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The fast-growing level of technology has led to increase in the need of information technology in order to meet up with the 
growing trend resulting in large amount of e-waste worldwide [1,2]. The e-waste is made up of different substances that are toxic in 
nature and hazardous to the environment, mainly to soil and water bodies. Some of such substances are Chromium (Cr), Mercury 
(Hg), Cadmium (Cd), Lead (Pb), Arsenics (Ar), Beryllium (Be), Polybromonated diphenyl ethers (PBDES), Polycyclic aromatic 
hydrocarbon (PAHS), Polychlorinated biphenyls (PCBS), Chlorofluorocarbon and also non-hazardous substances such as Zinc 
(Zn) Copper (Cu) precious metals like Silver (Ag), Gold (Au), Platinum (Pt), which are harmful to the environment significantly 
when they are not properly disposed off [2,3]. E-waste disposal as an upcoming pollution problem worldwide as a result of its 
toxicity and hazardous effect on living things such as human and ecosystem based on the dose and concentration and the target 
receiving it. 

In fact, irregular dumping of e-waste can adversely affect the fertility of the soil and also make water unfit for consumption as a 
result of leaching of heavy metal into the water bodies, from the dump site, recycling site and combustible site of e-waste. These 
heavy metals that contaminate the soil are taken up by plants through their roots and when these plants are consume by humans, 
they accumulate at the tissues [4]. According to Golui, et al. (2014) [5], bioaccumulation of heavy metals is proven by increased 
levels of Cu, Fe, Mn, Ni, Cd and Pb in spinach due to sludge application.

Abstract
Some physicochemical parameters for heavy metals concentrations and speciation analysis of electronic waste contaminated soil were 
carried out in this study. The results of the physicochemical analysis showed that the pH ranged from 5 – 7.6, TOC from 0.05 – 1.87%, 
TOM from 0.09 – 2.12%, CEC from 2.75 – 12.34 meq/100g, TN from 0.47 – 72.61 mg/kg, TP from 0.12 – 20.58 mg/kg and EC from 
4 – 23 μS/cm across depths and months respectively. Fe displayed the highest concentration, 86.09 – 1814.70 and 36.81 – 261.96 mg/
kg of heavy metals in October and December respectively across depths. In December Mn has the highest concentration, 2.20 – 146.80 
mg/kg across depths. The summarized mean also showed Fe to have the highest concentration, 666.78 – 1750.59 mg/kg across the 
depths. In October, the highest and the lowest percentage, 59.99 and 0.09% was observed with Mn in exchangeable fraction at depths 
10 – 20 cm and 0 – 10 cm, Fe, also shows highest percentage in November at organic fraction and Zn display the lowest percentage at 
depth 10 – 20 cm in residual phase, while in December, highest association was observed with Fe at depth 10 – 20 cm in residual phase 
and the lowest percentage of 0.01 were observed with Ba, Co, Cr, Ni and Pb in an exchangeable fraction. 1 geo accumulation display 
the highest value with Cd (1.00 – 37.99) across the months and the lowest were observed with Co and Fe (0.00 – 8.36) in October, Ba 
and Fe in December. Across the months, Cd also display the highest enrichment factor (5.00 – 189.14) and the lowest were observed 
with Ba and Fe in October. The results suggest that Fe and Zn cannot be mobile, while Mn is the most mobile and easily available for 
absorption by plants.     
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In Abraka, it is an issue of a great concern since there is no available landfill site, lack of recycling site for environmental disposal 
of e-waste and also being a University town made up of students and indigenes purchasing the product from the farm and also 
drinking water from the bore hole in the town, which may be contaminated by the careless dumping of these e-waste. Due to the 
non-availability of a disposable landfill and a recycling site, some of this e-waste is burned which generate fumes that contain heavy 
metals and other polyaromatic compound which eventually comes back to the soil and vegetation of the community as pollution. 
As such, vegetation which comprises of vegetables and other plants are likely to absorb this heavy metal that comes back through 
the fumes into the soil and vegetation, which may be dangerous to our health when those vegetables are consumes. Several research 
work has showed that heavy metals in food and water at a high concentration are known to cause damage to kidney or even 
malfunctioning of other organs in the body.

It has been reported that the consumption of heavy metals has cause change in blood composition and also cause serious problem 
on vital organ like kidney and liver. Therefore, long trem consumption of these metals through affected plants also lead to muscular 
dystrophy, muscular and physical neurological diseases, parkinson’s diseases and multiple sclerosis, which may be due to the 
transfer of metal and metalloid to the human food chain, as product from precise measurement in determining the risk of metal 
in a contaminated soil [4]. The leaching of these metals and even their residues through the soil can form inorganic and organic 
complexes within the soil [4].

The main e-waste in Abraka is computer, refrigerators, tape recorder, monitors, televisions sets, printed circuit board etc, which 
are dismantled from various electronics workshop in the town. As a result of the improper disposal of e-waste in the community, 
which has lead to the release of hazardous chemicals like PAHS, PBDES, PCBS etc and heavy metals like Cr, Cd, Cu, Pb, Ni etc, have 
lead to serious pollution problems to the soil in the area of study in Abraka. The main purpose of this study was to determine the 
concentration of heavy metals at different depths, the percentage of contamination, geoaccumulation index and enrichment factors 
of the soil contaminated with e-waste.

This study was carried out at Abraka area in delta state (Figure 1). Abraka is known to be a University town situated in Ethiope East 
Local Government Area of Delta State. It is sharing boundaries at the south with Salubi of Eku and at the north with Obiaruku. Its 
coordinates are Latitude 06.23’01 450 N and Longitude 007.73’09 800 E. It has a lowland type of topography. The rainfall in Abraka 
is about 2324 mm annually with an average of about 403 mm which take place in September. Abraka is having a temperature of 
about 34 oC with average of 26.8 oC. Map of the study area is shown in Figure 1.

