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Original Research Article 1 

Assessment of Heavy Metal Concentration and Fractionation in Selected Dumpsite Soils 2 

within Ibadan Metropolis, Nigeria 3 

 4 

Abstract 5 

Dumpsites are gradually turning into farm land with the belief that they must have accumulated 6 

necessary nutrient element required for plant growth and thus making some farmers to use refuse 7 

dumpsite material for composting not minding the type of waste that are involved and what they 8 

are actually made up off. This study therefore investigated the concentrations of heavy metals in 9 

selected dumpsite soils and various forms to determine their mobility with the view to crystallize 10 

their extent of contamination to the soil when used for farming activities.  Four dumpsites 11 

(Bodija dumpsite (BD), Ile-Igbon dumpsite (ILD), Olukunle dumpsite (OD) and Kumapayi 12 

dumpsite (KD) wererandomly selected from Ibadan South Western Nigeria based or different 13 

waste distributions at the depth of 0-20cm.  The metals investigated include:  Cd, Pb, Cu, Zn, As, 14 

Cr and Ni. Sequential extraction method was used to assess the redistribution of 15 

heavymetalsfrom which total heavy metals were earlier determined by acid digestion with aqua 16 

regia solution.  Treatments were laid out in a completely randomized design with four replicates. 17 

Data collected from the laboratory and were analyzed using descriptive statistics and ANOVA at 18 

p ≤ 0.05.The mean concentrations (mg/kg) of total HM were 100.9, 48.9, 57.8, 16.6, 49,022.0 19 

and 3,627.3 for As, Cr, Cu, Ni, Pb and Zn respectively with coefficient of variance ranging from 20 

1.31% for Ni to 141.2% for Pb. The residual fraction was the most predominant in the soils with 21 

the exception of Pb and Zn.  The average metal concentration over soil samples were 307.6, 22 

2,390.8, 1,666.8 and 4,448.8 for the exchangeable, reducible, oxidizable and residual fractions 23 

respectively.  Only Zn had an appreciable amount (54.3%) associated with the exchangeable 24 

fractions while the oxidizable fraction was highest for Pb (79.1%) in soil BD and Zn (78.4%) in 25 

soil OD.It is therefore paramount to create awareness on the health hazard inherent in planting on 26 

refuse dumpsite soil without ascertaining its metal statusso that metals in them do not end up in 27 

the edible parts of crops. 28 
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1.0 INTRODUCTION 32 

Heavy metal pollution is a major problem across the globe due to its great consequence on 33 

human health, plant and the ecosystem. Increase in population and urbanization had contributed 34 

to enormous generation of both industrial and municipal waste inurbancenters in Nigeria. An 35 

estimate of 7.6 million tons of municipal solid waste was dumped per day in developing 36 

countries as reported by [1]. Furthermore, some of these wastes contain heavy metals which 37 

eventually are adsorbed onto soil surface and found their ways into plant and finally end up in 38 

the human system [2]. Investigation had shown that some of these dumpsites are gradually 39 

turning into farm land for the cultivation of vegetable for the cities dwellers ([3-4]. In an attempt 40 

to avoid the exorbitant price being charged for the purchase of fertilizer, some farmers have 41 

recourse to the use of composted material to fertilize their soils to improve crop production 42 

thereby introducing heavy metals into their crops not knowing that heavy metal are embedded in 43 

their compost.  Plant on the other hand takes up these metals via the root into the harvestable 44 

parts. This becomes possible because metals come in the cationic form which makes it easy for 45 

uptake through plant root and easy translocation into the stem and the aerial parts of the plant.  46 

