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Abstract

Vehicular emission is one of the major sources of heavy metal deposition on roadside vegetation and soil. This is
influence by the degree of traffic congestions on the road. The heavy metals can affect plants negatively with health
hazards to humans and animals in the food chain. This study investigated the quantity of vehicular heavy metal deposits
on vegetation and soil along Akure-Ilesa road. Plant and soil samples were collected at 10 km intervals along Akure-
Ilesa road, digested using Aqua regia methods and metals; Cd, Pb, Cr, Zn and Cu contents determined with Atomic
Absorption Spectrophotometer (AAS). Data were analysed with ANOVA and t-test and differences tested at p<0.05. The
study revealed that; 0.021 - 0.320, 0.110 - 0.301, 0.092 - 0.170, 0.055 - 0.113 and 0.061 - 1.280 mg/kg; and 0.068 -
0.421,0.110-0.410,0.100-0.181,0.008 - 0.141, and 0.267 - 0.411 mg/kg of Pb, Cr, Cd, Cu, and Zn were found in plants
and soils respectively. It was concluded that vehicular emissions contributed to the heavy metal load of the roadside
vegetation and soil.
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1. Introduction

Heavy metals are naturally present in soil; contamination comes from local sources, mostly industry, agriculture, waste
incineration, combustion of fossil fuels and road traffic. Long-range transport of atmospheric pollutants adds to the
metal load and is the main source of heavy metals in natural areas. Plants interact with environment and thus, changes
in the environment, like impaired air quality; can be mirrored in the physiological status of plants, for example, in the
plant element concentrations. In severe cases, pollutants can cause visible plant injuries and, in some extreme cases,
even plant death. Environmental pollution has unpleasant changes on physical, chemical and biological characters of
natural resources such as water, air and soil which has dangerous effect on health and survival of human and other
living organs or limit their activities.

Environmental pollution is always on the increase due to human activities such as agricultural operations, sewage
discharge, energy production, smelting, refining, disposal of waste, industrial and vehicular emissions. Emissions of
pollutants into the air amounted to the greatest source of heavy metal pollution [1]. Heavy metal pollution of soil
enhance plant uptake causing accumulation in plant tissues and eventual phytotoxicity and change in plant community
[2, 3]. Heavy metals such as Pb, Cd, Cu, and Zn have been reported to be released into the atmosphere during different
operations of the road transport [4, 5]. [4] reported engine oil consumption as the largest emission for Cd, tyres wear
for Zn, and brake wear for Cu and Pb. Cadmium was reported to biomagnify in Chromolaena odorata along the road
[6],[7] noted that organometalics such as tetraethyl lead, an additive to gasoline (petrol), is an important source of lead
in automobile exhaust emission. Soil, vegetation and animals including man act as ‘sinks’ for atmospheric pollutants [8].
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Among the heavy metals, lead (Pb) has long been known as potential hazard to health [9, 10, 11]. Fossil fuels combustion
and exhaust emission have been identified as primary sources of atmospheric metallic nuisance [12, 13].

Plant leaf is the most sensitive part to air pollutants as major physiological processes are concentrated in the leaf [14].
Plants near road ways have relative increase of Pb deposition due to vehicles using leaded petrol [15, 16]. The high
sensitivity of plants towards some pollutants means that a great variety of plants can be used as bioindicators of heavy
metal pollution in soil. [17] and [18] worked on the basic criteria for selection of species as a bioindicator. The major
criteria are species should be represented in large numbers all over the monitoring area, have a wide geographical
range, be possible to differentiate between air-borne and soil-borne heavy metals, be easy to sample and there should
be no identification problems. Therefore this research was carried out to quantify the heavy metal content of soil and
vegetation along Akure-Ilesa road during 2012 rainy season and 2013 dry season.

2. Material and methods

2.1. Study Site

The study was carried out along Akure-Ilesa road, covering a distance of about 50 km South Western Nigeria. The road
was chosen based on the fact that it is the major road linking the South-West to the Northern part of Nigeria, hence
heavy traffic congestion.

