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Abstracts: - Anthropogenic activities such as vehicular emission, 
industrial activities and constructions have resulted in an 
elevated concentration of heavy metals in the surface soils. The 
metal particles can be free from the surface soil when they are 
disturbed and re-entrained in the air, which necessitated the 
need to investigate surface soil at the market environment where 
adults and children are present on daily basis. This study 
assesses the concentration of heavy metal pollution, ecological 
and health risk factors in surface soil at the Effurun market. 
Samples were collected from eight (8) sampling points such as 
household material (EMH), fish (EMFs), fish and commodities 
(EMF-C), Abattoir (EMA 1 & 2), fruit sections (EMF 1 & 2) and 
lastly, main road (EMMR). The samples were digested and 
analyzed in triplicate for contents of Lead (Pb), Nickel (Ni), 
Cadmium (Cd) and Copper (Cu) in the surface soil. The average 
concentration of the heavy metals in all the sampling points 
varies from 3.48±2.39 (Cd) to 47.92±28.2 mg/kg (Pb). The highest 
concentration of Pb and Cu was observed at EMA1 and lowest at 
EMF.  The EMA 1 has the highest concentration of heavy metals, 
which necessitate the performance of ecological risk and possible 
health risk on the soil at this sampling point. The EMA 1 gives 
moderate ecological risk and shows that inhalation was the 
potential exposure pathway for adults and ingestion pathway for 
possible health risks to children by the available the heavy 
metals. The potential non-carcinogenic and carcinogenic analysis 
showed that both children and adults will be affected. However, 
adults will be most affected by the non-carcinogenic and 
carcinogenic metals in the soil. Therefore, people around the 
Abattoir are susceptible to both non-carcinogenic and 
carcinogenic diseases unless the policymakers at the Effurun 
market did something to regulate the activities of the meat sellers 
at the Abattoir. 

Keywords: Ecological risk, GIS, Spatial distribution, Heavy metal 
and Health risk 

I. INTRODUCTION 

oil contamination with heavy metal is a worldwide 
problem. Although traces of metal present are low in the 

soil results from weathering processes from the parent rock, 
while the other sources of heavy metals in the soil are 
pedogenic and anthropogenic input [1, 2]. Wet and dry 
atmospheric deposits and hydraulic deposits were means 
through which heavy metals enter the soil, which in turn 
influence the society health through food chain and cause a 

substantial hazard to the environment [3]. It has been reported 
that metals tend to be present in the parent rock in non-
phytoavailable form due to poor solubility properties, thus 
having very little impact on biota. However, surface soil 
particle within urban area commonly have elevated 
concentration of heavy metal and other pollutant due to the 
effects of human activities, such as vehicular emission, 
industrial activities and road construction [4]. Urbanization 
and uncontrolled migration movement to urban cities have 
resulted in anthropogenic activities that led to the percentage 
increase of heavy metal in surface soil, which serve as a threat 
to human health via inhalation, ingestion and dermal contact 
absorption [5, 6]. Xu et al. [6] has shown that metals in the 
soil particles can enter the human body through inhalation, 
ingestion and dermal contact, which results in accumulation in 
adipose tissue, deposit in the circulatory system, causing 
respiratory and even mortality. It was further stated that the 
grain size of a particle determines the number of dust particles 
inhaled, ingested and through dermal contact by humans [7]. 
Unfortunately, children are exposed to metals at markets, 
playground and residential area in Nigeria, which might result 
in ingestion of significant amount of soil between 39 and 
270mg/kg as reported by Mugoša and Ðurovi [8] due to the 
typical hand-to-mouth behaviour of age six and below.  

Many metals are required in varying quantities in organisms 
for mineral formation but some are damaging to body organs 
in man at a certain concentration [9]. Therefore, 
contamination and environmental risk of metals in surface 
soil, street dust particles should be investigated in detail 
because active person typically inhales 10000L to 20000L of 
air daily [10]. Surface soils that contain heavy metals are the 
vital source of exposure of children and vulnerable people. 
There is three main pathway of exposure such as inhalation, 
ingestion and dermal contact for heavy metals to enter the 
human body [11]. It was reported that roadside specks of dust 
with its heavy metals have a high possibility of causing 
cough/breathing in children and adults during inhalation [12]. 
The literature reviewed on the Effurun market about heavy 
metal contamination using ecological and health risk model 
for surface soil have not been seen in any published work. The 
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aims of this study are to quantify the concentration of heavy 
metals in the surface soil from Effurun Market, investigate the 
degree of pollution and daily intake amount of toxic element 
through surface soil and to present health risk assessment 
method for heavy metals through exposure pathways for 
people around the Effurun market.  

