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Abstract 

This study evaluated heavy metal concentration on sampled plants (Pennisetum purpureum) 

resulting from exhausts fume pollution from vehicular movement along, the busiest inter-

state route in Nigeria, the Lagos-Ibadan Expressway. At interval of 5 km from 7Up Bus Stop 

in Lagos to Ibadan Tollgate, samples of P. purpureum were collected at 5 m, 15 m and 25 m 

away from the edge of the road into the forest. The heavy metal concentrations in the P. 

purpureum samples, collected during both dry and wet seasons, were determined using 

Atomic Absorption Spectrophotometer (AAS). The heavy metal concentrations from sampled 

plants during dry season in mg.kg-1 are Zn (45.68, 3.05), Cu (25.95, 1.19), Pb (4.19, 0.17), Cr 

(3.99, 0.40), while during wet season are Zn (42.63, 1.96), Cu (21.73, 0.43), Pb (3.12, 0.00) 

and Cr (3.00, 0.00). The results indicated a general reduction in heavy metal concentrations 

in the sampled P. purpureum collected during rainy season, when compared with sampled P. 

purpureum during dry season at 5 m, 15 m and 25 m from the road edge. Transfer Factor 

revealed a poor response in the absorption of majority of the heavy metals from soil to plant 

as all the values of Transfer Factor for all the heavy metals were less than 1. The research 

results showed that Lagos-Ibadan Expressway is heavily polluted with Fe, Mn, Zn, Pb, Cu and 

Cr as the major heavy metal pollutants found in plant during dry and wet seasons resulting 

from vehicular exhausts emissions along Lagos – Ibadan Expressway.  
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Introduction 

Plants and soils along roadsides often 

contain high concentrations of heavy 

metals and other contaminants. The 

sources of these heavy metals could 

probably be from vehicular exhausts 

emissions from heavy-duty trucks and 

other types of vehicles (Akbar et al., 2006).  

These metals are released from fuel 

burning (either gasoline or diesel) as well 

as from leakage of oil. Other sources 

include wearing out of tires, corrosion of 

car metal parts etc. (Dolan et al., 2006; 

Olukanni and Adebiyi, 2012). Uptake of 
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heavy metals by plants and subsequent 

accumulation along the food in-take is a 

potential threat to animal and human health 

(Sprynskyy et al., 2007).  

Heavy metal accumulation and 

absorption by plants depend on a number 

of factors. Some of these are the plant 

species, the efficiency of different plants in 

absorbing metals, temperature, pH, 

organic matter etc. (Anderson and Nilson, 

1974).  This is evaluated by either plant 

uptake or soil to plant transfer factors of 

the metals (Khan et al., 2008). According 

to Jordao et al. (2006), one of the main 

routes of entrance of heavy metals in the 

food chain is through the plant roots. 

Jaakkola and Ylaranta (1976) observed 

that soil’s heavy metal retaining capacity 

and availability could be attributed not 

only to differences in acidity, but also to 

the organic content.  

Heavy metals are potentially toxic and 

phytotoxicity for plants results in 

chlorosis, weak plant growth, yield 

depression, and may even be accompanied 

by reduced nutrient uptake, disorder in 

plant metabolism and reduced ability to 

fixate molecular nitrogen in leguminous 

plants (Guala et al., 2010). They are not 

easily biodegradable and ingestion of 

polluted plants can lead to their 

accumulation in human vital organs 

causing varying degrees of illnesses on 

acute and chronic exposure (Ward et al., 

1995). 

Pennisetum purpureum (Family 

Poaceae), also known as Napier or Uganda 

grass, is a specie of perennial tropical 

grass. It is native to the African grasslands 

(Farrell et al., 2002). Pennisetum 

purpureum is used primarily for grazing 

but recently it has been incorporated into a 

pest management strategy (Khan et al., 

2007). It is a monocot perennial grass in 

the Poaceae family, tall and forms in robust 

bamboo-like chumps (Farrell et al., 2002, 

Khan et al., 2007). It is used mainly as 

fodder crop for the dairy farming as well as 

for grazing (Khan et al., 2007). It is also 

eaten by animals like cows, goat, ram 

which are slaughtered and consumed by 

man. This plant is found virtually 

everywhere along the Lagos-Ibadan 

Expressway, the study site, and it was as a 

result of this it was chosen for the research 

work.  

