Journal of Environmental Protection, 2013, 4, 618-628
http://dx.doi.org/10.4236/jep.2013.46071 Published Online June 2013 (http://www.scirp.org/journal/jep)

Assessment of Heavy Metals, pH, Organic Matter and
Organic Carbon in Roadside Soils in Makurdi Metropolis,
Benue State, Nigeria
Joseph Clement Akan*, Stephen I. Audu, Zakari Mohammed, Victor Obioma Ogugbuaja
Department of Chemistry, University of Maiduguri, Maiduguri, Nigeria.
Email: *joechemakan@yahoo.com
Received March 25th, 2013; revised April 28th, 2013; accepted May 25th, 2013
Copyright © 2013 Joseph Clement Akan et al. This is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

ABSTRACT
Roadside soil samples were collected from four sites (heavy traffic area (Wurukum); industrial site (Gboko road); residential area (Federal Lowcost) and Federal Medical Center (Wadata) representing different activities across the Benue
Metropolis. At each of the sample site, roadside soils were collected at different distance from the edge of the main road
(2, 10, 30, 40 and 60 meters). In each of the distance, roadside soil were collected at three depth of 0 - 1 cm, 2 - 4 cm
and 4 - 6 cm for the determination of pH, organic matter, organic carbon, Cu, Cd, Fe, Pb, As, Mn, Zn, Cd and Ni. pH,
electrical conductivity (EC), organic matter and organic carbon were determined using standard procedures, while
heavy metals were determined using Perkin-Elmer Analyst 300 Atomic Absorption spectroscopy (AAS). Zinc was observed to show the higher levels in all the sampling sites, such higher level can be related back to the wear-and-tear of
vehicle components as a result of the stop-start traffic patterns and brake pads. The concentrations of all the metals in
the four sampling sites decreased exponentially with distance from the edge of the road and dropped to the minimum
levels at about 60 meters. Similarly, mean concentrations of Cu, Fe, Pb, As, Mn, Zn, Cd and Ni were significantly
higher around the industrial area (Gboko road) and heavy traffic (Wurunkum) areas than other sampling areas followed
an increasing trend with the increase in depth. The vertical movement of all the metals, exhibited predominant association with soil pH and organic carbon. From the results of this study, the pH of the roadside soils from all the sampling
points ranged from 4.56 to 7.71, which enhances increased of heavy metals down the soil profiles. Organic carbon content ranged of 0.27% to 5.44% across all the sampling points appears to increase the mobility of all the metals to a depth
6 cm. The values of the heavy metals suggest that automobiles and traffic activities are a major source of these metals in
the roadside soil within the study area. Also, with the exception of Pb, Fe and Cd, the levels of Cu, As, Mn, Zn and Ni
in the present study were lower as compared with results found by other researcher in various countries worldwide.
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1. Introduction
Urban soils act as a sink for heavy metals and other pollutants, possible sources of which are mainly from anthropogenic activities such as vehicular emissions [1],
waste water sludges and industrial wastes [2]. Uncontrolled development and urbanization has also resulted in
accelerating input of heavy metals in urban soils. In the
last few decades, anthropogenic activities like industrial
and energy production, construction, waste disposal, domestic heating system and motor vehicles are continuously contributing towards and increase in the level of
*
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heavy metals in urban soils [3]. Heavy metal contents in
soil are highly dependent on geochemical nature of parent material, their presence in the soil is due to natural
weathering of parent rock material and pedogenic processes. Conversely, their accumulation in the soils is of
considerable important because they are persistent, nonbiodegradable and toxic to biodats, if it exceeds threshold
value [4].
The Soil forms chief component of an ecosystem and
is the most endangered due to influence of various human activities related to Industrial, Agricultural, and Urban development [5]. Urban Soils vary spatially due to
soil composition [6]. Urban areas are expanding all over
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the world utilizing more and more agricultural and natural areas [7] changes in land use and land cover are gaining wide recognition as a key driver responsible for environmental change [8]. In the last two decades, reduction of land cover is attributed to accelerated rate of urbanization along with explosive economic growth [9].
Land converted to urban land use such as housing, parks,
industrial and disposal sites has resulted in loss of cultivated green land and arouses special attention [10,11].
Reviewed the global significance of land use which indicates that although in short term, modern land use