The mobility and bioavailability of heavy metal depend absolutely on their speciation or 47 

chemical forms. These forms are determined by sequential extraction technique, this method give 48 

vivid information about metal affinity to the soil components together with the strength to which 49 

they are bound to the soil matrix [5].Detail about soil origin, biological and physicochemical 50 

availability, their mode of occurrence, mobility and transportation of trace metals[6]. Several 51 

extraction scheme had been employed and described in literature but the Tessier et al., 1979 has 52 

been widely used. This procedure has been able to identified six chemical or geochemical forms 53 

of heavy metals [7-9]. This method however had given way to a method that only involved four 54 

chemical or geochemical formsusing the modified Community Bureau of Reference (BCR) as 55 

described by[10]. Three different extraction procedures were used to establish the extractability 56 

and to predict the phytoavailability of heavy metals in the soils. The following fractions were 57 

identified with the BCR methods; Exchangeable and acid extractable, reducible form (Fe/Mn 58 

oxide bound), theoxidizable forms(organically and sulphur bound) and the residual form 59 

(residual/silicate).  60 
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 This study therefore aimed atdetermining the concentration of Ni, Cr, Pb, Zn, Cd, and Cu and 61 

As in selected dumpsite in Ibadan and investigate their environmental contamination risk 62 

between the different chemical speciation forms. 63 

2.0 Material and Methods 64 

2.1 Description of Study Site 65 

This study was carried out at two locations: Agronomy Department, University of Ibadan, Oyo 66 

State, Nigeria and Purdue University, West Lafayette, Indiana State, United State of America.  67 

Four soil samples were collectedfor this study from dumpsites located in Ibadan.Ibadan has a 68 

mean annual rainfall of 1289 mm and mean annual temperature of 26.3 
o
C [11]. Sampling site 69 

description is shown in Table 1. 70 

 2 .2 Soil sampling and preparation 71 

A total of four surface polluted soils (0-20cm) were purposively sample at different locations 72 

within Ibadan municipal area in the central region of South Western Nigeria. Sampling was done 73 

with the aid of soil auger and spade. Triplicate soil samples were collected randomly from each 74 

location at different points, mixed and bulked to form a composite sample, out of which 75 

representative samples were air-dried, crushed and sieved through a 2 mm sieve and for each 76 

location after which they were bagged in clean polythene containers to prevent further 77 

contamination.  Samples were further ground and passed through a 0.5 mm sieve for organic 78 

carbon and total nitrogen analysis 79 

. 80 

2.3 Routine soilanalysis 81 

All glassware used in this study were pre-washed with HNO3 and rinsed with deionize water and 82 

all the chemicals used were of analar grade purchased from Sigma Aldrich, USA Chemical 83 

analyses were carried out using the recommended chemical soil test. Procedures for the North 84 

Central Region, U.S.A [12]were used. These include:  pH (H2O, 1:2), total N and organic carbon, 85 

Available Phosphorus (Bray P1), Exchangeable cations and Exchangeable acidity. Particle size 86 

analysis was determined using hydrometer methods as outlined by [13] 87 
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 88 

 Table 1 Location and sources of pollution of soilsamples  [*14] 89 

Soil Samples  Locations Co-ordinates   Sources of    

pollution  

Activities on 

Location 

Soil 
*
 

Association 

Soil 

Order(USDA) 

A Bodija market 

Dumpsite(BD) 

N07
0
25.998

1
 

and E003
0
 

94.816
1
 

Dumpsite for 

food waste 

Dumpsite Egbeda Alfisol 

C Olukunle 

Dumpsite 

(OD) 

N07
0
26. 74

1
and E 

004
0
 00. 070

1
 

 Battery waste 

disposal site 

Grazing land for 

animals. 

Iwo Alfisol 

 90 
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 92 

2.4 Total heavy metals (Pb, Cd, Ni, Cr, Cu and Zn) and Fractionationexperiment 93 

 Acid digestion with aqua regia solution (Hydrochloric acid and Nitric acid in ratio 3:1) 94 

was used to evaluate the total heavy metal content of the soil [15]. Inductive couple 95 

plasma –Mass spectrophotometer was used to read the total metal concentration.   The 96 

acid digested soil-metal analysis was performed in triplicates. 97 

Metal fractions in the soils were determined using sequential extraction technique by [10] 98 

with a little modification in the volume of the aqua regia reagent used. The following 99 

fractions were  determined ; (Fractions A)  Exchangeable and acid extractable- (0.11M 100 

