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Abstract 

This study examined heavy metals concentration analysis of roadside surface soils and 

vegetation with an understanding to assessing the heavy metal pollution status of soil and 

plants in the metropolis of Ile-Ife. Twenty soil samples with some physico-chemical 

parameters like pH, electrical conductivity, organic matter and particle size distribution were 

collected for both seasons. Concentrations of the metals studied were quantitatively done 

applying Flame Atomic Absorption Spectrophotometer (FAAS). The metal concentrations of 

soil samples for wet season (mg/kg) varied from 1.18 Cd to 3414.23 Mn while for dry season 

(mg/kg), varied from 2.91 Cd to 3786.56 Mn. The values of translocation factor (TF) of 

metals in the plant samples (mg/kg) varied from 0.002 for the wet season to 0.713 for the dry 

season. The study concluded that soils were polluted pertaining to Cd, Mn, Zn and Cu and 

unpolluted relating to Ni and Pb in all the sites. 

 

Key words: Heavy metals, Bioindicators, Transfer factor, Surface soil, Roadside, 

Environmental pollution 

 

Introduction 

The consciousness of risks constituted by 

heavy metals in the ecosystem is amassed 

day by day. This  is further  proven by  high  

numbers  of  environmental  studies  

executed  since  the commencement of the 

last two decades. Levels of heavy metals in 

numerous environmental media are 

becoming disturbing. Proportionate growth  

rate  of  population,  high  level  of  

urbanization,  heavy  port  and  industrial 

activities,  are  among  other  factors  that  

add  to  increased  level  of  heavy  metal in 

the environment. The industrial fuel 

combustion, combustion of leaded gasoline 

(automobile exhaust) and burning of solid 

fuels create primary sources of atmospheric  

 

 

metallic burden (Ogunfowokan et al., 

2009).  

Report  corroborates  automobile  

exhaust  as  a  leading  source  of  air  

pollution  in  many  cities  of Africa, 

partially attributable to the Lead (Pb) 

comprising gasoline consumed in the 

continent which is among  the highest in the 

world (Majolagbe et al., 2012). 

Ogunfowokan et al. (2004) indicated the 

discharge of lead (Pb), copper (Cu), nickel 



39 
 

(Ni) and zinc (Zn) into areas adjacent to the 

roads while other researchers (Majolagbe et 

al., 2012) discovered that Pb emissions 

from motor vehicles generated eminent 

concentrations of the element in roadside 

vegetation. Numerous studies have revealed 

that metals like lead (Pb), cadmium (Cd), 

nickel (Ni), amid others, are accountable for 

inevitable diseases that have lethal effects 

on man and animals (Njagi, 2013).   

Heavy metals may also impact plant 

physiology by diminishing respiration and 

growth, retarding photosynthetic processes 

and inhibiting main enzymatic reactions if 

accrued at elevated concentrations. When 

these toxic metals are available in soil at a 

low concentration, plants keep on growing 

consistently even though accumulating 

these metals. The tendency of plants to 

amass heavy metals into their organs may 

hence be accustomed to monitor soil 

pollution, and in exact the degree of heavy 

metals accessible to plants.  

It has been displayed that vegetation 

is a major reservoir for atmospheric 

pollutants and its usage in environmental 

pollution monitoring has been found to be 

simple and cheap (Majolagbe et al., 2012). 

Thus, different biological materials like 

plants, mosses and shrubs have been used 

as bioindicators of environmental heavy 

metal pollution (Njagi, 2013). The 

calculated amounts of metals in these 

materials function as indicator of the extent 

of pollution and as an underlying condition 

for which explanations for countless 

ecological phenomena can be described. 

Soil and plant are quite diverse in terms of 

its physical, chemical and biological 

attributes (Fatoki, 2000). Trace metals are 

associated with several soil and plant 

constituent in varied means and these 

associations express their mobility and 

availability (Ogunfowokan et al., 2009).  

One notable study on the air 

pollution by vehicular traffic in Ile-Ife was 

enumerated by Ogunfowokan et al. (2004), 

but simply moss plant (Barbula 

lambarenensis) had been determined as 

environmental pollution pointers. In this 

survey, normal plants like shrubs have been 

surveyed for two purposes. First, they are 

ephemeral i.e. they survive for a short 

period and hence they are exposed only for 

a very specific duration of time to 

bioavailable pollutants. Second, they can be 

taken more easily than other higher plants 

or bryophytes. As a result, we examined 

three plants (Ageratum conyzoides, 

Chromolaena odorata and Talinum 

triangulare) and we compared and estimate 

the heavy metals (Cd, Cu, Mn, Ni, Pb and 

Zn) accumulation in barks, leaves and roots 

and surface soil. Our survey is therefore 

aimed at finding simple and dependable 

vegetal markers to monitor environmental 

pollution alongside some chosen roads in 

Ile-Ife, Southwestern Nigeria. 

 

Materials and methods 

Sample collection and pre-treatment 

The study was conducted in Ile-Ife, 

southwestern Nigeria. Ten sampling sites 

near major roads in Ile-Ife with heavy 

traffic density were chosen for this survey. 

The sites were Obafemi Awolowo 

University Sports Complex, Diganga Hotel, 

Toll Gate, Our Lady High School Junction, 

the School of Science (Ondo Road), Ilode 

(Ifewara Road), Oduduwa College Road, 

Olonade, Opa (Aba Iya Gani) and Road 7 

of Obafemi the Awolowo University 

Campus. Demarcated locations for all 

sampled sites were determined using a 

Global Positioning System (Garmin GPS 

72H). A map of the study area is presented 

in Figure 1. The study area lies within 

longitudes 004
0
 29.554

‘
 to 004

0
 34.454

‘
E 

and latitudes 07
0 

23.530
‘
 and 07

0
 31.991

‘
N, 

while the land elevation is within 238 m to 

314 m above sea level. 

Sampling of soil samples was done 

for both wet and dry seasons. The specified 

soil types were sampled utilizing a stainless 

soil auger graduated from 0-15 cm depths 

so as to ascertain the ploughing layer. The 

sampling method was random; at each 

sampling location five sub-samples were 

taken and mixed completely to achieve a 

composite sample. Every sample was 
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straightaway put in a decontaminated 

polyethylene bag, securely sealed and then 

labeled suitably. The soil was spread on an 

inert surface put in a well aerated cupboard 

to minimize cross-contamination. Here, air-

drying was performed to thwart microbial 

decomposition. The sample was then 

homogenized by communition for example 

grinding, filtered by means of a 2 mm mesh 

sieve. The less-than 2 mm fraction of every 

sample was well-kept in a labeled 

polyethylene bag well sealed and preserved 

at 4
0
C advance to analysis (Oyekunle et al., 

2011). 
 

