33].

The chromium (Cr) load in the soil from abandoned and active dumpsites investigated 
in this study were between 0.00 to 0.081 mg/kg and 0.00 to 0.031 mg/kg. These values 
were found below the concentration range in soil (5–1500 mg/kg) as reported by 
Radojevic and Bashkin; Stewart et al. [31,34] and lower than 100 mg/kg stipulated for 
Nigerian soil by NESREA [25]. The target and intervention values for Cr metal for 
a reference soil were given as 20 mg/kg [35]. Cr has been reported to have a direct 
relationship with allergic dermatitis in humans [27]. Cr might find its way into the landfill 
through various sources, such as waste from personal care products, plastics, and diesel 
engines utilising anti-corrosive agents and leach into the groundwater.

Cobalt (Co) concentrations are 0.00 to 0.017 mg/kg and 0.00 to 0.024 mg/kg for 
abandoned and active dumpsites, respectively. The reported values here were below 
the concentration soil range of 0.5–65 mg/kg and lower than the reported concentration 
range (387.5 mg/kg to 1337.5) from selected active dumpsites in Southeastern, by Eze 
et al. [36]. Co showed no significant differences (p < 0.05) at the different sites. The geo- 
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accumulation intensity and concentration factors recorded for Co in this study indicated 
that the soil at the dumpsites may be practically uncontaminated and no pollution by Co 
thereby routine monitoring is important to mitigate future pollution and safety of lives of 
inhabitants around these areas.

The concentrations of nickel (Ni) in this study varied from 0.00 to 0.029 mg/kg and 
0.010 to 0.031 mg/kg in abandoned and active dumpsites, respectively. It was noticed that 
the levels of Ni found do not follow a specific pattern in its distribution within different 
locations investigated and there are no significant differences (p < 0.05) in the level of Ni 
between abandoned and active dumpsites. Ni concentration levels across the sites could 
be due to the discharge of industrial effluent containing Ni as the dumpsite contains 
heterogeneous materials. The level of Ni was found below 70 mg/kg stipulated for 
Nigerian soil by NESREA [25] and (2 − 750 mg/kg) in soil [31]. The level of Ni found in 
this study is lower compared to what was reported by Akanchise et al. [37] (35 mg/kg) in 
the soils from abandoned dumpsites in Kumasi, Ghana. Ni is known to be toxic to man and 
might reach the food chain through plant uptake from contaminated soil [38,39]. Seilkop 
& Oller [40] had reported that Ni has detrimental effects on human health such as 
dermatitis, allergy, organ diseases, and cancer of the respiratory system.

The lead (Pb) level found in this study was higher at the active dumpsite (0.021 to 
0.103 mg/kg) compared to what was recorded at the abandoned dumpsite (0.00 to 
0.040 mg/kg). The presence of Pb could be attributed to the possible deposition of 
materials containing Pb metal such as batteries, food packaging material, PVC materials, 
and insecticide-related products [19]. There are no significant differences (p < 0.05) 
between the level of Pb found in abandoned and active dumpsites in this study. 
Although, the levels of Pb in this study across different locations were found to be 
below the reasonable levels of 2–300 mg/kg in soil samples as reported by Radojevic & 
Bashkin [31]. The concentration of Pb as reported by Kinuthia et al. [41] in soil samples 
from Davis and Shirtliff site (471.17 mg/kg), Chief’s Camp (B), and Railways Lower (C) sites 
were 255.50 and 211.00 mg/kg respectively which were higher than what was found in 
this study. Pb concentration was noticed to be lower than the tolerable levels as given by 
Bowen (2–200 mg/kg), FAO/WHO (50 mg/kg), and 164 mg/kg limit for Pb in Nigerian soils 
as given by NESREA [25]. Pb is non-essential metal, but toxic, even in trace amounts, 
considered a lethal HM and affects humans when adsorbed into the body system through 
ingestion [42–44]. Pb could significantly interrupt the water balance, mineral nutrition and 
enzyme activities if present at high concentration levels. Jarup [45] reported that Pb is 
considered a potential carcinogen, which has a close association with many diseases, such 
as cardiovascular, kidney, blood, nerves, and bone diseases.

