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ABSTRACT
This research aimed at assessing the physicochemical properties and heavy metal concentration
in soils of places visited by a large number of persons. Top soils (0-15 cm) of Shasha market,
North Gate motor park, Benin motor park and llesha motor park were sampled. The pH of the
soil samples ranged from 6.95-7.83 and 5.42 - 8.20,the organic matter ranged from 0.78% - 4.70
and 2.21-5.78%,the CEC ranged from 2.65-3.99meq/100 gm and 3.32 - 5.59meq/100 gm, the
electrical conductivity of ranged from 155.00-416.33uS/cm and 150.33- 426.66uS/cm,the
particle size determined showed %clay ranging from 8.93 - 22.45 and 9.61-17.36,%silt was 7.44-
10.09 and 1.83 - 10.18 and %sand was 68.42 -83.63 and 72.46- 85.45 for control and site
samples respectively. The concentration of Pb ranged between 0.04 - 21.45mg/kg and 0.23 -
40.2mg/kg, Cd was 4mg/kg and 3.00 - 6.00mg/kg, Zn was 16 - 66 mg/kg and 35 - 442 mg/kg, Cu
was 9 - 25 mg/kg and 13.1 - 145 mg/kg, Mn was 122-420 mg/kg and 137-330 mg/kg, Ni was 1 -
5 mg/kg and 3-9 mg/kg for control sample and site samples respectively. Index of Geo-
accumulation (lgeo) and quantification of anthropogenic concentration of metal inferred that the

source of pollution was anthropogenic.
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1. Introduction

Heavy metals are inorganic pollutants (elements) which have a density greater than five in their
elemental form. Heavy metals usually find specific adsorption sites on organic and inorganic
colloids. Although heavy metals occur naturally, their concentration in soils have been elevated
by anthropogenic activities. Some heavy metals such as Se, Zn, Mo, Cr and Mn are essential for
plants and animals in trace amounts however others like Pb, Cd, and Hg have no known benefit
to living organisms. Heavy metals are present in all uncontaminated and unpolluted soils as a
result of natural processes like weathering of parent materials but urbanization, production
processes, mining, waste disposal and other activities increase the concentration of heavy metals
in soils daily (Okrent 1999; Muhammad et al., 2014). The toxicity of heavy metals cannot be
over emphasized because they can bio accumulate and bio magnify in the food chain (Abrahams,
2002; Mertens et al., 2004; Carrillo-Gonzélez et al., 2006). In contrast with rural areas, soils in
urban environments, particularly in motor parks, open markets, schools, tourist centers and
recreational parks have a direct influence on public health not related with production of food.
This is due to the fact that human beings can easily get in contact with soils in such areas either
directly or indirectly (De Miguel et al., 1997; Mielke et al., 1999). According to the National
Population Commission (2010), Akure south local government area is in Ondo state and has a
land size of 335.805k/m? and a population of 360,268 making it the most inhabited local
government area in the state.

The study was aimed at assessing the levels of heavy metals in top soils of selected motor parks

and markets in Akure metropolis. The specific objectives were to determine the physicochemical
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properties of the soil samples and the concentrations of Cu, Cd, Ni, Pb, Mn, and Zn in the soil
samples.

2. Materials and Methods

2.1 Sampling Areas and Soil Sampling

The study areas are classified into two major groups namely open markets and motor parks
(garage). The open market is Shasha market while the motor park is subdivided into three
namely FUTA North gate motor park, llesha motor park and Benin motor park. All study and
sampling areas are within Akure metropolis and are visited by a large number of persons daily.
The open market is a major distributor of food items (whole sale market) while the motor parks
are places in which persons’ board vehicles to other parts of Ondo State and Nigeria. The
sampling was carried out on top soil (0-15 cm). The soil samples were collected using a soil
auger from each sub division of the major study areas (four subdivisions). Eight composite soil
samples were collected in total. Four main site soil samples were collected (one sample from
each sub division). Each main sample consisted of six sub samples collected randomly from each
subdivision study area (Fig 1). Four composite control samples were collected 70 m away from
each main sample collection site. Each control sample for each subdivision consisted of six
subsamples collected randomly (Fig 1). The geographical coordinates were obtained using a
global positioning system (GPS). The samples were carefully kept in black polyethene bags, tied

up and labelled accordingly immediately prior to further analysis.

