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Abstract 

The degradation and pollution of soil attendant upon the operation of dumpsites is at an alarming rate. In this study, the 

physico-chemical properties, heavy metal concentration and chemical speciation of heavy metals in soils of two dumpsites in 

Osogbo were evaluated and compared with a control soil. The physico-chemical properties (pH, Electrical conductivity, Na, Ca, 

K, MG, % Organic matter, and Cation Exchange Capacity) of the dump soils is relatively higher than that of the control soil. 

Also, all the soil samples showed higher sand content, followed by Clay and then Silt. The ranges of heavy metal concentration 

(mg/kg) are as follows: Cu (0.58 – 21.50), Zn (0.90 – 31.90), Pb (0.01 – 30.01), Cr (0.05 – 10.03), Co (0.01), Mn (0.18 – 

10.17), Fe (0.85 – 3.50), Ni (0.10 – 7.08), and Cd (0.01 – 5.08). The result of heavy metal speciation showed that higher 

quantity of all the determined metals are bound to the residual fraction. The research showed that the operation of dumpsites in 

those areas have greatly altered the physico-chemical content and massively increased the heavy metal concentration of the soil. 

Therefore, this study suggests the establishment of mitigating strategies in order to reduce continual contamination of the soil. 
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1. Introduction 

The adverse effect attendant upon the indiscriminate and 

improper disposal of municipal solid waste has sparked 

various research engagements. The occurrence of inadequate 

waste management system in under-developed and 

developing nations of Africa has engendered varying degree 

of environmental pollution such as contamination of soil 

quality, pollution of surface and ground water, destruction of 

flora and fauna and the impairment of the health of 

individuals living in such environment [1-2]. 

The improper operation of dumpsite which stems from 

factors such as absence of sensitization strategies, 

urbanization, proliferation of industrial activities, relaxed 

legislation etc. has immensely compromise the sanity of 

natural ecosystem [3]. One of the findings of Ayuba et al. [4] 

revealed that the density of solid waste in Nigeria ranges 

between 280 – 370 kg/m
3
 with a daily generation of about 

0.44 – 0.66 kg/capital/day and a yearly production of 25 

million tons [5]. Furthermore, the need for good 

infrastructure elicited a massive rural-urban migration which 

has engendered a skyrocket in Nigeria’s urban population [6]. 

Consequently, the population expansion resulted in the 

continual increase in waste generation and this necessitated 

the adoption of different waste disposal systems. Municipal 

solid waste falls within household, organic, plastic, metal and 

agricultural waste are generated from domestic, commercial 

and agricultural sources. In order to manage the waste 

generated from anthropogenic activities, various waste 
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disposal techniques which include: source reduction, 

incineration, waste composting, waste recycling and 

operation of dump sites were established [7]. Amongst these 

methods, the most common method in most cities of 

developing nations is landfill operation. 

However, there is an obvious deviation from the protocols 

guiding the usage of dumpsite. This has led to uncontrolled 

dumping of refuse in bushes, excavations, mined sites, road 

path etc. Oyekan and Sulyman [8] posited that about 87% of 

Nigerians resort to the operation of uncontrolled disposal 

system. As a consequence, there is an increase percolation of 

leachates into the soil and continual infiltration of run-off 

into surface and underground water. Due to this, the 

composition of soil and groundwater has been adversely 

altered [9]. 

Soil is an unconsolidated mineral or organic matter on the 

surface of the earth that supports the growth of plants, 

husbandry of animals and effective operation of other human 

activities [10]. It is one of the most valuable natural resources 

needed for the optimal use of human and natural resources 

[11]. It is a natural repository of metals whose quantities 

depend largely on the following factors: biological and 

hydrological cycling, microbial communities, pH, organic 

matter content etc [12]. However, the morphology, physico-

chemical properties (pH, silt, organic matter etc.) and heavy 

metal concentration of soil has been compromised due to the 

percolation of leachates from dumpsites. 

Some researchers posited that the composition of soil at 

dumpsites contains large amount of heavy metals and base 

metal ions beyond permissible limit [13-14]. Furthermore, 

Uba et al. [15] and Okonronkwo et al. [16] revealed that the 

continued operation of dumpsites has led to increase in the 

concentration of heavy metals from landfills and they have 

the capacity to bio-accumulate and persist in soil for decades, 

thereby affecting the rate of plant growth and impairment of 

human health. Hence, the degree and magnitude of soil and 

contamination by heavy metals from infiltration of leachates 

are at an alarming rate. 