 

 Figure 1: Map of Ile-Ife showing the sampling sites 

Plant collections and preparation 

The plant samples were picked up during 

the wet and dry seasons from the ten varied 

sites that related to the soil sampling 

locations. The samples were wrapped in a 

brown envelope, labeled and conveyed to 

the laboratory at Centre for Energy 

Research and Development (CERD), 

Obafemi Awolowo University Ile-Ife, 

Nigeria for further treatment. In proportion 

to the criteria prescribed by Witting (1993) 

and Markert (1993), three plants (Ageratum 

conyzoides, Chromolaena odorata and 

Talinum triangulare) were chosen as 

bioindicators of anthropogenic pollution. 

The picked up plants samples were 

carefully rinsed with distilled water to get 

rid of any attached soil or dust particles, air-

dried at room temperature for two days and 

then oven dried at 80
0
C until a constant 

weight was attained. The bark, leaf and root 

of the selected plants were properly 

separated after classification utilizing a 

stainless steel pen knife. The separated 

parts were grinded into fine powders 

utilizing clean acid-washed agate mortar 

and pestle, sieved and then stored suitably 

until further processing. 

 

Soil physicochemical parameters 

determination 

The pH was performed with pH meter 

(Model H198107) in line with standard 

analytical methods. Particle size 
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distribution was performed by hydrometer 

method as explained by UAE University 

Manual (2013). Organic matter was 

conducted utilizing the chromic acid 

oxidation method (Radojevic and Bashkin, 

1999). Electrical conductivity was done 

employing digital electrical conductivity 

meter. 

 

Analyses of heavy metals in roadside soil 

and vegetation 
Environmentally  substantial  fraction  of  

all  metals  was leached  by  weighing  1.0  

g  of  every  powdered sample (soil or plant 

parts)  into  an  acid  washed  Teflon beaker 

to which 30 mL aqua regia (HCl: HNO3; 

3:1) was added and positioned on a 

thermostated hot-plate between 150 and 

180
0
C. The content of the Teflon beaker 

was top up as required with more aqua regia 

to avert total evaporation. After about two 

hours of digestion, the Teflon beaker with 

its content was brought down from the hot-

plate to simmer. At that juncture, 5 mL HF 

was added and digested for a more 30 

minutes. The Teflon beaker with the 

content was permitted to decrease to room 

temperature before the content was 

quantitatively carried over into a 50 mL 

volumetric flask and filled in to the mark 

with doubly distilled water (Ogunfowokan 

et al., 2013). Standards  accustomed to  

standardize  the  FAAS  were  acquired  as  

commercial   BDH   stock   metal   

solutions   from   which   working  

standards  were  prepared  by  suitable  

dilution.  Blank samples (sample containing 

all reagents except the soil and plant 

samples) were carried through all methods, 

analyzed and subtracted from the sample. 

This was done to check reagent and 

environmental effects. The Cd, Cu, Mn, Ni, 

Pb and Zn contents were determined using 

the Flame Atomic Absorption 

Spectrophotometer (FAAS) Buck Scientific 

Model 205 by automatic interpolation 

regarding the calibration graph at the Centre 

for Energy Research and Development 

(CERD), Obafemi Awolowo University Ile-

Ife, Nigeria. 

 

Statistical analysis  

So as to study the characteristics of 

roadside soil and vegetation, the 

concentrations of trace metals content in 

surface soils and vegetation were caused to 

undergo one – way analysis of variance and 

New Duncan Multiple Range Test to test 

the significance of differences in heavy 

metals accumulation between the varied 

sampling points during the wet and dry 

seasons. Difference in results was 

considered significant with p<0.05. 

 

Results and discussion 

Physico-chemical parameters of surface 

soil samples 

The physico-chemical properties of soil 

samples of the roadside were evaluated 

during wet and dry seasons. The results are 

revealed in Table 2.The pH value was 

quantified for all locations (S1 to S10) for 

both seasons as presented in Table 1. The 

values fell between 2.90 to 5.60 and 3.10 to 

5.10 for wet and dry seasons, respectively. 

The location S3 recorded the least value of 

2.90 while location S8 recorded the 

maximum values of 5.60 for wet season. 

For the dry season, location S1 recorded the 

minimum pH value of 3.10 while location 

S4 recorded the maximum value of 5.10. In 

this present result, the pH values were 

suggestive of an acidic environment, 

therefore the occurrence of soluble salts 

(Enger and Smith, 2002). That pH values 

are usual to areas that have high to 

moderate rainfall (Enger and Smith, 2002), 

where leaching possibly to be very severe 

and the basic ions for example Ca, Mg and 

K are leached from the soils and more acid 

materials are residual to take over the 

exchange complex. 

The electrical conductivity of the 

roadside soils varied from 22.30 µS m
-1

 to 

65.20 µS m
-1

 and 31.90 µSm
-1

 to 58.80 µS 

m
-1

 for wet and dry seasons, respectively 

(Table 1). The moderate conductivity value 

may be ascribed to leaching and medium 

base saturation of the area. It signifies that 
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there are less soluble salts in the surface 

soils. 

Soil texture is a main characteristic 

of soil; it refers to particle sizes constituting 

the soil. Soil texture classes express the 

amount of sand, silt and clay percentages. 

In this study, for wet season, the soil 

samples S1, S2, S5, S7 and S8 were loamy 

sand in nature while S3, S4, S6, S9 and S10 

were sandy loam in nature. For the dry 

season collection, S1 to S5 were sandy loam 

in nature, while S6 was sandy clay loam in 

nature and S7 to S10 were loamy sand in 

nature (Table 1). In general, all surface soil 

samples from ten sites for wet season were 

predominated by high average % sand 

fractions after that % silt and lastly % clay 

while the dry season, was predominated by 

high % sand fractions after that % clay and 

last of all % silt. The variation in particle 

size pattern revealed that these soils were 

not formed from the natural process of 

basic parent material but quite from 

deposited particles (Okoronkwo et al., 

2006), from erosion associated occurrence. 