practices have given increased supplies of material goods.
They have also undermined many ecosystem services in
the long term. Additional input of waste materials, landscaping and rapid change of land use also contribute towards an unpredictable modification of soil properties
and poor soil structure increasing concentrations of heavy
metals [12]. Change in land use has important consequences for many biological, chemical and physical processes in soils and indirectly to its environment due to
land use changes, soil pollution has become important
environmental issue in developing countries [13].
Air pollution can cause health problem, it can also
damage the environment and property. It causes the thinning of the protective ozone layer of the atmosphere thus
leading to climate changes. Air pollution results from a
variety of causes not all of which are within human control. Probably the most important natural sources of air
pollution are dust storms for desert areas and volcanic
activity which sometimes pour large amount of ash and
toxic chemical and particulates into the atmosphere. Globalization and civilization have led to air getting more and
more polluted over the years. Air pollution is caused by
both natural and man made sources. Major man made
sources of ambient air pollution include industries, automobiles and power generation in indoor environment,
tobacco smoke and combustion of solid fuel for cooking
and heating are the most significant sources. Fuel combustion is the primary source of a large number of health
damaging air pollutants including fine and respirable
particulates matter, carbon monoxide (CO), Suphur dioxide (SO2), nitorgen oxides (NOx), volatile organic compounds (VOCs), Ozone (O3) and atmosphere lead. Some
of these pollutants are directly by products of fuel combustion, but others such as ozone are formed in the air
through chemical reaction with other agent in the atmosphere.
Heavy metals are natural component of the earth crust
unlike organic pollutants, which are broken down to
greater or lesser extent depending on their activity, metals degraded and will remain in the soil permanently
unless they are re-suspended and relocated by wind or
leached out.
Copyright © 2013 SciRes.
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Soil pH is an indication of the acidity or alkalinity of
the soil and is measured in pH units. Soil pH is defined
as the negative logarithm of the hydrogen concentration.
The pH scale goes from 0 to 14 with pH 7 as the neutral
point. As the amount of hydrogen ions in the soil increase the soil pH decreases thus becoming acidic. From
pH 7 to 0 the soil is increasingly more acidic and from
PH 7 to 14 the soil is increasingly more alkaline or basic.
One of the most important Pb sources in an urban environment is vehicle emission. In recent years, numerous
studies have assessed the influence of traffic emissions on
the levels of Pb. [14-16] shows that the combustion of
leaded gasoline was the primary source of Pb, in addition
some workers have reported a positive correlation between Cu, Zn and Pb and have interpreted it as derivation
of the same source of contaminants [17,18]. Similarly,
the environmental chemistry of chromium has been
widely studied [19]. The two common oxidation states of
Cr present in the environment that is Cr(III) and Cr(VI)
are drastically different in charge. Chromium(III) is considered to be a trace element essential for the proper functioning organisms opposing party. Chromium(VI) exerts
toxic effects or biological systems. The mobility and
bioavailability of Cr depend fundamentally on its oxidation state. Chromium(VI) compounds are usually highly
soluble, mobile and bioavailable compared to sparingly
soluble trivalent Cr species. [20,21] have reported an
anomalous occurrence of Cr in soil samples surrounding
the industrial zone. These studies are in agreement about
the Cr(III)/Cr(VI) proportion in these samples being the
dominant species Cr(III) and in a lower proportional
Cr(VI). An exact quantification of each species rather
than the total Cr level is required to properly evaluate
physiology and toxicological effects of Cr and its distribution and transport in the environment.
Makurdi, capital of Benue state located between latitude 7˚44'0"N and longitude 8˚32'0"E it occupies a land
area of about 34,059 square km with an estimated population of about 5,181,642. Makurdi has a distinct season.
The rainy season which runs from the month of April to
October and dry season from the month of November
through the end of April. The temperature ranges from
43˚C to 24˚C during the dry season and in the rainy season temperature ranges from 28˚C to 32˚C. There are
some industries that greatly pollute the environment
through gaseous emission. Markurdi Metropolis is polluted by both vehicular and industrial activities which
might contain heavy metals that can affect humans upon
inhalation. Hence, the need for this study.