II. EXPERIMENTAL 

Study area background 

type of the study area and sampling point

Uvwie LGA headquarters is Effurun, where the market for 
this study is located. It is the main market for Urhobo people 
and it has grown over the years due to urbanization and the 
population increase to spread from petroleum training institute 
(PTI) road to Jakpa section and along Warri-Sapele road. The 
market is systematically grouped in sessions as follows; fruits 
A & B, fish and commodity, fish, household material, 
Abattoirs A & B, and the main road (Table 1). 
points were obtained with the aid of a global positioning 
system (GPS) to identify each location (see Table 1). 
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Figure  1: Location and land use 
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a global positioning 
system (GPS) to identify each location (see Table 1).  

Table 1: description of the sampling points within the Effurun market

Sampling 
Point 

Code Name Latitude

Household 
material 
section 

EMH 5o33’13”N

Fish section EMF 5o33’19”N
Fish and 
commodities 

EMF-C 5o33’19”N

Abattoir A EMA1 5o33’09”N
Abattoir B EMA2 5o33’09”N
Fruit section A EMFR1 5o33’20”N
Fruit section B EMFR2 5o33’25”N
Main road EMMR 5o33’19”N
Control soil Control 5o34’01”N
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five local government area in 
one of the areas under the Urhobo Kingdom. 

Uvwie is located approximately between 5o31’2.52”N and 
45’0.22”E. The area shared boundary with Okpe Kingdom 

in the North, Udu and Ughievwen in the North-West, 
East, Agbarho-Ame in the 

East, Okere kingdom in the South and Itsekiri in the South-
the city of Warri, border town 

to Osubi Airport and centre of civilization for Urhobo people.

 

Table 1: description of the sampling points within the Effurun market 

Latitude Longitude 

33’13”N 5o47’10”E 

33’19”N 5o47’14”E 
33’19”N 5o47’13”E 

33’09”N 5o47’10”E 
33’09”N 5o47’11”E 
33’20”N 5o47’13”E 
33’25”N 5o47’08”E 
33’19”N 5o47’11”E 
34’01”N 5o50’26”E 
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Sampling and analytical method 

A total of 8 surface soils were collected from the market. At 
each sampling points, samples were collected by sweeping 
with a broom and clean tray on the roadsides and some 
sections of the market, while surface soils were collected at 
other points. The three replicates were analyzed to obtain the 
mean values and standard deviation of the concentration of 
selected heavy metals in the soil. The actual latitude and 
longitude coordinates of each sampling site were recorded by 
a global positioning system (GPS). Soil samples were air-
dried, homogenized and sieved through 2mm mesh and stored 
in a polyethene bags before analysis at ambient temperature. 
The soil extractable form of Pb, Cd, Ni and Cu forms was 
determined after extraction with 20 ml aqua regia mixture 
(HCl and HNO3 in ratio 3:1) and 10 ml of 30 % hydrogen 
peroxide (H2O2) for 2 hours on the gentle heating to avoid 
loss of analytes. After cooling of acid-extractable metal 
solution, samples were filtered through Whatman No. 45 filter 
paper into a 100 ml standard flask. The filtrate was diluted to 
100 ml with distilled water [13]. The metal concentrations 
were determined with Atomic Absorption Spectrometry in 
three replicates to minimize error and cross contamination 
was avoided. The mean value and standard deviation of the 
results were obtained from three replicate of each sampling 
points. The soil organic carbon was measured by the wet 
oxidation method of Walkley and black and the soil pH was 
determined in 1:1 water-to-soil. The Electrical conductivity 
was measured in saturation extract of soils using an EC meter.  

Statistical analysis 

Descriptive statistical parameters were calculated using 
XLSTAT 2018.6 excel add-in.  Correlations between heavy 
metals were assessed by using Pearson correlation coefficient. 
Other exploratory analysis of datas were performed with 
cluster and the biplot to understand the relationship between 
variables via multivariate techniques used to analyze data 
tables and extract important information for later 
representation as a set of new orthogonal variables. The 
source contributions of the pollutant metals were further 
established by using quantification of anthropogenic 
concentration (QAC) formula, which employs the 
concentration of the control sample as background 
concentration that represents the lithogenic metal [14]. The 
QAC is calculated as shown below. 

QAC = ((x – xc)/x) X 100  Equation 1.  

Where x = mean concentration of metal in each sampling 
point, xc = mean concentration of the control soil sample.  

Geostatistical analysis 

The best approach for spatially mapping and analyzing 
distributed phenomenon such as heavy metals within a small 
area is the spatial numerical analysis method known as IDW 
(Inverse Distance Weighted). IDW is a spatial interpolation 
technique that perfectly relates and implements the first law of 

geography which states that closer phenomenon is more 
related than those farther apart. Based on this hypothesis, 
IDW substantially assumed that the degree of correlations and 
similarities between neighbours is proportional to the spatial 
between them that can be defined as a distance reverse 
function of every point from neighbouring points.   It is very 
germane to consider expression of the radius of known 
quantities to be mapped with respect to the power of the 
distance reverse function to be used as weights for the 
numeral interpolation. A key consideration herein is the 
sufficiency of the number of sampling points. However, this 
accuracy is determined to a large extent by the power of the 
inverse distance interpolator parameter P (15& 16). 