The organic matter content of 

roadside surface soil samples in the recent 

study for wet and dry seasons are revealed 

in Table 1. The values ranged from 0.67 to 

1.24% and 0.57 to 1.17%, respectively. The 

soil organic matter was moderately high on 

the categorization of soil %OM 

recommended by FAO/WHO (2011) in the 

present study for all soil samples during the 

wet and dry seasons signifying moderate 

retention of solubilized metals within the 

soil. There was a variation in %OM across 

the sampling sites. It indicates that the 

roadside surface soil needs to be improved 

if they are to support agricultural crop 

production 

The results of recovery analyses 

carried out shown that the results of the 

analytical procedures were declared 

trustworthy, with the recovery analysis 

performed on plant and soil samples 

displaying percentage recoveries of 83.65% 

for Pb to 97.90% for Zn and 80.00% for Zn 

to 95.10% for Cu, respectively.  The total 

metal levels of Cd, Cu, Mn, Ni, Pb and Zn 

contained in the samples from each site 

shown varied amount of contamination, as 

indicated in Table 3 for the both seasons. 

The values of Cd ranged from 1.18 – 3.52 

mg/kg and 2.91 – 4.98 mg/kg, yielding an 

overall mean of 2.55 mg/kg and 3.94 mg/kg 

for wet and dry seasons, respectively. The 

highest Cd concentrations (3.52 and 4.98 

mg/kg) were found at OAU Sports 

Complex and Oduduwa College Roads. 

This possibly revealed the fact that these 

roads are flagged by motor car park 

stations, fence iron barb wire, electronic, 

pigment, stationary, paint dealers and other 

road ancillary work like vulcanizers and 

roadside motor mechanics workshop all of 

which harmonized with effect of traffic 

congestion.  

The concentration of Cu in the 

examined soil samples ranged from 90.50 – 

170.26 mg/kg and 111.80 – 179.62 mg/kg 

in the wet and dry seasons, 

correspondingly. Samples taken from Opa 

(Aba Iya Gani) road had the highest 

concentrations in both seasons. The values 

of Mn ranged from 2586.20–3414.23 mg/kg 

and 2708.22–3786.56 mg/kg in wet and dry 

seasons, correspondingly. Samples from 

Olonade and Toll Gate roads contained the 

highest concentrations in both seasons. The 

range of values of Mn reported for Spanish 

soil (181-366 mg/kg) was much lower than 

the levels identified in the existing study. 

Wear of tyre and brake linings might have 

added to Mn concentrations found in this 

contemporary study, since Mn and other 

metals have been stated to be present in 

these materials particularly as there is 

nonappearance of industrial activity in the 

study area.  It could also be as a result of 

substituting Pb with Mn in petrol additives.  

In the case of Ni, levels identified 

ranged from 7.10 to 12.20 mg/kg and 17.03 

to 25.08 mg/kg during the wet and dry 

seasons. Environmental anthropogenic 

sources of Ni like deposition of municipal 

solid wastes, unconcerned disposal of car 

batteries, pigments and paints, animal 

wastes and fossil fuel combustion might 
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have contribute to the Ni values detected in 

this investigation.  

The concentration of Pb in the 

assayed samples varied from 2.08 to 5.01 

mg/kg and 4.08 to 7.04 mg/kg in wet and 

dry seasons, respectively. In this research, 

samples taken from Toll Gate and Ilode 

roads had the highest concentrations of Pb 

in both seasons. It could be caused by 

garbage disposal, discarded batteries, and 

activities around the filling stations, motor 

parks and corrosion of other Pb bearing 

materials. Lead levels found from this study 

are lower than those reported in such places 

as the US, China, Poland, India and 

Ethiopia. This possibly revealed the 

acquiescence of the petrochemical industry 

in Nigeria to produce non-leaded fuel.  

Zinc concentrations in this analysis 

ranged from 100.08 to 265.10 mg/kg and 

132.03 to 360.40 mg/kg in wet and dry 

seasons, respectively. The highest 

concentration of Zn was observed in 

samples from Oduduwa College road in 

both seasons, respectively. Zinc levels in 

this studied are within the background 

levels for agricultural soil (Brady and Weil, 

2008) in both seasons. Toxic levels of Cd 

may restrain Zn absorption (Lonnerdal, 

2000). In relation to FAO/WHO (2011), 

natural heavy metals concentrations 

(mg/kg) of surface soils are: Cd = 3-5, Cu = 

100, Ni = 75, Pb = 100 and Zn = 300. 

Comparing these values with wet and dry 

season‘s values obtained in this study, Cd, 

Cu, Mn and Zn were higher.  

From the statistical results found, all 

the heavy metals across the sampling sites 

and seasons were significantly different at p 

< 0.05 which suggests that there is 

significant relationship between the overall 

means of Cd, Cu, Mn, Ni, Pb and Zn in the 

roadside surface soil of the study area at a 

95% probability level {Fcalculated (661.80) > 

Fcritical (2.40)}. This strongly implies that 

the six analytes may not have come from 

the similar sources. 
 

 

 

Table 1: Physico-chemical parameters of surface soil samples within the locality of Ile-

Ife Area for wet and dry seasons 
Sample 

Code 
pH EC (µS/cm) %TOM %Sand %Clay %Silt Textural Class 

    
Wet Season 

  
SS 1 5.20±0.73 22.30±10.40 0.75±0.15 69.00±2.63 13.00±2.00 18.00±2.01 Loamy sand 

SS2 5.00±0.70 29.80±11.20 0.67±0.13 71.00±2.80 13.00±2.01 16.00±1.98 Loamy sand 

SS3 2.90±0.35 65.20±15.10 0.86±0.16 65.00±2.50 14.00±2.01 21.00±2.03 Sandy loam 

SS4 5.30±0.75 52.60±13.30 0.96±0.19 68.00±2.61 13.00±2.00 19.00±2.00 Sandy loam 

SS 5 5.10±0.71 28.40±10.90 0.69±0.14 71.00±2.80 9.00±1.80 22.00±2.06 Loamy sand 

SS 6 5.40±0.76 38.40±12.50 0.72±0.14 68.00±2.60 13.00±2.02 19.00±2.01 Sandy loam 

SS 7 5.20±0.74 29.60±11.00 1.03±0.17 70.00±2.75 9.00±1.81 21.00±2.02 Loamy sand 

SS 8 5.60±0.78 37.30±12.10 0.91±0.18 73.00±2.85 9.00±1.80 18.00±2.00 Loamy sand 

SS 9 5.50±0.74 24.80±10.60 1.07±0.19 66.00±2.55 11.00±1.95 23.00±2.05 Loamy sand 

SS 10 4.30±0.62 23.50±10.45 1.24±0.20 65.00±2.50 14.00±2.04 21.00±2.01 Sandy loam 