2. Materials and Methods
2.1. Sample Collection Point
Samples were collected in Makurdi located in Benue
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State, Nigeria. Samples were collected from heavy traffic
area (Wurukum); industrial site (Gboko Road); residential area (Federal Lowcost) and Federal Medical Center
(Wadata) in Makurdi, Benue State, Nigeria. At each of
the sampling site, samples were collected at different
distance from the edge of the main road (2, 10, 30, 40
and 60 meters). In each of the distance, soil samples were
collected at three depth (0 - 1 cm, 2 - 4 cm and 4 - 6 cm),
by using spiral auger of 2 - 5 cm diameter in all cases,
roadside soil samples were place in clean plastic bags
and transported to the laboratory.

2.2. Sample Preparation
All roadside soil samples were dried and ground, using a
pestle and mortar, to ensure homogeneity; the samples
were sieved through 2 mm mesh sieve. The samples were
then place in clean plastic bags and sealed pending digestion and analysis.

2.3. Digestion of Soil Samples for Heavy Metals
Determination
Two grammes of the oven dried roadside soil samples
were weighed into a led washed glass beaker. Soil samples were digested by the addition of 20 cm3 of aqua
regia mixture of HCl and HNO3, ratio 3:1) and 10 cm3 of
30% H2O2. The H2O2 was added in small portions to
avoid any possible over flow leading to loss of material
from the beaker. The beakers were covered with watch
glass, and heated over a hot plate at 90˚C for two hours.
The beaker wall and watch glass were washed with distilled water and the samples were filtered out to separate
the insoluble solid from the supernatant liquid. The volume was adjusted to 100 cm3 with distilled water.

2.4. Elemental Analysis of Samples
Determination of Cu, Cd, Fe, Pb, As, Mn, Cd and Ni
were made directly on each final solution using Perkin—
Elmer Analyst 300 Atomic Absorption spectroscopy
(AAS).

2.5. Calibration Solution
Standard solution of each sample Cu, Cd, Fe, Pb, As, Mn,
Cd and Ni were prepared according to the manufacturer
procedure for atomic absorption spectroscopy to be used.
Known 1000 mg/L concentration of the metal solution
were prepared from their salts.

2.6. Determination of pH and Organic Matter
The pH was measured using 1:2 soil, water ratio [22]
with the pH meter. Organic matters were determined using
Anne method (modified walkey-Black method) [23].

2.7. Data Handling
Data collected were subjected with one-way analysis of
variance (ANOVA) to assess whether heavy metals varied significantly between location and distances from the
road, possibilities less than 0.05 (p < 0.05) will be considered statistically significant.

3. Results
3.1. Concentrations of Heavy Metals in Roadside
Soil Samples
The concentrations of some heavy metals with respect to
depth and distances from the road within Gboko Road
(industrial area) in Benue Metropolis are as presented in
Figure 1. The mean levels of Cu with respect to distance

Figure 1. Concentrations of some heavy metals in roadside soils around Gboko road (industrial area) with respect to depth
and distance from the road, Benue State.
Copyright © 2013 SciRes.
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from the road and depth ranged from 1.43 to 18.45 μg/g
and Cd concentrations ranged from 1.05 to 16.45 μg/g;
6.54 to 35.11 μg/g Fe; 1.78 to 25.34 μg/g Pb; 1.77 to
19.34 μg/g As; 8.45 to 28.12 μg/g Mn; 20.21 to 61.56
μg/g Zn and 4.34 to 23.23 μg/g Ni. The highest concentrations of all the metals were observed at a distance of 2
meters close to the road and at depth a 4 - 6 cm, while the
lowest concentrations were detected at 60 meters away
from the road. Figure 2 present the concentrations of
some heavy with respect to depth and distances from the
road within Federal Medical Centre in Benue Metropolis.
The concentrations of Cu ranged from 1.03 to 21.34 µg/g;
0.89 to 13.23 μg/g Cd; 3.22 to 27.34 μg/g Fe; 1.11 to
17.34 μg/g Pb; 1.12 to 14.34 μg/g As; 4.23 to 22.34 μg/g
Mn; 10.34 to 63.54 μg/g Zn and 0.32 to 28.45 μg/g Ni.
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Figure 3 present the concentrations of some heavy metals with respect to depth and distances from the road
within Federal Lowcost Housing (residential area). The
concentrations of Cu ranged from 0.11 to 8.02 µg/g; 1.34
to 8.74 μg/g Cd; 0.43 to 26.12 μg/g Fe; 0.22 to 5.28 μg/g
Pb; 0.16 to 3.77 μg/g As; 2.10 to 91.21 μg/g Mn; 3.23 to
60.21 μg/g Zn and 0.11 to 6.21 μg/g Ni. The mean concentrations of some heavy metals with respect to depth
and distances from the road within Wurukum junction
(Heavy traffic area) in Benue Metropolis are as presented
in Figure 4. Cu concentrations ranged from 1.23 to 44.21
µg/g; 0.34 to 28.64 μg/g Cd; 2.34 to 48.54 μg/g Fe; 44.31
to 155.44 μg/g Pb; 0.15 to 25.43 μg/g As; 1.22 to 36.05
μg/g Mn; 6.32 to 90.43 μg/g Zn and 0.34 to 28.45 μg/g
Ni.