Materials and Methods

Data and Methods

Study Area

Figure 1: The map of Delta state, Abraka and the sampling site
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Six spots were marked out, from which the sample were collected at different depths of o-10 cm,10-20 cm and 20-30 cm 
respectively. Composite samples were prepared from each depth to form a total of three different samples for three consecutive 
months, October, November and December. In each month after collection, the soil samples were kept in zip-locked plastic 
bags, properly labeled and conveyed to the laboratory where they were mixed together thoroughly with hand covered with 
gloves. Then they were spread on a white paper for five days to be air dried. Thereafter, they were ground with mortar and pestle 
and sieved with 2 mm sieve to separate the coarse particle and other component present. The sieved soil was kept in polythene 
bags prior to metals analysis.

The different soil properties analyzed in the study were soil pH, Total organic carbon (TOC), Total organic matter (TOM), 
Electrical conductivity (EC), Cation exchange capacity (CEC), Total nitrogen (TN) and Total phosphorus (TP). TOM and TOC 
were determined using Walkley - Black method (2013), TP was determined using Olsen’s method (2002), TN were determined 
using regular macro Kjeldal method (2002), while pH, EC and CEC were determined using pH meter, EC meter and Atomic 
Absorption Spectrometer (AAS). 

Soil digestion was done following the method of Adaramodu, et al. 2012 [7]. 1 g of the sieved soil sample was weighed into a 
Teflon beaker and 12 ml of freshly prepared aqua regia (3 ml of HNO3 + 9 ml of HCl i.e. ratio 1:3) were added and subjected to 
heat on a hot plate at a temperature of 80 oC until all the brown fumes and bubbling ceased. The mixture was allowed to cool 
and then filtered with watchman No 42-filter paper. 50 ml of deionised water was to the filtrate to dilute it. The blank solution 
was also prepared in the same manner, but without soil sample. The sample were conveyed to the laboratory for analysis with 
AAS and the process was carried out in triplicate for quality control measurement.

The speciation analysis of the heavy metals was carried out through sequential extraction, using the steps method adopted from 
Carapeto and Purcase (2000) [8].                   

Step 1: Exchangable fraction (F1) – 1 g each of the soil sample was weighed and transferred into three analytical tubes for each 
of the depths. 1 M magnesium chloride of pH 7.0 was added to the soil in the ratio of 1 g of soil to 10 ml of magnesium chloride 
(1:10). Then extraction was made from the soil at room temperature for 1 hour with the help of a sonication bath. The mixture 
was centrifuged at 1500 rpm for 5 minutes and filtered using No 42 filter. It was decanted into 50 ml volumetric flask, and dilute 
with deionised water up to the mark, prior to analysis with AAS. The residual soil was rinsed with deionised water and air dried 
for the next step analysis.

Sample Collection

Soil Properties Analysis

Heavy Metals Determination in Soil

Speciation analysis of heavy metals

The study site is located towards the end of the main town i.e. after campus two main gate, very close to Ajalomi community i.e. 
between campus II and Ajalomi. The site was purely polluted with e-waste

Description of the Sampling site

Figure 2: E-waste dump site in Abraka
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Step 2: Organic bound fraction (F2): The dried soil from step 1 was reweighed and transfered into the centrifuge tubes. 0.05 M 
of Ethylenediaminetetra acetic acid (EDTA) was added to the soil in the same ratio as in step 1. Then the soil was extracted at 
room temperature for two hours using sonication bath. It was centrifuged at 1500 rpm for 5 minutes, filtered with No 42 filter 
paper and decanted into 50 ml volumetric flask prior to analysis with AAS. The residual soil was rinsed with deionised water 
and air dried for the next step analysis.

Step 3 Residual fraction (F3) : 0.5 g of dried soil was weighed from the air dried soil in step 2 into a Teflon beaker and 20 ml of 
70% nitric acid (HNO3) was added. The beaker was place in an oven at 1750C for 10 minutes. It was cooled, centrifuged at1500 
rpm for 5 minutes and filtered with No 42 filter paper and decanted into 50 ml volumetric flask and dilute with deionised water 
up to the mark, and then placed in the fridge at 40C prior to analysis with AAS.

Soil contamination assessment was carried out by using the Geoaccumulation index (1geo) and Enrichment factors (EF).

This help to determine the metals contamination by comparing the background concentration with the measured concentration 
of heavy metals. It has been known to be very useful in determining the heavy metals deposits in soil (Amuno, 2013) [10]. The 
equation for the calculation is 1(geo)n = Log2 (Cn/1.5Bn).

Where Cn is the measured concentration of the heavy metals in the soil sample, Bn is the geochemical background concentration 
of the heavy metals (Taylor and McLennan, 1985, Benedicta et al, 2017) [2,11] and the factor 1.5 takes care of the possible 
variation in background values for a given metal in soil (Ghrefat and Yusuf, 2006). The index was categorized into seven 
categories by Muller,1996 as follows:

Where Xx is the concentration of heavy metal of interest, Eref is the concentration of reference element for normalization, Yx is 
the concentration of the metals in the crust and Yref is the concentration of the reference element for normalization in the crust 
(Benedicta et al,2017, Ato et al, 2010). Enrichment factor is categorized as follows: EF < 2 =Deficiency to minimal enrichment, 2 ≤ 
EF < 5 = Moderate enrichment, 5 ≤ EF < 20 = Significant enrichment, 20 ≤ EF < 40 = Very high enrichment, EF > 40 = Extremely 
high enrichment (Yongming et al, 2006, Benedicta et al 2018) [2,9].

Enrichment factors: This is used to assess the degree of anthropogenic influence on the soil. It can be calculated by using the 
equation below. 