2.2 Sample Pre-Treatment
The soil samples were spread on trays and air dried for 7 days. The dried samples were passed

through a 2 mm sieve (British Standard) to ensure uniformity and a large surface area. The
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sieved sampl

es were kept in plastic containers until further analysis (Seiler et al., 2008; Yuebing

etal., 2010)
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Shasha Market Control — SSC

2.3 Chemical analysis

On the samples were determined: pH measurement using pH glass electrode system model
Jenway 3505 (1:2.5 soil:water ratio) (Roslaili et al., 2015), organic matter content (Wakley -
Black acid digestion) (Meersmans et al., 2009), particle size (hydrometer method) (Di Stefano et
al., 2010), electrical conductivity using a digital electrical conductivity model AVI- 648
manufactured by Labtech (1:2.5 soil:water ratio) (Roslaili et al., 2015) and cation exchange
capacity (CEC) (Ibitoye, 2015). The heavy metal content was determined by digesting 0.5 g of
soil sample in a digester at 120° C using Aqua regia (3:1 of HCI:HNOs) (Imperato et al., 2003)
and analysing using Atomic Absorption Spectrometer manufactured by buck scientific model
210 VGP.

2.4 Statistical Analysis

Statistical analysis including one-way analysis of variance (ANOVA) and correlation analysis
were performed using statistical package for social sciences (IBM, SPSS 22.0).

3. Results and Discussion

3.1 Physicochemical Properties of Soil Samples

Soil properties such as pH, organic matter (OM), cation exchange capacity (CEC), electrical
conductivity (EC) and particle size distribution are known to influence the interactions,
adsorption and desorption process of heavy metals within the soil matrix (Aloysius et al., 2013).
The pH of the soil samples in this work ranged from 5.42 to 8.20 (Table 1). Soil pH ranges was
reported by Anietie and Lajide (2015) as follows; < 5.5 (strongly acidic); 5.5-5.9 (medium
acidic); 6.0-6.4 (slightly acidic); 6.5-6.9 (very slightly acidic); 7.0 (neutral); 7.1-7.5 (very

slightly alkaline); 7.6-8.0 (slightly alkaline); 8.1-8.5 (medium alkaline); and > 8.5 (strongly
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alkaline). Thus the soils pH can be categorized to range from medium alkaline to strongly acidic
pH. Benin motor park sample (5.42) and Shasha market sample (8.20) had the lowest and highest
pH values among the site samples while Shasha market control (6.95) and llesha motor park
control (7.83) had the lowest and highest pH among the control samples. The pH values of the
soil samples are also in accordance with the pH values (6.20-7.50) of soil samples reported for
motor parks (garage) in Benue state by Dauda and Oboh (2012). Significant variation (p<0.05)
among the means of the soil pH in the study areas were observed.

Organic matter (OM) in soil immobilizes heavy metals at strongly acidic conditions and
mobilizes metals at weakly acidic to alkaline reactions by forming insoluble or soluble organic
metal complexes, respectively (Aloysius et al., 2013). The organic matter content of the soil
samples ranged from 2.21-5.78% and 0.78-4.70% (Table 1) for site samples and control
respectively. This is typical of the range observable in tropical soils (Adedeji et al., 2013). The
highest value among the site samples was obtained in Benin motor park sample (5.78%) and the
lowest value was obtained in North gate motor park sample (2.38%). Benin motor park has little
vegetation and this could be the reason why it has higher organic matter content among the
motor parks. Shasha market sample also had a relative high organic matter content of 4.79% as
compared to other study areas. The relative high organic matter of Shasha market sample is
attributable to decaying fruits, vegetables and foods in general which fall to the soil during sales
and from baskets used in packaging them. The low organic matter content of North gate motor
park may be because of its relatively young age compared to the other motor parks sampled and
also has no vegetation growing within on it. Among the control samples, Benin motor park

control (0.78%) and Shasha market control (3.59%) had the lowest and highest values
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respectively among the control samples. Significant variation (p<0.05) among the means of the
soil pH in the study areas were observed.