Figure 2. Concentrations of some heavy metals in roadside soils around Federal Medical Centre with respect to depth and
distance from the road, Benue State.

Figure 3. Concentrations of some heavy metals in roadside soils around Federal Lowcost housing (residental area) with respect to depth and distance from the road, Benue State.
Copyright © 2013 SciRes.
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Figure 4. Concentrations of some heavy metals in roadside soils within Wurukum junction (heavy traffic area) with respect to
depth and distance from the road, Benue State.

3.2. Concentrations of pH, Electrical
Conductivity (EC), Organic Carbon and
Organic Matter
Roadside Soil Samples
The mean concentrations of pH, electrical conductivity
(EC), organic carbon and organic matter with respect to
depth and distances from the road within Gboko Road
(industrial area) in Benue Metropolis are as presented in
Figure 5. The concentrations of pH ranged between 4.98
and 7.45; 14 and 172 µS·cm−1 Conductivity; 0.27% and
5.44% organic carbon and 0.33% and 3.19% organic
matter. Figure 6 present the concentrations of pH, electrical conductivity (EC), organic carbon and organic matter with respect to depth and distances from the road
within Federal Medical Centre in Benue Metropolis. The
mean concentrations of pH ranged between 4.56 and 6.77;
28 and 87 µS·cm−1 Conductivity; 0.94% and 2.98% organic carbon and 0.47% and 3.62% organic matter. Figure 7 present the concentrations of pH, electrical conductivity (EC), organic carbon and organic matter with
respect to depth and distances from the road within Federal Lowcost Housing (residential area) in Benue Metropolis. The mean concentrations of pH ranged between
5.34 and 6.64; 9.23 and 154.80 µS·cm−1 Conductivity;
0.78% and 4.17% organic carbon and 0.12% and 3.53%
organic matter. For Figure 8, the levels of pH from Wurukum junction (industrial area) ranged between 6.21 and
7.72; 21.07 and 98.91 µS·cm−1 Conductivity; 0.45% and
4.34% organic carbon and 0.51% and 3.79% organic
matter.
Copyright © 2013 SciRes.

4. Discussion
4.1. Heavy Metals in Roadside Soil Samples
4.1.1. Copper (Cu)
It is known that Cu is an essential element, yet it may be
toxic to both humans and animals when its concentration
exceeds the safe limits, and its concentration in some
human tissues such as thyroid can be changed depending
on the tissue state. The highest Cu concentration of 44.21
µg/g was detected at Wurukum junction (heavy traffic
area), which is located at the major commercial area with
high vehicular activities, while the lowest concentration
of 3.22 µg/g was observed at the Federal lowcost housing
area. The reason for the presence concentrations of Cu in
the roadside soil samples might be due to corrosion of
metallic parts of cars derived from engine wear, thrust
bearing, brushing, and bearing metals [24]. Cu concentrations found in this study are lower than that of dust
samples reported by other literatures such as 80.2 mg/kg
in Karak, Jordan [24], 1902.73 mg/kg in Delhi [25].
Copper exhibited high levels of at a distance of 2 meters
closer to the highway and decreases with distance from
the highway.
The concentrations of copper in all the sampling points’
increases with increased in depth. Copper mobility down
to 15 cm has been detected in roadside soil by [26], while
[27] in their study on roadside soil observedincreased Cu
down to a depth of 160 cm. In the present study, the high
levels of Cu (8.32 to 44.21) were noted down to 6 cm.
This result is in accordance with the findings of [28]. [29]
observed significant Cu levels beyond 10 cm depth, while
JEP
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Figure 5. Concentrations of pH, EC, organic carbon and organic matter in roadside soils around Gboko road (industrial area)
with respect to depth and distance from the road, Benue State.