Categories 1geo range Concentration intensity

0 1geo ≤ 0 Uncontaminated

1 0 < 1geo ≤ Slightly contaminated

2 1 < 1geo ≤ 2 Moderately contaminated

3 2 < 1geo ≤ 3 Moderately severely contaminated

4 3 < 1geo ≤ 4 Severely contaminated

5 4 < 1geo ≤ 5 Severely extremely contaminated

6 1geo > 5 Extremely contaminated

Table 1: 1 geo accumulation index categories

Soil Contamination Assessment Methods 

Geoaccumultion index (1geo)

( )
X

( )

[ / ]
EF

[ / ]
ref

ref

Xx sample
Xx Yx Crust

=

Results and Discussion
October November December

0-10 cm 10-20 cm 20-30cm 0-10 cm 10-20 cm 20-30 cm 0-10 cm 10-20 cm 20-30 cm

pH 7.6 7.3 7 6.3 6.2 5.3 5 7 7.5

TOC (%) 0.05 0.05 0.05 1.23 0.88 0.92 1.02 1.11 1.87

TOM (%) 0.09 0.1 0.1 2.12 1.51 1.58 2.74 1.99 2.09

CEC (meq/100g) 5.06 3.31 2.75 6.78 12.34 5.46 4.78 7.12 4.98

TN (mg/kg) 72.61 66.74 67.82 1.34 0.47 0.68 2.68 1.74 2.56

TP (mg/kg) 20.58 16.24 16.08 0.12 0.17 0.23 1.12 0.99 0.76

EC (μS/cm) 6.4 4 4.1 14 21 13 18 12 23

Table 2: The results of the physicochemical parameters of the soil at different months in relation to depths
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From the results, the pH ranged from 7.0 - 7.6 in October,5.3 - 6.3 in November and 5.0 - 7.5 in December. The low pH of 5.0 and 5.3 
observed in November and December may be due to the dumping of batteries containing acids into the site [2]. The values of the TOC 
were the same across the depth in October, while for the other two months, it ranged from 0.88 – 1.87 %. The TOM values ranged 
from 0.09 – 2.12 % across the depths of the three months. The low values of TOC and TOM, may be attributed to little rainfall during 
this period. It has been reported that high amount of rainfall with poor drainage system yielded high amount of TOC and TOM up to 
15 -20 % and above [12]. The CEC which indicates the capability of the soil to absorb or release cations, displayed values that ranged 
from2.75 – 12.34 meq/100 g across the depths in the three months. The low values of CEC observe may be attributed to the low 
percentages of organic matter. The values of TN and TP were higher in October when compared to the other two months. This might 
also be due to little rainfall observed in October than the other two months. The values of TN and TP in October ranged from 66,74 
-72,61 mg/kg and 16.08 -20.58 mg/kg respectively while their values in the other two months ranged from 0.47 – 2.28 mg/kg and 0,12 
-1.12 mg/kg. The EC values ranged from 4 -23 μS/cm across the depths and months.

Metals
Mean ± SD Median Maximum Minimum

0-10cm 10-20cm 20-30cm 0-10cm 10-20cm 20-30cm 0-10cm 10-20cm 20-30cm 0-10cm 10-20cm 20-30cm

Ba 0.04 ± 
0.02

0.03 ± 
0.03

0,01 ± 
0.02 0.05 0.05 0.00 0.05 0.05 0.05 0.00 0.00 0.00

Cd 0.60 ± 
0.37

0.40 ± 
0.42

0.22 ± 
0.36 0.765 0.75 0.04 0.82 0.78 0.75 0.04 0.03 0.04

Co 0.07 ± 
0.06

0.04 ± 
0.04

0.02 ± 
0.02 0.0665 0.05 0.01 0.17 0.083 0.05 0.01 0.00 0.00

Cr 28.05 ± 
22.96

16.58 ± 
20.94

5.12 ± 
6.70 30.88 15.11 2.28 48.15 46.65 15.11 2.28 2.28 0.81

Cu 13.98 ± 
8.88

9.70 ± 
10.24

4.83 ± 
7.84 17.365 16.6 0.94 20.33 20.33 16.6 0.86 0.86 0.86

Fe
1334.46 

± 
834.64

902.42 ± 
943.39

481.52 ± 
788.82 1718.53 1664.75 87.63 1814.7 1772.31 1664.75 86.09 86.09 86.08

Mn  40.56 ± 
25.40

27.36 ± 
28.60

14.44 ± 
23.59 52.08 49.83 2.66 55.45 54.33 49.83 2.63 2.63 2.63

Ni  19.89 ± 
12.48

13.91 ± 
14.61

7.49 ± 
12.37 25.64 25.23 1.36 27.06 27.06 26.05 1.20 1.20 1.19

Pb  29.85 ± 
19.46

18.66 ± 
19.43

9.29 ± 
14.71 35.26 31.35 2.06 46.67 39.17 31.35 2.21 1.91 1.67

Zn 65.60 ± 
42.07

42.02 ± 
43.81

21.16 ± 
38.81 79.57 71.87 4.47 98.58 87.27 71.87 4.68 4.26 3.83

Table 3: Heavy metal concentrations in October at different depths (mg/kg)

Metals
Mean ± SD Median Maximum Minimum

0-10cm 10-20cm 20-30cm 0-10cm 10-20cm 20-30cm 0-10cm 10-20cm 20-30cm 0-10cm 10-20cm 20-30cm

Ba 0.57 ± 
0.30

0.41 ± 
0.16

0.45 ± 
0.14 0.51 0.38 0.39 0.95 0.65 0.65 0.30 0.30 0.35

Cd 4.65 ± 
1.97

5.14 ± 
2.22

4.68 ± 
2.24 5.25 5.80 5.09 6.25 6.68 6.68 1.86 1.86 1.86

Co 38.95 ± 
18.41

34.75 ± 
17.20

37.02 ± 
16.61 38.58 32.32 34.74 59.25 59.25 59.25 19.38 19.39 19.39

Cr 13.01 ± 
5.10

14.34 ± 
6.06

12.59 ± 
6.12 14.85 15.65 12.73 16.8 19.36 19.36 5.55 5.55 5.55

Cu 3.23 ± 
1.39

3.69 ± 
1.66

3.22 ± 
1.66 3.63 4.00 3.26 4.40 5.07 5.069 1.28 1.28 1.28

Fe 3.76 ± 
3.43

4.01 ± 
3.33

4.65 ± 
3.31 2.68 2.95 4.44 8.75 8.75 8.75 0.95 0.95 0.95

Mn 62.29 ± 
60.85

26.30 ± 
28.32

32.43 ± 
23.64 50.22 42.6 34.66 146.5 57.85 57.85 2.20 2.20 2.54

Ni 3.75 ± 
1.68

4.36 ± 
2.04

3.76 ± 
2.03 4.13 4.60 3.74 5.30 6.11 6.11 1.44 1.44 1.44

Pb 8.21 ± 
4.83

7.11 ± 
3.05

5.43 ± 
3.54 7.34 8.90 4.64 14.65 10.25 10.25 3.50 3.50 2.20

Zn 9.55 ± 
3.38

9.38 ± 
3.22

8.79 ± 
3.34 10.78 11.23 9.32 11.95 11.80 11.80 4.72 4.72 4.72

Table 4: Heavy metal concentrations in November at different depths (mg/kg)
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Metals
Mean ± SD Median Maximum Minimum

