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ABSTRACT 

The speciation of selected heavy metals (Pb, Cd, Cu and Ni) from soil found at 

Obajana industrial site was carried out with FAAS detection. The results of this 

speciation showed that Pb concentration ranged from 0-3.228 µg/g for soil sample 

from Operating Office and 0-0.05 µg/g (Cd), 0-0.511 µg/g (Cu) and 0-0.431 µg/g 

(Ni). The total values of the Pb, Cd, Cu and Ni at the Operating Office are 4.031 

µg/g, 0.057 µg/g, 0.964 µg/g and 0.431 µg/g respectively. The metals in soil samples 

from the Power Point with the exception of Ni did not show any presence in the 

exchangeable phase. However Ni was detected at the exchangeable phase with a 

concentration of 0.021 µg/g. The total metal concentrations at the Power Point site 

are 3.597 µg/g (Pb), 0.338 µg/g (Cd), 0.806 µg/g (Cu) and 1.052 µg/g (Ni). The 

total heavy metal contents at Line 3A are 0.868 µg/g (Pb), 0.064 µg/g (Cd), 1.245 

µg/g (Cu) and Ni was not detected in any of the fractions. The soil sample Close To 

The River showed a Pb concentration of 0.224±0.001 µg/g with a total 

concentration value of 1.467 µg/g. For the soil from Workshop, the observed 

concentrations are 4.632 µg/g (Pb), 0.385 µg/g (Cd) and 1.17 µg/g (Cu), while Ni 

was not detected. The result showed that all the heavy elements are all below EPA 

sediment quality guidelines except for Cd at soil sample from the Workshop which 

is a bit higher than the recommended EPA value, suggesting the soil from the 

Workshop is polluted and unfit for agricultural purpose. The enrichment factor 

analysis result show that Pb, Cd and Cu in samples are extremely severe in 

enrichment of their site. However, Cd in Operating Office occurred as no 

enrichment factor, while Ni was observed as no enrichment in all the samples. The 

risk index factor analysis showed that Cd in samples from the Power Point and 

Workshop are of high risk index while Pb occur as low risk index. 
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1. INTRODUCTION 

The total metal content in soil and samples 

cannot be used to ascertain the toxicity and 

bioavailability of metals to plants and humans 

[1]. The important factor that determines the 

bioavailability and toxicity of metals is the 

physicochemical forms of their occurrence. 

Thus, the speciation study of metals in sediments 

has become widely as one of the most important 

areas of environmental investigation [2]. Metal 
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speciation usually gives information on the 

behaviour and toxicity of metals in the 

environment. Speciation shows how metals 

occur in various chemical forms in the 

environment. These various forms may include 

free metal ions, metal complexes dissolved in 

solution and sorbed on the solid surface, and 

metal species that have been co-precipitated in 

major metal solids or that  occur in their own 

solid [3]. The speciation studies of metals in 

sediments provide important information on the 

transportation and fate of pollutants [4]. 

Previous reports have shown that metals 

have great ecological significance due to their 

toxicity and ability to accumulate in both 

sediment and biota [5]. These elements are not 

biodegradable and can easily accumulate in the 

sediments when introduced into an aquatic 

environment thus becoming a potential source of 

pollutants when environmental conditions 

change [6]. Therefore, sediments are important 

sinks for metals and subsequently play an 

important role in the assessment of metal 

contamination [7]. Many metals such as Ni, Zn 

and Mn are essential for organism at an 

appropriate concentration while other metals like 

Pb and Cd are extremely toxic to living 

organisms and human health even at a low 

concentration [8].  

Metals have in recent times received 

important attention due to the environmental 

pollution caused by their toxicity, abundance, 

non-biodegradable characteristic, persistence 

and accumulation [9]. In aquatic environments, 

trace elements frequently affect aquatic eco 

systems impacting animals, plants and benthic 

communities. Trace element has been proved to 

cause ecological problems while accumulating in 

the food chain, creating risks for humans and 

inland organisms [10]. Sediments in the aquatic 

ecosystem can act as a sink of pollutants by 

accumulating a considerable amount of metal, 

while a minor fraction remains in the water phase 

[11]. Metal are partitioned into several chemical 

forms, where some are more labile during 

physical and chemical fluctuations. Variations of 

the aquatic system are caused by natural and 

anthropogenic activities like mining, dredging 

and use of engines, or under environmental 

changes such as fluctuation of salinity, pH, redox 

potential and ionic strength [12]. This study is 

aimed at assessing the level of metal pollution in 

soil around Obajana industrial site. 