Succinctly, IDW is expressed as:  

𝑍 =
∑ .

∑
   Equation 2 

where:  

Z0 = the estimation value of variable z in point I. 

zi = the sample value in point I. 

di = the distance of sample point to estimated point. 

N = the coefficient that determines weigh based on a distance. 

n = the total number of predictions for each validation case. 

This procedure was implemented across the surface of the 
study area using ArcGIS 10.5 software package. Based on the 
result from the IDW, kriging was chosen as the best evaluator 
of interpolation of the contamination factor and the degree of 
contamination factor of the present study. 

Assessment of soil ecological risk  

The evaluation of the metals in the surface soil gives the 
magnitude of pollution/contamination of the surface soil and 
possible ecological and health risk associated with their 
presence in the soil. The soil contamination was assessed 
based on the following parameters: contamination factor (CF), 
ecological risk (Er), potential ecological risk index (RI), index 
of geo-accumulation (Igeo) and health risk assessment model 
(8). The AAS results show the concentration of the metals 
analytes in the soil, while these assessment models described 
the soil quality and potential ecological risk of metals in the 
soil. The assessment method used in this study was proposed 
by Hakanson to assess the potential ecological and 
environmental effects with the toxicological behaviour of 
heavy metal contaminants (17). This assessment process 
quantitatively isolates the extent of potential hazards and 
reveals the comprehensive influence of multiple contaminants 
in a particular environment. It has been reported as the most 
recent scientific and comprehensive approach to assessing 
heavy metal contamination in soils (17, 18 &19).  The status 
of quality or contamination of a contaminated site can be 
defined by comparing the result with the categories specified 
for each index as shown in Tables 2. 
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Table 2 Classification of ecological tools to assess the properties of contamination soil (Mugoša and Ðurovi., 2016) 

CF 
Extent of 

contamination 
Er  Category RI Category I-geo Class Soil quality 

CF< 1 Low contamination < 40  Low < 150 Low risk I-geo ≤ 0 0 Unpolluted 

1< CF ≤ 3 
Moderate 

contamination 
40 << 80  Moderate 150 ≤ < 300 Moderate risk 0 < I-geo ≤ 1 1 

Unpolluted to moderately 
polluted 

3 < CF≤ 6 
Considerable 
contamination 

80 << 160  Considerable 300 ≤ < 600 
Considerable 

risk 
1< I-geo  ≤ 2 2 Moderately polluted 

CF>6 
Very high 

contamination 
160 << 320  High ≥ 600 Very high risk 2 < I-geo ≤ 3 3 

Moderately to strong 
polluted 

  ≥ 320  Very high   3 < I-geo ≤ 4 4 Strongly polluted 

       4 < I-geo ≤ 5 5 
Strongly to extremely 

polluted 

       I-geo > 5 6 Extremely polluted 

 

Contamination factor and degree of contamination factor 

The contamination factor is used to evaluate the quality of the 
soil at the Effurun market. The quality is affected by the 
impact of anthropogenic activities on the concentration of 
heavy metals in the soil (20). The degree of contamination 
factor reveals the comprehensive influence of multiple 
contaminants in the soil at the Effurun market.  The 
contamination factor is the ratio between the total metal 
content in the soil (Cs) and normal background concentration 
levels (Cn). It gives the soil quality or metal enrichment in the 
soil. 

CF =       Equation 2 

While the degree of contamination of heavy metal in soil is  

Cd = = ∑ 𝐶𝐹 

The ecological risk index and degree of the potential 
ecological risk index 

The ecological risk assesses the heavy metal toxicity and the 
response of environment in the soil, while the potential 
ecological risk index (RI) sums the risk factor of all the heavy 
metals in the soil and explain the underline risk associated 
with the contaminated site (21). The toxic response factor 
(Trf) of metals represents the toxicity of particular metal and 
the sensitivity of environment to contamination; though it 
could be determined according to the "elements abundance 
principle" and the "elements release principle" (17). There are 
varied toxic response factor used in many works of literature 
but the Trf used for the metals in this study are Cu – 5, Pb – 5, 
Cd – 30 and Ni – 5 (1, 22 & 23). 

Er  = Trf    Equation 3 

RI = Ʃ Er   Equation 4 

Where, Er = ecological risk index, Trf = toxic response factor, 
Cn = concentration of the heavy metal, RI = potential 
ecological risk index 

 

 

Geo—accumulation index (I-geo) 

This is an index used to measure the accumulation of 
contaminant in the soil (24, 25). It is possible to compare the 
level of accumulation elsewhere with the current study due to 
the use of background concentration and the I-geo can be 
expressed mathematically as:  

I-geon = log (Cn/1.5Bn)         Equation 5 

 where Cn is the measured concentration of analytes and Bn is 
the background concentration of a sample. The 1.5 factor was 
used to account for the variation of heavy metals depending 
on anthropogenic influences on the metal background (26). 

