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ABSTRACT 

The mobility of heavy metals associated with natural weathering of coal spoils 

in three different mining sites was investigated using sequential extraction 

procedure and flame atomic absorption spectrophotometric detection. Results 

of this analysis indicated that the heavy metals under study (Pb, Cd, Cu and 

Ni) had concentration range from 0-29.623 μg/g (Pb) for Ogbo Systec mining 

site, 0-4.219 μglg (Enejoh mining site) and 0-0.925 μglg (Alhaji mining site). 

Ogbo Systec mining site showed a very high lead (Pb) value above EPA 

guideline than Enejoh and Alhaji mining site. Cd, Cu and Ni were all below 

the EPA value guideline. Copper in all the samples are higly mobile in the 

exchangeable phase and therefore available for bioaccumulation. Cd and Ni 

occurrence was attributed to their natural occurrence in the soil. The result of 

contamination factor for Pb in Ogbo Systec mining site indicates a moderate 

concentrate with contamination factor value of 2.01. The Pb contamination 

factor for Enejoh Alhaji mining sites together with Cd, Cu and Ni showed a 

low contamination values of >1. The geo-accumulation index analysis at the 

three mining sites was categorized as unpolluted to moderately polluted for Pb 

Cd, and Cu. Ni was categorized as unpolluted.  
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1. INTRODUCTION 

Acid mine drainage (AMD) from 

abandoned coal mine spoils has long been 

identified as a potential source of heavy metal 

(HM) pollution to the environment. The HM 

contaminants more often pollute our surface and 

ground waters thereby rendering them unfit for 

consumption and agricultural purposes. It is 

important to determine the mobility of these metals 

in both the soil and aquatic media from the AMD, 

hence taking into cognizance the factor that affects 

the mobility. Heavy metal contamination in aquatic 

environments has drawn worldwide attention due to 

its deleterious effects, persistence and presence in 

the environment and subsequent their accumulation 

in aquatic habitats. Sources of Heavy Metal in 

aquatic environments may come from various 

sources such as volcanism, erosion, weathering of 

rocks and anthropogenic activities such as 

industrial, agricultural, mining, metal smelting and 

refining. Contaminated water pose a health risk due 

to the fact that excess accumulation of Heavy Metal 

in humans could result to phototoxic effects [1]. 

Coal is part of an array of mineral resource with 

important and valuable economic benefits to 

humans. However, it is a source of many 
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ecological/environmental problems that are 

associated with its use [2]. Coal mine spoils is part 

of several kinds of metal-rich industrial solid wastes 

that are a problem to the environment. Through 

various kinds of mining activities with coal 

inclusive, objectionable quantities of this metal-rich 

waste have been excavated to the surface of the 

earth. Through the process of weathering large 

amounts of coal mine spoils may be released to the 

environment within a short period of time. Sulfides 

constitutes a major part of coal mine spoils which 

can be oxidized during the natural weathering of 

coal mine spoils [3]. 

Mining activities can result in degradation of land 

and can cause severe changes in the ecological 

conditions. Such mining activities may ultimately 

result in disruption of the soil profile, disturbance of 

soil microbial populations and the general 

ecosystem. The mine overburden dumps are usually 

characterized by increase in the bioavailability of 

metals, depletion of moisture, elevated compaction 

and low organic moisture content. Mine spoils are 

mostly acidic due to pyrite and metal sulphides 

which are present in the coal. Land reclamation 

involves the use of humus layer which serves as a 

barrier to further oxidation of the overburden layers 

thereby facilitating the process of re-vegetation of 

the mine site. Re-forestation or biological 

reclamation initiates soil-forming processes in 

surface coal mine spoils [4]. 

The environmental pollution of the mine 

tailings is a worldwide problem. Extremely huge 

amount of coal mine tailings have been generated 

since the advent of industrialization. These mine 

tailings eventually lead take to land degradation and 

induce potential geological disasters. They also give 

rise to drainage, leakages and windblown dust to 

seriously pollute the environment [5]. Release of 

Heavy Metal to the environment occur through a 

wide range of processes and pathway, including to 

the air (e.g during combustion, extraction and 

processing), to surface water (via runoff and 

releases from storage and transport) and to the soil. 

People may be exposed to potentially harmful 

chemical, physical and biological agents in air, food, 

water or soil.  

The aim of this work is to assess the mobility 

of heavy metals around a coal mining area in Okaba, 

kogi state. 