In spite of myriad of researches carried out to evaluate the 

effect of dumpsites on soil qualities in Nigeria, no research 

has been tailored towards the investigation of the soil in some 

towns in Oshogbo. Hence, this study is aimed at investigating 

the impact of landfills on the physic-chemical properties, 

heavy metal concentration, chemical speciation and pollution 

indices of soil from Oleyo and Akilapa dumpsites. 

Description of study area 

The study areas are Oleyo dumpsite, Akilapa dumpsite and 

the control site. They are in the suburb of Olorunda Local 

Government Area of Osun state, Nigeria. The geographical 

coordinates of these locations determined by a Global 

Positioning System (GPS) are as follows: Akilapa dumpsite 

(Latitude N07°31.963' and Longitude E005°45.478’), Oleyo 

dumpsite (Latitude N07°31.874' and Longitude E005°45.494') 

and the control site (Latitude N07°29.161' and Longitude 

E005°44.130'). 

 

Figure 1. Pictorial view of Akilapa Dumpsite. 

 

Figure 2. Pictorial view of Oleyo Dumpsite. 

2. Materials and Method 

2.1. Soil Sampling 

The top soils of Oleyo and Akilapa dumpsites were collected at 

a depth of 15 cm using polyethylene bags and accurately labeled. 

The control soil sample was collected at a distance 

approximately 8km away from Akilapa and 10 km from Oleyo 

dumpsite respectively using a polyethylene bag. The three soil 

samples were air-dried for seven days, grounded with mortar 

and pestle, and then sieved with 1.5 mm sieve. The air-dried 

samples were kept packed with plastic bag for further analysis. 

2.2. Physico-chemical Properties of Soil 

Soil pH was determined using a glass coupled electrode pH 

meter while the Electrical Conductivity (EC) of soil sample 

were determined using a digital conductivity meter. Clay, Sand, 

Silt and moisture content of the soil samples were determined by 

hydrometer and Gravimetric method [17]. The percentage 

Organic Carbon (% OC) and percentage Organic Matter (% OM) 

were measured by methods described by [18]. The Cation 

Exchange Capacity (CEC) was determined by method described 
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by [19]. Ca and Mg were analyzed by EDTA titrimetric method 

while K and Na were measured by flame photometry. 

2.3. Heavy Metal Analysis 

Heavy metals (Cu, Cd, Cr, Pb, Mn, Zn, Mn, Co, Ni and Fe) 

in soil samples were digested using an aqua regia solution 

and analyzed. Using atomic absorption spectrophotometer. 

2.4. Sequential Extraction of Heavy Metals 

The sequential extraction method described by Tessier, et al. 

[20] and modified by Uba et al. [16] was used in this study. 

In this method, heavy metals were separated into five 

operationally defined fractions namely Exchangeable (F1), 

bound to carbonate (F2), bond to Fe-Mn oxide (F3), bound to 

organic matter (F4) and residual fraction (F5). The extracted 

products (filtrates) were separately determined for heavy 

metals using an Alpha 4 Chem. Tech. Analytical Atomic 

Absorption Spectrometer (AAS) withgraphite atomizer. 

3. Result and Discussion 

3.1. Physico-chemical Properties of Soil 

Table 1 reveals the result of the physiochemical properties of 

all the soil samples. The pH of the soil ranged between 7.10 – 

8.10 whereby S2 having highest value. The pH of the soil 

samples from the dumpsites is slightly alkaline in comparison 

with that of the control soil which is neutral. Soil pH is 

inversely proportional to the mobility and solubility of metals 

[21]. In other words, the lower the soil pH, the higher the 

bioavailability of metals. Hence, the concentration of heavy 

metals in the soil samples from dumpsite decreased in this 

order S3<S1<S2. Oluseyi et al. [22] reported a similar range 

of value of 7.9 – 8.0 for soil from dumpsites in Lagos state. 

The Electrical Conductivity (EC) ranged between 101 – 372 

µS/cm with highest value in S2 and lowest value in S3. The 

result showed that the leachates from the dumpsites had great 

impact on the EC of the soil samples. These values are 

agreeable with the EC value of 186 – 200 µS/cm reported by 

Amadi et al. [23] but lower than the value (6280 µS/cm) 

reported by Badmus et al. [24]. Seasonal variation and soil’s 

moisture content have a great effect on the EC of soil [24]. 