Exposure pathway of toxic heavy metals into the body 

Surface soil at market area can serve as a sink for heavy 
metals from anthropogenic activities and long with organics 
(9). The release of the heavy metal in the surface soil may 
pose a serious health risk to the human within the market area. 
According to Gawade et al. (11), people can be exposed to 
toxic heavy metals through a common pathway such as 
inhalation, ingestion and dermal. It further stated that 
occupational and ambient air exposure of people by ingestion 
and inhalation of Cd and Pb were possible, which could result 
in brain damage (low IQ in children), bone disease 
(osteomalacia), loss of appetite, fatigue, renal dysfunction, 
abdominal pain, birth effects, weight loss, hyperactivity, itai 
itai disease, kidney damage and death at chronic exposure (9 
& 10). Therefore, it is of an essence to characterize the 
possible pathway the Pb and Cd in the surface soil can enter 
into human within the market. This characterisation requires 
the use of a risk characterisation tool that models the possible 
pathway for them to enter the body. There was three pathway 
established by USEPA (27, 28) to evaluate the most 
prominent pathway of the toxic heavy metals can enter the 
human body. Chronic daily intake (mg/kg/day) (Equation 6, 7 
& 8) can be used for estimating each route of exposure 
pathway can be applied because it considered the health risk 
to children and adult in the market (27; 29). The exposure 
pathway for adults in the market will be mostly inhalation 
resulting from wind-blown surface soil dust and dermal 
contact from products, garbage and other anthropogenic 



International Journal of Research and Innovation in Applied Science (IJRIAS) | Volume IV, Issue II, February 2019|ISSN 2454-6194 

www.rsisinternational.org Page 76 
 

activities while children below the age of 6 will mostly have 
ingestion as their pathway because of the repetitive hand-to-
mouth behaviour and mouthing nonfood item (11). 

𝑫𝒊𝒏𝒉 = 𝑪𝒔𝒐𝒊𝒍 𝒙 𝑰𝒏𝒉𝑹×𝑬𝑭×𝑬𝑫

𝑷𝑬𝑭×𝑩𝑾×𝑨𝑻
  Equation 6 

𝑫𝒊𝒏𝒈 = 𝑪𝒔𝒐𝒊𝒍 𝒙 𝑰𝒏𝒈𝑹×𝑬𝑭×𝑬𝑫𝑿𝑪𝑭

𝑩𝑾×𝑨𝑻
𝑋10−6         Equation 7 

Dderm = 𝑪𝒔𝒐𝒊𝒍 𝒙 𝑺𝑨×𝑺𝑳×𝑨𝑩𝑺×𝑬𝑭×𝑬𝑫𝑿𝑪𝑭

𝑩𝑾×𝑨𝑻
   Equation 8 

The pathways formula was used to calculate the non-
carcinogenic risk and carcinogenic risk associated with the 
metals. The non-carcinogenic risk is referred to as Hazard 
quotient, which is calculated by dividing each equation 
(Equation 6, 7 & 8) by reference dose (RfD) values (20). The 
results were compared with risk acceptability for non-
carcinogenic health effect; the acceptable values are HQ <1 
and it can be assumed that no non-carcinogenic risk is 
observed and when it is HQ >1, a possible non-carcinogenic 
risk to human (30). Ni, Pb and Cd carcinogenic properties 
have been reported many studies and it will be of importance 
to calculate the cancer risk they pose to both children and 
adult within the market using the equation below (20). 

RTotal = ∑ ∑ (𝐿𝐴𝐷𝐷𝑋𝑆𝐹)        Equation 9 

If the 𝑅 > 1𝐸 − 04  as unacceptable, 𝑅 <1E-06 
are not considered to pose a significant health risk and when 

is no cancer risk 𝑅  is lying between 1E-04 and 1E-06 

are generally considered acceptable, depending on the 
situation and circumstances of exposure (42). 

III. RESULTS AND DISCUSSION 

The average concentration of heavy metals 

The mean soil pH and soil organic carbon (SOC) ranges from 
7.40 – 8.90 and 1.40 – 5.03 respectively. The soil samples 
from the market revealed varying mean concentrations of the 
four analysed metals (Pb, Cu, Ni and Cd) obtained after 
triplicate analysis as shown in Table 3. Metal concentration in 
the range of 17.83 – 112.27 mg/kg Pb; 9.57 – 18.43 mg/kg Ni; 
0.13 - 7.69 mg/kg and 3.52 – 156.14 mg/kg Cu in dry soil was 
observed in the sampling point within the market area. The 
concentration of all the studied metals at the market was 
higher compared to the uncontaminated control soil. The 
concentrations of metals studied in the soil at EMA1 were 
higher compared to other sampling points except the Cd 
concentration. The concentration of Pb and Cu in the soil 
from the road side might be attributed to motor vehicles, 
which corroborate the QAC and the cluster analysis that they 
are from similar source and they have anthropogenic source. 
The EMA 1 metal values were very high because of tyres and 
other materials the workers at the abattoir used for burning the 
cows and goats to prepare them for their customer. The results 
from this current study corroborate with the work of Khan and 
Kathi (31) report on roadside surface-soil.  