Zinc (Zn) is one of the predominant HMs in this study ranked second after Cu. Higher 
concentrations of Zn were recorded at active dumpsite compared to the abandoned one 
as presented in Figure 1(a,b). There is a clear significant difference (p < 0.05) between the 
studied locations. The presence of Zn in dumpsite soils investigated could be a result of 
improper disposal of Zn-containing materials like paints and cosmetics, dyes, dry-cell 
batteries, fungicides, and soaps [46]. Another possible source is herbal medicines, which 
are known to contain HMs (Nkansah et al. [47] thereby their improper discharge could 
lead to a significant increase in the source of Zn in the dumpsite. The levels of Zn found in 
this study were compared to other studies conducted in other areas across the world, it 
was noticed that the level of Zn in this study was lower than the Zn content from Akouedo 
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(1164 mg/kg) in Abidjan [48]. The Yamoussoukro dumpsite (487 mg/kg) in Ivory Coast 
(Yobouet et al. [49]) from AlAIN (117 mg/kg) of the United Arab Emirates (Yin et al. [50]), 
and (344 mg/kg dry soil) of municipal open-air dumpsite within its vicinity of Bonoua, 
Ivory Coast (Bongoua-Devisme et al.) [2]. The value of Zn obtained in this study is lower 
than the stipulated 421 mg/kg limit of Zn in Nigerian soil by NESREA [25]. At a specific 
concentration level, Zn metal is known to be environmentally non-biodegradable with 
potential toxic effects on living organisms. Various health-related effects such as blood 
and bone disorders, kidney damage decreased mental capacity and neurological damage 
could result from Zn if expose by man [51–54].

The levels of iron (Fe) in the soil samples collected at the abandoned and active landfill 
in this study were also high, Figures 2(a,b). The level could be considered very high 
contamination based on the CF values (Table 1) and Igeo information that is at moderate 
to strong contamination intensity in some of the locations across the dumpsites in this 
study. There is a significant difference (p < 0.05) in Fe concentrations between the two 
landfill sites investigated. The level of Fe could be due to the fact that natural soils 
containing a significant amount of Fe [55–59]. Amusan et al. [60] also reported that 
Nigerian soil contains a significant amount of Fe. The concentration of Fe recorded in 
this study was found to be lower than the reported concentration in selected refuse dump 
soils in Ghana (1180.00 to 4230.00 mg/kg), Agyarko et al. [29]. Osibote and Rabiu [61] also 
reported an elevated value for Fe (18.74–40.83 mg/kg) in the soil samples collected 
around landfill sites, Cape Town, South Africa. The level was compared and found to be 
lower than 400 mg/kg recommended by FAO/WHO [25,26] for Nigerian soils and 5000– 
100,000 mg/kg as recommended by Radojevic and Bashkin (2006) [31]. Fe is contained in 
several household and industrial materials. Dumping of various Fe-containing materials 
could contribute a significant amount of Fe to these dumpsites. Due to the long biological 
half-lives of Fe, studies had shown that Fe has the potential to alter normal human body 
tissues performance thereby result in various diseases [62–66].

The concentrations of manganese (Mn) ranged between 0.017 to 0.050 mg/kg and 
0.103 to 0.313 mg/kg in abandoned and active dumpsites Figures 2(a,b) respectively. 
Higher concentrations of Mn were found in the active dumpsite than what was obtained 
at the abandoned dumpsite. Mn showed significant differences (p < 0.05) between the 
two dumpsites investigated in this study. The Source of Mn is mostly considered to be of 
natural origin (lithogenic). However, fuel additive diesel is another potential source of Mn 
[67,68]. The value reported by Alam et al. [29] in the soil close to the open landfill site 

Table 1. Pollution status of the heavy metals associated with CF.
S/N As Cr Mn Fe Pb Ni Cu Cd Co Zn

A1 0.220 0.000 0.875 10.633 0.576 0.367 0.213 1.083 0.489 0.604
A2 0.088 0.258 1.258 10.500 0.390 0.489 0.305 2.067 0.567 0.584
A3 0.000 0.133 1.142 11.550 0.000 0.417 0.196 0.000 0.389 0.478
A4 0.310 0.308 0.825 9.967 0.343 0.278 0.294 0.583 0.500 0.494
A5 0.000 2.033 0.417 8.733 0.000 0.000 0.000 1.617 0.000 0.517
B1 0.120 0.325 7.833 5.033 1.376 0.411 0.443 1.600 0.800 1.267
B2 0.000 0.000 6.833 6.033 0.552 0.167 0.303 1.467 0.000 0.672
B3 0.150 0.500 2.942 4.833 0.305 0.356 0.285 0.000 0.000 0.856
B4 0.100 0.783 2.583 7.600 0.981 0.517 0.145 0.550 0.478 1.050
B5 0.000 0.658 4.292 6.500 1.476 0.489 0.006 1.600 0.389 0.828
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Mogla Bazar in Sylhet, Bangladesh (5.08 to 133.60 mg/kg) was higher than what was 
obtained in this study. Mn is of major concern due to its potential to harm living 
organisms.