CH3COOH-extractable);  (Fraction B) Reducible form – (0.1M NH2OH-HCI-extractable) 101 

; Fraction C the oxidizable  forms – (8.8M H2O2)/ 1M CH3COONH4-extractable) of the 102 

metals  and  the residual form (Fraction D)  which was be computed as the sum of  103 

fractions A,B& C and subtracted from the total content. Heavy metal contents in the 104 

digests were analyzed using ICP-MS. 105 

2.5 Statistical analysis 106 

The data collected were evaluated usingexcel to calculate mean, standard deviation and 107 

coefficient of variance for each sets of values. 108 

 109 

3.0 RESULT AND DISCUSSION 110 

3.1 Physical and chemical properties of the experimental soils 111 

The physical and chemical properties as well as the heavy metal concentrations of the   112 

soil used for the study are contained in Tables 2 and 3. The pH of Bodija refuse dumpsite 113 

(BD) soil was 7.7, while that of Olukunle dumpsite (OLD) soil was 6.3. Cation exchange 114 

capacity (CEC) wasgreater in BD (23.1cmol/kg) soil than in OLD (1.5cmol/kg).  Soil 115 

organic matter was high across the soil samples. Total Nitrogen in OLD (3.7g/kg) soil 116 

was more than in OLD(0.6g/kg).  The exchangeable bases in the soil varied, with(BD)soil 117 

having the highest Potassium (K),Ca and Mg with the following values respectively; 118 

3.53, 17.3 and 2.3 cmol/kg while Olukunle soil had these values in same order; 0.2, 0.3 119 
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and 0.2cmol/kg.Available phosphorus (P) was 1mg/kg in soil (OLD) and 197mg/kg in 120 

soil BD.  The soils are generally in the sandy loam textural class.  121 

3.2 Total heavy metal concentrations in experimental soils 122 

The soils were analyzed for the following metals: As, Cd, Cr, Cu, and Ni, Pb and Zn as 123 

shown in Table 3. Some of their concentrations were higher than the FAO and USEPA 124 

critical levels.  The concentration of the Arsenic was highest in soil OLD (157 mg/kg) 125 

and the least were recorded in soil BD (44.65mg/kg). 126 

Chromiumconcentration was 38.78mg/kg in BD soil and 58.97mg/kg in soil OLD.  127 

Copper (Cu) was 37.60 mg/kg insoil BD and 77.91mg/kg in soil OLD.  Nickel in both 128 

soils was almost in same concentration with soil BD (16.80mg/kg) slightlyhigher than 129 

values obtained in soil OLD (16.47mg/kg). Lead (Pb) concentration was extremely high 130 

in soil OLD (97,951mg/kg) than in soil BD (92.25mg/kg) Zinc concentration was very 131 

high in soil BD (6,708 mg/kg) when compared to its concentration in soil OLD 132 

(546.11mg/kg)133 
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  Soils Locations   

 Soil BD (Bodija market 

dump site) 

Soil OD 

( Olukunle dumpsite) 

Soil properties  Values 

pH(H2O) 7.5 6.3 

CEC(cmol/kg) 23.1 1.5 

OM(g/kg) 35 31 

N(g/kg) 3.7 0.6 

Ca (cmol/kg) 17.25 1.0 

Mg(cmol/kg) 2.33 0.29 

K(cmol/kg) 3.53 0.2 

 Available P (mg/kg) 197 1 

 

Particle Size distribution 

(g/kg) 

  

Sand 753 649 

Clay 69 55 

Silt 178 296 

Textural class Sandy loam Sandy  

Loam 

   

                         Table 2   Some basic chemical and physical properties of the experimental soils134 
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Table 3. Total heavy metal concentrations (mg/kg) in the experimental soil samples 135 

Heavy 

metals  

Soil BD 

 

