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 The study used various indices of pollution to assess the level of soil contamination from Irasa Abattoir in 
Ado-Ekiti, Southwestern Nigeria. Samples of soil were collected at the surface, 15cm and 30cm depths from 
effluent, roasting and bone waste areas, so as to evaluate the influence of abattoir activities on the soil quality. 
The geo-accumulation index (Igeo) indicates uncontaminated to moderate contamination for the studied 
heavy metals, while the PLI ˃  1 revealed continuous deterioration of the studied sites. The potential ecological 
risk factor and risk index (RI) of the metals revealed low risk level. However, the study exposed the effect of 
wastes and other activities on the status of the soils. Therefore, there is need to monitor the deterioration 
level of the abattoir site. 
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1.  INTRODUCTION 

Metal (toxic) contamination of soil pose serious challenge globally 
(Sofianska et al., 2013). Through natural and anthropogenic activities of 
man, contaminants/pollutants enter the soil environment. In general, 
increasing awareness showed negative effects of metals on human health, 
micro-organisms, and environment. A group researcher affirm toxicity of 
these elements with significant effect on ecology and environment 
(Nagajyoti et al., 2010; Jaishankar et al., 2014). The non-biodegradable and 
immobile nature of these metals in the soil has made them a global 
concern. 

An abattoir house is a dedicated place for killing and meat processing 
(Homby, 2006). Abattoir waste is said to be a class of waste with immense 
consideration (Ezeoha and Ugwuishiwu, 2011). Abattoir wastes are 
residual materials obtained from slaughterng of animals. These effluents 
comprise materials like blood, urine, faces, bones etc (Osemwota, 2010). 
Many cattle organs have contained heavy metals (Jukna et al., 2006). 
Around-the-world, abattoirs have been identified as a source of 
environmental contamination via numerous processes. In Nigeria, 
infrastructures were not provided for wastewater generated from abattoir 
activities (Ogbonnaya, 2008). Activities from abattoir usually contained 
organic and inorganic wastes, and thus far discharged into soils and water 
bodies around the abattoir surroundings (Steffen et al., 1989; RMAA, 
2010). Naturally, soil is a sink for various pollutants; these species change 
the soil characteristics or properties.   

The levels of these toxic metals in soil may increase due to anthropogenic 
pollution, metal accumulation and weathering of natural high background 
rocks. Different pollution indices evaluate the soil quality; providing 
comprehensive geochemical evaluation of soil environment, 
environmental risk assessment, soil degradation, and help determine if 

heavy metal accumulation was as a result natural processes or 
anthropogenic activities. Soil contamination assessment is often based 
using indices of pollution (Aloupi and Angelidis, 2001; Woitke et al., 2003; 
Reddy et al., 2004; Selvaraj et al., 2004). The study used various indices of 
pollution (including enrichment factor (EF), contamination factor (CF), 
pollution load index (PLI), geo-accumulation indexes (Igeo), risk index and 
ecological risk) to evaluate contamination status of soil out-of Irasa 
Abattoir in Ado-Ekiti, Southwest Nigeria. 

2.   MATERIALS AND METHODS 

2.1   The study area 

Irasa Abattoir is situated in Ado-Ekiti, Southwestern, Nigeria. It has been 
existing actively for the past 15 years. The abattoir is located on a vast land 
along Iworoko road, Ado-Ekiti, Nigeria, and it lies on latitude 7o 25 8 o 2” N 
and longitude 7o 00 6o 00”E (Figure 1). The abattoir is the largest in Ekiti 
State. It can process over 100 cattle’s per week and has various sections 
such as the Lairage, Kraal (holding ground), slaughter slab, butchering, 
and roasting (dehairing) sections.  

2.2   Collection of sample and pre-treatment 

Samples of soil (surface; 15 cm and 30 cm depths) were collected from 
three different areas (Effluent Waste Area (EWA), Roasting Area (RTA) 
and Bone Waste Area (BWA)). Two sampling spots 10 meters from each 
other were mapped out for soil sample collection at each sampling 
location. Using a calibrated soil auger, soil was sampled at the surface, 15 
cm, and 30 cm depths from each sample location. Control was taken at 
about 200 m away from the locations (abattoir). The samples were kept in 
new clean polythene nylon and correctly labeled before been taken to the 
laboratory. The samples were later air-dried for about two weeks, ground, 
sieved properly with 2mm mesh to achieve homogeneity.
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Figure 1: Map of the study area showing the sampling locations 

