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Abstract  

 

The distribution of heavy metals (Cu, Ni, Cd, Cr, Zn and Fe) in goldmine tailing was determined using multi- step 

sequential extraction. Chemical properties such as pH, conductivity, cation exchange capacity, organic matter, 

residual humidity and particle size were also analyzed. Similar characteristics distribution patterns were observed for 

Cd, Cr, Fe and Zn except Cu. The percentage recovery of Ni ranged from 95.25-99.24%. The high Mobility factor 

and bioaccumulation factor values of soil Ni may be interpreted as symptoms of relatively high liability and 

biological availability of the metals in soil.  
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1. Introduction   

 

Mining gives rise to soil erosion and environmental 

contamination by generating waste during the 

extraction, beneficiation, and processing of minerals. 

After closure, mines can still impact the environment 

by contaminating air, water, soil, and wetland 

sediments from the scattered tailings, as well as 

pollution of groundwater by discharged leachate, 

unless the proper remediation is conducted [1]. 

 

Mining activities contribute to heavy metal pollution 

of the environment [2,3]. Progressive accumulation 

of heavy metals in soils surrounded by mines, result 

in increased heavy metal uptake by plants. This is 

worrisome because of potential health risk to the 

people leaving in the surrounding areas [4]. 

 

Elements like Cd, Cr and Ni, are said to be non 

biodegradable thus, persist everywhere in the 

environment and have the ability to be deposited in 

various body organs which poses a great threat to the 

human health. Several studies have shown that plants, 

growing in heavy metal contaminated soils have 

higher concentrations of heavy metals than those 

grown in uncontaminated soil [5]. It has been 

reported that serious health problems may develop as 

a result of excessive accumulation of heavy metals 

such as Cd, and Pb in the human body [6]. Despite 

Zn and Cu being essential elements in the diet, high 

concentration in plants is of great concern because 

they are toxic to humans and animals [7]. Pb and Cd 

metals are believed to be potential carcinogens and 

are implicated in the ontology of many diseases, 

especially cardiovascular diseases, kidney, nervous 

system, blood as well as bone ailments [8]. 

 

Heavy metal contamination of agricultural soils and 

crops surrounding the mining areas is a serious 

environmental problem in many countries, Nigeria 

inclusive [9]. 

 

It is well known that metals in soil are presented in 

different chemical forms, which influence their 

reactivity and hence their mobility and 

bioavailability. Evaluating metal pollution of soils on 

the basis of total metal content provides little 

information on the mobility and bioavailability of 

heavy metals and thus gives poor guidance for the 

selection of appropriate remediation strategies for 

contaminated soil. 

 

Recently, pollution of general environment has 

increasingly gathered a global interest. In this respect, 

contamination of agricultural soils with heavy metals 

has always been considered a critical challenge in 

scientific community [10]. 
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A sequential chemical extraction technique 

fractionates heavy metals into forms of different 

solubilities and mobilities, and can therefore furnish 

potential valuable information for predicting metal 

availability and metal movement in the soil. 

 

Speciation of metals in soils, sediments and solid 

wastes is often studied using sequential extraction 

techniques whereby the target metals are fractionated 

into several fractions using extractant solutions of 

increasing strength [11] Several such sequential 

extraction schemes have been described [11,12]. The 

technique has been used to study the speciation of 

heavy metals in soils, street sweepings and urban 

aquatic sediments, lake sediments, pelagic sediments, 

semiarid soils, dredged sediment derived surface 

soils, and solid waste materials [12]. The technique 

has also been used to study the speciation, mobility 

and bioavailability of radionuclides [13,14,15]. It is 

very important to evaluate the mine tailing to actually 

ascertain the distribution of the heavy metals which is 

the focus of the research. 

 

2. Material and Method 

 

Itagunmodi is a small community lies between 

latitudes 7°30’ and 7°33’ N and between longitudes 

4°36’ and 4°39’ E in Atakumosa West Local 

Government Council southwestern Nigeria (Figure 

1). The study area as shown in the map below is a 

rural community of about 2,400 to 2,600 people that 

engage predominantly in subsistence farming and 

cocoa plantation. Itagunmodi is a community with 

many dilapidated buildings.  