0-10cm 10-20cm 20-30cm 0-10cm 10-20cm 20-30cm 0-10cm 10-20cm 20-30cm 0-10cm 10-20cm 20-30cm

Ba 0.20 ± 
0.13

0.15 ± 
0.15

0.15 ± 
0.10 0.20 0.15 0.10 0.35 0.35 0.35 0.05 0.03 0.03

Cd 13.80 ± 
11.60

13.27 ± 
11.10

8.05 ± 
6.50 12.60 8.15 6.74 28.4 28.4 17.05 1.64 1.64 1.64

Co 64.42 ± 
60.84

56.29 ± 
63.04

22.20± 
10.37 47.43 31.54 22.19 149.95 149.95 31.54 12.87 12.87 12.87

Cr 9.73 ± 
6.22

7.97 ± 
7.28

7.16 ± 
7.04 10.03 9.30 4.88 17.00 17.00 17.00 1.87 1.87 1.87

Cu 19.01 ± 
24.98

5.21± 
4.35

4.49 ± 
4.70 7.96 4.65 2.85 56.15 11.28 11.28 3.95 0.98 0.98

Fe
142.52 

± 
100.11

110.49 ± 
103.19

54.71 ± 
23.70 135.66 88.08 46.98 261.96 261.96 88.08 36.81 36.81 36.81

Mn 8.43 ± 
26.65

15.84 ± 
24.53

21.33 ± 
22.47 30.35 10.15 16.55 52.00 52.00 52.00 1.00 0.21 0.21

Ni 1.68 ± 
0.83

1.19 ± 
0.85

0.89 ± 
0.66 1.93 1.85 0.65 2.40 2.00 1.85 0.48 0.42 0.42

Pb 40.40 ± 
49.14

12.62 ± 
8.25

10.86 ± 
8.10 17.70 12.55 8.97 113.75 22.85 22.85 12.45 2.64 2.64

Zn 3.44 ± 
1.82

2.41± 
1.74

1.61 ± 
1.01 3.825 3.10 1.20 5.1 4.55 3.10 1.02 0.96 0.96

Table 5: Heavy metal concentrations in December at different depths (mg/kg)

Depths 0-10cm 10-20cm 20-30cm

Ba 0.42 ± 0.47 0.83 ± 0.34 0.05 ± 5.5E18

Cd 4.56 ± 3.66 21.27± 10.1 0.78± 0.04

Co 37.77 ± 33.41 105.8± 51.23 0.10± 0.62

Cr 23.83 ± 21.19 56.35 ± 16.03 36.64 ± 18.66

Cu 25.84 ± 27.28 19.57± 7.45 18.35± 1.88

Fe 666.78 ± 998.23 1317.1 ± 844.64 1750.59 ±77.3

Mn 84.17 ± 54.04 118.03 ± 48.48 53.2 ± 2.98

Ni 10.43 ± 12.84 23.23 ± 11.14 26.11 ± 0.92

Pb 58.36 ± 50.37 45.96 ± 16.4 39.06 ± 7.66

Zn 38.54 ± 52.11 75.67± 41.59 85.9±13.41

Table 6: The summary of the mean of heavy metals concentration of the soil 
across 0-10 cm,10-20 cm and20-30 cm depths for the three months(mg/kg)
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The Figure 1 (a), (b) and (c) shows the plots of enrichment factor (EF) concentration for all the heavy metals under study in 
the three months. From the plots, it was observed that Cd showed a significant enrichment in October, very high enrichment 
in November and extremely high enrichment in December. Pb was moderately enriched in October across the three depths, Co 
showed deficiency to minimal enrichment in October at depth 0 -10 cm, and November at depth 10 - 20 cm and moderately 
enriched in December across the depths. Ba, Cr, Cu, Fe, Mn, Ni, Pb and Zn showed deficiency to minimal enrichment across the 
depths in the three months. The trend of EF for Cd across the months is October < November < December, while other metals 
apart from Pb in October and Co in November and December were all of the same range, which shows that their presence in 
the soil was low compared to Cd, Pb and Co in all the months across the deths. The results of the enrichment factor in this study 
are in line with those of Benedicta, et al. (2017) [2].

Figure 3 (a), (b) and (c): The enrichment factor of each heavy metals in relation to depths at October, November and December from the e- waste soil in Abraka
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The plot shows that in October, only Cd showed moderate contamination across the depths (0 - 10 cm, 10 - 20 cm and 20 – 
30 cm), while Ba, Co, Cr, Cu, Fe, Mn, Ni, Pb and Zn showed slight contamination in all the depths. The moderate and slights 
contamination observed in all the metals might be due to the presence of e-waste activity and vertical spreading of metals 
pollutant across the depths. In November and December, the results from the plot are similar to those of October, except for Cd 
that showed extreme contamination across the depths. The extremely contaminated value of Cd observed, might be due to the 
fact that Cd is one of the major constituents of the e-waste [2,13].

The concentration of barium in the three months were found below Dutch optimal and action values, as we can see in Table 3, 4 
and 5. The summary of the mean concentration of barium across the depths from table 6 were found to be in the range of 0.05 
– 0.83 mg/kg, which is also far below Canada soil quality and guidance values (SQGV) and optimal and action values of Dutch 
(500, 200 and 625 mg/kg) respectively [14]. This indicates that the soil was contaminated with barium despite the short time of 
pollution. It can also be seen that there is no significant difference between the mean and the median, which suggest that the 
dataset were normally distributed [14].