Min. 4.30 22.30 0.67 65.00 9.00 16.00 
 

Max. 5.60 65.20 1.24 73.00 14.00 23.00 
 

Mean 4.95 35.19 0.89 68.60 11.80 19.80 
 

SD 0.76 13.17 0.18 2.58 1.99 2.04 
 

CV 15.42 37.44 20.02 3.76 16.86 10.30 
 

    
Dry Season 

  
SS 1 3.10±0.60 31.95±8.02 0.65±0.15 77.00±2.05 20.00±2.80 3.00±0.80 Sandy loam 
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SS2 4.90±0.67 47.45±9.50 0.60±0.13 79.00±2.10 17.00±2.70 4.00±0.85 Sandy loam 

SS3 4.50±0.63 36.65±8.10 0.71±0.18 81.00±2.20 13.00±1.80 6.00±0.90 Sandy loam 

SS4 5.10±0.69 51.80±10.20 0.67±0.15 80.00±2.17 15.00±1.85 5.00±0.82 Sandy loam 

SS 5 3.40±0.62 32.40±8.08 0.57±0.13 78.00±2.04 19.00±2.75 3.00±0.78 Sandy loam 

SS 6 3.30±0.61 40.80±8.80 0.64±0.15 76.00±2.02 21.00±2.85 3.00±0.80 Sandy clay loam 

SS 7 4.30±0.63 58.80±10.60 0.79±0.19 82.00±2.15 14.00±1.83 4.00±0.85 Loamy sand 

SS 8 4.00±0.60 38.60±8.20 0.83±0.20 81.00±2.20 16.00±2.50 3.00±0.80 Loamy sand 

SS 9 4.20±0.63 54.15±10.30 0.91±0.22 79.00±2.08 17.00±2.68 4.00±0.83 Loamy sand 

SS 10 4.60±0.65 36.40±8.13 1.17±0.25 83.00±2.25 13.00±1.80 4.00±0.85 Loamy sand 

Min. 3.10 31.95 0.57 76.00 13.00 3.00 
 

Max. 5.10 58.80 1.17 83.00 21.00 6.00 
 

Mean 4.14 42.90 0.75 79.60 16.50 3.90 
 

SD 0.65 9.02 0.17 2.11 2.69 0.94 
 

CV 15.70 21.03 22.70 2.65 16.32 24.19 
 

 

Table 2: Total metal levels in the soil of the study area (Wet and Dry Seasons) (mgkg 
-1

) 

Sampling Point Cd Cu Mn Ni Pb Zn Total Metal Load 

   

Wet Season 

    OAU Sports 

Complex 3.52±0.80 144.22±22.01 3043.08±353.10 10.21±1.50 4.20±1.20 191.20±50.50 3396.43 

 Diganga Hotel 2.83±0.68 142.40±21.80 2674.19±250.20 12.18±1.58 4.80±1.22 200.18±55.62 3036.58 

 Toll Gate 2.02±0.63 139.90±21.60 3745.50±359.25 9.40±1.30 5.01±1.30 234.20±60.50 4136.03 

 Our Lady 

Junction 2.90±0.69 144.20±22.05 2873.22±255.30 8.60±1.25 3.08±1.08 250.90±62.10 3282.00 

 School of 

Science 3.06±0.77 126.03±18.90 2907.26±260.19 11.50±1.52 4.36±1.23 105.26±30.25 3157.47 

 Ilode Rd 2.38±0.64 168.23±23.50 3383.62±362.40 11.80±1.55 2.60±1.10 148.16±35.70 3716.79 

 Oduduwa 

College 3.22±0.78 123.32±18.60 2718.40±272.30 10.12±1.35 3.90±1.16 265.10±64.20 3124.06 

 Olonade 2.20±0.60 148.20±22.30 3414.23±356.60 12.20±1.60 2.30±1.05 252.18±62.40 3831.31 

 Opa (Aba Iya 

Gani) 2.15±0.58 170.26±23.80 3062.30±354.10 10.32±1.53 2.39±1.08 245.80±59.70 3493.22 

 Roar 7(Campus) 1.18±0.40 90.50±15.20 2586.20±248.50 7.10±1.23 2.08±1.02 100.08±25.80 2787.14 

 Min. 1.18 90.50 2586.20 7.10 2.08 100.08 2787.14 

 Max. 3.52 170.26 3414.23 12.20 5.01 265.10 4136.03 

 Mean 2.55 139.73 3040.6 10.34 3.47 199.31 3396.00 

 SD 0.66 21.78 352.83 1.57 1.05 58.77 386.40 

 CV 25.77 15.59 11.60 15.23 30.26 29.49 11.38 

 

   

Dry Season 

    OAU Sports 

Complex 4.13±0.61 156.38±18.95 3146.16±350.10 18.20±3.30 6.90±1.30 318.45±72.30 3650.22 

 Diganga Hotel 4.36±0.65 144.90±16.50 2708.22±340.20 15.82±3.06 5.82±1.24 306.13±71.30 3185.05 

 Toll Gate 3.80±0.56 149.80±17.00 3786.56±358.10 16.80±3.12 5.10±1.20 262.10±70.50 4224.16 

 Our Lady 

Junction 4.50±0.69 136.20±16.20 3006.03±346.30 22.10±3.40 6.20±1.28 326.21±74.20 3501.24 

 School of 

Science 3.68±0.53 175.16±19.30 2988.30±344.70 17.30±3.18 6.96±1.33 177.60±30.50 3369.00 

 Ilode Rd 4.02±0.60 131.62±16.18 3509.11±353.60 25.08±3.80 8.62±1.40 188.22±38.30 3866.67 
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Oduduwa 

College 4.98±0.71 152.60±18.90 2823.50±342.80 21.78±3.36 6.09±1.28 360.40±74.80 3369.35 