 

 

 
Figure 1. A map is belonging to Itagunmodi 

 

Tailings samples were oven dried at 400C for two 

weeks. Samples were sieved through a 0.8mm mesh 

and stored in clean polythene bags for further 

analysis.  

 

The pH was determined by the method [16], particle 

size analysis by (hydrometer meter), conductivity by 

(conductivity meter), CEC by ammonium acetate 

method [17], Organic matter content [18], Residual 

humidity [19]. 

 

Dried and powdered soil sample of 1.2 g was 

digested with aqua regia (3:1 HCl: HNO3) in 100 ml 

conical flask on a hotplate and diluted to volume with 

distilled water. Fe, Cr, Cu, Zn, Cd, and Ni in the 

digest were determined using 210 VGP (Buck 

Scientific) atomic absorption spectrophotometer. The 

detection limit of the atomic absorption 

spectrophotometer used is 0.01. 

  

The sequential extraction of metals was done by the 

method of Tessier et al,1979 which partitions metals 

into exchangeable, bound to carbonates, bound to Fe 

– Mn Oxides, bound to organic matter and residual. 

1g of air dried tailing sample were used. 
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Table 1. Testing parameters 

Fraction Extractant Shaking Time(hr) Temp(oC) Designation 

F1 1M MgCl2,pH 7 1 RM Exchangeable 

F2 1M NaAC, pH 5 5 RM Carbonate  

F3 0.04M 

NH2(OH)Cl/25%CH3COOH 

5 96 Fe-Mn oxide 

F4 0.02M HNO3/30%H2O2, pH2 5 85 0rganic/Sulphide 

F5 HClO4/HF   Residual 

Source : Tessier et al, (1979).  

 

Validation of the analytical results was tested by 

recovery experiments because there was no standard 

reference material (SRM), which is more preferential 

or needed to control the accuracy of the method 

studied, in our laboratory. An important consideration 

in the reliability of a sequential extraction data is the 

percentage recovery relative to a single digestion 

using a mixture of strong mineral acids or generally a 

mixture of strong acids at the digestion of the residual 

phase of the sequential extraction protocol employed 

[20]. Recovery is defined as follows: 

  

R= X100 

F is the different fractions while SDSA is the single 

digestion for single acid 

 

The distribution of heavy metals in the sample allows 

us to predict their mobility and bioavailability. The 

bioavailability factor was expressed as the ratio of the 

available concentration of a metal in soil to its total 

concentration. It shows the potentials of a particular 

metal from the soil matrix to enter the soil solution 

from which it can be absorbed by plants. Mobility 

factor was expressed as percentage of the 

Bioavailability factor 

 

3. Results  

  

Table 2. Showing the result of physicochemical characteristics of tailing samples 

Av: Average, Ran: Range 

P value=0.834, then P>0.05, there is no significant difference (ANOVA & DUNCAN) 

EC= Electrical conductivity, CEC= Cation exchange capacity, OC= Organic carbon, OM= Organic matter, RH= 

Residual humidity 

 

 

 

 

 

 

 

 

 

 

 pH EC 

(uS/cm) 

CEC 

(Meq/100g) 

OC 

(%) 

OM 

(%) 

RH 

(%) 

Sand 

(%) 

Clay 

(%) 

Silt 

(%) 

Texture 

 

1 4.27±0.77 66.0±6.50 3.16±5.35 0.45±1.13 0.78±1.97 0.30±0.02 75.0±4.30 18.0±5.80 7.0±4.20 Sand 

2 4.30±0.77 70.0±6.50 2.30±5.35 0.72±1.13 1.25±1.97 0.22±0.02 78.0±4.30 5.0±5.80 17.0±7.40 Loamy

Sand 

3 4.84±0.77 75.0±6.5 3.06±5.35 0.35±1.13 0.60±1.97 0.20±0.02 74.0±4.30 3.0±5.80 23.0±7.40 Loamy

Sand 

4 5.61±0.77 79.0±6.50 13.48±5.35 2.49±1.13 4.28±1.97 0.26±0.02 85.0±4.30 10.0±5.80 5.0±7.40 Sand 

5 5.98±0.77 82.0±6.50 11.70±5.35 2.62±1.13 4.59±1.97 0.25±0.02 78.0±4.30 8.0±5.80 14.0±7.40 Loamy