Cadmium (Cd) levels were within the range of 0.75 – 28.4 mg/kg across the depths of the three months as it can be seen from 
table 3, 4 and 5 respectively, the concentration was lower in some depths and higher in other. It is higher than the permissible 
limit of World Health Organization (WHO/FAO) value of 3 mg/kg [2]. The Dutch SQGV optimal and action values of Cd are 1 
and 12 mg/kg. The results showed that the values in some depths and months were within the optimal values. However, in some 
other depths and month they were above the action value, which calls for alarm. The summarized mean values of cadmium in 
table 6, is within the range of 0.78 – 21.27 mg/kg, which is higher when compared to the World soil average (WSA) of 0.5 mg/
kg (Salman et al, 2019) [15]. Similar values of range of 3.51 – 65.04 mg/kg were also reported by Jadhav et al. 2017. Cadmium 
is known to be a toxic metal and has adverse effect on humans and the environment when their concentration is above the 
tolerable value. Cd level across the depth in October were more or less the same, in November there was an increase while in 
December there was a decrease across the depths, 0 – 10 cm, 10 - 20 cm and 20 – 30 cm respectively.

Cobalt concentration varied from 0.05 – 149.95 mg/kg (Tables 3, 4 and 5) across the three months, which is within the optimal 
and action values of Dutch (20 and 240 mg/kg) [14]. These concentrations decrease with increase in depths across the three 
months. Such level of cobalt in the soil, indicate the activity of the e-waste on the soil. The summarized mean ranged from 0.10 
– 105.8 mg/kg, which indicates that the mean value at depth 20 – 30 cm (0.10 mg/kg) is below the optimal and the action values 
of Dutch, while those at the depths 0 - 10 cm and 20 -30 cm (37.77 and 105.8 mg/kg) are above the optimal value and below the 
action value. This shows that the level of cobalt in the e-waste contaminated soil is still within the tolerable limit.

Figure 4 (a), (b) and (c): The 1(geo) accumulation index of each heavy metals in relation to depths in October, November and December
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Lead concentrations varied from 3.50 – 46.67 mg/kg (Tables 3, 4 & 5), which shows decrease in concentration across the depths in 
all the months under study. The values in all the depths within the three months are within the WHO/FAO permissible values of 
50.00 mg/kg [2] and is also within the optimal and action values (85 & 530 mg/kg respectively) of Dutch (Kyere, 2016) [14]. The 
summarized mean value of Pb in this study ranged from 39.06 – 58.36 mg/kg (Table 6), which is far below the value of 4456.85 mg/
kg recorded by Jadhav. et al. (2017) [18]. This indicates that there is more contamination on recycled site than site polluted with 
e-waste. Again, the distribution is normal due to the fact that across the depths in all the months, there is no significant difference 
between the value of the metal in the soil (Kyere, 2016) [14].

Copper is an important micronutrient of plants and animals. The concentration of Cu varied from 3.25 – 56.15 mg/kg (Table 2,3 
& 4), which is below the required limit concentration of 100 mg/kg of WHO/FAO [2], and it is also within the optimal and action 
value (36 & 190 mg/kg) of Dutch (Kyere, 2016) [14]. The significant difference between the depths in October implies that the 
pollution is also controlled by other process such as natural means [15]. The levels of Cu in October decreased with increase in 
depths, while in November, there was no significant difference across the depths and in December, the levels did not follow any 
regular trend. The summarized means varied from 18.35 – 25.84 mg/kg (Table 6), which is slightly higher than world soil average 
(WSA) of 25 mg/kg when considering the highest concentration. The concentrations of the summarized mean also decrease with 
increase in depths. 

Iron concentration from this study ranged from 2.40 – 1814.7 mg/kg (Tables 3, 4 & 5), which is far higher than the WHO/FAO 
acceptable limit of 1.0 mg/kg [2]. The high level of Fe observed might be attributed to the ferritic soil which is characteristic of 
the study area [16]. The concentrations of the metal in October did not follow any trend. In November, there was no significant 
difference and in December there was decrease with increase in depths. The summarized mean values ranged from 666.78 – 
1750.59 mg/kg (Table 6) and they also increased with depths. 

Manganese concentrations varied from 1.0 – 146.5 mg/kg (Tables 3, 4 & 5), and they are within the permissible limit values 
determined by (USEPA, 1986) as 100 – 300 mg/kg [17]. This shows that the contamination has not reached the level of raising 
alarm. The values in October and November did not follow any trend across the depths, while in December, the values decreased 
with increase in depths. The values of the summarized means were within 53.2 – 118.03 mg/kg (Table 6) across the depths.

Nickel is known to cause skin problem and vomiting at toxicity level. Its values ranged from 2.0 – 27.6 mg/kg (Tables 3, 4 & 5) 
across the months. The concentration of Ni was lower than the permissible limit of 50 mg/kg of WHO/FAO [2] and also within 
the optimal and action values (35 & 210 mg/kg) of Dutch [14]. The values are also within Dutch SQGV optimal and action of 35 
and 210 mg/kg. The level of Ni in October decreases with increase in depths, while in November and December, there were no 
significant difference across the depths. The none significant difference may be due to the fact that the pollution is also having a 
natural controlled effect apart from the e-waste [15]. The summarized means were between the range of 10.43 – 26.11 mg/kg (Table 
6) and they increased with increase in depths. From tables 3, 4 and 5, it can be seen that there is no significant difference between 
the mean and the median across the depths in the three months. This indicates that Ni is normally distributed [14].

Chromium is one of the toxic pollutants of the environment when the concentration is above the required limit. Its level in this 
study ranged from 9.30 – 48.15 mg/kg. this is quite below the prescribed optimal and action values of Dutch (35 and 210 mg/kg) 
[14]. Its concentrations decrease with increase in depth in October, while in November and December, there was no significant 
difference (Table 3,4 & 5). This may be due to the anthropogenic activities as the controlling agent in its distribution [15]. The 
summarized mean varied from 23.83 – 58.35 mg/kg (Table 6), which is a little bit above the World soil average of 54 mg/kg [14]. 