 Olonade 3.06±0.50 154.30±18.92 3526.16±355.20 14.80±3.02 7.04±1.36 310.20±72.80 4005.56 

 Opa (Aba Iya 

Gani) 3.96±0.58 179.62±19.60 3188.46±350.50 16.23±3.09 5.30±1.23 296.30±71.70 3689.87 

 Road 7(Campus) 2.91±0.48 111.80±15.90 2780.10±341.60 17.03±3.14 4.08±1.12 132.03±28.60 3047.95 

 Min. 2.91 111.80 2708.22 15.62 4.08 132.03 3047.95 

 Max. 4.98 179.62 3786.56 25.08 8.62 360.40 4224.16 

 Mean 3.94 149.24 3146.26 18.49 6.21 266.76 3590.90 

 SD 0.59 18.93 340.95 3.18 1.20 71.28 350.05 

 CV 15.09 12.69 10.84 17.18 19.26 26.72 9.76 

 FAO/WHO, 

2011 3.00 100 2000 75 100 300 

   

Table 3: Results of One-way ANOVA of total metal determination 

 

Sum of 

squares 
df 

 Mean       

square 
Fcal Ftab p(same) 

Between 

groups 
7.61E+07 5 

 
1.52E+07 661.80 2.40 

3.94E-

47 

Within groups 1.24E+06 54  23001.7 
   

Total 7.74E+07 59  
    

 

The association between soil properties 

and trace metal uptake by plant 

The total and plant obtainable metal values 

in the soils are presented in (Table 5). The 

total metal concentrations in soil were high, 

but only a minute fraction of them were 

obtainable for the plants. These results can 

be described with the discussion of the 

physico-chemical properties of the soil in 

Table 1, respectively. Total soil heavy 

metal concentration is normally used to 

imply the degree of contamination, though, 

digestion of extractable concentration gives 

a more proper chemical assessment of the 

quantity of metals obtainable for plant 

uptake (Njagi, 2013). Loading and buildup 

of heavy metals in the soil relies on diverse 

factors for example chemical form of 

elements, pH, organic matter content and 

particle size distribution, and so on (Njagi, 

2013). With increasing pH, organic matter 

content, clay percentage and obtainability 

of the metals diminished. 

 

Concentration of element in plant 

portions 

Heavy metal concentrations were assessed 

in the roadside surface soils and vegetation 

alongside the chosen sites near the area of 

the sampling locations. The findings of the 

levels of metals in the vegetation and soils 

from the roadside are revealed in Table 4. 

The results demonstrated that the 

concentration of heavy metals in plants 

varied with plant species, plant portions and 

metal forms. 

 

Table 4:Range of metals concentration (mg/kg) in plant parts 

Wet Season 

Plant Plant Parts Range of Metal Concentration (mg/kg) in Plant Parts 

Cd Cu Mn Ni Pb Zn 



46 
 

 

Trace metals in roadside vegetation 

In this study, results indicated that the soil 

metal concentrations seem to impact the 

uptake of Cd, Cu, Mn, Ni, Pb and Zn in 

vegetation conveyed by Oluyemi et al. 

(2008). The association between 

contaminant concentrations in soil and 

aerial or underground part of plant material 

is greatly exact to the plant species. The 

association between contaminant 

concentration in the aerial or underground 

part of the plant and the concentration in 

soil is expressed by means of transfer factor 

(TF) which is referred to as the ratio of 

metal concentration in the plant part divided 

by soil. The TF values specified the relative 

differences in bioavailability of metals to 

plants and indicate the ability of a plant 

species to accumulate a particular metal. 

 

The TF as signified by Kloke et al. 

(1984) for Cu and Pb (0.01-0.10 mg/kg) 

and Cd (1 - 10 mg/kg) were used as a 

widespread array for evaluation.  These 

factors were derived from the root uptake of 

metals and surface (leaf, bark, stem, fruit 

etc.,) and absorption of atmospheric metal 

deposits (Kachenko et al., 2004). The 

concentrations (mg/kg) of Cd, Cu, Mn, Ni, 

Pb and Zn in different plant parts (barks, 

leaves, and roots) of Ageratum conyzoides, 

Chromolaena odorata, and Talinum 

Ageratum 

conyzoides 

Bark 0.013-0.036 0.066-0.106 0.056-0.080 0.017-0.031 0.040-0.084 0.029-0.078 

Leaf 0.011-0.086 0.057-0.136 0.070-0.110 0.013-0.035 0.051-0.098 0.045-0.106 

Root 0.025-0.098 0.066-0.140 0.069-0.100 0.019-0.100 0.046-0.106 0.034-0.110 

Chromolaena  

odorata 

Bark 0.039-0.123 0.042-0.104 0.057-0.096 0.022-0.036 0.033-0.106 0.030-0.116 

Leaf 0.040-0.123 0.067-0.136 0.067-0.120 0.018-0.040 0.040-0.118 0.035-0.107 

Root 0.030-0.123 0.075-0.157 0.069-0.110 0.022-0.040 0.052-0.128 0.049-0.125 

Talinum 

triangulare 

Bark 0.013-0.147 0.062-0.124 0.060-0.090 0.006-0.030 0.017-0.338 0.040-0.110 

Leaf 0.011-0.074 0.044-0.151 0.060-0.130 0.006-0.037 0.017-0.122 0.035-0.116 

Root 0.010-0.098 0.067-0.157 0.060-0.095 0.003-0.026 0.003-0.087 0.038-0.119 

Dry Season 

Ageratum 

conyzoides 

Bark 0.013-0.026 0.029-0.100 0.056-0.076 0.004-0.017 0.021-0.068 0.019-0.066 

Leaf 0.013-0.052 0.029-0.095 0.066-0.085 0.010-0.027 0.026-0.171 0.036-0.172 

Root 0.013-0.054 0.054-0.095 0.060-0.086 0.008-0.018 0.030-0.073 0.036-0.079 

Chromolaena  

odorata 

Bark 0.013-0.035 0.045-0.097 0.060-0.082 0.008-0.021 0.024-0.099 0.037-0.106 

Leaf 0.013-0.026 0.055-0.099 0.056-0.089 0.007-0.018 0.023-0.164 0.040-0.713 

Root 0.013-0.128 0.047-0.101 0.064-0.087 0.007-0.016 0.024-0.090 0.030-0.430 

Talinum 

triangulare 

Bark 0.014-0.058 0.055-0.138 0.051-0.089 0.006-0.040 0.023-0.147 0.030-0.133 

Leaf 0.014-0.072 0.043-0.174 0.002-0.101 0.007-0.036 0.035-0.164 0.050-0.105 

Root 0.013-0.087 0.081-0.131 0.073-0.094 0.008-0.038 0.024-0.132 0.049-0.174 
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triangulare observed from various 

roadsides in wet and dry seasons are  

revealed in Table 4, respectively. The mean 

values for heavy metals in this survey was 

usually low related with the values 

available at Ibadan, Benin city and 

Abeokuta by Osibanjo and Ajayi (1980), 

Ademoroti (1986) and Odukoya et al. 