Figure 6. Concentrations of pH, EC, organic carbon and organic matter in roadside soils around Federal Medical Centre
with respect to depth and distance from the road, Benue State.

Figure 7. Concentrations of pH, EC, organic carbon and organic matter in roadside soils around Federal Lowcost housing
(residential area) with respect to depth and distance from the road, Benue State.
Copyright © 2013 SciRes.
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Figure 8. Concentrations of pH, EC, organic carbon and organic matter in roadside soils within Wurukum junction (heavy
traffic area) with respect to depth and distance from the road, Benue State.

[30] recorded predominant Cu level to a depth of 15 cm.
[26] in their study observed increase in Cu from 0 to 2
cm to 6 to 8 cm depth. Data from the present study however consistently demonstrated maximum Cu with increase in depth. This suggests subsurface percolation and
mobility within the soil body. However, the concentrations of Cu in the current study were lower to those recorded in soils samples of Torino (171 μg/g) [31]; Guangdong (576.5 μg/g) [32] and Palermo (82.27 μg/g) [33].
Except for Wurukum (heavy traffic area) at a distance of
2 meters which is closer to the road, the results of this
study also indicated relatively lower concentrations of Cu
as compared to results reported in Beijing (23.7 µg/g) [34]
and Xuzhou (38.2 µg/g) [35].
4.1.2. Cadmium (Cd)
Cadmium is mostly encountered in cadmium-nickel battery production, although it continues to be used in paints
as well as in plastic production where it is an effective
stabilizing agent. Occupational exposure to cadmium can
occur through metal refining processes, where cadmium
is often associated with copper and can be released into
the atmosphere during heating. Individuals exposed to
cadmium can develop osteoporosis, anemia, eosinophilia,
emphysema, and renal tubular damage. Long-term cadmium toxicity can produce Itai-Itai disease, in which
individuals suffer from bone fractures, severe pain, proteinuria, and severe osteomalacia [3]. The highest Cd
concentration of 28.64 µg/g was detected at wurukum
junction (heavy traffic area), this area is located at the
major commercial area with high vehicular activities. Cd
concentrations found in this study are higher than dust
samples reported by other literature such as 2.9 mg/kg in
Aqaba, Jordan [36]. Cd exhibited high levels at a distance of 2 meters which is closer to the highways, and
Copyright © 2013 SciRes.