  Table 3: Heavy metals concentration, soil pH and SOC 

location 
The concentration of heavy metals (mg/kg) 

Soil pH SOC (%) 
Pb Ni Cd Cu 

EMMR 17.8±0.63 BDL 0.98±0.10 10.7±0.25 7.4 3.8 

EMH 60.1±1.49 9.57±0.95 3.79±0.06 4.53±0.18 7.7 3.03 

EMFR 1 39.4±0.59 BDL 2.49±0.04 5.53±0.05 6.8 2.03 

EMFR 2 31.9±0.66 BDL 7.69±0.19 9.18±0.07 7.7 4.11 

EMA 1 112±1.12 18.4±0.84 6.53±0.24 156 ±1.10 6.4 5.03 

EMA 2 52.0±0.75 6.80±0.20 3.48±0.05 60.5±0.05 6.8 4.79 

EMF 19.6±0.65 BDL 0.13±0.03 3.52±0.85 8.7 3.67 

EMF-C 50.3±1.44 BDL 2.78±0.06 4.26±0.04 8.9 1.4 

 

The percentage of Pb released by vehicles that gets deposited 
on road side is 25 %, while the remaining fraction of are 
airborne contaminating areas more remote from the point of 
its emission. The Pb deposited in the road dust and vehicle 
traffic at the market surface soil has lesser mobility and they 
remain in the surface soil. Therefore,  it is a risk for children 
due to two reasons: their typical hand-to-mouth behaviour of 
ages less than or equal six and past work that revealed that 
soil ingestion of children while playing might be around 39 - 
270 mg/kg (8).  

Descriptive Statistical analysis of the heavy metals in the soil 
samples 

The descriptive statistical parameters were used to evaluate 
the raw data of the heavy metals extracted from the surface 
soil at the Effurun market.   The mean concentration of the 
samples ranges from 3.48 to 47.92 mg/kg as shown in Table 
4.   The coefficient of variation (CV) values of the metals 
ranged from 62.86 to 169.10 %, indicating moderate 
variations of these metals within the study area. Cu showed 
the highest CV value of 169.10 %, suggesting that it has the 
greatest variation among the soil samples with highest 
probability of being influenced by the anthropogenic factor 
including burning of tyre at the abattoir section of the market. 
The CV of all the metals is very high and it can be logically 
explained that these elements are affected by anthropogenic 
factors (32).  
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Table 4. Descriptive statistic parameters of extractable heavy metals at Effurun Market (mg/Kg)

Variable Sample Mean Minimum Maximum Standard Deviation CV% Kurtosis Skewness 

Pb 47.92 17.82 112.27 30.13 62.86 2.89 1.49 

Ni 4.35 0.00 18.42 6.82 156.90 1.71 1.52 

Cd 3.48 0.12 7.69 2.56 73.62 -0.41 0.54 

Cu 31.80 3.52 156.14 53.77 169.10 5.05 2.26 

pH 7.550 6.400 8.900 0.899 11.910 -0.991 0.424 

SOC (%) 3.483 1.400 5.030 1.270 36.460 -0.662 -0.555 

EC 861.250 391.000 1893.000 618.066 71.764 -0.201 1.271 

        

Correlation values among the heavy metals 

The correlation analysis is widely used for environmental 
analysis to check the possible relationships among the metals 

and other variables such as soil organic carbon (SOC), using 
Pearson's correlation coefficients as shown in Table 5.  

 

Table 5 Pearson correlation coefficient analysis between metals, soil pH and % SOC in surface soil at Effurun market area 

Variables Pb(mg/kg) Ni(mg/kg) Cd(mg/kg) Cu(mg/kg) pH SOC (%) 