2.2. Traffic Density

A 3-day 18 hour traffic count conducted from 7am to 9am, 12pm to 2pm and 5pm to 7pm at locations along the route
indicated the following trend in traffic volume. The point chosen for the survey included Erin [jesa junction, Igbara Oke
junction and Futa Gate. The traffic condition of the road was heavy consisting of 73% (494) cars, 5% (39) trucks, 17%
(112) short buses while luxury buses and pick-up van had 5% (36) totaling 681 vehicles per hour.

2.3. Collection of Samples

Plant and soil samples were collected during the rainy season (October, 2012) and dry season (March 2013). The
collection was done at every 5 km interval along the roadside, the co-ordinate of each sampling location was recorded
by the use of a hand-held Global Positioning System (GPS) devise. The plant samples were collected with the aid of knife,
and put in separate polyethylene bags after collection. The soil samples were collected with soil auger and also put in
separate polyethylene bags. Plant and soil samples were collected at a distance of 15 km inward from the roadside and
these serves as a control sample for the study. All samples were labeled appropriately.

2.4. Analysis of samples

2.4.1. Soil Digestion

Soil samples were digested after drying in the oven and ground into fine powder. 5 g of soil sample was weighed into
digestion flask. 2 ml of perchloric acid and 5 ml of HCl was added to the sample and digestion carried out on hot plate
inside fume cupboard. 50 ml of distilled water was added to avoid splattering throughout the process. The digestion
was continued until the entire volume was reduced to about 15ml and clear solution. The flask was allowed to cool to
room temperature. The digest was then filtered into 50 ml volumetric flask and made up to the mark with distilled
water.

2.4.2. Plant Digestion

Plant samples were digested by weighing 2.5 g of the plant. Aqua-regia method of digestion was used. 4 ml of HNOs3 plus
1 ml of HCl was added to the sample. The digestion was carried out on hot plate inside fume cupboard. The digest was
allowed to cool to room temperature, then filtered and made up to 25 ml of solution. The samples were then subject to
Atomic Absorption Spectrophotometer (AAS) using GBC A Vanta PM Version 2.02 for metal analysis.

2.5. Data Analysis

The data generated from this study were analyzed statistically by using the Statistical Package for Social Sciences (SPSS
version 24.0). Analysis of Variance was used to test for differences in the concentrations of the heavy metals and the
means separated with Ducan Multiple Range Test (DMRT).
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3. Results

Table 1 shows the mean concentration of heavy metals in road side higher plants along Akure-Ilesa road during 2012
rainy season. The mean concentration of Pb, Cr, Cd, Cu and Zn were 0.112 mg/kg, 0.188 mg/kg, Cd 0.119 mg/kg, 0.085
mg/kg, 0.757 mg/kg respectively. The mean concentrations of all the heavy metals in higher plants were compared with
the values obtained in the control sample of higher plant, it was discovered that Pb and Zn concentrations (0.112 mg/kg
and 0.757 mg/kg respectively) in the higher plants were lower than the Pb and Zn (0.241 mg/kg and 0.910 mg/kg
respectively) of the control sample. On the other hand, the Cr, Cd and Cu (0.118 mg/kg, 0.119 mg/kg, and 0.085 mg/kg
respectively) of sampled higher plants were found to be higher than the Cr, Cd and Cu (0.161 mg/kg, 0.068 mg/kg and
0.065 mg/kg respectively) of the control sample.

Table 1 Heavy metal concentrations (mg/kg) in road side higher plants along Akure - llesa during 2012 rainy Season

Sample Locations Pb Cr Cd Cu Zn

Long 5°1' Lat71028'12" 0.021 0.111 0.110 0.085 0.791

Long 5°6'24" Lat 7°20'16"  0.112 0.301 0.130 0.064 0.086

Long 4054 Lat 7°28'02" 0.211 0.114 0.092 0.058 1.280

Long 4°53'34" Lat 7°30'42" 0.310 0.212 0.142 0.113 1.001

Long 4052'98" Lat 7033’ 0.044 0.163 0.121 0.100 0.641

Long 4°51'54" Lat 7°36'42" 0.038 0.214 0.111 0.101 0.820

Long 4°489" Lat 7°37'14"  0.046 0.201 0.123 0.072 0.680

Mean + S.D 0.112+0.109> 0.188+0.066> 0.119+0.016> 0.085+0.021> 0.757 +0.3672
Control (n=5) 0.241 +0.283 0.161+0.144 0.068+0.065 0.065+0.011 0.910+0.520

Values with same superscript along the column are statistically same at p<0.05.

