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1.0   INTRODUCTION 

    The evaluation of heavy metals in contaminated 

soils as a means of monitoring the status of the 

environment for the good of the ecosystem is crucial 

because withincreased exploitation of natural 

resources, industrialization and urbanization, most area 

of the Niger Delta region of Nigeria are facing 

increasing ecological problems arising from the release 

of pollutant into both the aquatic and terrestrial 

environments. Heavy metals constitute a significant 

group of these pollutants [1]. While many heavy metals 

are essential elements at low levels of concentration, 

they can exert toxic effects at concentration higher than 

permitted in the environment [2]. Mobile (bio) 

available metal concentration in contaminated soils can  

be minimized through biological immobilization and 

stabilization methods using a range of organic 

compounds such as fly ash and sludge. Sludge also 

known as biosolids, is one of the major solid organic  

 

 

 

 

 

 

 

 

 

 

waste produced by waste water treatment plants in 

cities around the globe. The application of sludge on 

agricultural land is a common practice around the 

world.  Land application of sludge and municipal 

solid waste has been shown to benefit crop 

production and improve soil quality [3, 4, 5, 6]. 

However to realize this benefit, application of sludge 

must be conducted in an environmentally sustainable 

manner [8, 9]. Unlike fly ash, sludge 

characteristically contains high levels of the major 

plant nutrients, N and P, and is enriched in organic 

matter. Benefits of sludge application on soils 

however, have to be weighed against the potential 

hazards associated with certain sludge borne 

constituents (e.g. heavy metals and organic 

contaminants). Historically, the use of fly ash in 

agriculture has been based on its neutralizing 

potential and supply of essential elements such as Ca, 

S and Mo [11, 12]. . However, the use of fly ash as an 

agricultural amendment can be enhanced by blending 

Often the remedial measures required to clean-up sites contaminated with heavy metals 

are so complex that their implementation becomes economically unsustainable. In this 

work, an investigation has been carried out to assess the potential use of fly ash from 

coal – fired power stations and sludge from oil palm in immobilizing heavy metals 

contained in soils from a severely contaminated battery dumpsite in Benin metropolis. 

Parallel experiments were carried out with soil amended with flyash and sludge at 

different levels. The amended soil was left for a stabilization period of eight weeks. The 

parent and the amended soils were analyzed for physicochemical properties using 

standard methods. The results of the physicochemical properties for parent soil showed 

the pH, organic carbon and CEC to be 3.0, 4.6% and 9.36meq/100g respectively. The 

pH, organic carbon and CEC for the fly ash and sludge were respectively 10.5, 0.8%, 

4.27meq/100g and 5.2, 45.47%, 15.15 meq/100g.  The pseudo metal concentration for 

the parent soil was 515mg/kg for Fe, 220.3 mg/kg for Zn, 130.15mg/kg for Cu, 48.19 

mg/kg for Mn and 52.43 mg/kg for Ni. After amendment, the exchangeable fraction 

(bioavailable) was reduced to the non-available form. The parent soil was highly 

contaminated with Fe, Zn, Cu and Ni but was moderately contaminated with Mn. On 

amendment, fly ash and sludge reduced the level of contamination of metals. From the 

environmental risk factor, Fe, Zn and Mn posed no potential threat to living organism. 

while Cu and Ni pose potential threat to living organism.  
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it with potentially acid forming organic by-products 

such as sewage sludge. The latter contains significant 

amount of N and P [14]. Consequently, fly ash may 

serve as a composting ingredient along with sewage 

sludge. Its basic properties permit the neutralization 

of the acidic sewage sludge thereby minimizing the 

bioavailability of heavy metals and the attendant 

consequences to plants. Therefore, the objectives of 

this study are to: (i) determine the level of metal 

pollution in the lead acid battery dumpsite, (ii) 

determine metal content in fly ash and sludge before 

application, (iii) compare the separate effects of fly 

ash and sludge in the immobilization of heavy metals 

and (iv) determine the contamination factor and the 

environmental risk factor of these metals in the soil. 
 