2.3   Heavy metal analysis 

One gramme (1.0 g) of air-dried soil sample was weighed and placed in a 
100ml conical flask, 30 ml Aqua regia (HCl: HNO3) was added. The 
solutions were digested for two hours and evaporate to dryness on a hot 
plate under a fume cupboard. 5 ml of deionised water were added to the 
digested samples, filtered into 100 ml standard flask and later made up to 
a 100 ml mark with the de-ionized water before transferring into sample 
bottles. The toxic metals were identified and quantified using Atomic 
Absorption Spectrophotometer (AAS) ((PG 990) at Centre for Energy 
Research and Development (CERD), Obafemi Awolowo University, Ile-Ife, 
Nigeria. 

2.4   Indices of pollution 

The following indices (Enrichment factor (EF), contamination factor (CF) 
and degree of contamination (Cd), pollution load index (PLI), 
geoaccumulation Index (Igeo), potential ecological risk factor (Eir) and 
risk index) were employed in assessing the level and contamination status 
of heavy metals in soil of the study area. 

2.5   Contamination factor (CF) and degree of contamination (Cd) 

Demie employed CF in providing degree of overall contamination of a 
particular sampling site (Demie, 2015). The Contamination factor is the 
ratio of metal level in the studied soil sample to that of control: 

CF =
C𝑚𝑒𝑡𝑎𝑙              

C𝑏𝑎𝑐𝑘𝑔𝑟𝑜𝑢𝑛𝑑
                                                                                                                      (1) 

The Cmetal is metal level in the analysed soil sample; Cbackground is the metal 
background value (control) of the metal. 

The CF are classified as thus: very high contamination (CF ≥ 6); 
considerable contamination (3 ≤ CF< 6); moderate contamination (1 ≤ 
CF<3) and low contamination (CF < 1). 

The Cd is the total of the each contamination factor (Hakanson, 1980). The 
equation below to computes the degree of contamination (Hakanson, 
1980): 

Cd = ∑ 𝐶𝑓𝑖𝑛
𝑖=1                                                                                                                           (2) 

where Cf showed contamination factor of each metal; n is the total number 
of metals under study. Abrahim and Parker (2008) utilize Hakanson 
(1980) equation to get modified overall degree of contamination and 
shown by the equation: 

𝑚𝐶d =
∑ Cfi𝑛

𝑖 =1

𝑛
                                                                                                                             (3) 

where mCd = modified degree of contamination, n = number of analyzed 
elements, and Cfi = contamination factor. Abrahim and Parker (2008) 
classified mCd in this way: mCd ≥ 32 means ultra-high, 16 ≤ mCd < 32 
(extremely high), 8 ≤ mCd < 16 (very high), 4 ≤ mCd < 8 (high), 2 ≤ mCd < 
4 (moderate), 1.5 ≤ mCd < 2 (low) and mCd < 1.5 (nil–very low). 

2.5.1   Enrichment factor (EF)  

In evaluating contamination in an environment, EF is a good indicator. EF 
evaluates the respective contributions of anthropogenic and natural toxic 
metal loads to soil (Adamo et al., 2005; Valdes et al., 2005). EF also indicate 
the level of pollution or contamination or both (Rubio et al., 2000). It’s 
calculated as: 

EF =
(Cn∕Cref ) sampl e

(Bn∕Bref) background
                                                                                                           (4) 

Cn is the concentration of the analysed metal in the studied environment; 
Cref is the concentration of the reference metal in the studied environment; 
Bn is the background (control) value of the examined element; and Bref is 
the background level/value of the reference metal.  Reference elements 
usually used are Fe, Mn, Sc, and Al (Loska et al., 1997). Fe was used as 
reference for this study. Iron was chosen, because of its conservative 
nature during digenesis (Chapman and Wang, 2001). Values EF close to 
unity specify crusted origin; likely mobilization or depletion of metals (EF 
˂ 1.0), while anthropogenic origin (EF > 1.0) (Zsefer et al., 1996).  