Table 2 Heavy metal concentrations (mg/kg) in road side soil along Akure - Ilesa during 2012 rainy season

Sample Locations Pb Cr Cd Cu In

Long 5°1' Lat 70°18'12" 0.388 0.299 0.181 0.078 0.401

Long 5°6'24" Lat 7°20'16" 0.356 0.303 0.100 0.092 0.280

Long 5°3'78" Lat 7°23'82" 0.420 0.294 0.118 0.112 0.321

Long 5°1'02" Lat 7°24'36" 0.216 0.311 0.172 0.046 0.411

Long 4°5832" Lat 7°24'66" 0.258 0.313 0.164 0.141 0.311

Long 4°54'42" Lat 7°28'02" 0.282 0.302 0.142 0.008 0.294

Long 4°53'34" Lat 7°30'42" 0.431 0.410 0.171 0.070 0.340

Long 40°52'98" Lat 7033’ 0.324 0.328 0.183 0.081 0.281

Long 4°51'54" Lat 7°36'42" 0.330 0.298 0.177 0.076 0.311

Long 4°489" Lat 7°37'14" 0.312 0.402 0.180 0.078 0.296

Mean + S.D 0.332+0.0692 0.326 +0.0432 0.159+0.029> 0.078+0.035¢ 0.325+ 0.0472
Control (n=5) 0.297 £0.022 0.300 £0.027 0.153+0.023 0.162+0.120 0.301+0.023

Values with same superscript along the column are statistically same at p<0.05.

Analysis of Variance showed that the heavy metals were statistically different (F=18.73) at P<0.05, while DMRT showed
Pb, Cr, Cd and Cu were statistically the same but significantly lower than Zn. Table 2 shows the mean concentrations of
heavy metals in road side soil along Akure - Ilesa road during 2012 rainy season. The Pb concentrations ranged from
0.216 - 0.431 mg/kg, Cr, 0.294 - 0.410 mg/kg, Cd, 0.100 - 0.181 mg/kg, Cu 0.008 - 0.141 mg/kg and Zn 0.280 - 0.411
mg/kg. Concentrations of Pb, Cr, Cd and Zn were higher than those of the control sample. Pb was found to be statistically
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the same with Cr and Zn, they were also found to be statistically higher than Cd and Cu, while Cd was found to be
statistically higher than Cu.

Table 3 Heavy metal concentrations (mg/kg) in roadside higher plants along Akure - Ilesa during 2013 dry Season

Sample Location Pb Cr Cd Cu Zn
599'06"7°18'18" 0.342 0.211 0.162 0.062 0.409
506'3"702022" 0.421 0.301 0.131 0.056 0.084
503'84"7023'82" 0.156 0.142 0.170 0.055 0.411
501'08"7024'42" 0.073 0.218 0.141 0.112 0.490
4058'38"7°24'72"  0.136 0.201 0.112 0.059 0.415
4054'48"7°28'08"  0.146 0.151 0.114 0.100 0.625
4053'4"7°30'48" 0.440 0.216 0.140 0.044 0.532
4053'04"7°33'06"  0.082 0.118 0.154 0.071 0.061
4051'6"7°36'48" 0.068 0.110 0.092 0.082 0.831
4048'96"7°372" 0.320 0.112 0.101 0.105 1.200
Mean + S.D 0.218+0.147> 0.178+0.062> 0.132+0.026> 0.075+0.024> 0.506+0.334=

Control (n=5) 0.226+0.155 0.106+0.011 0.102+0.004 0.082+0.031 0.722+ 0.550

Values with same superscript along the column are statistically same at p<0.05.