 

2. MATERIALS AND METHOD 

 

2.1 Materials and reagents 

 Volumetric flask, pH meter, Beaker, 

Measuring cylinder, Conical flask, Filter paper, 

Heating mantle, Weighing balance, Spatula, glass 

rod, Acetic acid, Hydroxylamine hydrochloride, 

Nitric acid, Hydrogen peroxide, Sulphuric acid 

and distilled water. Flame Atomic Absorption 

Spectrometer (FAAS) (Buck Scientific Model 

AVG 210 UK). 

 

2.2 Sample Preparation and method 

 Five soil samples were randomly 

collected from different points in Obajana 

industrial site in Kogi state. The sampled points 

are Operating Office, Power Point, Line 3A, 

Close to the River and Workshop. The analytical 

procedure involves the use of Bureau 

Community of Reference (BCR) sequential 

chemical extraction procedure for the 

partitioning of particulate heavy metals (Pb, Cd, 

Cu, Ni). Modified sequential extraction 

technique (Table 1) was used to analyze content 

of chemical speciation of heavy metal in soil 

[13]. 
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Table 1: Modified BCR Sequential Extraction Procedure: (1g dry weight mass sample). 
Fraction Compound 

Exctraction 

Extraction Reagent Extraction Method 

Fraction 1, 

Acid soluble 

Exchangeable 

and bound to 

carbonates 

20 ml of 0.11 mol/L 

HOAc 

Shaking at 22± 5oC for 16 h 

Fraction 2, 

Reducible 

Bound to Fe/Mn 

oxides 

20 ml of 0.5 mol/L 

NH2OH.HCl 

(adjusted to pH 1.5 

with HNO3). 

Shaking at 22± 5oC for 16 h 

Fraction 3, 

Oxidizable 

 Bound to 

organic matter 

and sulphides 

5 ml of 8.8 mol/L 

H2O2 (adjusted to pH 

with HNO3). 

Digesting at room temperature for 1 h with occasional 

manual shaking, then cover the tube and heat at 85±2oC 

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

to a few milliters. Cover the tube  and heat at 85±2oC for 

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

dryness/ Shaking at 22± 5oC for 16 hr 

Fraction 4, 

Residual 

Metals within  

lithogenic 

minerals 

Aqua regia  

 

The residue of each step was rinsed with 20 ml 

distilled water and filtered into pre-cleaned 100 

ml volumetric flasks. The supernatant liquid of 

each fractions after filtration were stored for metal 

determination which are analyzed using flame 

atomic absorption spectrometer (FAAS). 

 

3. RESULTS AND DISCUSSION  

The Results of the chemical speciation of 

heavy metals in soil from the Obajana Industrial 

Sites are presented in Tables 2-6. Table 7 is the 

Comparison of heavy metal concentrations with 

EPA Sediment Quality Guideline (SQG) while 

Table 8 is the Enrichment Factor (EF) analysis of 

soil samples from different point at Obajana 

industrial site. Table 9 is the Potential Ecological 

Risk index (RI) and level of Risk while Table 10 

is the Potential Ecological Risk Index (RI) 

analysis of soil samples from different point at 

Obajana industrial site. 

 

 

Table 2: Result of Speciation of Soil Sample at Obajana Industrial Site from Operating Office (µg/g) 

 

 

 

 

 

 

 

 

 

 

 

Table 3: Result of Speciation of Soil Sample at Obajana Industrial Site from Power Point (µg/g) 

 

 

 

 

 

 

 

 

 

Fractions Parameters (µg/g) 

Pb Cd Cu Ni 

Exchangeable 0.285± 0.002 0.003± 0.002 0.097± 0.0 ND 

Bound to Carbonate 3.228± 0.001 ND 0.511±0.0 ND 

Organic Matter ND ND 0.214±0.0 ND 

Residual 0.0518± 0.001 0.054± 0.001 0.142± 0.001 0.431± 0.001 

Total 4.031 0.057 0.964 0.431 

E.P.A Valve 16 0.38 36 30 

Fractions Parameters (µg/g) 