During wet seasons, the moisture content of soil is 

reasonably high and this greatly increase the EC of soil due 

to the high concentration of ions in moisture filled soil 

because of easy mobility of salt in wet soil. 

The Ca, Na, Mg and K concentration of all the soil samples 

ranged between 53.70-60.10 mg/kg, 23.50 – 28.00 mg/kg, 

6.75 – 8.30 mg/kg, and 76.10 – 89.40 mg/kg respectively. All 

the major cations are highest in S2 with the exception of K 

which is highest in S1. The result showed that the 

concentrations of all the major cations are higher in the soil 

samples from dumpsites in comparison with the control site. 

Hence, it can be inferred that the dumpsite has increased the 

concentration of base ion metals in the soil. These values 

falls within the range reported for Na (18.96 – 490.12 mg/kg), 

K (85.68 – 842.24 mg/kg), and Ca (48.90 and 281.08 mg/kg) 

respectively [25]. 

The CEC of the soil samples ranged between 5.10 – 22.26 

mg/kg with the highest value in S1 and lowest value in S3. 

The investigation showed that the CEC for the dump soils is 

greater than the control soil. The disparity may be attributed 

to relatively high pH and % OM as compared with the 

control soil because there is a direct relationship between 

CEC, pH and Organic matter. These findings are consistent 

with the investigation of Kebede et al. [26] who recorded a 

value range of 15 – 25 mg/kg for dump soils in Ethiopia. 

Higher Organic matter indicates the degree of usefulness of 

soil for agricultural activities. The % OM ranged between 

0.89 – 4.20. It can be observed that the % OM of the dump 

soils is relatively higher than those of the control soil. The 

difference may be as a result of the high pH of the dump soil 

viz-a-viz the control soil because the higher the pH, the 

higher the organic matter. These findings is consistent with 

the discovery of Oyedele et al. [27] who revealed that 

landfills had higher pH value and organic matter in 

comparison with the control soil. 

The Clay/Silt/Sand content of the soil ranged between 8.48-

10.48%, 3.28 – 11.28% and 78.24 – 88.24% respectively. In the 

dump soils, the sand has the highest percentage, followed by 

clay and silt while in the control soil; the sand also has the 

highest percentage, followed by the silt and clay. Similarly, 

Ideriah et al. [28] Also showed the same proportion of 

Sand/Clay/Silt in a dumpsite in Port-Harcourt, Nigeria. Soils 

that have high sand composition and low clay content have 

greater tendency for pollution through leaching [29]. The 

relatively high fraction of the dump soils as compared with the 

control soil is an indication of high permeability of leacheates. 

Table 1. Physico-chemical properties of Soil samples. 

Parameter S1 S2 S3 

pH 7.40 8.10 7.10 

EC (µS/cm) 147 372 101 

Na (mg/kg) 23.50 28.00 26.30 

Ca (mg/kg) 55.21 60.10 53.70 

Mg (mg/kg) 6.75 8.30 5.50 

K (mg/kg) 89.40 85.80 76.10 

CEC (mg/kg) 22.26 18.02 5.10 

OM (%) 4.20 1.51 0.89 

Clay (%) 8.48 8.48 10.48 

Silt (%) 7.28 3.28 11.28 

Sand (%) 84.24 88.24 78.24 

*S1 = Soil from Akilapa Dumpsite; *S2 = Soil from Oleyo Dumpsite; *S3 = 

Soil from control site. 
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3.2. Heavy Metal Analysis 

Table 2 showed the heavy metal concentration of all the soil 

samples. The lead concentration in S1 (30.01mg/kg) is higher 

compared to S2 (0.9 mg/kg) and S3 (1.2 mg/kg) which may 

be attributed to the disposal of lead-containing substance in 

the dumpsite. These values are far below the maximum 

permissible limit of 400 mg/kg set by WHO [30]. These 

values are not in agreement with the findings of Ambrose et 

al. [31], who reported a value range of 14.75-16.14 mg/kg for 

dump soils in Bayelsa state. 