Sand 

Av. 5.0 78.4 6.74 1.33 2.30 0.246 - - - - 

Ran 4.27-5.98 66-95 2.30-13.48 0.35-2.62 0.60-4.59 0.20-0.30 - - - - 
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Table 3. Concentration of Tailing  Cu in individual Fractions (mg/kg)  

Loc F1 F2 F3 F4 F5 Total Cu in 

original 

Sample 

%Recovery %BF %MF 

1 0.00a,b 1.00a±0.35 0.00a 6.00a±0.20 36.0b±0.20 43.0 48.13 99.69 0.023 2.3 

2 0.00a,b 2.00a±0.20 0.00a 0.00a 28.0b±0.20 30.0 30.71 97.68 0.07 7.0 

3 0.00a,b 0.00a 0.00a 0.00a 30.0b±0.10 30.0 31.80 94.38 0.00 0 

4 0.00a,b 1.00a±0.35 0.00a 0.50a±0.10 15.5b±0.20 17.0 18.05 94.18 0.06 6.0 

5 0.50a,b±0.3 0.00a 0.00a 17.5a±0.20 45.0b±0.25 63.0 65.0 96.77 0.08 0.8 

Value with different superscript on the same row are significant (p<0.05) 

 

Table 4. Concentration of  Tailing Ni in individual Fractions (mg/kg) 
Loc F1 F2 F3 F4 F5 Total Ni in 

original 

Sample 

% Reco 

very 

%BF %MF 

1 9.00 a±0.95 6.00 a±0.25 5.00a±0.10 1.00a±1.20 57.5 b±0.1 78.0 79.91 98.25 0.19 19 

2 8.50 a±2.05 7.50 a±1.40 5.00 a±0.35 0.00 a 56.0 b±2.0 77.0 77.84 98.92 0.21 21 

3 8.00 a±0.95 6.50 a±0.45 0.35 a±0.12 1.00 a1.0 68.15b±1.5 84.0 84.16 95.25 0.17 17 

4 8.00 a±0.40 8.00 a±1.40 3.00 a±0.65 1.00 a±1.0 35.0 b±0.5 55.0 56.15 97.95 0.29 29 

5 7.00 a±0.30 0.00a 0.00 a 17.50 a±0.20 45.0 b±3.2 55.50 91.69 60.53 0.13 13 

Value with different superscript on the same row are significant (p<0.05) 

 

Table 5. Concentration of Tailing Zn in individual Fractions (mg/kg) 
Loc F1 F2 F3 F4 F5 Total Zn in  

original  

Sample  

%Reco 

very 

%BF %MF 

1 7.50 a±0.65 11.50a±3.70 12.30a±4.15 9.00 a±2.25 28.0a±2.30 68.5 69.19 99.00 0.28 28 

2 2.80 a±1.25 8.00 a±2.25 9.50 a±1.45 8.00 a±0.05 26.0a±2.00 54.5 55.87 97.55 0.19 19 

3 2.00 a±1.65 7.00 a±1.65 8.50 a±1.50 9.50 a±2.00 27.0 a±1.00 54.0 55.30 97.65 0.17 17 

4 6.00 a±0.55 7.50 a±1.25 12.0 a±2.35 11.5 a±1.30 6.00 a±0.50 43.0 44.18 97.33 0.31 31 

5 1.00 a±0.30 38.0 a±0.80 39.5 a±0.20 32.5 a±1.10 31.0 a±4.45 141.5 142.91 99.00 0.28 28 

Value with different superscript on the same row are significant (p<0.05) 

 

Table 6. Concentration of Tailing Cr in individual Fractions (mg/kg) 
Loc F1 F2 F3 F4 F5 Tota

l 

Cr in \ 

original 

Sample 

%Reco 

very 

%BF %MF 

1 0.00 a 2.25 b±0.25 0.00 a 2.45 b±0.45 0.40 a±0.04 5.10 5.58 91.40 0.44 44 

2 0.00 a 4.75 b±0.25 0.00 a 4.20 b±0.40 0.85 a±0.45 9.80 10.40 94.23 0.48 48 

3 0.00 a 6.40 b±0.15 0.00 a 6.20 b±0.60 0.20 a±0.05 12.8 13.48 94.96 0.50 50 

4 0.00 a 8.05 b±0.25 1.00 a±0.20 8.45 b±0.65 0.00 a 17.5 18.55 94.34 0.46 46 

5 6.15a±0.65 0.00 b 1.85 a±0.20 8.20 b±0.05 0.15 a±0.50 16.35 17.46 93.64 0.38 38 