The particle size distribution classifies the soils texturally. The soil samples (Table 1) had
clay ranging from 9.61-17.36 % and 8.93 — 22.45%, silt (1.83 — 10.18%) and (7.44-10.09%) and
sand (72.46-85.45% and 68.42 — 83.63%) for site samples and control respectively. Generally,
the soils can be classified as loamy sand, sandy clay loam and sandy loam. The particle size
distribution of this research is similar to the range (sand: 70.02 - 89.70%, Silt: 7.05 - 11.10% and
clay: 9.95 - 20.20%) reported by Adedeji et al. (2013) for roadside soils in emerging urban
centers in ljebu-North Area of Ogun State, Nigeria.

The electrical conductivity is a measure of the concentration of soluble inorganic salts.
The electrical conductivity of the soil samples (Table 1) ranged from 150.33- 426.66 uS/cm and
155.00-416.33 pS/cm for site samples and control respectively. North gate motor park sample
and llesha motor park sample had the lowest and highest values respectively among site samples
respectively. llesha motor park also serves as mechanic workshops unlike the other study areas
and thus regular input of inorganic salts is expected. llesha motor park control and Benin motor
park control had the lowest and highest values respectively among control samples. Generally,
the soil samples can be classified as having medium electrical conductivity. Significant
difference was observed between all samples (p<0.05) except between Shasha market sample
and llesha motor park sample. This can be due to the fact that Shasha market sample has minimal
sources of inorganic salts as compared to llesha motor park sample which has numerous sources
of inorganic salts origination from various auto mechanic activities.

The CEC (Table 1) was low generally and ranged from 3.32 — 5.59 meq/100 g and 2.65-

3.99 meqg/100 g for site and control samples respectively. The CEC values obtained in this
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research was close to that obtained for top soils (0-5 cm) by Ayo and Olojugba (2014) (4.99

meqg/100 g) who researched on the effect of rainfall season on the chemical properties of the soil

of a southern guinea savanna ecosystem in Nigeria. Also, Abdulrasoul et al. (2011) (3.96

meq/100 g) who worked on the impact of cement dust on some soil properties around the cement

factory in Al-Hasa Oasis, Saudi Arabia. Analysis of variance (ANOVA) showed that there was

significant difference between all samples (p<0.05).

Table 1: Physicochemical Properties of Soil Samples

Sample pH (25 EC % CEC % % % Class
Code oC) puS/cm  OM meq/100 clay Silt sand
(25 °C) g

SSC 6.95 283.33 4.70 3.59 8.93%  7.44° 83.63 Loamy sand
+0.02 +2.08 +0.03 +0.14 +0.38 +0.20 +0.21

SSS 8.20 424.33% 4.79 3.99 9.61* 4.94 85.45 Loamy sand
+0.01 +2.08 +0.01 +0.16 +0.10 +0.23 +0.13

IGC 7.83 155.00 4.54 3.32 22.4 013  68.42 Sandy clay
+0.03 +1.00 +0.01 +0.14 5+0.03 +0.08 +0.05 loam

IGS 7.13 426.66° 3.50 341 17.36  10.18"  72.46" Sandy loam
+0.03 *1.15 +0.02 +0.15 +0.14  +0.07 +0.18

NGC 7.32 247.00 238 3.46 18.43  10.09°  71.48" Sandy loam
+0.02 +2.00 +0.04 +0.19 +0.61 +0.85 +0.27

NGS 7.70 150.33 2.21 2.65 14.41+ 1.83 83.76° Loamy sand
+0.01 £152 +0.01 +0.12 0.13 +0.43 +0.33

BGC 752 41633 078 559 10.05" 8.19*  81.76 Loamy sand
+0.01 +152 +0.02 +0.10 +0.02 +0.97 +0.97
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BGS 5.42 231.00 5.78 3.69 16.21+ 8.40°  75.39 Sandy loam

+0.02 £1.00 +0.02 £0.15 0.07 +0.13  +0.06

Values are MeanzS.D (n=3)
Means with similar superscript in the same column has no significant difference at p<0.05

3.2 Heavy Metal Content

Heavy metals such as cadmium (Cd), copper (Cu), chromium (Cr), lead (Pb), manganese (Mn),
nickel (Ni) and zinc (Zn) which are often contained as additives in some lubricants and gasoline
are non-degradable in the soil. They are also used in making alloys, utilized in the manufacture
of a lot of items ranging from cars to household materials.