Cr concentration in all the soil samples increased in this order 

S1>S3>S2 with S1, S2 and S3 having 10.03mg/kg, 

0.01mg/kg and 0.02mg/kg respectively. The high chromium 

content of S1 may be attributed to the dumping of waste 

comprising of lead-chromium batteries, colored polythene 

package, unused plastic materials and unfilled paint 

containers. The concentration of Cr in this study is lower 

than the permissible limit of 50 mg/kg [32]. 

The concentration of cadmium in the soil samples varies 

between 0.01 – 5.08mg/kg with S1 having the highest Cd 

content. This is comparable with the findings of Akinbile [33] 

who evaluated heavy metal concentration of dump soils in 

Owerri, Nigeria. 

The concentration of Cu ranged between 0.58 –21.50 mg/kg 

with S2 having the lowest Cu content. The highest value of 

Cu in S1 may be attributed to the disposal of waste 

containing fertilizer and pesticides used for agricultural 

purposes. The reported value is lower than the findings of 

Akinbile [33], who recorded a higher value of 31.7-101.9 

mg/kg for dump soils in Ondo state. The concentration of Co 

in the soil samples is in the range of 0.01 mg/kg with that of 

S1 below detectable limit. Olayiwola et al. [34] reported a 

higher value of 0.33 – 0.63 mg/kg compared to our study. 

The concentration of Mn and Ni varies between 0.18 – 10.17 

mg/kg and 0. – 7.08 mg/kg respectively with S1 having the 

highest Mn and Ni concentration. The higher concentration 

of Mn and Ni may be due to the disposal of waste containing 

Manganese and Nickel. Awokunmi et al. [35] reported a 

reasonably higher value of 18 – 1620 mg/kg for Ni and 212 – 

660 mg/kg for Mn. 

The concentration of Fe and Zn ranged between 0.85 – 

3.50mg/kg and 0.90 – 31.90 mg/kg respectively with S1 

having the highest Fe and Zn content. The relatively high 

content of Fe and Zn in S1 as compared to S2 and S3 may be 

attributed to the continued disposal and burning of cosmetic 

waste, pesticide cans, thins etc [36]. These values arenot in 

agreement with those reported by Awokunmi et al. [35] for 

Fe (1221 – 8310 mg/kg) and Zn (360 – 8100 mg/kg) in a 

study carried out on dumpsites in Ekiti, Nigeria. 

Table 2. Heavy Metal Concentration of Soil samples. 

Metals (mg/kg) S1 S2 S3 

Cu 21.50 0.58 0.75 

Cd 5.08 0.01 0.02 

Cr 10.03 0.07 0.05 

Co BDL 0.01 0.01 

Mn 10.17 0.18 0.19 

Fe 23.50 0.85 2.50 

Ni 7.08 0.10 0.62 

Pb 30.01 0.02 0.01 

Zn 31.90 0.90 1.20 

*S1 = Soil from Akilapa Dumpsite; *S2 = Soil from Oleyo Dumpsite; *S3 = 

Soil from control site. 

3.3. Chemical Speciation 

The result of sequential extraction of Cd, Cr, Cu, Pb, Zn, Ni 

and Fe in sample S1, S2 and S3 respectively are presented in 

Table 3. The heavy metals were fractionized into five 

fractions namely: Exchangeable (F1), bound to carbonate 

(F2), bound to Fe-Mn oxide (F3), bound to organic matter 

(F4) and residual fraction (F5). The concentration of Cd in all 

the samples ranged between 0.60 – 8.00 mg/kg for all the 

fractions. The availability of Cd in S1, S2, and S3 

respectively are in the order of F5>F3>F2>F1>F4. Also, the 

bio-availability and mobility of Cd is highest in S1 followed 

by S2 and then S3. The concentration of Cr in all the samples 

ranged between 0.50 – 19.00 mg/kg for all the fractions. The 

availability of Cr in S1, S2, and S3 respectively are in the 

order of F5>F3>F4>F2>F1. More so, the bio-availability and 

mobility of Cr is highest in S3 followed by S2 and then S1. 

The concentration of Cu in all the samples ranged between 

1.50 – 39.50 mg/kg for all the fractions. The availability of 

Cu in S1, S2, and S3 respectively are in the order of 

F5>F3>F1>F4>F2. Furthermore, the bio-availability and 

mobility of Cu is highest in S2 followed by S3 and then S1. 