3.3. The extent of heavy metals pollution

3.3.1. Concentration factor
The degree of HM pollution in soil collected across the two dumpsites (abandoned and 
active dumpsites) investigated in this study was evaluated using CF as presented in Table 1. 
The result of CF indicated that Fe was found to be the most polluted heavy metal at both 
abandoned and active dumpsites as the CF ≥ 6 which is considered very high contamina-
tion) according to Hakanson’s [14] classification approach. Although the abandoned dump-
site was found to be more enriched with Fe compared to the active dumpsite. Mn was found 
between 3 ≤ CF < 6 (high contamination factor) to CF ≥ 6 (considered very high contamina-
tion) at active dumpsite (B) but the degree of contamination with Mn at the abandoned 
dumpsite (A) was less significant which was between CF < 1 (low contamination) to 1 ≤ CF < 
3 (moderate contamination). Other HMs, which were found between CF < 1 (low contam-
ination) to 1 ≤ CF < 3 (moderate contamination) are Cr < Pb < Zn < Cd suggesting a potential 
threat to the community health. A low CF value for As, Ni, and Cu (0.00 to 0.576) indicating 
a non-possible pollution condition across the sites.

3.3.2. Geo-accumulation index (Igeo)
Results on the geo-accumulation index of the dumpsite samples by HMs are presented in 
Table 2, and the calculated Igeo values are summarised as individual value plots in Figures 4 
(a,b) respectively. The Igeo values for As, Cr, Pb, and Ni showed generally no pollution at 
dumpsites A and B as the numerical value of the index (Igeo < 0 = class 0) indicating 
practically uncontaminated. The Igeo values of Cd and Zn were also found to be negatives at 
the abandoned dumpsite (A) but their values were 0.093 and 0.105 at points B1 and B3 
respectively, indicating that the Igeo > 0 − 1 value is under class 1 (uncontaminated to 
moderate intensity). However, the Igeo for Cu in this study has positive values of 2.103, 2.685 
(points A2 and A4) and 1.037 and 0.063 (points B1 and B4) respectively. Based on the Huu 
[18] prediction, it could be noted that abandoned dumpsite has high level of Cu metal 
pollution with Igeo > 2–3 = class 3 (moderate to strong contamination intensity) but 
position B1 and B2 are in the range of Igeo > 0 − 1 = class 1 (uncontaminated to moderate 
intensity) to Igeo > 1–2 = class 2 (moderate contamination intensity). Positions B1, B3 and B5 
(2.385, 1.169 and 1.901) are mostly polluted by Mn with numerical values of between Igeo > 
1–2 = class 2 (moderate contamination intensity) to Igeo > 2–3 = class 3 (moderate to strong 
contamination intensity). Thus, the degree of pollution about Fe is classified as uncontami-
nated to strong contamination at the abandoned dumpsite and uncontaminated to mod-
erate contamination intensity at the active dumpsite. It was generally observed that active 
dumpsite was more polluted with Mn, Cd, Cu, Fe and Zn, whereas abandoned dumpsite is 
highly polluted with Fe and Cu. Therefore, Figures 4(a,b) reflected the Igeo concentration 
value where the maximum and minimum Igeo for all the HMs evaluated in this study were 
extrapolated but Mn, Fe and Cu correlated positively.
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3.4. Comparison of extent of pollution with other regions

The soils from dumpsites (abandoned and active) in the Osogbo metropolis were classified as 
being uncontaminated with As, Pb and Ni to moderately uncontaminated for Cr, Cd, Cu and 
Zn. Moderate to strong contamination intensity based on geo-accumulation indices Huu [18] 
was observed for Mn and Fe at both abandoned and active dumpsites in this study. However, 
a study from an abandoned landfill in Kumasi-Ghana based on the Igeo values reported for As, 
Cu, Pb and Zn (0.20 to 3.37, 0.34 to 2.07, 1.00 to 2.62 and 0.58 to 1.69), respectively. The results 
showed that, no pollution to high pollution for As, no pollution to high pollution for Cu, 
moderate pollution to strong pollution for Pb and Zn as no pollution to moderate pollution 
[37]. Amadi et al. [69] reported moderate pollution for Cd and As in the samples collected from 
a landfill site in Aba, Nigeria. Also, Alam et al. [28] reported that Igeo for Fe, Zn, Cu, and Mn 
were less than zero (0) in the soil samples collected within the vicinity of the open landfill site, 
Mogla Bazar, in Sylhet, Bangladesh showed insignificant soil pollution associated with that 
HMs investigated. Although the soils were reported to be moderately polluted with Pb and Cd 
in some sites with the Igeo values ranged from −7.93 to 1.14, and −5.91 to 1.16 with a mean 
concentration of −2.14 ± 3.06 and −1.69 ± 1.80 for Pb and Cd, respectively. Correlation 
between soil properties, heavy metal concentration and the sampling sites