(2000), correspondingly. This is possibly 

owing to very low level of industrialization 

in the survey region, a suggestion that 

industries add certainly to the 

environmental pollution and the extents of 

plant obtainable anthropogenic metals. 

The ranged of mean of Cd, Cu, Mn, 

Ni, Pb, and Zn in plant samples taken from 

various sites of the sampling seasons are 

shown in Table 4. Plants portion like 

leaves, barks and roots are identified to 

reveal the elements inputs for some 

identified contact time (Ngaji, 2013). Plant 

metal levels for Cd, Cu, Mn, Ni, Pb, and Zn 

in wet season vary in the range of 0.010 to 

0.147 mg/kg, 0.042 to 0.157 mg/kg, 0.056 

to 0.130 mg/kg, 0.003 to 0.100 mg/kg, 

0.003 to 0.128 mg/kg and 0.029 to 0.119 

mg/kg. For dry season, it ranged from 0.013 

to 0.128 mg/kg, 0.029 to 0.174, 0.002 to 

0.101 mg/kg, 0.004 to 0.040 mg/kg, 0.021 

to 0.171 mg/kg and 0.019 to 0.713 mg/kg, 

respectively. The highest TF for Zn was 

found in Chromolaena odorata from 

(Diganga Hotel). As stated by Fleming and 

Parle (1977), plant metal levels on dry 

weight basis for Cu, Zn and Pb vary in the 

range of 5 – 20 mg/kg, 25 – 200 mg/kg and 

1 – 12 mg/kg, respectively. Elevated levels 

of Pb and Zn in plant have been reported in 

related studies (Opaluwa et al., 2012). 

Metal levels in plants were commonly less 

than the tolerable range stated by Fleming 

and Parle (1977) in uncontaminated soil. 

The present study indicated that metals in 

plant levels were less than total metals 

levels in soils for all of the plants assessed. 

At OAU Sports Complex, Cd, Cu, 

Mn, Ni, Pb, and Zn were detected in the 

barks, leaves and roots of Ageratum 

conyzoides, Chromolaena odorata, and 

Talinum triangulare with a range of 0.010 

to 0.140 mg/kg for wet season and 0.010 to 

0.101 mg/kg for dry season. At Diganga 

Hotel, Cd, Cu, Mn, Ni, Pb, and Zn were 

confirmed in the barks, leaves and roots of 

Ageratum conyzoides, Chromolaena 

odorata and Talinum triangulare with 

range of 0.011 to 0.122 mg/kg and 0.006 to 

0.128 mg/kg for wet and dry seasons, 

respectively. Also at Toll Gate, Cd, Cu, Mn, 

Ni, Pb, and Zn noticed in plant parts varied 

from 0.006 to 0.133 mg/kg in wet season 

and 0.004 to 0.171 mg/kg in dry season. At 

Our Lady junction, Cd, Cu, Mn, Ni, Pb and 

Zn were found in all the chosen plant parts 

for both seasons and ranged from 0.007 to 

0.123 mg/kg and 0.002 to 0.174 mg/kg. At 

School of Science (Ondo road), all the trace 

metals were discovered in the plant parts 

for both seasons and ranged from 0.010 to 

0.129 mg/kg and 0.007 to 0.174 mg/kg. At 

Oduduwa College Road, all the trace metals 

were detected in all the plant components 

studied for both seasons, and ranged from 

0.008 to 0.338 mg/kg and 0.008 to 0.142 

mg/kg.  

At Olonade Road, all the trace 

metals were revealed in all the picked plant 

parts for both seasons. These ranged from 

0.029 to 0.147 mg/kg and 0.011 to 0.115 

mg/kg. At Opa (Aba Iya Gani), trace metals 

were also noticed in all the three plant parts 

studied for both seasons and ranged from 

0.013 to 0.162 mg/kg and 0.004 to 0.139 

mg/kg. At Road 7 (OAU Campus), Cd, Cu, 

Mn, Ni, Pb, and Zn were observed in the 

plant parts of the considered plants for both 

seasons and varied from 0.007 to 0.119 

mg/kg and 0.007 to 0.077 mg/kg, 

respectively. The TF of Cd, Cu, Ni, Pb and 

Zn were significantly different at<0.05 and 

means that the  concentrations  are  within  

the  permissible  limits  for  agricultural  

soils  (FAO/WHO, 2011). This  implies  

that,  in spite of  the  close  proximity  of  

the cultivated land to high – emitting 

vehicular sources, road side soil does not 

seem to have  been  significantly  

contaminated by  these metals. This may be 

as a result of low deposition rate resulting 

from the dispersion of atmospheric 
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pollutants and variations in soil physico–

chemical characteristics. The TF of Cd, Cu, 

Ni, Pb and Zn also signified that their 

sources are probably varied and may be 

from others sources besides motor traffic. 

Soil and depositions because of refuse and 

tyre burning which is generally practiced in 

the almost all of the survey area are likely 

sources of Cd, Cu, Mn, Ni, Pb and Zn in the 

plant samples.  

Cadmium is recognized for its great 

mobility in soil (Kabata-Pendias, 2011). 

The key transfer of Cd took place from 

roots to the leaves save in Talinum 

triangulare of the wet season where the 

highest accumulation occurred in the bark. 

The uptake of Cd might be influenced by 

Zn. Owing to their chemical resemblance, 

antagonistic and synergistic effects have 

been noticed (Lambert et al., 2007). 

Following an uptake, Cd is easily 

translocated in the plant (Ingwersen and 

Streck, 2005).  