The concentration of Zn in all the samples ranged between 

2.25 – 5375 mg/kg for all the fractions. The availability of Zn 

in S1, S2, and S3 respectively are in the order of 

F5>F3>F4>F2>F1 with the exception of F3 in S1 which has 

the highest concentration. Also, the bio-availability and 

mobility of Zn is highest in S2 followed by S3 and then S1. 

The concentration of Ni in all the samples ranged between 

0.50 – 10.00 mg/kg for all the fractions. The availability of 

Ni in S1, S2, and S3 respectively are in the order of 

F5>F3>F4>F2>F1. Additionally, the bio-availability and 

mobility of Ni is highest in S3 followed by S1 and then S2. 

The concentration of Pb in all the samples ranged between 

1.50 – 37.50 mg/kg for all the fractions. The availability of 

Pb in S1, S2, and S3 respectively are in the order of 

F5>F3>F2>F4>F1 with the exception of F3 in S1 which has 

the highest concentration. Moreover, the bio-availability and 

mobility of Pb is highest in S3 followed by S2 and then S1. 

The concentration of Fe in all the samples ranged between 

1.00 – 48.00 mg/kg for all the fractions. The availability of 
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Cu in S1, S2, and S3 respectively are in the order of 

F5>F3>F4>F1>F2. Finally, the bio-availability and mobility 

of Fe is highest in S2 followed by S3 and then S1. 

The result indicated that all the heavy metals in all the soil 

samples (S1, S2 and S3) are bounded to the residual fraction 

(i.e. to silicates and detrital materials). These claims are in 

agreement with the findings of Uba et al. [15] which showed 

that heavy metals are often bound to residual fractions. 

According to the result, reasonable amount of the heavy 

metal are also bounded to Fe-Mn oxide (reducible fraction). 

Table 3. Sequential Extraction of Soil Samples. 

Metals (mg/kg) Dumpsite F1 F2 F3 F4 F5 

Cd 

S1 0.60 0.75 2.75 ND 8.00 

S2 ND 1.35 2.35 ND 7.00 

S3 ND 0.60 3.50 ND 4.00 

Cr 

S1 0.50 0.75 5.25 1.50 7.00 

S2 0.50 0.50 7.25 3.25 19.00 

S3 0.50 0.75 7.50 3.25 12.75 

Cu 

S1 3.75 2.50 15.50 4.00 8.00 

S2 3.75 2.75 18.75 2.50 37.50 

S3 2.75 1.50 14.75 2.50 39.50 

Zn 

S1 2.25 3.50 950.00 62.50 9.00 

S2 2.25 3.25 1100.00 100.00 5375.00 

S3 1.25 2.25 1975.00 100.00 2800.00 

Ni 

S1 1.00 1.00 4.00 2.50 10.00 

S2 0.50 1.00 3.25 1.50 10.25 

S3 0.50 0.50 4.75 3.25 9.50 

Pb 

S1 2.25 5.00 17.50 5.25 11.00 

S2 1.50 5.00 15.00 4.50 37.50 

S3 5.25 4.25 25.25 2.50 25.00 

Fe 

S1 5.25 3.25 10.00 4.35 13.00 

S2 3.75 4.25 12.75 6.25 48.00 

S3 2.25 1.00 15.50 7.35 33.75 

*S1 = Soil from Akilapa Dumpsite; *S2 = Soil from Oleyo Dumpsite; *S3 = Soil from control site; F1 = Exchangeabe; F2 = Bound to Carbonate; F3 = Bound 

to Fe-Mn oxide; F4 = Bound to organic matter; F5 = Residual fraction. 

4. Conclusion 

From the study, it can be concluded that the dumpsite has 

greatly alter the physicochemical and heavy metal 

composition of the soil due an increase in the two 

parameters with respect to the soil from the control site. 

The result of heavy metal speciation showed that higher 

quantity of all the determined metals are bound to the 

residual fraction. Also, research showed that the operation 

of dumpsite in those areas has greatly alter the physico-

chemical content and massively increased the heavy metal 

concentration of the soil. It was observed that Akilapa 

dumpsite has higher heavy metal concentration compared 

with Oleyo dumpsite. The improper discharge of high metal 

wastes, sewage sludge and waste combustion might be 

attributable to the high heavy metal concentration in 

Akilapa site. Therefore, this study suggests the 

establishment of mitigating strategies in order to reduce 

continual contamination of the soil. 
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