 

1. 2. MATERIALS AND METHODS 

2.1 Sampling 

The sampling Sites are Enejoh, Alhaji, and 

Ogbo Systec Mining Sites at Okaba, Kogi State. Soil 

samples were collected using an Eckman sampling 

device from the different minning sites. The samples 

were immediately air-dried and stored in plastic 

containers. Other materials such as stones and plant 

fragments were removed by passing the dried 

sample through a 2-mm sieve. The sieved samples 

were ground to powdered form using a mortar and 

pestle. These powdered samples were then passed 

through a 75 µm sieve to filter the silt/clay fraction. 

The silt/clay fraction are most recommended for 

soil/sediment speciation studies because they 

generally contain the highest concentrations of 

pollutants, and are most readily transported in 

suspension in natural waters. 

 

2.2 Materials and reagents 

Soil Sample, Flame Atomic absorption 

spectrophotometer (AAS) (Buck Scientific Model 

AVG 210 UK), Weighing balance, Sample, 

container, pH Meter, 250 ml of beaker, Measuring 

Cylinder, Glass Stirrer, Filter paper, Conical Flask, 

Heating Mantle. Acetic acid, Nitric acid, Hydrogen 

peroxide, Hydroxylamine Hydrochloride, 

Ammonium acetate, Distilled water. 

 

2.3 Sample Preparation 

The European Bureau of Community 

Reference (BCR) Sequential extraction method was 

used to evaluate the mobility of heavy metals from 

the soils [3]. The analytical procedure involving 

sequential chemical extraction for the partitioning 

of particulate. Heavy metals (Pb, Ni, Cd, Co,) can 

be divided into the following four steps 
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    Table 1:  BCR SEQUENTIAL EXTRACTION PROTOCOL [6]. 
Fraction Components 

Extracted 

Extraction Reagent Extraction Method 

Fraction 1,  

Acid soluble 

Exchangeable 

and bound to 

carbonates 

20 ml 0.11 mol/L of 

HOAc 
Shaking at 22 ± 5oC for 16 h. 

Fraction 2, 

Reducible  

Bound to 

Fe/Mn oxides 

20 ml 0.5 mol/L 

NH2OH.HCl 

(adjusted to pH 1.5 

with HNO3) 

Shaking at 22  ± 5oC for 16h. 

Fraction 3, 

Oxidizable 

Bound to 

organic 

matter and 

sulphides 

5 ml 8.8 mol/L H2O2 

(adjusted to pH 2.0 

with HNO3/another 

25 ml 1 mol/L 

NH4OAC (adjusted 

to pH 2.0 with 

HNO3) 

Digesting at room temperature for 1 h with occasional 

manual shaking, then cover the tube and heat at 85  ± 20C 

for 1 h, and then remove the cover and reduce the volume to 

a few milliters/cover the tube and heat at 85 ± 20C For 1h, 

and then remove the cover and reduce the volume to near 

dryness/shaking at 22 ± 50C for 16h 

Fraction 4, 

Residual 

Metals within 

lithogenic 

minerals 

Aqua regia  

 

During each step of the analytical procedure as 

stated above and after the equilibrium was 

obtained, separation was achieved by 

centrifugation at 4800 g for 30 min. The 

supernatant was then removed by a pipette and 

placed in an  acid-cleaned tube for concentration 

analysis. The residue left in the centrifuge tube was 

washed with 8 ml of distilled-de-ionized water and 

then extracted. The extractants acquired during 

each step of the analytical procedure were finally 

analyzed for Pb, Ni, Cd, Co, using FAAS [3]. 

 

2.4 Geo-accumulation Index 
Approach to estimating the enrichment of 

metal concentrations above background or baseline 

concentrations is to calculate the geo-accumulation 

index (Igeo) [7]. Sediment Igeo is a measure of 

heavy metal pollution in aquatic sediments. This 

index is a single metal approach to determining the 

quantity of metal pollution in sediments when the 

concentration of toxic heavy metal is 1.5 or more 

times greater than their lithogenic background 

values [8]. 

 

Igeo = Log 2 (Cn/1.5Bn) 

 

where Cn is the measured concentration of the 

element n and Bn is the geochemical background 

value element n in average crust [9].  The factor 

1.5 is used to compensate possible variations in the 

sediment. Geochemical background values of Fe 

and Mn were taken from Wedepohl [9].  

 

 

Table 2: Classification for Geo-Accumulation Index [10]. 

Igeo value  Class  Sediment quality  

< 0 0 Unpolluted  

0 -1 1 From unpolluted to moderately polluted  

1-2 2 Moderately polluted  

2-3 3  From moderately polluted to strongly polluted 

3- 4  4 Strongly polluted  

4-5 5 From strongly polluted to extremely polluted 
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The Geochemical Background Value of the 

measured metals are Pb (14.8 µg/g), Cd (0.1 µg/g), 

Cu (25 µg/g) and Ni (56 µg/g). 