To identify the relationship between soil physicochemical properties and distributions of 
heavy metals across the dumpsites, statistical analysis was performed using a t-test to detect 
the interrelation among the HM contents. Results are shown in Table 3. There were significant 
differences between the soil physicochemical properties (electrical conductivity, total dis-
solved solids, salt content in terms of salinity, resistance, organic carbon and soil organic 
matter content concerning abandoned and active dumpsite (A and B) except for pH), which 
was found to be insignificant at p < 0.05. Among the HMs, As, Co, Cd, Ni, Cr and Pb showed no 
significant difference between dumpsites A and B but HMs like Cu, Mn,, Zn and Fe showed 
a moderate number of significant relationships between dumpsites A and B. This indicates the 
vulnerable condition for the study areas associated with the heavy metals.

4. Conclusion

Soil samples around the two selected dumpsites within the Osogbo metropolis (abandoned 
and active dumpsite of Osun Waste Management Board Ejigbo Road, Osogbo), Osun State 
Nigeria were investigated to determine the levels of HMs in this study. The soil samples were 

Table 2. Geo-accumulation index (Igeo) of heavy metals.
S/N As Cr Mn Fe Pb Ni Cu Cd Co Zn

A1 −2.769 ٭ −0.778 2.826 −1.380 −2.032 −2.816 −0.469 −1.617 −1.311
A2 −2.923 −2.538 −3.535 −5.077 −3.813 −3.059 2.103 −4.127 −4.261 −0.201
A3 ٭ −3.492 −0.918 2.963 ٭ −2.263 −3.452 ٭ −2.161 −1.602
A4 −2.275 −3.804 −4.003 −5.290 −2.129 −3.644 2.685 −1.363 −3.898 −0.151
A5 ٭ −0.128 −1.903 2.772 ٭ ٭ ٭ −3.588 ٭ −1.539
B1 −3.644 −2.206 2.385 1.747 −0.124 −1.867 −1.758 0.093 −0.907 −0.244
B2 ٭ ٭ −4.256 −4.797 −4.568 −4.776 1.037 −5.184 ٭ −1.067
B3 −3.322 −1.585 1.169 1.427 −0.982 −0.774 −1.848 ٭ ٭ 0.105
B4 −3.322 −3.411 −4.443 −4.144 −2.882 −4.237 0.063 −1.447 −1.651 −0.772
B5 ٭ −1.836 1.901 1.201 −0.393 −0.854 −6.404 −3.518 −4.771 −0.238

Values were negligible = ٭
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collected at depths of 0–30 cm, at strategic points using a global positioning system around 
the two dumpsites. The soils physicochemical properties were determined. The concentra-
tions of HMs were determined using atomic absorption spectroscopy (AAS). The pollution 
status of the dumpsites was investigated using concentration factor and geo-accumulation 
index (Igeo values). The results revealed that all the HMs determined were found between 
below detection limit (bdl) to 0.611 mg/kg and bdl – 0.880 mg/kg for dumpsites A and B, 
respectively. Cu and Zn were found to be highest HMs determined with the concentration 
levels of 0.398–0.611 µg/kg, 0.290–0.880 mg/kg for Cu and 0.288–0.361 mg/kg, 0.399– 
0.760 mg/kg for Zn at dumpsites A and B, respectively. While Cr was found to be the least 
prevalent HMs in both dumpsites. The concentration factor and geo-accumulation intensity 
revealed no contamination to strong contamination and from uncontaminated to strong 
contamination intensity respectively across the sites. The levels of HMs in this study at the 
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Figure 4. Geo-accumulation index of selected heavy metal at (a) abandoned dumpsite, (b) active 
dumpsite.
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various sampling points of the dumpsites determined were below the recommended 
permissible limits as provided by the National Environmental Standards and Regulation 
Enforcement Agency and Food and Agriculture Organization/World Health Organization in 
soil samples. Therefore, there is a need for proper, continuous evaluation and possibly 
decontamination of the dumpsite because these dumpsites were currently in use for crops 
cultivation such as maize, vegetable bananas and some other arable plants.
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