Pb(mg/kg) 1 0.924 0.572 0.859 -0.507 0.305 

Ni(mg/kg) 1 0.481 0.867 -0.579 0.545 

Cd(mg/kg) 1 0.484 -0.403 0.381 

Cu(mg/kg) 1 -0.647 0.652 

pH 1 -0.537 

SOC (%) 1 

Values in bold are different from 0 with a significance level alpha=0.05 

The correlation analysis showed significant (p<0.05) 
correlations with positive correlations between metals from 
each sampling points as follows: Pb vs. Ni, r = 0.924; Pb vs 
Cd, r = 0.572; Pb vs Cu, r = 0.859. The Pb correlate with all 
the metals (p<0.05); however, correlation with Ni was the 
highest. Cu showed remarkable correlation with Pb (0.86) and 
Ni (0.87), followed by Cd (0.484). The high correlations 
among the metals reflect that the accumulation of the 
pollutant may have resulted from anthropogenic activities in 
the market. Furthermore, SOC correlate with all metals but 
strong with Pb and Cu as an influencing factor on their 
concentration in the soil because of the formation of complex 
stable compounds with metals. The SOC concentration 
resulted mostly from market organic wastes and aerial 
particles. It suggested that SOC and the metals are likely to 
have similar sources (33 & 34). The cluster analysis was used 
in this current study to identify contamination sources as 
formally use by (35 & 36). The analysis was performed on 
metals concentration in the soils by the furthest neighbour 
linkage method based on the correlation coefficients (Pearson 
coefficient). The result of the analysis is shown in the 
dendrogram (Figure 1). The dendrogram is the most important 
result of cluster analysis. It indicates all the observations and 
at what level of similarity any two clusters were joined. It is 
commonly displayed as a tree diagram (Figure 2). The cluster 
analysis displayed in this current work by dendrogram 
grouped the observations into three classes. This classification 
shows similarity in the sources of the observations as shown 
in Table 6. The Dendrogram confirmed that Pb, Ni, Cu and 
SOC have similar sources different from Cd and pH. It means 

that Pb, Ni, Cu and SOC resulted from market wastes or 
anthropogenic activities.  

Table 6: Observations grouping according to class generated from cluster 
analysis 

Observation Class  

Pb(mg/kg) 1 

Ni(mg/kg) 1 

Cd(mg/kg) 2 

Cu(mg/kg) 1 

pH 3 

SOC (%) 1 

 

 
Figure 2. Dendrogram for the heavy metals obtained by furthest neighbour 

method 
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Principal component analysis (PCA) 

The PCA was used in this current work to indicate the sources 
of the metals whether they are mixed, lithogenic or 
anthropogenic sources. Table 5 shows that four factors had an 
effect on the variables which suggested multiple sources for 
the metals. However, the scree plot (Figure 2) was able to 
show that only two factors accounts (Table 6) for most of the 
total variability in the data.   

The Bioplot graph in Figure 3 shows that the Cd observations 
in all the sampling locations differ from the other metals, 
which further confirm the dendrogram of the heavy metals 
that Cd source in the soil is different from other metals due to 
contribution from lithogenic and anthropogenic sources.  

The Pb, Ni, and Cu show that they are strong influence by F1, 
while Cd was strongly influenced by F2. This suggested that 
Pb, Ni, Cu had their major source as anthropogenic activities 
within the Effurun market while Cd might be mixed source 
(lithogenic and anthropogenic activities). The bioplot in 
Figure 3 shows that the data appear normal and no extreme 
outliers are apparent. The data of Pb, Ni, Cu have large 
positive loadings on factor 1, so this factor describes 
anthropogenic source has the major activities that led to the 
concentration of the metals in the surface soil, while Cd has 
large positive loading on factor 2, which suggested mixed 
sources that could not be interpreted clearly enough.  The 
PCA analysis has confirmed the result of class shown in the 
cluster analysis that most metal concentration in the surface 
soil originated from anthropogenic activities within the 
Effurun market. Therefore, the ecological risk of metals that 
are majorly influenced by the anthropogenic activities will be 
examined. 

Table 4 Observations grouping according to class generated from cluster 
analysis 

Observation Class (c) 

Pb 1 

Ni 1 

Cd 2 

Cu 1 

pH 3 

SOC (%) 1 

Table 5. Eigenvalues table for variables 

  F1 F2 F3 F4 

Eigenvalues 3.781 0.698 0.069 0.035 

Variability (%) 63.011 11.641 1.149 0.579 

Cumulative % 63.011 74.652 75.801 76.380 

 

Figure 2: Scree plot showing the number of the factor versus 
corresponding eigenvalues 

Table 6: correlation between variables and factors 

 
F1 F2 

Pb 0.963 -0.102 

Ni 0.945 -0.223 

Cd 0.680 0.732 

Cu 0.925 -0.205 

 

Figure 3. Biplot graph of variables showing data structure 

The result of the dendrogram analysis and the Bipolt graph 
shows that the Cd source contribution is probably differs from 
other metals and the pH. Therefore, QAC was necessary to 
confirm percentage contribution from anthropogenic activities 
on the metal concentration of the surface soil of the market. 
The QAC result gave 97.4 % anthropogenic contribution See 
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below, which means activities within the market and cars 
passing the road contribute to the Cd concentration.  

QAC = ((3.48 -  0.09)/3.48)*100 

 = 0.974* 100 

 = 97.4 % 

The metals analysis has shown that their main source in the 
surface soil of the market is anthropogenic sources. According 
to Wuana and Okieimen (9), the concentration of metals in the 
soil has been grouped into target and intervention values as 
shown in Table 7. Cu has the lowest target value, Ni had the 
highest value. In this current study, Pb and Cu were the metals 
above the target values but lower than the intervention level. 