 

2.5 Contamination Factor  

A contamination was described as the 

contamination of a given toxic substance in a basic 

environment by Hakanson [11]. Contamination 

factor (Cf) is ratio of the concentration of the 

element in samples to pre-industrial reference 

value for the element. 

 

C f = Ce/Cpi  

 

Where Ce is the concentration of the element, Cpi 

is the preindustrial reference concentration value. 

According to Hakanson [11], Cf has been classified 

into four groups: CF < 1 low contamination factor, 

1 ≤ Cf < 3 moderate contamination factor, 3 ≤ Cf < 

6 considerable contamination factor and Cf > very 

high contamination factor. 

 

 

3.  RESULTS AND DISCUSSION 

 

3.1 Result 

Table 3: Results of speciation of soil sample at Ogbo Systec Mining Site (µg/g) 

Fractions  Pb Cd  Cu  Ni 

Exchangeable  0.070± 0.0 ND 0.265± 0.001 0.139± 0.001 

Bound to carbonates  29.623± 0.006 ND 0.444± 0.0 ND 

Organic  0.032± 0.001 ND 0.322± 0.003 ND 

Residual  ND 0.053± 0.001 0.169± 0.001 0.370± 0.001 

Total  29.725 0.053 1.2 0.509 

EPA Value  16 0.38 36 30 

 

 

Table 4: Results of speciation of soil sample at Enejoh Mining Site (µg/g) 

Fractions Pb Cd  Cu  Ni 

Exchangeable  ND ND 2.859± 0.0 ND  

Bound to carbonates  4.219± 0.001 ND 0.370± 0.0 ND 

Organic  0.584± 0.0 ND 3.611± 0.001 ND 

Residual  0.373±0.0 0.059± 0.0 0.208± 0.001 0.314± 0.0 

Total  5.176 0.059 7.048 0.314 

EPA Value  16 0.38 36 30 

 

 

Table 5: Results of speciation of soil Sample at Alhaji Mining Site (µg/g) 

Fractions Pb Cd  Cu  Ni 

Exchangeable  ND 0.025± 0.0 0.527± 0.001 ND 

Bound to carbonates  0.925± 0.001 ND 0.619± 0.0 ND 

Organic  0.511± 0.004 ND 0.371±0.003 ND 

Residual  0.483±0.0 0.057± 0.0 0.129±0.0 0.228± 0.001 

Total  1.919  0.082 1.646 0.228 

EPA Value  16 0.38 36 30 

 

Table 6: Results of Geo-accumulation of Pb, Cd, Cu and Ni in the study area 
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 Pb  Cd  Cu  Ni 

Ogbo Systec Mining Site 0.40 0.11 0.01 0.00 

Alhaji  

Mining Site  

0.03 0.17 0.01 0.00 

Enejoh  

Mining Site  

0.07 0.12 0.06 0.00 

 

 

Table 7: Contamination Factor of Pb, Cd, Cu and Ni in the study area 

 Pb  Cd  Cu  Ni 

Ogbo Systec Mining Site 2.01 0.52 0.05 0.01 

Enejoh Mining Site  0.35 0.59 0.28 0.01 

Alhaji Mining Site  0.13 0.82 0.07 0.00 

 

Table 8: EPA Sediment Quality Guidelines (SQG) (µg/g) 