2.0 MATERIALS AND METHODS 

2.1 Soil Sampling, Sludge, Fly ash Preparation 

and Experimental Design 

Soil samples were collected from lead-acid battery 

dumpsite located in Uwelu market, in Benin 

Metropolis. The site is geographically situated as 

follow: Latitude 6
0 

23’00” N and Longitude 5
0 

35’ 

00”E. Topsoil (0-15 cm) samples were collected from 

the dumpsite using the grid method. The soil sample 

was air – dried, pooled and sieved to less than 2 mm. 

The sludge and fly ash were collected from oil palm 

boiler feeder at Okomu oils located at Okomu in Ovia 

South West of Edo state. The sludge and fly ash were 

air dried for a period of six weeks, sieved with a 2 

mm sieve. They were separately applied to the soil at 

four different concentrations (5, 10, 15 and 20 %), 

mixed thoroughly and turned over frequently for 

eight weeks for stabilization. About 20 g was taken 

from each amendment and control to determine the 

concentration of metals in various geochemical forms 

in the soils. 
 

2.2 Determination of Physico-Chemical Properties 

of Soil 
 The pH and the CEC were determined by the method 

employed by Black (1965). The hydrometer method 

described by Day (1965), Bouyoucos (1936), Anegbe 

and Okuo (2013) were used in evaluating the particle 

size.  The methods of Nelson and Sommer (1982), 

Black (1965), Walkley and Black (1934) were used 

to determine the organic carbon content. The 

concentration of phosphorus was obtained by Bray 

and Kurtz (1974)’s method.  The nitrogen content 

was determined by colorimetric method [21]. The 

exchange acidity was determined as reported by 

Spark et al (1996) while chemical fractionation and 

total heavy metals determination was carried out 

according to [23]. This involves the separation of 

metal into five operationally defined fractions: 

exchangeable (F1), bound to carbonate (F2), bound to 

Fe-Mn oxide (F3), bound to organic matter (F4) and 

residual fraction (F5).  All glasswares used were 

soaked and washed with chromic acid and rinsed 

with distilled water. Bulk scientific standard solution 

was used to calibrate the Atomic Absorption 

Spectrometer (Pg A500 model). Procedural blank 

samples were subjected to similar extraction method 

using the same amount of reagents. All reagents used 

were of analytical grade and obtained from Sigma, 

BDH and Bulk Scientific.  They were used without 

further processing. 

3.0  Results and Discussion 

Table 1.Physicochemical Parameters of the Parent Soil, Sludge and Fly ash. 
S/N PARAMETERS/UNITS        SOIL    SLUDGE    FLYASH 

1.               pH         3.0         5.2        10.5 

2.               EC  (µs/cm)         3999         3666        2349 

3.               PO4
3-

 (mg/kg)         11.0         596.0        399.6 

4.               SO4
2-

 (mg/kg)         152.8         640.2        569.4 

5. Cl
-
 (mg/kg)         446.71         382        411.3 

6. Ca (meq/100g)         6.57         9.14        0.64 

7.               Mg (meq/100g)         0.83         2.10        0.16 

8.               Na (meq/100g)         1.32         2.99        2.04 

9.                K (meq/100g)         0.65         1.32        1.43 

10.               CEC (meq/100g)         9.36         15.55        4.27 

11. Exch.\Acidity(meq/100g)         1.0            -           - 

12.               Nitrogen (%)         0.39         0.50        0.06 

13.         Organic Carbon (%)         4.6         5.47        0.08 
14.         Organic matters (%)         7.95         9.46        1.38 

15.                  Clay (%)         6.39            -           - 

16.                   Silt (%)         5.19            -           - 

17.                   Sand (%)         88.42            -           - 

18.               Fe (mg/Kg)            -         670         935 

19.               Zn (mg/Kg)            -         126.2         180.5 

20.               Cu (mg/Kg)            -         111.0         97.00 
21.               Cr (mg/Kg)            -         7.40         18.2 