2.5.2   Geoaccumulation index (Igeo) 

The Igeo evaluate the level of metal pollution in soil by contrasting the 
current level with pre-industrial values (Muller, 1969). The Igeo is 
evaluated follows: 

Igeo = log2   (
𝐶𝑛

1.5𝐵𝑛
)                                                                                                                                                                                 (5) 
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where, Cn is the evaluated concentration of the soil sample for n metal (n); 
and Bn is the background value of metal (n). The correction factor; 1.5 
accounted for possible variability in background data due to lithogenic 
effects. Muller (1969) suggested these descriptive categories for Igeo 
values: Igeo > 5 (extremely contaminated); 4 <Igeo< 5 (strongly to 
extremely contaminated); 3 < Igeo < 4 (strongly contaminated).; 2 <Igeo < 
3 (moderately to strongly contaminated); 1< Igeo < 2 (moderately 
contaminated); 0 < Igeo < 1 (uncontaminated to moderately 
contaminated) and Igeo = 0 (uncontaminated). 

2.5.3   Pollution load index (PLI) 

PLI indicates the amount of times by which metal concentrations exceed 
the background level in soil and gives a cumulative assessment of the total 
level of metal toxicity at a particular site. The PLI was calculated 
(Tomlinson et al., 1980). The PLI of the site was estimated by getting the 
n-root from the n-CFs. PLI is calculated as: 

PLI = (CF1 × CF2 × CF3 ×..........CFn)1/n                                                                                    (6) 

n is the number metals = 6 and CF is the contamination factor. 

According to Tomlinson et al. (1980), a PLI of 0 indicate perfection; PLI ˂  
1 (no pollution); PLI = 1 (close to background level), and PLI > 1 
(deterioration of site quality).  

2.5.4   Potential ecological risk factor (Eir) and risk index (RI) 

The Eir quantifiably indicates the potential ecological risk of a 
contaminant in a study area. The Equation 7 exhibit potential ecological 
risk factor. The risk inde (Equation 8) showed the total effect of numerous 
metals on the environment (Li et al., 2015). 

𝐸𝑟
𝑖  = 𝑇𝑟

𝑖 × 
𝐶𝑖

𝐶𝑜
                                                                                                                            (7) 

RI = ∑ 𝐸𝑟
𝑖𝒏

𝒊=𝟏                                                                                                                             (8) 

where Tir is the toxic-response factor for a metal, Ci is the contamination 
factor, and Co is the metal’s background value in the n soil. Hakanson in 
1980 established the Tir or Mn, Zn, Cr, Ni, Pb, Cu and Cd as 1,1, 2, 5, 5, 5 
and 30, respectively. The level of Eir is defined as: Eir < 40 (low), 40 ≤ Eir 
≤ 80 (moderate), 80 ≤ Eir ≤ 160 (considerable), 160 ≤ Eir ≤ 320 (high), and 
Eir ≥ 320 (very high). The potential ecological risk index indicates: RI < 
150 (low ecological risk), 150 ≤ RI > 300 (moderate ecological risk), 300 ≤ 
RI >600 (considerable ecological risk) and RI > 600 (very high ecological 
risk). 

2.6   Quality assurance 

Validation of the digestion method and certification of the instrument as 
good enough for the analysis was done by carrying out recovery 
experiment using standard addition method, where known amount of 
heavy metals were added to the samples and then analyzed for total 
metals. Five samples were spiked with mixtures of heavy metal standard 
solutions (10 and 15 ppm). The spiked samples were permitted to stand 
for some hours and digested and analyzed as described in the method 
above. The mean percentage recovery values ranged from 70.1±2.9 (Ni) to 
82.7 ± 3.7 (Cr). The recovery obtained was within the recommended 
standard for recovery of heavy metals. The determined results showed the 
method of digestion used for the soil was reproducible, efficient, and 
adequate. 

3.   RESULTS AND DISCUSSION 

3.1   Distribution of the heavy metals  

The concentration of the toxic metals in control samples are depicted in 
Table 1.  The study showed a series of trends in the metal’s accumulation 
with concentration (mg/kg) range of 1.30 (Mn) to 152.0(Fe), 1.60(As) to 
170.0(Fe), and 0.90(As) to 155.0(Fe) at the surface, 15 and 3 0cm depths, 
respectively. The analysed metals concentration in the effluent waste area 
is presented in Table 2.  