Lead (Pb), a poisonous metal was present in both control and site samples (Table 2). The
concentration of Pb (mg/kg) in the motor parks was 40.20 in Ilesha motor park sample, 2.67 in
Benin motor park sample and 0.30 in North gate motor park sample. llesha motor park is the
oldest motor park among the samples analyzed hence, the highest concentration of Pb. North
gate motor park is an upcoming motor park and started its operations when the ban on lead
gasoline products was implemented, hence it has the lowest concentration. Lead was not
detected in Benin motor park control and this is attributed to the fact that the area is a vegetation
with no human alteration. The concentrations of Pb in all control samples was lower than the site
samples. The control samples ranged between 0.04 mg/kg - 21.45 mg/kg with Shasha market
control having the lowest concentration and lIlesha motor park control having the highest
concentrations. The concentration of Pb in all samples was lower than DPR target value of 85.00
mg/kg. Lead exposure also causes small increases in blood pressure, particularly in middle-aged
and older people (Willers et al., 2005). It is observed that lead and related metals found on
roadside soils, vegetation and nearby surfaces are discharged from automobiles (Olajire and

Ayodele, 1997).
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Cadmium (Cd), an equally poisonous metal was present in all site samples (Table 2). Cd is used
in the manufacture of batteries and in alloys. The concentration of Cd in site samples ranged
from 3.00 mg/kg — 6.00 mg/kg with Ilesha motor park sample having the lowest concentration
and North gate motor park sample having the highest concentration. Cadmium was not detected
in llesha motor park control and Benin motor park control. The relatively high concentration of
Cd in North gate motor park sample as compared to others may be from the small scale metal
welding shops located close to the motor park. The concentration of Cd in samples was higher
than control with respect to sample location, the concentration of Cd in all samples was higher
than DPR target values of 0.08 mg/kg.

Zinc (Zn) is a ubiquitous metal and was detected in all samples (Table 2). The concentration in
mg/kg of Zn in North gate motor park was 35.00, in Benin motor park sample and llesha motor
park sample was 40.00. The concentration of Zn relative to study area was higher in the site
samples than in control samples however, the values were similar. The concentration of Zn in all
samples was lower than DPR values except in SSS. Zinc particles may also be derived from
industrial sources and the abrasion of tires of motor vehicles (Al-Khashman, 2006; Dauda et al.,
2012; Abatyough et al., 2015).

Manganese (Mn) had the highest concentrations among all the elements in all samples (Table 2).
Manganese is a naturally occurring substance found in many types of rocks and soil. llesha
motor park control had the highest Mn concentration. This could be attributed to the fact that Mn
naturally has high concentration in llesha area. However, in the site samples the concentration of
Mn ranged from 137.00 mg/kg - 370.00 mg/kg with Benin motor park sample having the lowest.

The concentration of Mn was closely related relative to the sampling site.
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The concentration of (Ni) in site samples (Table 2) ranged from 3.00 mg/kg - 9 mg/kg. The
highest concentration of Nickel (Ni) was observed in llesha motor park sample (9.00 mg/kg). Ni
which is used in manufacturing alloys can wear off with time from manufactured products hence,
its relative high concentration in Ilesha motor park sample which has several metallic products
like vehicles, tire wheels and vehicle spare parts in general. In all samples, the concentration of
Ni in control samples were lower than the site samples. The concentration of Ni in control
samples was 1.00 mg/kg — 5.00 mg/kg. North gate motor park control having the lowest
concentration of Ni could infer that the motor park has not really had negative effect on its
surrounding as compared to llesha motor park control which has the highest concentration
among control samples. Ni was not detected in Benin motor park control because the sample was
obtained from areas with little or no anthropogenic influence. The concentration of Ni in all
samples was lower than DPR target values (35.00 mg/kg). The concentrations of Ni and Cu in
this research is in correlation as reported by Dauda et al. (2012). The concentrations of Ni, Cu
and Cd in this research were similar to that obtained by Adelekan and Abegunde (2011).
According to lyaka and kakulu (2009) total Cu contents varied considerably from 12.00 mg/kg —
89.00 mg/kg.