22.               Ni (mg/Kg)            -         0.14         23.0 

23. Mn (mg/Kg)            -         0.036         340.5 

_
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From the textural analysis, the parent soil had a clay 

content of 6.39% which is very low, silt 5.19% and 

sand 88.42% which makes the soil to be classified 

as loamy sand. The soil texture plays an important 

role in mobility of metals in soil. Texture reflects 

the particle size distribution of the soil and thus the 

content of fine particles like oxides and clay. These 

compounds are important adsorption media for 

heavy metals in soils. The clay soil retains high 

amount of metals when compared to sandy soil. The 

result from the physiochemical parameters of the 

parent soil showed that the soil is acidic with a pH 

of 3.0 which is a threat to plant growth. pH is the 

most widely acceptable parameter which controls 

the influence of the availability of micronutrients 

and heavy metals in the soil to plant [24, 25].  

Soil acidity controls availability, mobility and 

toxicity of heavy metal ions in the soils. Most 

metals tend to be less mobile in soil with high pH as 

they tend to form insoluble complexes. Anegbe and 

Okuo (2013) as well as Banjoko and Sobulo (1994) 

reported that some Nigerian soils especially in the 

Savannah and forest regions are within a pH range 

of 5.7-6.50. This is assumed to be the normal pH 

range for ordinary soils that favour plant and 

microorganisms. The fly ash was alkaline with a pH 

of 10.5 and the sludge had an acidic pH of 5.2 

(Table 1). The organic matter (OM) content was 

quite low for fly ash due to the low value of CEC 

while that of sludge was high (Table 1). Organic 

matter is important for the retention of metals by 

soil solids, thus decreasing mobility and 

bioavailability. However because of the 

complexation of metals by soluble OM, the addition 

of OM can result in release of metals from solids to 

the soil solution. According Hazelton and Murphy 

(2007), the caution exchange capacity (CEC) of 6-

12 is low and the CEC obtained from the analysis of 

the soil and fly ash were 9.36 and 4.27 meq/100g 

respectively, which is within the range; while that of 

the sludge was high with a CEC value of 15.55. The 

soil CEC is a measure of the negative site of the soil 

colloid in which the positive charge cation act on. 

Soil CEC is also known as a good indicator for 

evaluating soil fertility. The relatively low level of 

CEC suggests that leach ability and permeability of 

metals in the soil may be high [28]. The PO4
3-

 and 

SO4
2-

 were found to be lower in the fly ash 

compared to the sludge which was higher due to the 

high EC.  The electrical conductivity (EC) of the 

parent soil, fly ash and sludge were high with values 

of 3999, 2349 and 3666 µs/cm respectively. Soil 

electrical conductivity (EC) is a measure of the 

amount of salts in soil (salinity of soil). It is an 

important indicator of soil health. It affects crop 

yields, crop suitability, plant nutrient availability, 

and activity of soil microorganisms which influence 

key soil processes including the emission of 

greenhouse gases such as nitrogen oxides, methane, 

and carbon dioxide. Excess salts hinder plant growth 

by affecting the soil-water balance. For certain non-

saline soils, determining EC can be a convenient and 

economical way to estimate the amount of nitrogen 

(N) available for plant growth [27]. In general the 

pseudo metal concentration in parent soil was higher 

than that of sludge and fly ash amended soil, except 

for Cu amended with sludge and Mn amended with 

20% fly ash. This may be due to the high amount of 

Cu and Mn in sluge and fly ash respectively. The 

psuedo metal content (Fe, Zn, Cr, Ni and Mn) of the 

fly ash was higher than that of sludge except for Cu 

which had a higher concentration in sludge (Table 

1). Distribution of heavy metals between soil and 

solute is the key for evaluating the environmental 

impact of the metals. For Cu, in particular, OM 

(both solid and dissolved solids) can affect its 

mobility substantially [29].  The level of psuedo 

metals for the parent soil was higher for Fe with a 

value of 515.8 mg/kg (fig 1) and Mn had the least 

value of 48.19 mg/kg (fig 5). 