Table 1: Concentrations (mg/kg) of heavy metals in the Control Sample (background level)  

 Surface 15cm (Depth) 30cm (Depth) 

Cr 4.00±0.20 5.40±0.10 2.10±0.00 

Cd 4.00±0.00 4.30±0.20 2.60±0.10 

Zn 4.00±0.10 2.20±0.20 4.41±0.20 

As 1.40±0.15 1.60±0.10 0.90±0.15 

Cu 2.00±0.20 2.00±0.25 2.60±0.20 

Mn 1.30±0.10 1.70±0.15 1.00±0.15 

Ni 3.80±0.15 2.30±0.10 2.70±0.10 

Fe 152±4.00 170±0.70 155±.5.00 

Table 2: Concentration (mg/kg) of heavy metals in soil samples from the Effluent Waste Area 

 Surface 15cm (Depth) 30cm (Depth) 

Cr 5.65±0.55 3.15±0.15 3.15±1.05 

 (9.73%) (4.76%) (33.3%) 

Cd 2.10±0.80 1.85±0.55 2.50±0.40 

 (38.1%) (29.7%) (16.0%) 

Zn 4.25±0.85 4.90±0.00 3.35±0.55 

 (20.0%) - (16.4%) 

As 2.25±0.15 2.10±0.10 1.75±0.05 

 (6.67%) (4.76%) (2.86%) 

Cu 3.25±0.35 3.40±0.60 2.95±0.75 

 (10.8%) (17.7%) (25.4%) 

Mn 2.25±0.45 1.65±0.35 2.55±0.35 

 (20.0%) (21.2%) (13.7%) 

Ni 4.30±0.50 5.45±0.95 5.65±1.25 

 (11.6%) (17.4%) (22.1%) 

Fe 123.0±7.00 98.0±5.00 116.5±16.5 

 (5.69%) (5.10%) (14.2%) 

Mean ± SD (CV%) 
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The result revealed the contamination pattern in order: Fe > 
Cr>Ni>Zn>Cu>As=Mn>Cd at the surface, Fe>Ni>Zn>Cu>Cr>As>Cd>Mn at 
15cm depth, while 30cm depth reflected Fe>Ni>Zn>Cr>Cu>Mn>Cd>As. Cr 
and as revealed decreasing patterns down the depth. Only Ni showed an 
increasing pattern, while Cd, Zn, Cu, Mn, and Fe disclosed irregular 
patterns down the depth of the effluent area. A low level of spatial 
variation was mostly recorded among the metals and sampling depths, as 
shown in the calculated coefficient of variation.  

Table 3 shows the concentration of the metals in the studied soils of the 
roasting area. The result revealed the contamination pattern in order: 
Fe>Zn>Cu>Ni>Cr>Cd>Mn>As at the surface, Fe>Ni>Zn>Cr=Cd>Cu= 
Mn>As, at 15 cm, while 30 cm depth presented Fe>Ni>Cd>Zn>Cr>Cu>Mn 
>As. The result showed similar trends in heavy metal concentration 
(mg/kg), with As and Fe showing the least and highest all the depth.

Table 3: Concentration (mg/kg) of heavy metals in soil samples from Roasting Area 

 Surface 15cm (Depth) 30cm (Depth) 

Cr 3.20±0.90 2.85±0.15 4.15±2.35 

 (28.1%) (5.26%) (56.6%) 

Cd 2.60±0.30 2.85±0.15 4.50±0.10 

 (11.5%) (5.26%) (2.22%) 

Zn 5.30±0.90 4.50±0.30 4.35±0.65 

 (17.0%) (6.67%) (14.9%) 

As 1.55±0.25 1.50±0.00 1.35±0.35 

 (16.1%) - (25.9%) 

Cu 4.00±0.40 2.10±0.10 3.20±0.10 

 (10.0%) (4.76%) (3.12%) 

Mn 2.25±0.35 2.10±0.10 3.15±0.35 

 (15.6%) (4.76%) (11.1%) 

Ni 3.55±0.35 5.75±1.55 5.30±1.50 

 (9.85%) (27.0%) (28.3%) 

Fe 147.0±25.0 115.5±5.50 90.0±6.00 

 (17.0%) (4.76%) (6.67%) 

Mean ± SD (CV%) 

A low degree of variation was also observed in the metal distribution, as 
shown in the calculated coefficient of variation. Fe, As and Zn showed 
decreasing patterns down the depth. Only Cd revealed an increasing 
pattern, while Cr, Cu, Mn, and Ni showed an irregular pattern down the 
depth. Studies of reported higher concentration for most metals except Cr 

were reported compared with the present study (Dan et al., 2009; Ebong 
et al., 2020). The concentration of metals in the soil of the bone waste areas 
is depicted in Table 4. It revealed the contamination pattern of 
Fe>Zn>Ni>Cr>Cd>Mn>Cu>As at the surface, Fe>Ni>Cu>Zn>Mn>Cr=C 
d>As at 15cm depth, and Fe>Cu>Zn>Ni>Mn>Cr=Cd>As at 30cm depth.  