Table 7: Metal grouping into target and intervention level (mg/kg) 

Variables Target Intervention 

Pb 35 210 

Ni 140 720 

Cd 100 380 

Cu 0.30 10 

However, it is essential to determine the possible ecological 
and health risk it may pose if the concentrations of these 
metals are not controlled. 

Geoaccumulation index (Igeo) 

I-geo values of the heavy metals at each sampling points were 
displayed in Table 8. The pollution of the sampling points 
ranged from unpolluted to extremely pollution.  The Cd 
showed significant or extreme pollution in most of the 
sampling point at EMFs (unpolluted) and EMMR (strong 
pollution). Pb had values ranging from unpolluted to moderate 
pollution except EMA 1 that shows extreme pollution.  Cu 
and Ni values can be categorized into same group of 
unpolluted parameters except EMA1 that is moderately 

polluted with Cu. Considering all the values of the metals 
together per each sampling point, EMA 1 can be classified as 
the most polluted soil sample location within the market. 

Table 8: Igeo for surface soil at Effurun market 

Location Pb Ni Cd Cu 

EMMR 0.85 0.00 3.28 0.13 

EMH 2.86 0.09 12.64 0.05 

EMF 1 1.88 0.00 8.31 0.07 

EMF 2 1.52 0.00 25.64 0.11 

EMA 1 5.35 0.16 21.75 1.89 

EMA 2 2.48 0.06 11.61 0.73 

EMFs 0.93 0.00 0.42 0.04 

EMF-C 2.40 0.00 9.28 0.05 

 

Spatial structure of the extractable heavy metals   

The experimental semivariogram of soil heavy metal 
concentrations could be fitted with an exponential model for 
Cu and Ni, pentaspherical for Cd and Pb for Gaussian model 
(Table 9). The spatial dependency degree is calculated by 
dividing nugget effect by sill (C0+C). The ratios are very low 
and it means weak spatial dependency of variable (37,38 & 
39). The weak spatial dependency can be due to significant 
influence of external factors at the market (34). The major 
external influences are traffic and other anthropogenic 
activities. Based on Table 8, it is clearly seen that Cu had the 
highest nugget/still ratio, which verified that Cu has been 
affected by anthropogenic activities. The result of mean 
concentration of Pb, positive marked correlation (p< 0.05) 
with Cu and the cluster analysis of the two metals infer that 
they have similar source. The nugget/sill of all the metals was 
approximately similar to each other, revealing a weak spatial 
dependency. 

 

Table 9. Variogram analysis for the parameters studied 

Parameters Model Nugget C0 Sill (C0+C) DSD [C0/(C0+C)]*100 Range (m) RMS R2 

Pb Gaussian 466.901 3697.644 12.627 1520.101 27.719 0.006 

Ni Exponential 8.983 88.313 10.171 1520.101 5.243 0.060 

Cd Pentaspherical 1.187 8.915 13.318 580.624 2.723 0.255 

Cu Exponential 786.147 5437.664 14.457 1520.101 48.893 0.148 

  

Ecological risk assessment of heavy metals in the surface soils 

Surface soils at the Effurun market are important exposure 
sources of heavy metal to people, especially the children, 
vulnerable adults, cleaners and other members of society 
represent the customers and sellers. The risks associated with 
the heavy metals will be examined using GIS map for 
contamination factor and ecological risk to interpret the 
possible potential ecological impact because the QAC and 
descriptive analysis of the metals confirmed that 

anthropogenic sources is the major pollution source i.e. 
possibly from fine aerial particle and garbage generated 
within the Effurun market.  

Contamination factors (CF) using spatial analysis of GIS 

GIS has been used for environmental studies in past 
researches performed because of its potential to understand 
spatial distribution of heavy metals (40). The spatial 
distribution and variability of metal concentrations were 
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interpolated with ordinary Kriging method because it is a 
better tool to assess the possible sources of enrichment or 
contamination factor and Ecological risk at hot sport (41). The 
contamination factors of various metals in the soils from 
sampling points were presented in the geochemical map in 
Figure 4. Based on the contamination factor categories, all 
sampling points vary from considerable to very high 
contamination for Pb, low to moderate for both Ni & Cd and 
low to high contamination for Cu. From the map, it shows that 
EMA 1 and EMA 2 were very high contaminated with Pb and 
Cu, although the other sampling points were considerably 
contaminated with Pb but low contamination for Cu. In 
addition, EMA 1 and EMA 2 were moderately contaminated 
with Ni and Cd.  

Ecological risk (Er) and potential ecological risk 

The ecological risk in this study evaluates the impact of the 
result of exposure metals in the surface soil as presented in 
Figure 5. The pollution of the soil with heavy metals in all the 
sampling point shows that it varied from low to moderate risk. 
The Pb and Ni had similar pollution range of low risk, which 
agrees with the strong correlation value of 0.924, which 
further confirmed that they are probably from similar source 

of anthropogenic activities. The Cd and Cu concentration in 
the soil reaches moderate risk. The result highlighted possible 
pollution concern associated with Cd due to fossil fuel 
burning within the market and vehicles passing the road 
through the market. The potential ecological risk index of the 
sampling points were generally low except EMA 1 (RI = 
198.18), which has the highest value representing the 
moderate ecological risk to the environment (see Table 10). 