The road under study (Lagos – Ibadan 

Expressway) is the busiest inter-state route 

in Nigeria and one of the busiest in Africa 

(World Bank, 2002). It is situated in the 

southwestern part of Nigeria and links the 

commercial capital of the country, Lagos, 

to other parts of Nigeria. The busy nature 

of this road exposes the soil and plants to 

elevated levels of heavy metals year in 

year out. Ayinde et al. (2020) investigated 

the effect of heavy metals from vehicular 

exhaust emissions on soil along the 

highway and concluded that Fe, Mn, Zn, 

Pb, Cu and Cr are the major heavy metal 

pollution found in the soil along the 

highway. With the increasing risk 

associated with heavy metal pollution in 

our environment, evaluation of 

concentrations of these metals became a 

critical issue as it will give information in 

nutritional planning and provides data for 

epidemiological studies (Bruce and 

Bergstrom, 1983). Hence, this present 

work deals with the evaluation of heavy 

metal pollution in plants along Lagos-

Ibadan Expressway, Nigeria from 

vehicular exhausts emissions.  

The objectives of the study are to 

determine: (i) the concentrations of heavy 

metals in the plant samples; (ii) the 

seasonal effects of heavy metals on plant 

on the highway; and (iii) the Transfer 

Factor (TF) of heavy metals from soil to 

plant. 
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Study Area 
The Lagos-Ibadan Expressway, the 

study area, stretches from 7up Bus Stop at 

the Lagos end (06o35.976'N, 

003o22.710'E) to Ibadan Tollgate 

(07o19.647'N, 003o52.528'E) covering a 

distance of 115 km (Figure 1). The 

topography of the study area ranges from 

high hills and low lying land with gentle 

slopes (Figure 2). The Ibadan end of the 

road consists mainly of high hills. The high 

hills ranged from 58m to 170 m above sea 

level, while the vicinity of Sagamu 

Interchange (Mowe 1/Mowe 2) area were 

characterized by low lying lands with 

gentle slopes. The soil deposits are 

extensive red earth, loose poorly sorted 

sands that were mixed with abundance of 

clays (World Bank, 2002). The climate of 

the area is tropical, characterized by two 

seasons, dry and wet seasons. The wet 

season starts from March and ends in 

October, while the dry season spans from 

November to March. 

Lagos-Ibadan Expressway falls partly 

within the Precambrian Basement 

Complex and partly within the 

sedimentary basin. The sedimentary basin 

is the Dahomey basin. This basin is a West 

African Atlantic Margin Basin, made up of 

Tertiary to Recent and Cretaceous 

sediments (Omotsola and Adegoke, 1981; 

Obaje, 2009). The sedimentary portion of 

the area is underlain by, from the oldest to 

the youngest, the following formation: 

Abeokuta; Ewekoro; and Benin (Coastal 

Plain Sands) Formations. The Abeokuta 

Formation uncomfortably overlie the 

basement rocks.  
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Fig. 1: Itinerary Followed During Sample Collection along Lagos-Ibadan Expressway 

(Arcgis Version 10.3.1) 
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Fig. 2: Topographical Map and Digital Elevation Model (DEM) of Lagos-Ibadan 

Expressway Profile (Arcgis 10.3.1 Version)  

 

Materials and Methodology 

Sampling 

In this study, samples of P. purpureum 

were collected from 7up Bus stop at the 

Lagos end to Ibadan, Old Tollgate of the 

Expressway, covering a distance of 115 

km. At an interval of 5 km, the samples 

were collected, in a zigzag manner across 

the Expressway, at 5 m, 15 m and 25 m 

away from the edge of the road (Figure 3). 