Table 4: Concentrations (mg/kg) of heavy metals in soil samples from Bone Waste Area 

 Surface 15cm (Depth) 30cm (Depth) 

Cr 3.80±0.80 2.20±0.30 1.90±0.00 

 (21.1%) (13.6%) - 

Cd 3.70±0.90 2.20±0.30 1.90±0.00 

 (24.3%) (13.6%) - 

Zn 4.00±0.60 3.80±0.60 3.45±0.45 

 (15.0%) (15.8%) (13.0%) 

As 1.30±0.30 1.70±0.40 1.25±0.15 

 (23.1%) (23.5%) (12.0%) 

Cu 3.25±0.25 3.95±0.05 4.05±1.05 

 (7.70%) (1.27%) (25.9%) 

Mn 3.50±0.20 2.90±0.55 2.10±0.60 

 (5.71%) (19.0%) (28.6%) 

Ni 3.90±0.60 4.25±1.35 2.35±0.15 

 (15.4%) (31.8%) (6.38%) 

Fe 97.5±2.50 86.5±7.50 126.5±27.5 

 (2.44%) (8.67%) (21.7%) 

Mean ± SD (CV%) 

The Cr, Cd, Zn, and Mn showed decreasing patterns down the depth, while 
Fe, Ni, and As showed an irregular pattern down the depth. Chukwu and 
Anuchi reported a lower Cd and a higher concentration of other 
determined metals as compared to current study (Chukwu and Anuchi, 
2016). The Fe reported in this study was lower than what Yahaya et al. 
(2009) and Ebong et al. (2020) reported in soils of the abattoir, but higher 
than Simeon and Friday (2017). The Zn range reported in this study was 
similar to Ubwa et al. (2013), while those reported for abattoir waste-

impacted soils by Yahaya et al. (2009) and Ebong et al. (2020) were higher. 
Cu from the current study was lower than Osu and Okereke (2015) (0.05 
– 1.70 mg/kg), while, the level (36.5 – 40.6 mg/kg) and (15.7 – 19.3 mg/kg) 
by Ebong et al. (2020) were higher to the present study. The level of Cr 
(4.25 – 5.86 mg/kg) by Chukwu and Anuchi (2016) showed a similar range 
with the present study, while those of Ebong et al. (2020) and Ubwa et al. 
(2013) were higher and lower, respectively. 
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3.2   Estimated pollution indices 

The CF of the metals at the effluent waste area (EWA), bone waste area 
(BWA) and roasting waste area (RTA) were presented in Table 5. The CF 

value of Fe and Cd were generally ˂ 1 and thus reflected low contamination 
at the surface, 15 and 30 cm depths, while Ni, Mn, Cu, As, and Cd revealed 
moderate (˃ 1) contaminations of effluent area. Cr varied from low to 
moderate (0.58 – 1.50) at the effluent area.  

Table 5: Contamination factor (CF) of heavy metals in soil samples from the study areas (Effluent Waste Area, Roasting Area and Bone Waste Area)  

 EWA-S EWA-15 EWA-30 RTA-S RTA-15 RTA-30 BWA-S BWA-15 BWA-30 

Cr 1.41 0.58 1.50 0.80 0.53 1.98 0.95 0.41 0.90 

Cd 0.53 0.43 0.96 0.65 0.66 1.73 0.93 0.51 0.73 

Zn 1.06 2.23 0.76 1.33 2.05 1.00 1.00 1.73 0.78 

As 1.61 1.32 1.94 1.11 0.94 1.50 0.93 1.06 1.39 

Cu 1.63 2.13 1.13 2.00 1.05 1.23 1.63 1.98 1.56 

Mn 1.73 1.00 2.55 1.73 1.24 3.15 2.69 1.24 2.10 

Ni 1.13 2.37 2.09 0.93 2.50 1.96 1.03 1.85 0.87 

Fe 0.81 0.58 0.75 0.97 0.68 0.58 0.64 0.51 0.82 

EW-S= Effluent waste area at surface; EWA-15= Effluent waste area at 
15cm depth; EWA-30 = Effluent waste area at 30cm depth; RT-S= Roasting 
area at surface; RTA-15= Roasting area at 15cm depth; RTA-30 =roasting 
area at 30cm depth; BW-S= Bone waste area at surface; BWA-15= Bone 
waste area at 15cm depth; BWA-30 =Bone waste area at 30cm depth. 