Pb Cd Cu Ni 

Exchangeable  ND ND ND 0.021±0.001 

Bound to Carbonate 2.746± 0.001 0.021± 0.0 0.617± 0.0 0.27± 0.001 

Organic Matter ND 0.199± 0.0 ND ND 

Residual 0.851± 0.001 0.118± 0.0 0.189± 0.001 0.761± 0.001 

Total 3.597 0.338 0.806 1.052 

E.P.A Value 16 0.38 36 30 
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Table 4: Result of Speciation of Soil Sample at Obajana Industrial Site from Line 3A (µg/g) 

Fractions 
Parameters (µg/g) 

Pb Cd Cu Ni 

Exchangeable ND ND 0.133± 0.001 ND 

Bound to carbonate 0.548± 0.0 ND 0.39± 0.0 ND 

Organic Matter ND ND 0.664± 0.0 ND 

Residual 0.32± 0.001 0.064± 0.001 0.058± 0.009 ND 

Total 0.868 0.064 1.245 ND 

E.P.A Value 16 0.38 36 30 

 

Table 5: Result of Speciation of Soil Sample at Obajana Industrial Site from Close to The River (µg/g) 

Fractions 
Parameters (µg/g) 

Pb Cd Cu Ni 

Exchangeable 0.224± 0.001 ND 0.023± 0.0 ND 

Bound to Carbonate 0.724± 0.0 0.125± 0.0 0.162±0.001 ND 

Organic Matter 0.032± 0.0 ND 0.449± 0.0 ND 

Residual 0.487± 0.0 0.105± 0.0 0.177± 0.0 ND 

Total 1.467 0.23 0.811 ND 

E.P.A Valve 16 0.38 36 30 

 

Table 6: Result of Speciation of Soil Sample at Obajana Industrial Site from Workshop (µg/g) 

Fractions 
Parameters (µg/g) 

Pb Cd Cu Ni 

Exchangeable 0.211± 0.001 ND ND ND 

Bound to Carbonate 3.684± 0.0 ND 0.499± 0.0 ND 

Organic Matter 0.018± 0.0 ND 0.11± 0.0 ND 

Residual 0.719± 0.001 0.385± 0.0 0.561± 0.0 ND 

Total 4.632 0.385 1.17 ND 

E.P.A Value 16 0.38 36 30 

 

 

Table 7: Comparison of heavy metal concentrations with EPA Sediment Quality Guideline (SQG) (µg/g) 
Metal Non-

polluted 

Moderately 

polluted 

Heavily 

polluted 

Present Study, µg/g 

Operating 

office 

Power point Line3A Close to the 

River 

Workshop 

Pb ˂ 40 40-60 ˃ 60 0.285-3.228 0.851-2.746 0.320-0.548 0.032-0.724 0.018-3.684 

Cd   ˃ 6 0.003-0.054 0.021-0.199 0.000-0.064 0.105-0.125 0.000-0.385 

Cu ˂ 25 25-50 ˃50 0.097-0.511 0.189-0.617 0.058-0.664 0.162-0.449 0.110-0.561 

Ni ˂ 20 20-50 ˃50 0.000-0.431 0.021-0.761 ND ND ND 

 

Table 2 shows the speciation of Pb, Cd, Cu 

and Ni in soil found at Operating Office of 

Obajana industrial site. The observed Pb 

concentration ranged from 0-3.228 µg/g, with a 

total Pb concentration of 4.031 µg/g . Cd was not 

detected in bound to carbonate and organic matter 

fractions, however a concentration of 

0.003±0.002 µg/g and 0.54±0.001 µg/g was 

observed in exchangeable and residual fractions 

respectively. The observed Cu concentration 

ranged from 0.097-0.511 µg/g. Ni was not 

detected in the first three fractions. Ni 

concentration of 0.431±0.001 µg/g was detected 

in the residual fraction. The total concentration 

for Cd, Cu and Ni are 0.057 µg/g, 0.964 µg/g and 

0.431 µg/g respectively. 