(a)

Metals
October November December

0-10 cm 10-20 cm 20-30cm 0-10 cm 10-20 cm 20-30cm 0-10 cm 10-20 cm 20-30 cm

Ba 0.32 ± 0.54 0.49 ± 0.53 0,77 ± 0.52 0.99 ± 1.61 1.25 ± 0.50 0.43 ± 0.51 3.13 ± 4.76 2.93 ± 4.89 3.24 ± 4.76

Cd 18.30 ± 29.47 36.35 ± 37.74 51.29 ± 32.79 6.07 ± 1.39 5.05 ± 2.27 3.85 ± 2.32 9.60 ± 6.33 8.61 ± 6.94 4.72 ± 3.72

Co 0.32 ± 0.54 0.49 ± 0.53 0.77 ± 0.53 56.54 ± 34.00 47.42 ± 40.65 45.15 ±41.53 73.34 ± 59.42 71.89 ± 60.73 47.02 ± 50.89

Cr 0.32 ± 0.54 0.49 ± 0.53 0.77 ± 0.53 16.04 ± 3.54 13.22 ± 5.50 9.48 ± 5.01 19.86 ± 9.73 16.23 ± 12.01 11.58 ± 11.22

Cu 0.38 ± 0.65 0.54 ± 0.62 0.82 ± 0.58 4.39 ± 1.38 3.82 ± 1.68 2.91 ± 1.91 71.94 ± 30.12 55.12 ± 36.59 37.58 ± 30.12

Fe 0.32 ± 0.54 0.49 ± 0.53 0.77 ± 0.52 4.23 ± 1.07 3.54 ± 1.68 2.75 ± 1.74 44.84 ± 37.57 57.31 ± 40.11 32.28 ± 19.94

Mn 4.29 ± 7.33 6.65 ± 7.30 9.40 ± 6.31 98.41 ± 76.04 102.28 ±73.15 74.04 ± 4.62 44.84 ± 42,37 37.62 ± 46.81 36.58 ± 47.17

Ni 0.32 ± 0.54 0.49 ± 0.53 0.77 ± 0.52 5.85 ± 1.82 4.76 ± 2.69 4.04 ± 2.91 16.66 ± 7.32 13.07 ± 8.81 8.41 ± 6.78

Pb 0.32 ± 0.54 4.87 ± 5.30 7.66 ± 5.18 19.31 ± 11.60 18.70 ± 11.98 10.90 ± 5.20 18.78 ± 8.82 14.16 ± 10.78 11.14 ± 11.03

Zn 0.85 ± 0.1.38 1.46 ± 1.38 2.30 ± 1.48 12.85 ± 5.43 10.28 ± 7.20 9.40 ± 7.58 1.23 ± 0.54 0.97 ± 0.67 0.67 ± 0.59
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Metals
October November December

0-10 cm 10-20 cm 20-30cm 0-10 cm 10-20 cm 20-30cm 0-10 cm 10-20 cm 20-30 cm

Ba 0.43 ± 0.76 0.91 ± 0.99 1.33 ± 0.87 1.08 ± 0.79 1.02 ± 0.85 0.80 ± 0.76 2.64 ± 3.98 3.15 ± 3.69 1.16 ± 1.01

Cd 0.43 ± 0.76 0.91 ± 0.99 1.33 ± 0.87 5.41 ± 2.56 4.21 ± 2.82 3.12 ± 2.31 9.85 ± 11.28 8.83 ± 11.97 9.60 ± 11.76

Co 0.43 ± 0.76 0.91 ± 0.99 1.33 ± 0.87 99.53 ± 58.37 61.74 ± 32.09 44.19 ± 23.37 93.19 ± 41.82 77.15 ± 52.29 59.65 ± 48.56

Cr 0.43 ± 0.76 0.91 ± 0.99 1.33 ± 0.87 25.95 ± 22.09 24.04 ± 23.53 21.87 ± 23.35 14.14 ± 5.54 11.23 ± 7.04 8.55 ± 6.43

Cu 0.43 ± 0.76 0.91 ± 0.99 1.33 ± 0.87 4.42 ± 2.16 3,19 ± 1.96 2.19 ± 1.31 1.99 ± 1.06 1.74 ± 1.20 1.07 ± 0.66

Fe 0.43 ± 0.76 0.91 ± 0.99 1.33 ± 0.87 3.94 ± 1.89 3.09 ± 2.13 2.36 ± 1.84 107.58 ± 3.32 90.64 ± 68.06 48.97 ± 21.63

Mn 0.43 ± 0.76 16.24 ± 18.07 23.96 ± 15.66 107.56 ±9.40 75.68 ± 48.48 46.90 ± 21.59 12.52 ± 7.05 7.39 ± 4.59 6.75 ± 4.90

Ni 0.43 ± 0.76 0.91 ± 0.99 1.33 ± 0.87 7.03 ± 3.56 5.75 ± 4.09 4.35 ± 3.50 1.79 ± 0.64 1.32 ± 0.72 0.97 ± 0.61

Pb 0.43 ± 0.76 0.91 ± 0.99 1.33 ± 0.87 8.83 ± 7.24 8.79 ± 7.27 6.58 ± 6.25 13.00 ± 9.88 12.06 ± 10.88 10.33 ± 10.79

Zn 13.74 ± 24.49 26.96 ± 29.50 39.71 ± 48.57 21.24 ± 10.49 15.94 ± 10.27 10.60 ± 6.27 1.98 ± 0.97 1.58 ± 0.97 1.01 ± 0.55

(b)

Table 7 a, b & c: Summarized mean speciation results for the exchangeable fractions (F1), organic fraction 
(F2) and residual fraction F3 of composite soil for each metals across the depths in each months

Metals
October November December

0-10 cm 10-20 cm 20-30cm 0-10 cm 10-20 cm 20-30cm 0-10 cm 10-20 cm 20-30 cm

Ba 0.02 ± 0.01 0.02 ± 0.01 0,01 ± 0.01 1.62 ± 2.19 2.19 ± 2.24 1.00 ± 1.46 3.46 ± 2.35 3.54 ± 2,30 3.60 ± 2.34

Cd 0.10 ± 0.08 0.08 ± 0.09 0.02 ± 0.02 9.88 ± 2.70 8.52 ± 2.29 7.14 ± 2.12 7.98 ± 4.05 6.05 ± 2.72 4.29 ± 1.55

Co  0.02 ± 0.02 0.02 ± 0.01 0.01 ± 0.01 66.47 ±19.47 55.21 ± 18.33 50.21 ± 8.98 60.08 ± 41.63 47.78 ± 34.37 26.41 ± 23.00

Cr  0.02 ± 0.02 0.02 ± 0.01 0.01 ± 0.01 9.31 ± 4.03 9.23 ± 4.06 7.84 ± 3.64 9.12 ± 2.64 7.18 ± 2.14 6.56 ± 1.60