Soil OD 

 

As 44.65±1.64 157.08±27.64 

Cr 58.97±2.71 38.78±2.47 

Cu 37.60±1.78 77.91±4.38 

Ni 16.80±1.0 16.49±2.00 

Pb 92.25±8 97951.73±9156.70 

Zn 6708.12±635 546.11±34.77 

Key 136 

Soils 137 

BD- Bodija refuse dump site 138 

OD- Olukunle Dumpsite  139 

 140 

 141 

 142 

 143 

 144 

 145 

 146 

 147 

 148 

 149 
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3.3 Heavy metal Fractions (µg /g) in the experimental soils 150 

The chemical fractions of Arsenic (As) Chromium (Cr), Copper (Cu), Nickel (Ni), Lead (Pb) and 151 

Zinc (Zn) shown in Tables 4 and 5,were similarly dominated by the residual and the reducible 152 

fractions, except for Chromium which only had the exchangeable and acid extractible form in the 153 

least proportion and its reducible forms were not detected in all the Soil Samples. 154 

3.4 Exchangeable Fractions/acid extractable. 155 

The exchangeable fractions of all the metals were low as shown in Table 4. However Zn had 156 

about 55% of its concentration associated with this fraction in soil (BD) There were no 157 

detectable level of Cr in this fraction in soils OLD 158 

3.5 Reducible Form (Fe/Mn oxide bound). 159 

The reducible fractions of sampled metals in the two soils were below 50% of all the total metal 160 

content. However, about 30% of total Zn total in soil BD was associated with this fractions while 161 

minimal concentrations of As, Cr, Cu and Pb were recorded in same soil. In soil OLD, Cu 162 

concentration found in the reducible form was more than the other metals having about 38% of 163 

its total value. Chromium had about 30% of its total in this fractions and Pb about 27% of its 164 

total concentration as shown in Table 4. 165 

3.6 Oxidizable form (organically bound +Sulphur bound).  166 

The oxidizable fractions of Arsenic, Chromium and Nickel were not detected in all the soil 167 

samples. In BD soil, Pb had the highest concentration (79%) of its total content associated with 168 

the oxidizable fractions; the least was recorded for Zn (8%). Even though Zn in soil OLD was 169 

predominantly associated with the oxidizable fraction with 78% of its total value. Lead was 170 

followed with 49% of its total contents and Cu had the least of about 29% of its concentration 171 

associated with the oxidizable fraction (Table 5). 172 
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TABLE 4: Exchangeable and Reducible fractions (Fe/Mn oxide bound) of metals in soil samples            173 

 Exchangeable metal fractions Reducible fractions (Fe/Mn oxide bound) 

Metals BD OLD BD OLD 

As 0.35±0.02 

(0.79%) 

ND 0.88±0.84 (1.97%) 36.07±2.21 

(22.96%) 

Cr 1.14±0.17 

(1.93%) 

ND ND ND 

Cu 1.14±0.17 

(1.93%) 

1.78±0.40 

(2.28%) 

ND 30.32±5.76 

(38.92%) 

Ni 2.41±0.25 

(14.35%) 

ND ND 1.74±0.68 

(10.55%) 

Pb 1.14±0.30 

(1.24%) 

ND 8.78±3.7 

(9.5%) 

26447.57±737.8 

(27.00%) 

Zn 3677.55±53.4 

(54.82%) 

5.86±1.21 

(1.07%) 

2061.19±117 

(30.73%) 

103.34±2.83 

(18.92%) 

Key 174 

ND- Not detected  175 

BD- Bodija dumpsite,    176 

OLD- Olukunle dumpsite 177 
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 179 

3.7 Residual fractions in soil samples 180 

Arsenic, Crand Ni had larger portion of their total concentration associated with the 181 

residual fraction in BD soil. The least concentration was about7 % of total Zn whilePb had 10% 182 

of its total in this fraction. In OLDsoil, Chromium was predominantly associated with the 183 

residual fractions. Appreciable amount of As (74%), Ni (89%) and Pb (54%) were in the residual 184 

fractions, notwithstanding, Zn had the least value associated with this fraction. 185 