Table 10: Potential ecological risk of metals 

Sampling points RI 

EMMR 23.24 

EMH 73.15 

EMF 1 46.31 

EMF 2 95.44 

EMA 1 198.18 

EMA 2 90.19 

EMFs 12.40 

EMF-C 53.97 

 

 

Figure 4. Spatial variability of contamination factors of extractable heavy metals in all the sampling point within the Effurun market. 
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Figure 5: Spatial variability of the ecological risk of extractable heavy metals in all the sampling point within the Effurun market 

Health risk assessment of the surface soil at Effurun market 

The EMA 1 is the surface soil from abattoir that is a major 
supplier of meat to many people in Effurun environs. 
Therefore, the surface soil sample was used to examine the 

possible health risk pose to human. The risk assessment tool 
was used to examine heavy metals pathways of entering the 
body and those metals that could cause non-carcinogenic and 
carcinogenic risk to human. 

Figure 7: The three exposure pathways for heavy metals to enter children bodies within the market.
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Exposure pathway 

The three pathways earlier stated Ingestion, inhalation and 
dermal contact were examined for each metal using equation 
6.7 & 8. The results obtained were presented in Figure 7 & 8 
for children and adult around the EMA 1 sampling point at the 
Effurun market. Figure 5 shows the major potential risk to 
children is via soil ingestion because HQ values for ingestion 
are the highest result and above 1. The major contribution to 
the HQ value came from Pb, which means that the children 
are likely to suffer from low IQ, hyperactivities, renal 
malfunction and other central nervous related disease (9). 
However, heavy metal contamination of surface soil of 
Effurun market poses a serious non-carcinogenic risk to adults 
in the market through soil inhalation from wind-blown dust. 
The major contributing element for adults risk is the same for 
children (Pb). Therefore, the major health challenge faced by 
children and adults in the market will be Pb related illnesses. 
The ingestion observed for adults might have resulted from 
wind-blown dust deposit on food eaten or hand are not 
regularly washed before using it to eat around the EMA 1 
sampling point. The hazard index (HI) is a sum of hazard 
quotients for all exposure pathways of toxic metals to the 
people group (children and adults) in the market vicinity. It 

was used to measure the non-carcinogenic metals that might 
affect the human group in the market. If the HI<1, unlikely to 
result in adverse health effects over a lifetime of exposure, 
while HI>1 there is the potential of risk to health effect over a 
lifetime exposure.  The HI for all the pathways were far 
higher than 1 but the health risk will impact the adult more 
than the children according to Figure 9 around the vicinity of 
the EMA 1 sampling point in the market. Figure 10 revealed 
the cancer risk effect of Ni, Cd and Pb on the body of children 
and adults around the EMA 1 location over a lifetime of 
exposure. The results showed the CR values for both children 
and the adults were more than 1.0E-04. This indicates that the 
people in the vicinity around the EMA1 were susceptible but 
adults are more susceptible than children that adults will be 
much affected than children. The results of this study have 
limitations in measuring the health risk of people at the 
market because it doesn't give detail specific mechanisms and 
processes of heavy metals in the human body for diagnosis of 
possible diseases, although it suggested the health risk the 
people might suffer. The results could help the government to 
consider regulation on the use of tyre for burning of the cow 
at the abattoir. 

   

 
Figure 8: The three exposure pathways for heavy metals to enter adults’ body within the market 
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Figure 9: Hazard index for people within the Effurun market 

 

 
Figure 10: Cancer risk for people within the Effurun market 
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V. CONCLUSION 

The present study focuses on the concentration, evaluation 
of environmental risk with the aid of spatial distribution of 
heavy metals in the surface soil of Effurun market. The 
analysis of the surface soil at the Effurun market shows 
EMA 1 soil contained the highest concentrations of Pb and 
Cu while EMF has the least concentration for Ni, Cd and 
Cu. Cluster and QAC analysis was able to show that Pb, Ni, 
Cd, and Cu have similar sources. Since % SOC sources are 
fine aerial particles and organic waste within the market and 
the Pearson correlation coefficient of the % SOC with the 
Pb, Ni and Cu show similar sources (which are 
anthropogenic sources). It explains that the heavy metals 
sources were anthropogenic activities. The heavy metals in 
the surface soil show no significant impact on the soil at 
most of the sampling point considers for ecological risk. 
The moderate ecological risk and significant health risk 
observed at sampling point EMA 1 poses a potential threat 
to the local environmental quality and public health. 
Therefore, there is a need for Effurun market policymakers 
and regulator to address the method of meat preparation for 
consumers at Effurun environs. 
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