Conversion of exchangeable form of heavy 

metals to less-available forms of the metals via 

complexation reactions may be the reason for the 

significant reduction in extractable heavy metals in 

amended soil, thus binding of heavy metals in these 

fractions may reduce Ni, Zn, Mn and Fe in the 

exchangeable fraction resulting in decrease in its 

bioavailability and mobility. In this study, the 

fractionation results indicate that soil amended with 

sludge and fly ash show lower exchangeable 

fraction for Ni, Zn  Mn and Fe (Figs. 1-4 and 7-10), 

when compared to the parent soil.  

The high concentration of Fe in exchangeable 

fraction suggests a greater contamination risk for Fe. 

Accumulation of Fe could be as a result of waste 

from battery charger dumpsites. The exchangeable 

fraction is the mobile and bioavailable fraction for 

plants uptake. This fraction represents metals 

soluble in water as well as those held by 

electrostatic adsorption. The amount of metal in this 

phase indicated the environmental conditions of the 

soil. This fraction of Fe reduces in concentration as 

application of fly ash and sludge increased (Figs. 1 

and 2), it was observe that the majority of the Fe in 

the amended soil with fly ash and sludge was 

associated with the Fe-Mn oxide fraction. To the 

fraction bound to carbonate, the concentration 

increases on the application of sludge and fly ash. 

The residual fraction is considered the most 

stable,less reactive and less bioavailable since it is 

occluded within the crystal lattice layer of silicates 

and well crystallized oxide minerals [39]. 

Thisfraction increases on application of amendment. 

The organic and Fe-Mn Oxide fraction could 
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Fig. 1Concentration of Fe in Parent and Amended Soil with Sludge          Fig. 2 Concentration of Fe in Parent and Amended Soil with Fly Ash 

 

 
Fig. 3 Concentration of Zn in Parent and Amended Soil with Sludge             Fig. 4 Concentration of Zn in Parent and Amended Soil with Fly 
Ash 

 

The exchangeable fraction of zinc in the amended 

soil show is high concentration for sludge compared 

to that amended with fly ash which suggests that the 

flyash is more effective in reducing contamination 

risk in the soil. A range of 35.7-42.3% and 33.6-

42.6% of Zn are present in the Fe-Mn oxide fraction 

in the sludge and fly ash amended soil respectively. 

Mn was mainly in the residual fraction. It was 

observed (Figs. 3 and 4) that there was a decrease in 

the first four fraction of Zn as the concentration of 

sludge and fly ash in the amendment increase, 

except for 20% amendment using fly ash, while Mn  

did not follow a particular pattern. (Figs. 5and 6). 

The residual fraction for both Zn and Mn were 

observed to increase as the % amendment increased 

with both sludge and fly ash, thus reducing the 

mobility and bioavailability of these metals.Large 

portion of Ni was associated with the organic bound 

fraction with 0 % having the highest concentration 

(32.48 mg/kg) and the least concentration was found 

in 20% soil amended with both sludge and fly ash 

(Figs. 7 and 8). The carbonate has been implicated 

as immobilizing most heavy metals by providing an 

adsorbing or nucleating surface and by buffering the 

soil pH [31]. The carbonate bound fraction has the 

highest concentration with 10 % and the least in 5% 

soilamended with sludge, and a range of 0.08-0.28 

in 10 % and 15 % soil amended with fly ash. There 

was no observable trend in the first four fractions as 

the application of sludge and fly ash 

increases;however there was an increase in the 

residual fraction on amendment with fly ash, thus 

making this metal less available for plant uptake. 
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Fig. 5 Concentration of Mn in Parent and Amended Soil with Sludge         Fig. 6 Concentration of Mn in Parent and Amended Soil with Fly 
Ash 

 

 
Fig. 7 Concentration of Ni in Parent and Amended Soil with Sludge           Fig. 8 Concentration of Ni in Parent and Amended Soil with Fly 

Ash 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 9 Concentration of Cu in Parent and Amended Soil with Sludge       Fig. 10 Concentration of Cu in Parent and Amended Soil with Fly 

Ash 
 

Application of sludge increases the pseudo metal 

concentration of Cu as the amendment increases (fig. 