UNDER PEER REVIEW



 

 

12 | P a g e  

 

TABLE 5.  Oxidizable and Residual fractions of metals in soil samples            186 

 Oxidizable fractions Residual fractions 

Metals BD OLD BD OLD 

As ND ND 43.41 

(97.22%) 

34.20 

(74.30%) 

Cr ND ND 57.83 

(98.06%) 

38.78 

(100%) 

Cu ND 22.64±20.6 

6(29.06%) 

57.83 

(98.06%) 

23.17 

(29.73%) 

Ni ND ND 14.39 

(85.65%) 

14.75 

(89.45%) 

Pb 72.98±2.10 

(79.11%) 

18942.18±81.0 

(19.34%)  

9.35 

(10.14%) 

52561.98 

(53.66%) 

Zn 529.87±103.57 

(7.90%) 

433.51±148.58 

(78.38%) 

439.51 

(6.55%) 

3.40 

(0.62%) 

Key 187 

ND- Not detected  188 

BD- Bodija dumpsite,    189 

OLD- Olukunle dumpsite 190 
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 191 

4.0DISCUSSION 192 

The physico-chemical properties of soils characteristics show that BD soil wasslightly alkaline 193 

while that of OLD was slightly acidic.  An alkaline soil may not favor metal mobility due to high 194 

sorption of these metals in them while low pH condition may enhance metal solubility and 195 

possible movement into water column and subsequent leaching into underground water. The 196 

chemical properties of metals in the soil and their retention in soil solid phase are affected by pH. 197 

Metals become soluble and available with increase in the pH of the soil and are therefore 198 

available for plant uptake[16-17]. The pH of these soils also falls within the optimum range for 199 

soil nutrient availability for plant uptake according to[18]. 200 

The organic matter content of the soils was high according to [19] which is an indication that 201 

these soils could have a great impact on the sorption of metals that are present in them. Soil 202 

organic matter had been reported to be a major soil property that greatly affects sorption of heavy 203 

metal because they contain functional groups thatare capable of complexing metals[20-204 

21].Higher Organic matter content had been reported to be peculiar characteristics of waste 205 

contaminated soil [22]. The high total nitrogen content in soil BD is probably because of the 206 

nature of the various wastes in this dumpsite which comprises mainly of municipal and domestic 207 

wastes.  However, Total N from OLD dumpsite is low as a result of the industrialwastedeposited 208 

over a long period of time which may have an adverse effect on the soil Nitrogen. More so this 209 

element is one of the limiting nutrient elements in tropical soils.  Soil BD could have greater 210 

ability to hold and retain both metals and nutrient elements because of its high CEC(23.1) 211 

(cmol/kg) than OLDsoil that is characterized with low CEC.  212 

The high P values in soil (BD) could be attributed toexcessive burning of the wastes on the 213 

dumpsite which is a normal practice for dumpsite in that area. Another reason for the high P 214 

could also be attributed to the high organic matter content of the soil that had been earlier 215 

reported for this soil.  This is consistent with the findings of [23]. They found that there is a 216 

significant positive correlation between organic matter, CEC and P.Significant positive 217 

correlation had also been established by[24]between P and Pb which could lead to the formation 218 

of Pb phosphate in soils (BD)considering the content of both Pb and P in the soil. In soil OLD 219 
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the P content was low. The high Kcontent recorded for BD Soil could be asa resultof the nature 220 

of the parent rock basement complex characteristics of the soil that may be rich in K bearing 221 

minerals and the large quantity of ashes deposited on the soil through burning can also be a 222 

source of soluble K [25]. The value of K recorded for soil OLD was also above the critical level 223 

for K according to [26]. Magnesium is also essential for photosynthesis in plants and its value in 224 

soil BD is above the critical value reported by[26] and that of OLD soil is within the critical 225 

values for South-Western soils in Nigeria. Calcium content in BD soil was high while that of 226 