Value with different superscript on the same row are significant (p<0.05) 

 

 

Table 7. Concentration of Tailing Cd in individual Fractions (mg/kg) 
Loc F1 F2 F3 F4 F5 Total Cd in 

original 

Sample 

%Reco 

very 

%BF %MF 

1 0.00 a 0.25 a±0.05 0.25a±0.05 0.10 a±0.00 0.10a±0.05 0.85 1.54 55.19 0.29 29 

2 1.10 a±0.50 0.50 a±0.20 0.35 ±0.05 0.05 a±0.05 0.00 a 0.20 2.17 92.17 0.80 80 

3 0.50 a±0.10 0.30 a±0.10 0.15 ±0.10 0.85 a±0.05 0.40a±0.15 2.20 2.43 90.95 0.36 36 

4 0.015a±0.00 0.25 a±0.00 0.30a±0.00 0.45 a±0.05 0.35a±0.10 1.37 1.49 91.95 0.19 19 

5 0.25 a±0.05 0.30 a±0.05 0.50a±0.15 0.60 a±0.05 0.20a±0.05 1.85 2.00 92.50 0.30 30 

Value with different superscript on the same row are significant (p<0.05) 
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Table 8. Concentration of Tailing Fe in individual Fractions (mg/kg) 
Loc F1 F2 F3 F4 F5 Total Fe in 

original 

Sample 

%Recov

ery 

%BF %MF 

1 10.40a±0.50 392.15b±0.15 446.15d±0.35 345.95b,c±1.75 338.25c,d±0.20 1552.90 1554.31 100.09 0.26 26 

2 5.50 a±0.05 164.90b±0.15 435.50d±0.30 182.80b,c±0.20 425.0 c,d±1.50 1213.70 1634.98 74.24 0.14 14 

3 6.25 a±0.10 388.95b±0.40 441.80d±1.50 182.20b,c±1.35 472.0 c,d±0.10 1491.20 1506.20 99.0 0.27 27 

4 6.80 a±0.60 16.25 b±0.15 477.25d±0.35 276.05b,c±1.55 476.0 c,d±1.00 1052.35 1057.55 99.51 0.022 2.2 

5 4.95 a±0.10 51.15 b±0.05 484.75d±0.15 474.60b,c±1.60 486.5 c,d±0.10 1401.15 1412.15 99.28 0.040 4.0 

Value with different superscript on the same row are significant (p<0.05) 

 

4. Discussion  

 

Physicochemical properties of the tailings was 

conducted and the result is presented on Table 2. The 

pH values of the tailing samples range from 4.27 to 

5.98 with a mean value of 5.0 which shows that the 

tailings are slightly acidic. Residual humidity range 

from 0.20-0.30% with an average of 0.246. Since 

residual humidity is proportional to the content of 

clay and organic matter, tailing has low residual 

humidity, it indicated less clay but range from loamy 

sand to sand.. EC range from 66-95 µS/cm with a 

mean value of 78.4 µS /cm. Furthermore, CEC 

ranged from 2.30 to 13.48Meq/100g with a mean 

value of 6.74Meq/100g. The percentage organic 

carbon (%OC) ranged from 0.35 to 2.62 with a mean 

value of 6.74. Also, percentage organic matter (%0N) 

ranged from 0.60-4.59 with a mean value of 2.30. 

Similar results are reported [1].  

 

The sequential extraction procedures results provided 

information on the potential mobility and 

bioavailability of the studied elements in this 

research. The distribution of heavy metals in the 

sample allows us to predict their mobility and 

bioavailability in the tailing. The bioavailability 

factor was expressed as the ratio of the available 

concentration of a metal in soil to its total 

concentration. It shows the potentials of a particular 

metal from the soil matrix to enter the soil solution 

from which it can be absorbed by plants. Mobility 

factor was expressed as percentage of the 

Bioavailability factor. The speciation of the metals 

are shown in Table 3-7 for their individual metals. 