Table 3 shows the mean concentrations of heavy metals in roadside higher plants along Akure - Ilesa road during 2013
dry season. The mean concentrations of Pb, Cr, Cd, Cu and Zn were 0.218 mg/kg, 0.178 mg/kg, 0.132 mg/kg, 0.075
mg/kg and 0.506 mg/kg respectively. Concentrations of Pb, Cu and Zn in the experimented higher plants (0.218 mg/kg,
0.075 mg/kg and 0.506 mg/kg respectively) were lower than that of the control (0.226 mg/kg, 0.082 mg/kg and 0.722
mg/kg respectively) while that of Cr and Cd (0.178 mg/kg and 0.132 mg/kg respectively) in the higher plants were
higher than that of the control (0.106 mg/kg and 0.102 mg/kg respectively) Pb did not statistically differ from Cr, Cd
and Cu but were found to be statistically lower than Zn (p<0.05). No significant differences were obtained among Pb, Cr
and Zn, but a significant difference existed between Cd and Cu at p<0.05 (t = 4.400 and -11.132 respectively) for
experimented higher plant and the control sample.

Table 4 Heavy metal concentrations (mg/kg) in roadside soil along Akure - Ilesa during 2013 dry season

Sample Location Pb Cr Cd Cu Zn
509'06"7°18'18" 0.312 0.142 0.162 0.111 0.267
506'3"702022" 0.326 0.106 0.141 0.106 0.274
503'84"7023'82" 0.340 0.069 0.120 0.101 0.281
501'08"7024'42" 0.420 0.372 0.142 0.046 0.315
4058'38"7°24'72"  0.284 0.247 0.140 0.120 0.261
4054'48"7°28'08"  0.410 0.361 0.178 0.082 0.374
4053'4"7°30'48" 0.226 0.330 0.160 0.096 0.341
4053'04"7°33'06"  0.276 0.212 0.101 0.084 0.436
4051'6"7°36'48" 0.382 0.312 0.162 0.068 0.411
404896"7°37'2" 0.391 0.440 0.146 0.052 0.386
Mean + S.D 0.337+£0.0642  0.259+0.124>  0.145%0.022¢ 0.087%0.025¢  0.335+0.0642

Control (n=5) 0.321+0.048 0.341+0.206 0.160%£0.037 0.016x0.046  0.246% 0.025

Values with same superscript along the column are statistically same at p<0.05.
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The mean concentrations of the soil heavy metals during 2013 dry season varied from one location to another (Table
4). Their mean concentrations were Pb (0.337 mg/kg), Cr (0.259 mg/kg), Cd (0.145 mg/kg), Cu (0.087 mg/kg) and Zn
(0.335 mg/kg). Pb, Cu and Zn concentrations of the roadside soils were higher than that of d control while Cr and Cd
were lower than that of the control. Cr, Cu and Zn concentrations were significantly different from the control (t= -
11.167, 31.177 and 6.928, respectively) Pb content did not statistically differ from Zn, but significantly higher than Cr,
Cd, and Cu. Cr was found to be statistically higher than Cd and Cu which were in-turn without statistical difference
(p<0.05). The order of increment in heavy metal concentrations was Cd = Cu < Cr < Pb =Zn

4., Discussion

The rapid increase in mobility of human beings has led to exceptional rise in vehicular traffic on the major roads. The
vehicles release substantial quantity of exhaust emission which consists of poisonous gases like carbon monoxide,
sulphurdioxide, oxides of nitrogen etc., with a report that 75% of air pollution takes place through exhaust gases from
automobiles [19]. Emissions from vehicles usually results in adverse effects on plants, animals, soil and other
environmental components. The tremendous increase in the use of vehicles for day to day mobility in most developing
countries, together with lack of emission standards in these countries, has contributed a great deal of concern over
vehicular pollution [20, 21].

Except for vehicle emissions, the concentrations of heavy metals in soil can be influenced by other local factors, like the
use of agricultural fertilizers and pesticides, other anthropogenic activities and climate change. Results of this study
showed that concentrations of the heavy metals were higher in the soil than the plants. [22] and [23] reported
undesirable and abnormal concentration of lead (Pb) in air, water, soil and vegetation particularly close to heavily plied
automobile free-ways. The heavy metals determined in this study are among the wide range of heavy metals found in
fossil fuel which are either emitted into the environment as particles during burning or may be transported in air and
contaminate soil [24]. This is in line with the report of [25] that asserted that combustion and traffic are among the
sources of heavy metals into the environment.