For Table 3 which is a speciation of soil 

from Power point at Obajana industrial site, the 

observed Pb concentration ranged from 0- 2.746 

µg/g with a total Pb concentration of 3.597 µg/g. 
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Cd ranged from 0-199 µg/g with total Cd 

concentration of 0.338 µg/g. Cu was not detected 

in the exchangeable and bound to organic matter 

fraction, but a Cu concentration of 0.617 µg/g and 

0.189± 0.001 µg/g was detected in bound to 

carbonate and residual fractions respectively. The 

total Cu concentration is 0.806 µg/g. The 

concentration of Ni ranged from 0-0.761 µg/g 

with a total Ni concentration of 1.052 µg/g. 

 The speciation of soil sample obtained in 

Line 3A as indicated on Table 4, showed that Pb 

was not observed in the exchangeable and organic 

matter phases while a concentration of 0.546 µg/g 

and 0.320±0.001 µg/g was observed in bound to 

carbonate and residual phases respectively. The 

total Pb concentration is 0.868 µg/g. Cd was only 

observed at residual fraction with a total 

concentration of 0.064 µg/g. The observed Cu 

concentration ranged from 0.058-0.664 µg/g, 

with a total Cu concentration of 1.254 µg/g.  Ni 

was not detected in any of these fractions. 

 For soil samples Close to the River (Table 

5), the speciation indicates a Pb concentration 

with a range of  0.032-0.724 µg/g, while Cd 

ranged from 0-0.125 µg/g. The observed Cu 

concentration ranged from 0.023-0.449 µg/g, 

while Ni was not detected in any of the fractions. 

The total metal concentrations of Pb, Cd and Cu 

are 1.467 µg/g, 0.2 µg/g and 0.811 µg/g 

respectively. 

The concentration of the heavy metals 

from soil sample from the Workshop as shown on 

Table 6, had a Pb concentration with a range of 

0.018-3.684 µg/g and total Pb concentration of 

4.632 µg/g. Cd was only detected in the residual 

phase with concentration 0.385 µg/g. Cu 

concentration ranged  from 0.110-0.561 µg/g 

while Ni was not detected in soil samples from the 

workshop. 

 

3.1 Enrichment Factor 

Assessment of heavy metal pollution in 

marine sediments requires knowledge of pre-

industrial metal concentrations to act as a 

reference against which measured values can be 

compared [14]. So in order to better understand 

the sediment quality in the Bay, levels of metal 

pollution were evaluated by different techniques 

for environmental assessment. One of them is 

Enrichment Factor (EF) which is a powerful tool 

to distinguish between anthropogenic and 

naturally occurring sources of heavy metals. EF 

technique is used in the area of atmospheric 

aerosols, sediments, soil and solid wastes to 

determine the degree of modification in the 

composition [15]. 

The EF of metal is defined as follows 

using Ni as a reference element 

 

EF = 
(𝐶𝑥 𝐶𝑁𝑖⁄ )𝑠𝑎𝑚𝑝𝑙𝑒

(𝐶𝑥 𝐶𝑁𝑖⁄  )𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
 

 

where (Cx/CNi)sample is the ratio of the 

metal and Ni concentration of the sample and  

(Cx/CNi)background is the ratio of metal and Ni 

concentration of background. The background 

concentration of Pb, Cd, Cu and Ni in the average 

shale obtained from Turekian and Wedopohl [16] 

are used in this study. 

Birch [17] divided contamination into 

different categories based on EF valves. EF˂1 

demonstrates the “no enrichment”, EF˂3 is 

“minor enrichment”, EF꞊ 3-5 is “moderate 

enrichment”, EF꞊ 5-10 is “moderately severe 

enrichment”, EF ꞊10-15 is “severe enrichment”, 

EF ꞊25-50 is a very severe enrichment” and EF˃ 

50 is “extremely severe enrichment”. 

 

Table 8: Enrichment factor analysis of soil 

samples from different point at Obajana 

industrial site 

Samples Pb Cd Cu Ni 

Operating 

Office 

129.9 0.120 131.6 000.7 

Power Point 53.42 53.18 54.71 0.019 

Line 3A 125.9 129.5 131.3 000.7 

Close to the 

River 

130.9 130.0 134.3 000.7 

Workshop 129.5 129.8 129.3 000.7 

 

3.2 Potential Ecological Risk Index (RI) 

The contaminated soil with heavy metal 

can enter the human body through several 

pathways and various exposure approaches [18]. 