 

Cu was mainly presented in the residual fraction and 

organic matter fraction as shown in Table 3. The 

content of residual fraction ranged from 68%-91% 

and varied in the range of 5%-27% in organic matter 

fraction .the level of copper is exchangeable , 

carbonate fraction and fraction bond to hydrate oxide 

of iron and manganese was lower. Copper is bound 

much more tightly by organic matter than Ni and is 

much less likely to be displaced by the 

hydroxylamine hydrochloride reagent. Similar results 

are reported by [21,22]. Copper in the soil is not 

present in the ionic forms which reduce its toxicity.  

Ni is mainly found in the fraction bound to residual 

that it varies from 63%-81% as shown on Table 4. 

 

Whereas 0%-27.7% in organic and sulfide fraction. 

The level of Ni in other fraction is considerably low. 

Toxicity of nickel is not important because of its low 

concentration in the mobile and bio available 

fractions. 

Heavy metals in residual fraction are not likely to be 

discharged under normal environment conditions. Ni 

was mainly associated with residual fractions, so its 

status in the soil was considered stable [22]. 

 

The analysis from Table 5 shows that Zn has been 

bound to hydrated oxides of iron and manganese 

fraction and varied in different sample in the range of 

15.7%-27.9%. The amount of zinc found in the 

carbonated fractions varies from 13%-26.9%.Similar 

results are reported by [24]. 

 

Chromium in the tailings sample is mainly found in 

the organic and sulfide metal fraction with an average 

of 48% and little lesser in the range of 44%-46% 

bound to carbonate. Whereas it is smaller in residual 

ranges from 0%-8.7% as shown on Table 6. 

 

Thus, the bioavailability of chromium in the tailing 

sample is considered insignificant. It is low in 

exchangeable and iron-manganese oxide metal bound 

fraction.  

 

The analysis of cadmium from Table 7 in different 

soil samples have been found in organic and sulfide 

metal fraction range from 2.5%-38.65% and varied in 

the range of 6.8%-27% in iron manganese oxide 

metal fraction. The level of cadmium in 

exchangeable, carbonate bound, and residue fraction 

was lower absorption by hydrated CaCO3 has been 

shown to be reversible [23]. 
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The results shows that iron occurred more in residual  

fraction which is varied between 26% and 34.7% in 

different sample and also 27.5%-45.4% of iron is 

bound to oxide fraction as presented in Table 8. It is 

also found in different ranges- carbonate, organic and 

sulfide metal fraction but minor amount of iron were 

detected in the exchangeable fractions . Similar 

results were reported by [25]. 

 

The metal concentrations, percentage recovery, 

mobility and bioavailability factors of all the 

sequential extraction steps including the residual 

phase fractions, determined at each extraction step in 

Tables 3-8, indicate that each metal has a 

characteristic distribution pattern.  

 

Table 4, shows the mobility and bioavailability 

factors and percentage recovery of Ni for all the 

sequential extractions steps. The MF of Ni gave 

average value of 20% while average Bf of Ni was 

0.20. The percentage recovery of Ni ranged from 

95.25 -99.24%. The high MF and BF values of soil 

Ni may be interpreted as symptoms of relatively high 

liability and biological availability of the metals in 

soil [26,27]. Similar characteristics distribution 

patterns were observed for Cd, Cr, Fe and Zn except 

Cu with low Mf of 3.2% and Bf of 0.032(Tables 1 -

6). The average mobility of Ni, Cu, Cd, Cr, Fe and 

Zn levels in all the six fractions were in the order: 

Cr> Cd > Zu > Ni > Fe> Cu.  

 

Conclusion  

 

The distribution of heavy metals (Cu, Cr, Cd, Ni, Zn, 

Fe) in the tailings of Itagunmodi Gold mine was 

assessed. The results obtained in the heavy metal 

speciation indicated that all metals were mainly 

associated with the residual and organic& sulfide 

fraction whereas only small fraction of heavy metals 

is extracted in exchangeable, carbonate and Fe-Mn 

oxide fraction.  
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