Metal 
Non 

polluted 

Moderately 

Polluted 

Heavily 

polluted 

Present study 

Ogbo systec 

mining site 

Enejoh 

mining site 

Alhaji 

mining site 

Pb  <40 40-60 >60 0.000-29.623 0.000-4.219 0.000-0.925 

Cd  * * >6 0.000-0.053 0.000-0.059 0.000-0.057 

Cu  <25 25-50 >50 0.169-0.444 0.000-3.611 0.129-0.619 

Ni  < 20 20-50  >50  0.000-0.370 0.000 –0.314 0.000-0.228 

The analysis of soil samples obtained from three 

different mining sites in Ankpa, Kogi State Nigeria 

are shown on Table 3-5. The heavy metals 

concentration in geochemical fraction of the 

sediment samples at Ogbo Systec mining site is 

presented in Table 3 while Table 4 and 5 are for 

Enejoh and Alhaji mining sites respectively. From 

the results on Table 3 (Ogbo Systec Mining site) the 

lead (Pb) concentration in the fractions ranged from 

0-29.623 µg/g. Cadmium (Cd) was not detected in 

the first-three fractions but was observed in the 

residual fraction with a concentration of 

0.053± 0.001 µg/g. The observed concentration of 

Copper (Cu) ranged from 0.169-0.444 µg/g. The 

Nickel (Ni) observed ranged from 0–0.37 µglg 

For Table 4, the metals concentration in 

geochemical fractions at Enejoh mining sites 

indicated that Pb was observed with concentration 

range of 0-4.219 µg/g, while the concentration 

range of 0-0.059 µglg was observed for Cd. The 

observed result for Cu ranged from 0.208-3.611 

µg/g and Ni was detected with a range 0-0.314 

µg/g. The metal concentration in the geochemical 

fraction at Alhaji mining site (Table 5) showed 

observed concentration of 0-0.925 µg/g  (Pb), 0.057 

µg/g  (Cd), 0.129–0.619 µg/g (Cu) and 0-0.228 

µg/g (Ni). 

 

3.2  Discussion  

The high concentration of lead (Pb) 

observed in Table 2 (bound to carbonate fraction) 

may be attributed to incorporation to its natural 

presence in the soil. Coal deposits are known to 

contain Pb particles in their matrix. However, 

leaching and the influence of hydrological cycle 

may contribute to this unhealthy presence of Pb in 

fraction 2 from Ogbo Systec mining site. The high 

presence of Pb in bound to carbonate fraction may 
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equally be attributed to pH changes [12]. Reduction 

of pH often leads to desorption of metal ratio due 

to competition with hydrogen ion, and also leads to 

the dissolution of carbonate and hydroxides [13]. In 

the exchangeable fraction, Pb was quickly 

observed on the surface of the sediment and can be 

released when water ionic composition changes 

[14]. Previous reports has indicated that heavy 

metal in the fraction from geochemical standpoint 

are weakly bound to organic and inorganic 

complexes of the sediment and they are readily 

available to aquatic organism [15]. Nickel was not 

observed in the first- three fractions but the 

observed concentration of 0.053±0.001 µg/g may 

be linked to its natural presence in the soil and 

plausibly may be attributed to weak carbonate 

complexes.  

From the result on Table 3, Pb in fraction 2 

has the potential to bioaccumulate in plants and 

therefore pose a significant risk to plants and 

animals. The result observed in Table 4 from 

Enejoh mining site showed that the Pb observed in 

fraction 2 may be associated with formation of Pb 

complexes. The observed Pb in organic residual is 

not significant enough and therefore may not be 

bioavailable. However, the concentration observed 

in the bound to carbonate fraction may 

bioaccumulate with time. Cadmium and Ni were 

not detected in the first-three fractions and 

therefore the concentration observed in residual 

phase may be attributed to its natural occurrence in 

the soil. The observed Cu in residual phase may be 

attributed to its natural occurrence in the soil. Being 

an area of high vegetation, the Cu concentration 

observed at Enejoh mining site may also be 

attributed to the natural occurrence and weathering 

of soils in runoff. 

The concentration of Pb at Alhaji mining 

site (Table 5) show that pH may have played a 

significant role in Pb observed at bound to 

carbonate. Nickel and Cd may be attributed to 

weathering and leaching at Alhaji mining site. It is 

important to note that some of these heavy metals 

are incorporated in coal matrix during its liturgical 

formation. From the whole results of the analysis 

they are lower than the value for heavy metals in 

the soil as prescribed in the soil quality guideline 

(Table 8).  

From the geo-accumulation index 

classification on Table 2, the three mines sites can 

be categorized as unpolluted to moderately polluted 

for Pb, Cd and Cu. For Ni, the mine sites can be 

categorized as unpolluted. The contamination 

factor (Table 7) for Pb in Ogbo Systec mining site 

indicates a moderate contamination with a Cf value 

of 2.01. The Pb contamination factor for Enejoh 

and Alhaji mining Site showed a low 

contamination. Other heavy metals (Cd, Cu and Ni) 

showed a low contamination values of <1. From the 

EPA sediment quality guidelines [16] as presented 

on Table 8 all the heavy metals studied are < 40 and 

therefore non-polluted.  

 

4. CONCLUSION  

From the analysis of the soil samples at 

Ogbo site in comparison with the United States 

environmental protection Agency (EPA) value for 

Sediment quality, the soil sample at Ogbo Systec 

mining site is heavily polluted with Pb and 

therefore not a good soil for agricultural purpose. 

The soil samples at Enejoh mining site and Alhaji 

mining sites are all far below the Sediment quality 

guidelines and therefore may be considered good 

for agricultural purpose. 
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