decreases Data from the present study however consistently demonstrated maximum Cd concentrations with
increase in depth. The highest levels of Cd in the roadside soil closer to the highways within all the sampling
points could pose a serious health risk in urban environments. This is because the small particle sizes have the
potential to be taken up by the lungs. Although the
wear-and-tear of tyres is recognized as a major source of
cadmium alongside roadways, this study suggests that
the combustion of fuel (especially diesel) and oil/lubricants, which are known to contain trace levels of cadmium, may be a significant source of Cd as found in
roadside soil within the present study. It was reported
that the cadmium level in car tires is in the range of 20 to
90 µg/g as associated with Cd contamination in the
process of vulcanization [37]. However, results detected
in the present study shows that Cd was higher than those
found in Baltimore (1.06 µg/g) [38]. Beijing (0.14 µg/g)
[34] and Aviles, Spain 2.16 µg/g [39]. Cadmium and Zinc
are found in lubricating oils as part of many additives.
4.1.3. Iron (Fe)
Iron was found to be the dominant metals as compared
with other heavy metals in the roadside soil. Iron is vital
for almost all living organisms, participating in a wide
variety of metabolic processes, including oxygen transport, DNA synthesis, and electron transport. It is known
that adequate iron in a diet is very important for decreasing the incidence of anemia. High concentration of Fe
(48.54 µg/g) in the soil samples was observed at the wurunkum junction (heavy traffic area), while Federal Lowcost housing (residential area) shows the lowest value.
The variations of Fe in all the sampling points might be
due to the differences in traffic density. The possible
source of iron in the roadside soil samples might be
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brake lining material. Results of analysis of variance
(ANOVA) confirmed a significant difference in the concentrations of Fe within the sampling points. [26] noted
increase in Fe from 0 to 2 cm to 6 to 8 cm depth. Data
from the present study however consistently demonstrated maximum Fe with increase in depth. However,
the concentrations of Fe in the current study were higher
than those recorded in soils samples of Xuzhou (3.38
µg/g) and Aviles, Spain (3.36 µg/g) [39].
4.1.4. Lead (Pb)
Lead is a nondegradable and toxic element [40]. Pb inputs in urban soils probably come from vehicles that use
gasoline additives [41]. The highest Pb concentration of
155.44 µg/g was detected at wurunkum junction (heavy
traffic area), which is located at the center of MarkurdiMetropilis with huge vehicular activities. Lead, which is
the most concern in environmental heavy metal pollution
exhibited high levels as we got closer to the highway.
The most probable source of lead is the lead particulate
matter emitted from gasoline vehicles which settles not
far from the highway. As the distance from the road increased, the Pb levels in all the sampling points fell
sharply to lower levels. However, some investigators
found that lead contamination of soil may reach 100 m
from the main road [42]. Lead emitted to the environment is associated with human activity [43]. [10] reported lower concentration of Pb in urban soils of Galway in comparison to present study, also lower concentrations of Pb (17 and 3.6 μg/g) were found in surface
soils of Damuscus and Vietnam [44,45].
4.1.5. Manganese (Mn)
The deficiency of manganese in the human body can
produce severe skeletal and reproductive abnormalities in
mammals. High doses of manganese produce adverse
effects primarily on the lungs and on the brain. The
highest Mn concentration in the roadside soil samples
was observed at the Wurukum junction (heavy traffic
area), follow by Gboko road (industrial area), while the
lowest Mn concentrations was detected at the Federal
lowcost housing (residential area). Results of analysis of
variance (ANOVA) confirmed a significant difference in
the Mn content within the sampling points. Mn concentrations found in this study are lower than the value of
107 µg/g reported in Aqaba, Jordan [36].
4.1.6. Zinc (Zn)
Zinc, in the roadside soil close to the highway, exhibited
elevated levels of all the sampling point studied. The
highest Zn concentration of 90.43 µg/g was detected at
Wurukum sampling point. The traffic situation in this
area of study might be regarded as a source of zinc in the
Copyright © 2013 SciRes.
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roadside soil. Wear and corrosion of vehicle parts (brakes,
tyres, radiators, body and engine parts) might also be one
of the potential sources of Zn in this area of study. Zn
values in the roadside soil samples from the wurukum
and Gboko sampling points were found to be higher than
other sampling points. Generally, the major sources of
Zn are probably the attrition of motor vehicle tire rubber
exacerbated by poor road surfaces, and the lubricating
oils in which Zn is found as part of many additives such
as zinc dithiophosphates. The concentrations of Zn found
in the present study are lower than that of roadside dust
samples reported by other literature such as 499.20
mg/kg in Delhi [42], 123.2 mg/kg in Karak, Jordan [24],
Torino 182 µg/g [31].
4.1.7. Nickel (Ni)
Nickel has many common industrial uses due to its unique
chemical properties. Industrially, it is used in electroplating, electroforming, in circuitry, and in nickel-cadmium batteries. Metallic nickel is noncarcinogenic to
humans; however, all other nickel compounds, such as
nickel sulfides, oxides, and silicates, and other soluble
salts are known carcinogens. Carcinogenic nickel exposure is greatest through the inhalation of nickel containing particulates. The burning of fossil fuels as well as the
refining of metals such as copper introduces considerable
amounts of nickel into the atmosphere [3]. The highest
Ni concentration of 28.45 µg/g in the roadside soil samples was found at the Wurukum sampling point, while
Federal lowcost housing sampling point shows the lowest
value. This trend may be the result of high traffic density
within the wurukum area. Results of analysis of variance
(ANOVA) confirmed a significant difference in the Ni
content in all the sampling points. Ni concentrations
found in this study are lower than of dust samples reported by other literature such as 115 mg/kg in Aqaba,
Jordan [24].