Copper (Cu) was detected in all samples (Table 2). The concentration of Cu in mg/kg ranged
from 13.10 — 67.00 in site samples and 9.00 — 25.00 in control samples. The concentration of Cu
in all samples was lower than DPR target values of 36.00 mg/kg except in Illesha motor park
sample.

The concentrations of metals in soil samples of selected gas and electric welding workshops in
Akure, Nigeria was determined by Ajayi et al. (2011) and metal concentrations in the control

samples obtained was lower than that in this research. This shows that, the concentration of
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metals increased as a result of anthropogenic factors. However, those areas with less
concentrations of metal may be attributed not only to less traffic but it might be due to strong
leaching from the topsoil favoured by sandy textured soils predominant in the soil (Odukoya et
al., 2000, Sha’Ato et al., 2000). Onianwa et al. (2011) determined the concentrations of Pb, Zn,
Cd, Cu, Cr, Co and Ni in topsoil’s obtained from vicinities of auto-repair workshops, gas-stations
and motor-parks in Ibadan, Nigeria and the levels were elevated above background
concentrations in control sites. This indicates that the surrounding areas of auto-repair
workshops, gas-stations and motor-parks can be polluted as a result of ongoing activities from
such areas. In a research, effect of leaching on heavy metals concentration of soil in some
dumpsites at Ikere and Ado Ekiti metropolis, there was a gradual decrease in the concentration of
heavy metals (Cu, Mn, Fe, Zn, Cd, Co, Cr, Pb, Ni and Sn) from the centre of the dumpsite to the
bottom of the slope (Awokunmi et al., 2010).

Shasha market, which is a whole sale market had heavy metal concentrations in mg/kg as
follows: Pb (0.23 and 0.04); Cd (5.00 and 4.00); Zn (442.00 and 66.00); Cu (145.00 and 10.00);
Mn (330.00 and 195.00) and Ni (6.00 and 3.00) for site and control samples respectively (Table
2). The high concentration of heavy metals is caused by the pile of metal scarps inside the
market. As trucks offload food items, they load in metal scraps. Heavy trucks and vehicles are
also parked in front of the market. Also, the market has high influx of vehicles been a whole sale
market, these factors in addition to earlier mention reasons are responsible for the high
concentration of heavy metals observed. Zinc and cadmium are used for coating iron and steel
while stainless steel - an alloy of iron, chromium and nickel may contain manganese and
phosphorus as impurities (Judith et al., 1993; Ojo and Ajayi, 2005). Pearson correlation analysis

inferred that there is a significance correlation (p<0.01) between Pb and Mn, Pb and Ni, Ni and
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Cu, Mn and Ni, Cu and Zn and significance correlation (p<0.05) between Mn and Cu. The heavy

metals in discuss are used as alloys mostly, this can be responsible for the observed correlation.

Table 2: Total heavy metal content of soil samples

Sample Pb Cd Zn Cu Mn Ni

Code (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)
BGC 0.00°%+0.00  0.00°+0.00  35.00%+0.02 9.00+0.05 122.00+0.01  0.00+0.00
BGS 2.67+0.02  3.52+0.02  40.00°+0.02 13.10x£0.01 137.00+£0.15 4.00+0.01
IGS 40.20£0.01 3.00+0.04  40.00°+0.03  67.00+0.5 370.00+0.09  9.00+0.15
IGC 21.45+0.02 0.00°+0.00 38.00+0.02 25.00+0.02 420.00+£0.01  5.00+0.02
NGC 0.30°40.01  4.00°+0.02 16.00+0.03 10.30%+0.05 238.00+0.01 1.00+0.02
NGS 10.10+0.02 6.00£0.02  35.00°+0.06  17.00+0.01 243.00+0.13  3.00°+0.02
SSC 0.04*+0.06 4.00°+0.01  66.00+0.03 10.00°%+0.11  195.00+0.13  3.00°+0.04
SSS 0.23°°+0.01 5.00+0.01  442.00+0.15 145.00+0.35  330.00+1.00  6.00+0.02

Values are MeanzS.D (n=3)
Means with similar superscript in the same column has no significant difference at p<0.05

3.3 Quantitative Indices
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Various models and indices have been used overtime to quantify and ascertain the source of
heavy metals in soils. These models and indices provide information on if the concentration of
metals obtained is primarily from anthropogenic or natural sources.