9), this is due to high amount of Cu inherent in the 

sludge. However there is conversion of exchangeable 

form of Cu to less-available forms of the metal (Figs. 

9 and 10), thus making it less available for plant 

uptake. 

 

3.1  Mobility Factor   

The operationally defined extraction sequence 

fractionates the heavy metals in the soil in the order 

of decreasing solubility. As a result, the exchangeable 

and carbonate (F1 + F2) fractions which are the early 

fractions, capture the most reactive and presumably 

the most mobile and bioavailable fractions [32]. The 

relative index of metal mobility was calculated as a 
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mobility factor (MF) [32, 33] on the basis of the 

following equation.  

----------(1)    

Where; 

F1 = Exchangeable metal content fraction 

F2 = Metal content bound to carbonate fractions 

F3 = Metal content bound to Fe-Mn Oxide fraction 

F4 = Metal content bound to organic matter fraction 

F5 = Residual metal content fraction. 

 

Table 2.  Mobility Factor for Metals in Parent and Amended soils with Sludge 

______________________________________________________________________________________ 

Levels of Sludge amendment                Fe Zn            Mn Cu             Ni  

_____________________________________________________________________________________ 

0%         37.2       38.8           17.7         80.5           20.7 

5%         1.8      40.3           12.4         75.7           16.3 

10%         31.0       42.2           12.0         80.0           16.3 

15%         15.9       36.0           20.1         75.3           12.6 

20%         21.2       33.2           22.4         74.3           15.2 

_____________________________________________________________________________________________ 

 

Table 3.  Mobility Factor for Metals in Parent and Amended soils with Fly Ash 

_____________________________________________________________________________________ 

Levels of Fly Ash amendment                Fe         Zn            Mn          Cu          Ni  

_____________________________________________________________________________________ 

0%         37.2         38.8          17.7        80.5         20.7 

5%         36.6         40.6          10.5        73.2         1.0 

10%           1.4         41.2          10.1        75.9         0.3 

15%           0.9         38.9          11.8        14.2         0.8 

20%           1.4         36.9          18.8        15.5         0.3 

_____________________________________________________________________________________________ 

 

A high mobility factor value for heavy metal in soil 

has been interpreted as evidence of relatively high 

liability and biological availability [16, 33, 34, 35]. 

There is a reduction in mobility factor for Fe, Cu 

and Ni on application of amendment with sludge 

and fly, this shows the  

potential of sludge and fly ash in reducing 

bioavailable metal concentration. Conversely there 

was no significant change in the mobility factor for 

Zn and Mn on both fly ash and sludge amended soil 

(Table 2 and 3).   

 

 

3.2 Environmental Risk Factor (ERF) for Fe, Zn, 

Cu, Mn and Ni in parent soil, soil amended with 

flyash and sludge. 

Potential threat of heavy metals on living organisms 

of the parent soil and the amended soil was 

evaluated in terms of Environmental Risk factor 

(ERF). Saenz et al. (2003) established that; 

ERF  CSQV – Ci /CSQV, --------- (2) 

Where; 

CSQV= Concentration of soil quality value (heavy 

metal concentration in residual fraction of soil 

which is equivalent to the background/pre-industrial 

concentration. 

Ci=heavy metal concentration in the first four 

fractions (exchangeable, carbonate bound, bound to 

Fe-Mn oxide and organic bound) of soil.  

When ERF < 0, there is potential threat to living 

organisms. 

When ERF > 0, there is no threat to living organism.