4.2. Mobility of Heavy Metals in Relation to pH
and Organic Carbon
The pH of roadside soil in all the sampling points is in
the acidic range. Organic mattervaried from 0.12% to
3.79%; 9.24 to 154.80 µS·cm−1 and decreases with increased in depth (Figures 5-8). Organic carbonalso increased with depth. The effect of pH on heavy metal
availability to plants has been reported by many researchers and it is accepted that as pH decreases, the
solubility of cationic forms of metals in the soil solution
increases and, therefore, they become more available to
plants [46]. [46] explained that pH has a major effect on
metal dynamics because it controls adsorption and precipitation, which are the main mechanisms of metal retention to soils. Metal solubility in the solution depends
JEP
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on the solubility product of the solid phase (precipitate)
containing the metal. Since organic matter plays an important role in metal binding, some researchers have
tested whether organic carbon (OC) compounds influence metal leaching. [47] reported that metals such as Cd,
Ni and Zn may be influenced in their solubility characteristics from the presence of OC. They found a significant movement of Cd, Ni, Pb and Zn to a depth of 10 cm.
Also [48] reported that heavy metals had a uniform distribution in the soil profile to a depth of 5 cm, due to
their movement. Results such as these tend to agree with
the present study, were movement of heavy metals down
the soil profile (leaching) to a depth of 6 cm were observed through out the sampling points. pH is one of the
factors which influence the bioavailability and the transport of heavy metal in the soil and according to [48]
heavy metal mobility decreases with increasing soil pH
(8 and above) due to precipitation of hydroxides, carbonates or formation of insoluble organic complexes. In the
present study, it was observed that heavy metals increased significantly due to the acidic nature of the soil
pH. The soil electrical conductivity (EC) also differed
significantly among sampling points (P < 0.05). By comparism, [48] classified EC of soils as: non saline < 2;
moderately saline 2 - 8; very saline 8 - 16; extremely
saline > 16. From the result of the study, the EC is classified as extremely saline. The amount of heavy metals
mobilized in soil environment is a function of pH, properties of metals, redox conditions, soil chemistry, organic
matter content, cation exchange capacity [49]. Heavy
metals are generally more mobile at pH < 7 than at pH >
7. From the results of this study, the pH of the roadside
soils from all the sampling points ranged from 4.56 to
7.71, which enhances increased of heavy metals down
the soil profiles. Organic carbon content ranged of 0.27%
to 5.44% across all the sampling points appears to increase the mobility of all the metals to a depth 6 cm. [50]
showed low solubility of Pb, Zn, Cd, and Cu at pH 6 to
6.5 and an increase by several orders at pH 2. Similarly,
Pb, Cd, and Zn exhibited weak solubilities at slightly
alkaline condition (pH 8), while at pH 3.3 solubility were
higher [51]. In light of the above, the acidic nature of pH
in the present study did not show any complexation of
heavy metals with organic carbon, thereby resulting in
the mobility of heavy metals down the soil profiles to a
depth of 6 cm.

5. Conclusion
In all the sampling points, Fe and Zn show the highest
concentrations in the roadside soil. The concentrations of
all the metals in the four sampling sites decreased exponentially with distance from the edge of the road and
dropped to the minimum levels at about 60 meters. SimiCopyright © 2013 SciRes.

larly, mean concentrations of Cu, Fe, Pb, As, Mn, Zn, Cd
and Ni were significantly higher around the industrial
area (Gboko road) and heavy traffic area (Wurunkum)
than the residential area followed an increasing trend
with the increase in depth. From the results of this study,
the pH of the roadside soils from all the sampling points
ranged from 4.56 to 7.71, which give rise to metal solubility down the soil profiles. The values of the metals in
the present study suggest that automobiles and traffic
activities are a major source of these metals in the roadside soil. Also, with exception of Pb, Fe and Cd, the levels of Cu, As, Mn, Zn and Ni in the present study were
lower as compared with results found by other researcher
in various countries worldwide.
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