OLD soil was low. The texture of the soils were sandy loam, these soil had higher sand content 227 

than silt and clay, reflecting the parent material from which they were formed.[27] classified 228 

loamy and clay textured soils as those that have high moisture holding capacity and loamy sands 229 

and sand have low moisture holding capacity. Therefore, they could also have the potential to 230 

leach heavy metals as they will not be able to hold them as reported by [28]. 231 

The concentration of heavy metals in the experimental soil varies considerably probably because 232 

of the source and the years of contamination. The concentration of As in both soils exceeded the 233 

limit range for soils recorded for UK (20mg/kg) and Canada (37mg/kg) [29].  This could be a 234 

problem due to the probability of plant uptake of this metal. 235 

Cadmium concentration in BD soil is below the USEPA recommended threshold limit while that 236 

of OLD soil was above this limit as reported by[30]this is an indication that Cd is a major 237 

pollutant from industrial waste.Cadmium had been listed by[31] as one of the major pollutants 238 

and the injection of high level can irritate the stomach causing diarrhea and vomiting. Copper 239 

concentration in soil OLD was above the (50mg/kg) permissible level based on USEPA 240 

recommendation while that in BD soil was below this range.  The critical permissible level for 241 

chromium in soil by USEPA and Great Britain according to [30]is 50mg/kg and only BD soil 242 

exceeded this limit while OLD soils fall below it.  This could be as a result of the waste 243 

containing colored polythene bags, and discarded plastic wastes[32] which were the major waste 244 

from BD being very close to a very big market in the city.   245 

Copper a micronutrient is good for plant but high concentration can have an adverse effect on 246 

plant growth. Its higher concentrations in OLD soil could be as a result of biodegradable waste 247 

introducing metallic copper into the dumpsite according to [33].  The concentration of Nickel 248 

was below the critical allowable value from USEPA.  Lead concentration was extremely high in 249 
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soil OLD. This value was higher than the allowable proposed Pb value by [34] and [35]NEPCA, 250 

2010 for agricultural soils. The reason could be attributed to waste from the defunct battery 251 

industries dumped at this site; however, Lead in BD soil was below this limit. 252 

The very high concentration of Zn in BD soils (6708mg/kg) could be due to the fact that the 253 

categories of waste in this dumpsite may be high in pollutants of Zn origin.Highconcentrationof 254 

Zn is enough to cause phyto-toxicity in plant with symptoms such as chlorosis, reduction in leaf 255 

production due to wilting of plant leaves and stunted growth. Zinc from OLD soil was also 256 

higher (300mg/kg) than the permissible level recommended by USEPA. 257 

The potential of migration of metals in soil system depends on the chemical form of the metals. 258 

Chromium and Arsenic concentrations were found mostly in the residual fractions in all the soil 259 

samples. [36-37] had reported that metals found mostly in residual fractions could be due to the 260 

sandy nature of the soil which resulted in the co-precipitation of the metals with various silicate 261 

species consequent to their adsorption into the mineral lattice. This fraction can be used as a 262 

guide to the degree of pollution of the soil. The smaller the percentage of metals found in these 263 

fractions, the greater the pollution that will be generated[38].There was also no detectable level 264 

of Cr in the Fe and Mn oxide fractions. This implies that Cr in this fraction was tightly held and 265 

its release into the soil solution will be slow and as such may not pose any problem of pollution 266 

to the environment and groundwater [39]. 267 

Most species of Cu like Cr was found in the residual fractions of BD and 100% of Cr in OLD 268 

soil, while the same soil only had a little portion of Cu associated with it.This is in consistence 269 

with the findings of[40-41]. They reported that Cu was found in the soil in the residual 270 

forms.Copper usually have high affinity for soluble organic ligand and this may result in 271 

complex formation which will greatly increases its mobility in soil. This may be responsible for 272 

its associated with the Iron and Manganese oxide in the reducible fractions and oxidizable form 273 