 

Table 4. Environmental Risk Factor (ERF) for Fe, Zn, Cu, Mn and Ni in parent soil and soil amended with sludge. 

_____________________________________________________________________________________ 

Levels of Sludge amendment       Fe           Zn          Mn       Cu            Ni  

____________________________________________________________________________________ 

0%          46.7         7.1          11.2           -6.2         -20.7 

5%          96.6        26.8         14.2           -3.8           -5.4 

10%          38.1        30.4         14.1            6.8             1.4 

15%          54.1        43.4         14.2            9.5            -7.6 

20%          117.9      57.2         14.2           11.1         -16.2 
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Table 5. Environmental Risk Factor (ERF) for Fe, Zn, Cu, Mn and Ni in parent soil and soil amended with Fly Ash. 

______________________________________________________________________________________ 

Levels of Fly Ash  amendment Fe  Zn          Mn  Cu            Ni  

________________________________________________________________________________________ 

0%      46.6            7.1          11.2   -6.2          -20.7 

5%      17.2          24.9          13.2            -4.4          -4.25 

10%      49.4          37.0          15.8            -0.2            0.3 

15%    165.4               51.1         16.7             5.3             4.3 

20%    105.3               55.8         18.5             6.2             5.5 

_____________________________________________________________________________________ 

 

From the results, it was observed that Fe, Zn Cu and 

Mn for both parent and amended soil pose no 

environmental threat to living organism, at 20% 

amendment. While Ni for both parent and amended 

soil poses potential threat to living organism (Table 4 

and 5). 

 

3.2  Contamination factor 

In this study, contamination factor (CF) was 

calculated based on the equation described by Lin, 

(2009).  

CF = metal concentration in soil (exchangeable, 

carbonate, organic, Fe – Mn oxide bound) / 

background concentration of metals in soil 

(residual).                                                (3) 

If CF >1 the soil is contaminated, if CF<1 the soil is 

not contaminated, when 1<CF<3 the soil is 

moderately contaminated, 3<CF<6 the soil is 

considerably contaminated and when CF>6 it is 

highly contaminated. 

 

Table 6:  Contamination Factor for Fe, Zn, Cu, Mn and Ni in Uwelu market soil and soil amended with sludge. 

____________________________________________________________________________________ 

Levels of Sludge amendment       Fe          Zn            Mn        Cu                Ni  

______________________________________________________________________________________ 

0%          6.0         11.2            2.6           14.1             22.7 

5%          2.0          5.6            1.8            13.8               9.6 

10%          6.9          4.8            1.8              9.1               5.6 

15%          4.5          3.0            1.8              8.8             11.1 

20%          2.1          2.3            1.9              8.0             18.3 

 

Table 7.  Contamination Factor for Fe, Zn, Cu, Mn and Ni in parent soil and soil amended wit Fly Ash. 

___________________________________________________________________________________ 

Levels of Sludge amendment               Fe Zn          Mn Cu           Ni  

__________________________________________________________________________________ 

0%     6.0          11.2          2.3        14.1         22.7 

5%   11.2            6.1          1.9           13.2           9.1  

10%     4.4      4.1          1.6           10.3           6.0 

15%     1.2            2.8          1.6             8.1           4.1 

20%     1.5            2.5          1.5             6.9           4.2 

 

 

The result shows that the parent soil were highly 

contaminated with Fe, Zn, Cu and Ni concentration 

and moderately contaminated by Mn. On 

amendment, the level of contamination was 

significantly reduced for most metals. 

 

4.0  Conclusion 
The results obtained in this study revealed that the 

soil from lead-acid battery workshop is highly 

contaminated with Fe, Zn, Cu and Ni concentration 

and moderately contaminated by Mn. Application of 

fly ash and sludge reduces the contamination. From 

the results of the contamination factor and mobility 

factor, it was observed that application of fly ash is 

more effective than sludge in reducing the level of 

contamination and bioavailability. 
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