Cadmium levels detected in Talinum 

triangulare ranged between 0.010 to 0.147 

mg/kg; Ageratum conyzoides: 0.011 to 

0.098 mg/kg and Chromolaena odorata: 

0.013 to 0.128 mg/kg. Cadmium ranges 

observed in the three plant parts are not 

high enough to cause phytotoxicity in some 

instances. Consistent with Vecera et al. 

(1999), phytotoxicity can happen exceeded 

the range of 0.100 to 1.200 mg/kg. Mostly, 

the range of Cd in plants recorded in this 

study is higher than 0.030 to 0.050 mg/kg 

but lower than 1.130 to 1.670 mg/kg stated 

by Udosen et al. (2006) and Yusuf et al. 

(2003), respectively. The accumulation of 

Cd levels in barks, leaves and roots of the 

surveyed plants were significantly different 

at p ≤ 0.05. The lower levels of Cd in the 

investigated plants were possibly 

attributable to the low levels of Cd in the 

soil. 

Copper is a necessary trace element 

to plants and the quantity of Cu found in 

plants changes with the Cu content of soil 

on which it is cultivated (Njagi, 2013). The 

Cu concentration in food stuffs was stated 

to be in the range of 30-40 mg/kg 

(FAO/WHO, 2011). In this study, the Cu 

content ranged from 0.041 to 0.174 mg/kg 

for both seasons. The maximum allowable 

limit for Cu in vegetables is 40 mg/kg 

(FAO/WHO, 2011) and in this study, the 

concentration of Cu fell below the limit in 

all the three plant parts considered. 

Manganese has been present nearly 

evenly dispensed in all the sampling areas 

and this signified that the presence of this 

metal in the plants examined was not 

primarily caused by anthropogenic sources 

(as in almost all contaminated areas); the 

presence could be most possible be of 

natural source. It was observed that the 

three plants at the sampling locations were 

able to bioaccumulate Mn in the barks, 

leaves, and roots with a range of 0.056 to 

0.110 mg/kg, 0.056 to 120 mg/kg and 0.002 

to 130 mg/kg respectively in the three 

plants parts (Table 5). 

The concentration of Ni in plants 

typically ranges from 0.05 to 5.00 mg/kg 

dry weight (FAO/WHO, 2011). As stated 

by FAO/WHO (2011), the Ni concentration 

in vegetables and fruits expressed were in 

the range of 0.020 to 2.700 µg/g. Nickel 

levels reported in Ageratum conyzoides for 

both seasons ranged from 0.004 to 0.037 

mg/kg, in Chromolaena odorata the range 

was 0.007 to 0.040 mg/kg and while in 

Talinum triangulare it was 0.006 to 0.038 

mg/kg, respectively. The low concentration 

of Ni in the roadside plants could be 

attributed to the absence of waste products 

that contain Ni or that Ni was not 

bioavailable to the plant before sampling 

was carried out. It could be also that Ni has 

seeped deep down geomembrane in the soil 

and is therefore not obtainable to the plant 

(Njagi, 2013). Nickel is ascribed to 

emissions from motor vehicles that use 

nickel gasoline and by abrasion and 

corrosion of Ni from vehicle parts 

(Ogunfowokan et al., 2009). 

Generally, Pb concentrations in 

vegetation have intensified in recent 

decades because of human activities 

(Aydinalp and Marinova, 2004). The Pb 

content of edible parts of plants cultivating 
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in unpolluted areas usually range from 

0.050 to 3.000 mg/kg dry weight 

(FAO/WHO, 2011). In the present study, 

Pb concentrations in vegetation were in the 

range of 0.017 to 0.338 mg/kg and 0.024 to 

0.171 mg/kg in all the surveyed plant parts 

for the wet and dry seasons. It has been 

evidently revealed by some researchers that, 

air or soil of roadside environments is input 

the Pb by many sources. Lead pollution on 

a local scale is, as a result of emissions 

from motor vehicles using leaded gasoline 

(Yilmaz and Zengin, 2003; Viard et al., 

2004). 

Findings of this study indicate that, 

the Pb concentration in all the three plant 

parts of both the wet and dry seasons fell 

below the permissible levels.  In Ageratum 

conyzoides, the Pb concentration was not 

high in the root of the wet season and not 

high in the leaves of dry season. In 

Chromolaena odorata, it was also the same 

Pb concentration was high in root of wet 

sampling and high in the leaves of dry 

season. In Talinum triangulare, Pb 

concentration was not high in the bark of 

wet collection and not high in the leaves of 

dry season collection. From the results, we 

can infer that the crucial organ to discern 

heavy metals in plant is the root, even 

though the plant leaves and bark can also 

absorb a significant amount of metal (Wang 

et al., 1998). Roadsides were susceptible to 

Pb particles. This could be as down to wind 

action and vehicular emission. 

In the present study, the Zn 

concentrations in wet and dry seasons 

identified were in the ranged of 0.029 to 

0.125 mg/kg and 0.019 to 0.713 mg/kg in 

the three plant parts. Among the plant parts, 

Chromolaena odorata accumulated highest 

levels of Zn which might be owing to its 

moderate waxy surfaces of its leaves and 

make it better preferential for accumulation 

soil-borne contamination. In all the 

surveyed areas, the Zn concentration 

detected in the three plant parts was within 

the tolerable limits of 0.019 to 0.713 mg/kg.  

FAO/WHO (2011) reported plant Zn can 

concentration within the acceptable limit to 

be between 10 to 50 mg/kg. Zinc was 

readily picked up by plants and translocated 

within the bark, leave and root (Table 5). 

Not any of the plants from the ten 

roadside sites were contaminated with 

either Cd, Cu, Mn, Ni, Pb, or Zn. Their 

concentration in the plant samples when 

equated with the prescribed values for 

heavy metals uptake by man by FAO/WHO 

(2011) did not constitute direct risk, but 

repeated intake of these plant species by 

livestock may trigger the heavy metal to 

bio-accumulate in them which may then be 

transferred to man via food chain. Heavy 

metals uptake varies among plants of the 

identical species and various parts of the 

plant sampled (Olutona et al., 2017). The 

trace metals (Cd, Cu, Mn, Ni, Pb and Zn) 

have revealed variation in concentration 

among the vegetation and sampling sites. 