The roasting area reflected low to moderate Ni, As, Cd, and Cr 
contamination. Fe (˂ 1) revealed low contamination, while Mn, Cu, and Zn 
showed moderate contamination class at the roasting area. As reflected, a 
special considerable contamination at 30 cm at the roasting area. The bone 
waste area showed low contamination (˂ 1) of Fe, Cd, and Cr generally at 
the surface, 15 and 30 cm depths, while Mn, and Cr revealed moderate 

contamination. Low to moderate contamination were exhibited for As and 
Ni and Zn 

For degree of contamination (mCd), the bone and effluent waste areas of 
the studied abattoir site reflected nothing to very low degree of 
contamination as revealed by mCd) (Table 6). The roasting area at 30 cm 
depth (RTA-30) depicted low degree contamination, while RTA-S and 
RTA-15 reflected nil to low degree of contamination. The PLI depicted 
progressive deterioration of the soil quality in the bone, effluent waste, 
and bone waste areas of Irasa abattoir as shown in the calculated PLI 
(Tomlinson et al., 1980). The calculated PLI of the studied areas generally 
depicted PLI ˃  1.  

Table 6: Pollution Load Index (PLI) and Modified Degree of Contamination (mCd) of heavy metals in soil samples at the Surface, 15cm depth and 
30cm depth from the study areas (Effluent Waste Area, Roasting Area, Bone Waste Area)  

 EWA-S EWA-15 EWA-30 RTA-S RTA-15 RTA-30 BWA-S BWA-15 BWA-30 

PLI 1.16 1.10 1.33 1.12 1.05 1.48 1.11 1.10 1.07 

mCd 1.23 1.33 1.46 1.19 1.21 1.64 1.23 1.16 1.14 

The enrichment factor (Table 7) revealed deficiency to minimal 
enrichment of Cr, Cd, Zn, and Ni at the sampling depths from effluent waste 
area, while As, Cu and Mn showed moderate enrichment majorly at the  

surface and 30 cm depth. Ni generally showed moderate enrichment in the 
roasting area, while Cr and Cd showed deficiency to minimal enrichment.  

 

Table 7: Enrichment factors (EF) of heavy metals in soil samples at the Surface, 15cm depth and 30cm depth from the study areas (Effluent Waste 
Area, Roasting Area, Bone Waste Area)  

 EWA-S EWA-15 EWA-30 RTA-S RTA-15 RTA-30 BWA-S BWA-15 BWA-30 

Cr 1.75 0.83 1.48 1.01 0.78 0.80 2.00 3.40 1.11 

Cd 0.65 0.67 1.44 0.75 0.98 1.01 1.28 2.98 0.90 

Zn 1.31 1.37 1.56 3.86 3.01 1.73 1.07 1.70 1.00 

As 2.00 1.11 1.45 2.28 1.38 2.09 2.59 2.58 1.70 

Cu 2.01 2.07 2.53 2.95 1.55 3.88 1.51 2.12 1.91 

Mn 2.13 1.79 4.20 1.68 1.82 3.35 3.39 5.43 2.57 

Ni 1.40 1.01 1.60 4.11 3.68 3.63 2.78 3.38 1.06 
          

Bone waste area revealed moderate enrichment of most metals at the 
surface and 15cm depth. Cr, As, Mn, and Ni depicted moderate enrichment 
in the surface soil and 15 cm depth at the bone areas, while deficiency-
minimal enrichment were majorly observed at 30 cm depth. A significant 
enrichment (5 ˂ EF˂ 20) of Mn was observed at bone waste area at 15 cm 

depth. Table 8 shows the geoaccumulation index of the metals from the 
studied abattoir soils. The results obtained were generally between 0 ˂ 
Igeo ˂ 1, which depicted uncontaminated to moderate contamination of 
the studied metals.