Cu  0.90 ± 0.58 0.68 ± 0.68 0.52 ± 0.71 2.71 ± 0,82 2.39 ± 0.89 2.12 ± 0,84 10.05 ± 4.10 8.84 ± 5.70 9.89 ± 6.17

Fe  548.19 ± 348.94 428.63 ± 411.92 312.16 ± 426.00 3.12 ± 1.37 3.14 ± 1.36 2.57 ± 1.14 42.83 ± 13.48 35.73 ± 15.90 36.26 ± 16.22

Mn  2.95 ± 1.60 2.17 ± 1.76 1.20 ± 1.27 51.20 ±7.36 39.58 ± 14.35 37.63 ± 5.04 10.95 ± 3.71 9.68 ± 4.29 9.33 ± 4.01

Ni  0.02 ± 0.02 0.02 ± 0.01 0.01 ± 0.01 3.70 ± 1.32 3.26 ± 1.44 3.05 ± 1.45 1.77 ± 1.12 1.36 ± 1.27 1.81 ± 1.32

Pb  0.02 ± 0.02 0.02 ± 0.01 0.01 ± 0.01 6.30 ± 2.49 5.83 ± 2.67 5.33 ± 2.63 7.20 ± 2.52 6.38 ± 2.58 5.23 ± 1.1.05

Zn 0.30 ± 0.17 0.20 ± 0.15 0.11 ± 0.11 6.14 ± 1.70 5.26 ± 1.59 4.60 ± 1.58 0.23 ± 0.35 0.01 ± 0.22 0.01 ± 0.24

(c)

Zinc concentrations span from 3.10 – 78.58 mg/kg (Tables 3,4 & 5). The highest concentration was observed in October which 
decreased with increase in depths. This may be attributed to the little rainfall observed in that month. In November, there was no 
much difference within the depths. In December, the values decreased with increase in depths. The concentration of Zn in this 
study were far below the permissible limit values of 300.00 mg/kg of WHO/FAO (Benedicta et al, 2017) [2]. The values are also 
within the optimal and action values (120 & 720 mg/kg) of Dutch (Kyere, 2016) [14]. The summarized mean values were within 
the range of 38.54 – 85.90 (Table 6), and they increased across the depths. The mean concentration of Zn are higher than those of 
Benedicta, et al. (2017) [2], whose highest mean concentrations across the study sites is 37.33 mg/kg from an e-waste burnt sites, 
and lower than the mean value of 3397.10 mg/kg reported by Jadhav, et al. (2017) [18] from a recycling site. From the results, Fe 
and Co had the maximum and minimum values that are really far above their permissible limit.
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Figure 5 (a), (b) and (c): Percentage metals fractionation across the depths in each month

The mean sequential extraction results detailed on Table 6 a, b and c and figure 3 a, b and c fractionate the heavy metals under study 
in the soil sample. These fractionation details from the plots are discussed below.

Barium: In October, the majority of Ba in the soil was bound to organic fraction (F2). Its concentration in F2 varied from 1.58 – 
1.95%. This suggest that there is substantial quantity of Ba across the depths. In the three extraction steps it was mostly bound to 
the organic phase. This indicates that metal is strongly held by the organic matter to form organic barium compound easily [16]. 
This also prove that it is through complexation that Ba will retain organic matter and not by ion exchange. The availability of Ba in 
November and December occured in residual fraction (F3) which are in the range of 0.13 – 3.18% and 0.99 – 4.92% respectively. 
Their order is residual > exchangeable > organic and more of these metals in this phase indicate that their substantial proportion 
in the soil is of geogenic origin and its mobilization is not possible [19].

Cadmium: Across the depths and extraction steps in October, Cd predominated in the exchangeable fraction, ranging from 62.47 
– 74.96%. The predominance of Cd in this phase is in line with the report of Osakwe (2018) [16]. Literature has shown that Cd 
compound in soil solution is very soluble, as such, its high percentage in this fraction can lead to high ecological risk (Jamnika et al, 
2013) [21]. Its high percentage at this phase also prove that its pollution in the soil is of e-waste origin and can enter into the food chain 
through plant intake [35]. Cd in November ranged from 5.25 – 6.11% and is associated with the residual fraction (F3). Since more of 
its concentration was in the residual phase, this indicates that the substantial proportion of this metal in soil under study is of geogenic 
origin and its mobility is not possible (Osakwe, 2018, Moral et al, 2005). Metal that are present in this phase are insoluble, which 
makes their intake by plant impossible because they are held strongly within the mineral matrix. Cd in December occurred mostly in 
the organic phase (F2) at the range of 1.42 – 8.35%. This implies that the metal is strongly held by the organic matter to form organic 
cadmium compound easily. This also shows that it is through complexation that Cd retains organic matter and not by ion exchange.

Cobalt: The percentage of Co in October ranged from 1.58 – 1.95% and 28.21 – 42.611% in November. Both are associated with 
organic fraction (F2), suggesting that the substantial quantity of Co across the depths and in the three extraction steps was mostly 
bound to the organic phase. This also indicates that it is through complexation that Co retains organic matter and not by ion 
exchange. In December, Co occured mostly in residual phase (F3) which ranged from 5.79 – 46.50%. More of this metal in this 
phase indicates that the substantial proportion of this metal in soil under study is of geogenic origin and its mobility is not possible 
(Osakwe, 2018, Moral et al, 2005) [16,19]. Metal that are present in this phase are insoluble, which makes their intake by plant 
impossible because they are held strongly within the mineral matrix (Chaudhary and Benerjec, 2007) [20]. Agbaire and Akporhonor, 
(2014) [17] reported similar predominance of Co in the residual phase.
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Chromium: Chromium was mostly associated with the organic phase (F2) in October and November, it ranged from 1.58 – 1.95% 
and 4.05 and 20.04% respectively. The order of association of Cr in these two months across the depths was organic > exchangeable 
> redidual. Studies have shown that high amount of metal in organic fraction are relatively immobile in the soil since organic 
matter retains chromium in the soil and not by ion exchange (Osakwe, 2018). In December, the associated amount of Cr ranged 
from 4.73 – 6.87%, in the residual fraction (F3) and the order was residual > exchangeable > organic. Its highest percentage in this 
phase shows insolubility of Cr in the soil.