Elevated levels of toxic heavy metals in 

agricultural soil can influence food chain; hence 

lead to increase in the exposure of several 

dangerous diseases, such as cancer, leukemia and 

kidney or liver damage [19]. Therefore, the 

assessment of potential ecological risk (RI) is 

necessary, which developed by Hakanson [20], 

represents the toxicity of heavy metals and their 
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risks levels to the environment. RI value is 

calculated by the following equation as proposed 

by Hakanson, [20]. 
 

RI = ∑
(𝑇𝑖∗𝐶𝑖)

𝐵𝑖

𝑛
𝑖=1  

Where Ti is toxicity factor of heavy 

metals; the Ti values for the metals under 

investigation are: Cd꞊30, Pb꞊5, Ni꞊5, Cu꞊5, Ci is 

measured concentration of heavy metal (i), and Bi 

is background concentration of heavy metal (i).

 

Table 9: Potential Ecological  Risk index (RI) and level of Risk (Hakanson [20] 

 

RI Value Risk level 

RI≤50 Low risk 

50˂RI≤100 Moderate risk 

100˂RI≤150 High risk 

150˂RI≤200 Very high risk 

200˂RI Extreme risk 

 

Table 10: Potential Ecological Risk Index (RI) analysis of soil samples from different point at Obajana 

industrial site 

Samples Pb Cd Cu Ni 

Operating Office 1.362 17.1 0.15 0.043 

Power Point 1.215 101.4 0.161 0.175 

Line 3A 0.293 19.2 0.249 0.1 

Close to the River 0.496 69.0 0.481 0.1 

Workshop 1.565 115.3 0.234 0.1 

 

The observed Pb concentration occurred 

more in bound to carbonate fraction for all the 

samples under investigation. This may be 

ascribed to its natural presence in the soil. It is 

interesting to note that the soil samples at Line 3A 

and Close To The River (Tables 4 and 5) have 

close Pb concentration values, while the Pb 

concentration observed in Tables 2, 3 and 6 in 

their bound to carbonate fraction also have very 

close values. These may be attributed to various 

locations where flue gases from the cement 

industrial machine quarry are deposited on this 

site thereby elevating the concentration of Pb in 

this area. Another factor may be the formation of 

oxide and carbonate which may be incorporated 

in the cement ore. These results agree with the 

works of [8]. In comparison with the EPA 

guidelines (Table 7) all the observed Pb 

concentration are lower than EPA SQG of 16 µg/g 

[21]. Consequently, the exchangeable and bound 

to carbonate fraction of the Pb may be available 

for bioaccumulation in plant and humans.  

Cadmium concentration are generally low 

and may be ascribed to it natural presence in the 

soil.  However, the total Cd concentrations are 

below the permissible limit by EPA for samples at 

Operating Office, Power Point, Line 3A and Close 

to the River. However, the total Cd concentration 

was above permissible limit by EPA in the soil 

sample from Workshop (Table 5). The Workshop 

in the Obajana industrial site hosts a lot of soil 

activities and it is not surprising that Cd can attain 

such elevation at residual fraction. Cu 

concentrations observed are all below EPA 

permissible limit and therefore do not hold any 

significant risk to the environment. Consequently, 

Ni was mostly not detected and therefore does not 

pose any threat to both plant and animal. 

From the results of the enrichment factor 

analysis (Table 8), Pb Cd and Cu in samples are 

extremely severe in enrichment of their sites. 

However, Cd in Operating Office occurred as no 

enrichment factor, while Ni was observed as no 

enrichment factor in all samples. Results of the 

potential ecological risk index analysis (Table 10) 

showed that Cd in samples Power Point and 

Workshop are high in risk index (Table 9) while it 

is moderate in Close To The River and low in Line 

3A and Operating Office. The other heavy metals 

(Pb, Cu and Ni) are all of low risk index. From the 

EPA Sediment Quality Guidelines [21] as 

presented in Table 7, all heavy metals under study 

are ˂40 and therefore non-polluted. 
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4.  CONCLUSION 

With the exception of Ni which may 

bioaccumulate with time on the ecological matrix, 

all the other metal examined do not pose any 

significant danger to the environment. The 

observed Cu concentration on the exchangeable 

and bound to carbonate phase was attributed to 

the influence of the ores used in cement 

manufacture at the industrial site. Flue gases from 

quarry contribute significantly to the presence of 

these heavy metals in the soil.      
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