in the organic fractions in soil OLD. [42 & 41] had also reported that Cu was the most abundant 274 

metal in the organic matter fractions. As pH increases more Cu are complexed with organic 275 

matter and become unavailable. That could be the reason why very low concentration of this 276 

metal was found in the exchangeable / acid extractable fractions in all soils. 277 
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Nickel was present in all the fractions except in the organic forms.  Large amount of Ni was 278 

mostly found in the residual form in all the soil types. Earlier report by [43,9,44 &45] had 279 

indicated that Ni in its natural origin form  is mainly associated primarily in soil with the residual 280 

fractions.  Although, only soil OLDwas associated with the Fe/Mn oxide fractions and this oxide 281 

has been reported to control the mobility of Ni in polluted soils according to [9] 282 

The high organic matter Pb bound to BD soil could be attributed to the fact that Pb has a strong 283 

affinity for organic matter and the formation of its complexes may greatly increase the mobility 284 

of Pb in soil as reported by [42 &46].  Furthermore, the pH above 6 makes Pb to either be 285 

adsorbed on clay surfaces or form Pb carbonate.The residualform of Pb was highest in soil OLD 286 

(53.66%), while BD was very low (10.14%).  The observed result shows that most of the Pb in 287 

this study existed in the non –residual fraction of Fe-Mn oxide and organic matter than the 288 

residual fraction. The slow release of Pb into the environment can be a potential hazard to human 289 

health and the environment through ingestions as those in the non-residual fraction can be 290 

released slowly. 291 

High percentages of Zn were not associated with the residual fraction like it was the case with 292 

some of the metals reported in this study. The association of Zinc with the reducible fraction has 293 

been reported earlier by several other scientists [7&47].  Appreciable amount of Zn in the oxide 294 

form was recorded in soil samples BD and OLD. The dominance of the Fe/Mn oxide bound Zn 295 

have also been reported earlier by [7&48].  Zinc associated with organic matter fractions were 296 

fairly small (<9%) in all the soil samples except for OLD (78.38%). Metal bounded to the 297 

organic matter are temporarily inaccessible but can be solubilized by chemical oxidation. The 298 

fractions bounded to the exchangeable/acid extractable forms were not negligible and they 299 

followed this order: BD>OLD. Metals associated with the exchangeable fractions are however 300 

bioavailable and mobile, while a change in the pH of the soils can also release this fraction into 301 

the environment 302 

5.0 Summary and conclusion 303 

The concentration of heavy metals from the various dumpsite examined in this study exceeded 304 

the normal level in soil according to [49] and USEPA.Furthermore, all the metalshave their 305 

higher concentrations in the residual fractions which posed no problem to the ecosystem 306 
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exceptwhen the soil undergo reduction reaction which is the only condition that makes them 307 

available . Arsenic also has appreciable concentrations in the reducible formwhich could be 308 

released when the soil undergoes reduction reactions while low concentrations were associated 309 

with the exchangeable fractions just like Chromium.  Meanwhile Chromium concentrations were 310 

not detected in the oxidizable and reducible forms.  Highest Cu concentration associated with the 311 

reducible fraction was found in OLD soil while other soil types also recorded substantial 312 

concentration in these fractions. However all the soils had low concentrations in the 313 

exchangeable fractions except Zn and can be easily available for plant uptake. Lead and Zinc 314 

were also associated with the reducible fractions. Thisfraction (reducible) with time could also be 315 

available for plant uptake. 316 

It is therefore paramount to desist from the habit of planting on refuse dumpsite soil, knowing 317 

that metals inthem bio accumulate and can be taken up by the plant ending up in the food chain 318 

and finally in the human system causing serious problem. Further policies which will cub the 319 

indiscriminate disposal of both industrial and municipal wasted should be enacted. There is also 320 

the need to test for the physiochemical parameter of dumpsite material to be used as compost that 321 

will be applied to the soil to enhance its fertility. 322 
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