3.3.11geo

Index of Geo-accumulation (Igeo) has been used extensively to assess the degree of heavy metal
contamination or pollution in soils (Tijani et al., 2009). The Igeo of heavy metals in soils is
calculated using the formula (Asaah and Abimbola, 2005; Mediola et al., 2008):

Igeo = Log2 [Cmetal/1.5Cmetal (control)]

Where,

Cmetal is the concentration of the heavy metal in the soil sample;

Cmetal(control) is the concentration of the metal in the control sample; and

the factor 1.5 was introduced to minimize the effect of possible variations in control values
which may be attributed to natural sources (Mediola et al., 2008). The degree of metal pollution
is assessed in terms of seven contamination classes based on the increasing numerical value of

the index as follows: (Fagbote and Olanipekun, 2010; Huu et al., 2010).

Table 3: Classes of Index of Geo-accumulation (Igeo)

Class Value of Soil Quality

<0 unpolluted

0-1 unpolluted to moderately polluted

1-2 moderately polluted

2-3 moderately polluted to highly polluted
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3-4 highly polluted
4-5 highly polluted to very highly polluted
>5 Very highly polluted

Table 4: Index of Geo-accumulation (Igeo) of Samples

Sample Area Pb Cd Zn Cu Mn Ni

Shasha Market  1.94 -0.26 2.19 3.27 0.17 0.41
Benin Garage 7.48 7.87 -0.39 -0.04 -0.42 8.06
Ilesha Garage 0.32 7.64 -0.51 0.84 -0.77 0.26
North Gate 4.49 0.00 0.54 0.14 -0.55 1.00

According to the classes of igeo (Table 3), the results (Table 4) showed that Shasha area was
unpolluted to moderately polluted for Mn and Ni, unpolluted for Cd, moderately polluted for Pb
and moderately polluted to highly polluted for Zn and Cu. Benin Garage area (Table 4) was
unpolluted for Zn, Cu and Mn while for Pb, Cd and Ni it was Very highly polluted. Ilesha garage
area (Table 4) was unpolluted to moderately polluted for Pb, Cu and Ni while unpolluted for Zn
and Mn; Very highly polluted for Cd. North gate area was (Table 4) highly polluted for Pb,
unpolluted for Mn, unpolluted to moderately polluted for Cd, Cu and Ni.

3.3.2 Quantification of Anthropogenic Concentration of Metal (QoC)

This model gives information on the percentage of metal concentration inputted by
anthropogenic activities. This is calculated using the equation below:

X %100

X

Quantification of Anthropogenic Concentration of Metal =

Where,

X = concentration of the metal in the soil samples; and
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xc = concentration of the metal in the control samples (Aloysius et al., 2013).

Table 5: Quantification of Anthropogenic Concentration of Metal of Samples

Sample Area Pb Cd Zn Cu Mn Ni

Shasha Market  82.61 20.00 85.07 93.10 40.91 50.00
Benin Garage 100.00 100.00 12.50 31.30 10.95 100.00
llesha Garage 46.64 100.00 5.00 62.69 -13.51 44.44

North Gate 97.03 33.33 54.29 39.41 2.06 66.67

According to QoC results Table (5), the concentration of Pb in all areas were majorly from
anthropogenic sources apart from llesha garage which had 46.64%. Cd in Benin garage and
llesha garage were majorly from anthropogenic sources as compared to Shasha market (20%)
and North gate (33.33%). Zn in Shasha market (85%) was majorly from anthropogenic sources,
partially from anthropogenic sources in North gate (54.29%) and majorly from natural sources in
llesha garage (5%) and Benin garage (12.5%). Cu in Shasha market (93.10%) and Ilesha garage
(62.69%) was majorly from anthropogenic sources as compared to Benin garage (31.30%) and
North gate (39.41%). Mn was highest in Shasha market (40.91) and low in all other areas. Ni in
North gate (66.67%) and Benin garage (100%) was majorly from anthropogenic sources as
compared to 50% in Shasha market and 44.44% in llesha garage.

4. Conclusion

This research showed that the physicochemical properties of the soils within the study areas are
as reported by previous research although with slight variations.

The concentration of heavy metals in the site samples were all higher than the control samples

except IGC. Thus, the study areas were all polluted as a result of anthropogenic activities.
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