 

Table 8: Geo-accumulation Index (Igeo) of heavy metals in soil samples at the Surface, 15cm and 30cm depth from the study areas (Effluent Waste 
Area, Roasting Area, Bone Waste Area) 

 EWA-S EWA-15 EWA-30 RTA-S RTA-15 RTA-30 BWA-S BWA-15 BWA-30 

Cr 0.28 0.16 0.19 0.12 0.11 0.08 0.39 0.40 0.18 

Cd 0.11 0.13 0.19 0.09 0.13 0.10 0.35 0.35 0.15 

Zn 0.21 0.27 0.20 0.45 0.41 0.35 0.15 0.20 0.16 

As 0.32 0.22 0.19 0.26 0.19 0.21 0.39 0.30 0.28 

Cu 0.33 0.40 0.33 0.34 0.21 0.40 0.23 0.25 0.31 

Mn 0.35 0.35 0.54 0.19 0.25 0.34 0.51 0.63 0.42 

Ni 0.23 0.19 0.21 0.48 0.50 0.37 0.42 0.39 0.17 

Fe 0.16 0.19 0.13 0.12 0.14 0.10 0.50 0.12 0.16 
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The ecological risk factor  results are shown in Table 9. The  for Cr varied 
from 0.15 to 1.89, thus belonging to class of low ecological risk. The  for 
Cd, Zn, As, Cu, Mn, and Ni ranged from 3.00 to 19.96, 0.17 to 1.01, 5.88 to 
21.56, 2.17 to 5.33, 0.57 to 3.15 and 1.22 to 5.43, respectively and as such 
belong to the low ecological risk class. However, the accumulation of these 

metals should be monitored due to the toxic and persistent nature of 
metals. The RI values were also presented in Table 10. The RI were used 
to assess the possible or potential risk associated with determined heavy 
metals in the impacted soils.  

 

Table 9: Ecological Risk Factor and Risk index (RI) of heavy metals in soil samples at the Surface, 15cm depth and 30cm depth from the study areas 
(Effluent Waste Area, Roasting Area, Bone Waste Area) 

 EWA-S EWA-15 EWA-30 RTA-S RTA-15 RTA-30 BWA-S BWA-15 BWA-30 

Cr 0.71 0.22 1.43 0.40 0.20 1.89 0.48 0.15 0.86 

Cd 3.96 3.00 11.08 4.88 4.60 19.96 6.98 3.56 8.42 

Zn 0.27 1.01 0.17 0.33 0.93 0.22 0.25 0.79 0.18 

As 11.50 8.25 21.56 7.93 5.88 16.67 6.64 6.63 15.44 

Cu 4.08 5.33 2.17 5.00 2.63 2.37 4.08 4.95 3.00 

Mn 1.33 0.57 2.55 1.33 0.73 3.15 2.07 0.73 2.10 

Ni 1.49 5.15 3.87 1.22 5.43 3.63 1.35 4.02 1.61 

RI 23.34 23.53 42.83 21.09 20.40 47.89 21.85 20.83 31.61 

The RI varies from 23.34 – 42.83, 20.40 – 47.89, and 20.83 – 31.61 for 
effluent, roasting and bone waste area, respectively. In Consequence, the 
RIs of were in low ecological risk in the bone waste area. In contrast, 
effluent and roasting areas reflected low to moderate ecological risk class 
according to (Hankanson, 1980). 

4. CONCLUSION 

The study revealed low spatial variation along with the depth in most 
cases in soil of roasting, bone waste and effluent waste areas of the studied 
abattoir. An irregular pattern of distribution of the metals was also 
observed down the depth. The variation and distribution pattern could be 
attributed to sampling depth, physic-chemical properties of soil and 
various chemical forms of the metals. From the indices of pollution, the 
study revealed that the anthropogenic activities of the abattoir and loads 
of wastes generated have greatly contributed/influenced the current toxic 
levels of metal pollution and soil deterioration. The contamination factor 
(CF) disclosed low to moderate contamination of the studied metals. 
Consequently, the PLI depicted continuous deterioration of the soil 
characteristics. Hence, wastes and activities on the abattoir have 
negatively impacted the soil quality and proper monitoring, measures and 
controls should be put in place to avoid continuous and permanent 
deterioration of the soil abattoir. 
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