Result of this study also revealed higher concentration of Zn in the plants than the soil. This is an evidence of
bioaccumulation or biomagnification of the heavy metals in plants. When soil is polluted with heavy metals, the metals
are taken up by plants and as a result accumulate in their tissues [26]. This is in line with the work of [27] that reported
increase in metal concentrations in plants than soil along three major roads in Eleme.

The results obtained in this study also indicated high heavy metal pollutants of the soil and vegetations along high traffic
road. This result could be corroborated by that of [28] who reported decreased metal concentrations with increasing
distance from the road. He observed that this might be as a result of heavy metals emitted from vehicle exhausts in
particulate forms which are forced to settle under gravity closer to the edge of the road. The top soil used in this research
contained high metal content, this is in line with the results of several authors who did related research [20, 29]. [29]
attributed high heavy metal concentration of roadside topsoil to high organic matter status responsible for fixation of
metals in soils.

Zn was found to have the highest concentration in the higher plants in the study area, followed by Pb, while Cu had the
least concentration. This is comprehensible since tyre wears released zinc in addition to exhaust emission [30]. In
addition, Zn is used in brake linings owing to their heat conducting properties and as such released during mechanical
abrasion of vehicles and from engine oil combustion [31, 32, 33]. The high concentration of Zn in this study might also
be due to lubricant oil used by vehicles that passed through the road. [34] also reported that lubricant oil added Zn to
soils closest to major roads in metropolitan areas. Natural occurrences such as volcanic eruption, forest fires, dust
storms and sea spray also add to the continuous cycling of Zn through nature. It is predictable that these natural
discharges of Zn quantify to 5.9 million metric tonnes every year [35]. Anthropogenic releases of Zn into the
environment are estimated to be a portion of the total emissions from the natural cycling of Zn from erosion, sea spray,
volcanic eruption etc [35].

The higher level of Pb might be from the deposition from automobile exhaust since most petroleum fuel is made up of
tetraethyl lead as antiknock agent [36]. Large amount of fertilizers are frequently added to soils in intensive farming
systems to supply adequate NPK for crop development, and the compounds used to produce them contain trace
quantities of heavy metals (e.g Cd and Pb) as impurities, which after persistent fertilizer application may extensively
increase their content in the soil [37]. The use of certain phosphate fertilizers ineffectually adds Cd and other potentially
toxic elements to the soil such as F, Hg and Pb [38], these may also contribute to the high level of Pb in the study area.
Moreover, some pesticides that might have been used in agriculture in that area contain considerable concentrations of
metals. Lead arsenate was applied in fruit orchards for many years to control some parasitic insects [39].
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These findings can be reasonably explained by vehicular heavy metal emission processes. Almost 100% of Cu emission
comes from brake wear while 83% of Cd emission comes from engine oil consumption [40]. However, Pb and Zn
emissions are quite evenly distributed in the mechanisms of fuel utilization, engine oil application, brake wear, or tire
wear [40].

5. Conclusion

Heavy metal accumulation by plant tissues, its presence in the soil persistently or its presence in ground waters is not
a healthy sign for the environment. Controlling air pollution from motor vehicle is essential if the adverse effects will be
nip in the bud. The reason for different concentrations of heavy metals in plant and soil in urban roadsides in this study
may be due to the density of the traffic. The level of contamination was more pronounced in the soil than in the plant.
Nonetheless, results of this study have shown different concentrations of the heavy metals in both plants and soils along
the roadside.

6. Recommendations

e Proper maintenance of vehicles and regulation of truck emission control systems should be adopted; this will
not only limit harmful emissions but will also improve fuel use efficiency and extend the life of vehicles.

e Appropriate legislation to enhance the performance of regulatory agencies should be provided and a technical
committee should also be established in order to develop emission standards for Nigeria and provide a means
for its implementation.

e Several antipollution measures should be adopted by the government to stop the pollution or contamination of
agricultural land and food; part of this is discouraging the production of vegetables along road sides, because
of the potentials of vegetables to accumulate heavy metals up to toxic levels.

e Drying of edible food on tarred roads in rural and urban community should be discouraged.

o Educating the people on the danger involved in the consumption of vegetables grown naturally on non-
agricultural land should be done regularly.

e Enhancement of fuel quality and the placement of emission standards to mitigate the impact of vehicle
emissions on human health should be adopted.
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