To round it off, the heavy metal 

concentrations in the roots were low in 

comparison to the other organs (see Table 

5). This was in inconsistency to the 

literature analyzed by Adriano (1986) and 

Alloway (1999). They stated that the largest 

accumulation of heavy metals in plant 

occurs in the roots. The phase of growth 

when samples were assessed could have 

had a contribution on the plant uptake and 

henceforth the identified recorded. As 

already mentioned, heavy metals tend to 

accumulate in different organs and tissues, 

reliable on the type of element. This was 

the focus for research on the determination 

of the parts of plants where specific metals 

accumulated (Milenkovic et al., 2005). The 

outcome of this investigation indicated that, 

the three species were suitable biomonitors 

for Cd, Cu, Mn, Ni, Pb and Zn 

contamination in the studied area. 

Chromolaena odorata performed better 

than Ageratum conyzoides and Talinum 

triangulare in some status quo which 

affirmed that accumulative capacity of plant 

parts rely on their surface and underground 

property (Table 5). 
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Table 5: Transfer factor (TF) of heavy metals from soil to plant in the study locations 

(wet and dry seasons, mg/kg) 

 

Conclusion 

The  level  of heavy metals  in  environment  

using  barks, leaves and roots  of  various  

plants species,  including  Ageratum 

conyzoides, Chromolaena odorata and 

Talinum triangulare,  was studied. Higher 

mean heavy metal concentrations were 

recorded in the soil during the dry season 

than in wet season. The  analytical  results  

signified  that  in both wet and dry seasons, 

some of the  metals were above the natural 

heavy metals concentration of surface soil  

which is a reason  for  concern  as  these  

metals  can accumulate to pollute the 

environment. The pH of the soils  implied 

that most of the metals would not exist in 

free form, while other soil  properties  like  

particle  size distribution  and  organic 

matter  load support leaching of  metals 

from  the  surface soil.  

Wet and Dry Seasons 

Plant Plant 

Parts 

Transfer factor values in parts of different plants(mg/kg)  

Cd Cu Mn Ni Pb Zn 

   Wet Season     

Ageratum 

conyzoides 

Bark 0.013-0.036 0.066-0.106 0.056-0.080 0.017-0.031 0.040-0.084 0.029-0.078 

Leaf 0.011-0.086 0.057-0.136 0.070-0.110 0.013-0.035 0.051-0.098 0.045-0.106 

Root 0.025-0.098 0.066-0.140 0.069-0.100 0.019-0.100 0.046-0.106 0.034-0.110 

Chromolaena  

odorata 

Bark 0.039-0.123 0.042-0.104 0.057-0.096 0.022-0.036 0.033-0.106 0.030-0.116 

Leaf 0.040-0.123 0.067-0.136 0.067-0.120 0.018-0.040 0.040-0.118 0.035-0.107 

Root 0.030-0.123 0.075-0.157 0.069-0.110 0.022-0.040 0.052-0.128 0.049-0.125 

Talinum 

triangulare 

Bark 0.013-0.147 0.062-0.124 0.060-0.090 0.006-0.030 0.017-0.338 0.040-0.110 

Leaf 0.011-0.074 0.044-0.151 0.060-0.130 0.006-0.037 0.017-0.122 0.035-0.116 

Root 0.010-0.098 0.067-0.157 0.060-0.095 0.003-0.026 0.003-0.087 0.038-0.119 

   Dry Season     

Ageratum 

conyzoides 

Bark 0.013-0.026 0.029-0.100 0.056-0.076 0.004-0.017 0.021-0.068 0.019-0.066 

Leaf 0.013-0.052 0.029-0.095 0.066-0.085 0.010-0.027 0.026-0.171 0.036-0.172 

Root 0.013-0.054 0.054-0.095 0.060-0.086 0.008-0.018 0.030-0.073 0.036-0.079 

Chromolaena  

odorata 

Bark 0.013-0.035 0.045-0.097 0.060-0.082 0.008-0.021 0.024-0.099 0.037-0.106 

Leaf 0.013-0.026 0.055-0.099 0.056-0.089 0.007-0.018 0.023-0.164 0.040-0.713 

Root 0.013-0.128 0.047-0.101 0.064-0.087 0.007-0.016 0.024-0.090 0.030-0.430 

Talinum 

triangulare 

Bark 0.014-0.058 0.055-0.138 0.051-0.089 0.006-0.040 0.023-0.147 0.030-0.133 

Leaf 0.014-0.072 0.043-0.174 0.002-0.101 0.007-0.036 0.035-0.164 0.050-0.105 

Root 0.013-0.087 0.081-0.131 0.073-0.094 0.008-0.038 0.024-0.132 0.049-0.174 
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The appropriateness of Ageratum 

conyzoides, Chromolaena odorata and 

Talinum triangulare as indicator of aerial or 

underground part of heavy metals burden 

had been demonstrated in this study. The 

source of aerial or underground Cd, Cu, Pb 

and Zn seems to be from vehicle traffic 

while Ni and Mn possibly had natural 

causes. The results of this study might 

therefore mitigate the scare of Ni and Mn 

poisoning specifically for the livestock 

during grazing on pasture and pecking of 

allied soil beside the highway which is a 

usual practice in the study area. Moderate 

levels of Cd, Cu, Pb and Zn recorded could 

give reason for concern. Usually, the 

concentration of elements in Ageratum 

conyzoides, Chromolaena odorata and 

Talinum triangulare were lower than their 

concentrations in soils. Marked differences 

were observed between the concentrations 

of the six elements in the plant samples for 

both seasons. As the study area has low 

industrial belt, we may deduce that the six 

metals surveyed in roadside surface soils 

and vegetation were originated practically 

solely from automobile and long-time 

atmospheric deposition.  

The result of this study indicated 

that, Ageratum conyzoides, Chromolaena 

odorata and Talinum triangulare were 

appropriate bioindicators for Cd, Cu, Mn, 

Ni, Pb and Zn contamination in the 

surveyed area. Chromolaena odorata acted 

better than the Ageratum conyzoides and 

Talinum triangulare in some instances 

which established that the accumulative 

capability of plant parts organ bank on their 

surface and underground property. It is also 

significant that remedial techniques of 

environmental control measure be adopted 

to efficiently manage the prevailing heavy 

metal pollution of roadside soil initiated by 

vehicular emission and other anthropogenic 

activities. One of such remedial procedures 

is by growing bio-accumulator e.g. forage 

legumes such as Chromolaena odorata 

specifically in the affected areas. 
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