Copper: Copper percentage in October was greater in organic fraction(F2) and it ranged from 1.58 – 1 95%. Its order of abundance 
in the soil was organic > exchangeable > residual. Highest association of Cu in the organic phase has been reprted in other similar 
studies  [22], is strongly held to the organic matter to form Cu compound easily (Fagbote and Olanipekun, 2010) [23]. In November 
and December, the most associated range of Cu was 1.59 – 2.58% and 18.24 – 26.82% respectively. It occurs in exchangeable 
fraction (F1) which indicates that Cu in soil is of anthropogenic origin and can enter the food chain by plant intake ( Tokalioghe, et 
al, 2003). The order of abundance in these months are exchangeable > residual > organic. This is consistent with the resalts reported 
by Agbaire and Akporhonor, (2014).

Iron: The associated proportion of Fe was at the highest in residual fraction (F3) in October and November, and it ranged from 
98.97 – 99.50% and 1.35 – 2.90% respectively. Fe highest proportion in the residual phase is in agreement with Osakwe, (2013), 
Ogunbanjo,et al, (2016), Osakwe,(2018). Its highest proportion here indicates that the metal is insoluble in the soils because 
silicate lattice layer and oxide mineral occluded the phase (Terus, 1995) [24]. The order of their abundance is residual > organic 
> exchangeable in October and residual > exchangeable > organic in November. While in December, the associated proportion 
occured mostly in organic fraction and it ranged from 23.94 – 51.43%. This suggests that the substantial quantity of Fe across the 
depths and in the three extraction steps is mostly bound to the organic phase. The metal is strongly held by the organic matter to 
form organic iron compound easily (Osakwe, 2018). Its order of predominance in December is organic > residual > exchangeable 
fraction across the depths. The proportion of Fe in October was higher than the one reported by Osakwe, 2018, lower in November 
and of the same range in December

Manganese: The percentage association of Mn in this study ranged from 28. 02 – 35.33% in October, 24.82 – 54.99% in November 
and 5.61 – 11.27% in December. Its proportion occur in organic fraction in October, exchangeable fraction in November and 
residual fraction in December. The highest occurrence of this metal in residual phase in December has also been reported by 
Agbaire and Akporhonor (2014). Such proportion as the month of October and November, is in agreement with Osakwe, (2018). 
The association in the organic phase is appreciable which indicate that not much of the metal has been released into the soil. And 
this percentages are strongly held to the organic matter to form Mn compound easily (Fagbote and Olanipekun, 2010). its highest 
proportion in the residual fraction, shows that the metal can not be dissolved in the soils because silicate lattice layer and oxide 
mineral occluded the phase (Terus, 1995). The highest percentage at the exchangeable fraction in December also indicates that its 
pollution in the soil is of e-waste origin and can enter into the food chain through plant intake (Tokalioghe, et al. 2003).

Nickel: Nickel was mostly associated in organic phase with proportion range of 1.58 – 1.95%, this fraction of association of Ni, 
might be due to the fact that little of the metal has been released into the soil. And this percentages are strongly held to the organic 
matter to form Ni compound easily (Fagbote and Olanipekun, 2010). In November and December, the metal association occur 
mostly at the exchangeable fraction, with bioavailability of 1.79 – 3.87% and 3.97 – 5.99% across the depths. Its proportion in the 
exchangeable fraction might be due to the fact that its pollution in the soil is of e-waste origin and can enter into the food chain 
through plant intake (Tokalioghe et al, 2003). The proportion of nickel in this study are lower than those reported by Osakwe, 
(2018) and Agbaire and Akporhonor, (2014).

Lead: The highest proportion of Pb was found in exchangeable fraction in both October and November at the range of 7.24 – 
11.68% and 4.80 – 12.36%. The order of association for both month is exchangeable > organic > residual. The amount is also 
lower than those reported by Osakwe, 2018. its percentage in this fraction can lead to high ecological risk (Jamnika et al, 2013). Its 
percentage at this phase also prove that its pollution in the soil is of e-waste origin and can enter into the food chain through plant 
intake. In December, its proportion ranged from 4.04 – 8.20% across the depths and is associated with organic fraction. This shows 
that the substantial quantity of Pb across the depths and in the three extraction steps is highly bound to the organic phase because 
the metal is strongly attached to the organic matter to form organic lead compound easily (Osakwe, 2018). Its trend for this months 
was organic > exchangeable > residual [26-35].

Zinc: The highest fraction of association of Zn in October was in organic (F2) phase at the range of 50.47 – 54.48%, with its 
abundance in order of organic > exchangeable > residual fraction. This also applied to December but in the range of 0.57 – 0.89%. 
Osakwew & Okolie (2015) reported 30.87% average content of Zn in the organic phase. The amount in this phase might be as a 
result of the fact that little of the metal has been released into the soil. It has been reported that Zn is strongly held to the organic 
matter to form Zn compound easily (Fagbote and Olanipekun, 2010). In November, its association was at exchangeable fraction 
and its proportion ranged from 3.16 – 8.45% and the order abundance is exchangeable > organic > residual across the depths.
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Conclusion
The study highlighted the important information on the heavy metal distribution and their association with various fraction in the 
soil under study. The result showed that all the ten heavy metals (Ba, Co, Cd, Cr, Cu, Fe, Mn, Ni, Pb and Zn) studied were present 
in the soil samples across each depth. It is worthy of note that seven of the heavy metals concentration (Ba, Cr, Cu, Mn, Ni, Pb 
and Zn) were below permissible limit across the depths and months, while Cd and Co concentration were above in some depth 
and below in others, but Fe was above in all. The enrichment factor results were low in the first two months and slightly high in 
some depths in the third month. The 1(geo) accumulation index also showed low results in the first two months and slightly high in 
some depths in the third month. There were variations in association of the heavy metals to different fractions across the months. 
The low levels observed for many of the heavy metals show that the pollution of the metals in the study site has not call for alarm. 
However those that had high concentrations need urgent remediation, to avoid the intake of such metals by plant, in order to 
protect the food chain. 
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