It was ensured that certain sites with 

obvious signs of disturbance were avoided 

during the sampling exercise. These spots 

include places where there were animal 

burrowing, engine oil spillage and 

landfills, construction works, accidental 

vehicle deposit, burnt materials and/or 

deposits of any industrial waste. The plant 

samples collected were stored in polythene 

bags and labeled appropriately. Other 

information collected at each sampling 

location were the coordinates, using a 
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Global Positioning System (GPS) and the 

lithology (Table 1). The sampling exercise 

was carried out during both dry and wet 

seasons in two consecutive years (2015 

and 2016). At the end of the exercise, a 

total of two hundred and seventy-six (276) 

samples were collected. This consisted of 

sixty-nine (69) samples each during both 

dry and wet seasons from twenty-three 

(23) different locations.  

Preparation of Plant Samples for Heavy 

Metals Analysis 
The plant (P. purpureum) samples 

were oven-dried, crushed into fine powder 

using Author Thomas Milling Machine. 

The crushed samples were sieved using 2 

mm mesh seize, bottled and labeled 

appropriately. Digestion was done by 

adding HNO3/Perchloric mineral acid (2:1) 

into five gram (5 g) of the sieved sample. 

The mixture was then placed inside a 

digestor and was remove after a colourless 

fume was observed. Thereafter, the 

resulting solution was filtered and the 

required volume of 50 ml made by adding 

ultra-pure water.  The analysis of the 

samples was done using Atomic 

Absorption Spectrophotometer (Buck 

Scientific AAS, Model 210VGP, 

Chapman and Pratt, 1961). Three 

replicates of the resulting digested samples 

were then analyzed for Cr, Pb, Cu, Zn, Fe, 

Mn, Ni and Co. Analyses of standard 

reference material and replicate samples 

were done in order to ensure accuracy and 

precision of the analytical procedure. 

Blank samples were also analyzed. 

  
Fig. 3: Systematic Zigzag Sampling along Lagos-Ibadan Expressway in Dry Season 

(January 2015 and January 2016) and In Wet Season (July 2015 and July 2016). 
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Table 1: Coordinates and Elevations of Sampled Locations along Lagos-Ibadan Expressway 

LCTN NAME/DIST  

FROM LAGOS(KM) 

COORDINATES 

N 

COORDINATES 

E 

ELEVATION 

(m) a.s.l 

LCT CODE 

7UP B/S Lagos (0)  06
o
35.976' 003

o
22.710' 30  L1 

Secretariat (5)  06
o
37.494' 003

o
21.827' 18  L2 

OPIC (10)  06
o
39.194' 003

o
23.713' 11  L3 

Arepo (15)  06
o
41.579' 003

o
24.910' 3  L4 

Ile-Epo (20)  06
o
44.211' 003

o
25.175' 24  L5 

NASFAT/CNTRL  (25)  06
o
46.921' 003

o
25.451' 27  L6 

Redeemed Area (30)  06
o
48.921' 003

o
27.103' 14  L7 

Ileke Town (35)  06
o
49.998' 003

o
29.322' 15  L8 

Mowe 1 (40)  06
o
51.147' 003

o
31.849' 34  L9 

Mowe 2  (45)  06
o
52.483' 003

o
34.352' 91  L10 

Mallo Fuel (50)  06
o
54.146' 003

o
35.881' 68  L11 

Ajanla Farm (55)  06
o
55.140' 003

o
38.174' 58  L12 

Trailer Park (60)  06
o
59.878' 003

o
39.106' 106  L13 

General Park (65)  07
o
00.103' 003

o
40.653' 142  L14 

Max Fuel (70)  07
o
01.958' 003

o
42.362' 85  L15 

Quarry Jnctn  (75)  07
o
04.321' 003

o
43.249' 61  L16 

Stark Fuel (80)  07
o
06.450' 003

o
44.722' 92  L17 

Namy Sch Area (85)  07
o
08.716' 003

o
45.884' 104  L18 

Dominon  (90)  07
o
10.770' 003

o
47.553' 126  L19 

M/Mariana H (95)  07
o
13.950' 003

o
48.812' 153  L20 

Aramed (100)  07
o
15.240' 003

o
50.076' 145  L21 

Underb Guru  (105)  07
o
17.135' 003

o
51.768' 132  L22 

Toll Gate IB (110)  07
o
19.647' 003

o
52.528' 170  L23 

N = Northings, E = Eastings, a.s.l = above sea level 

 

Data Analysis and Assessment of Heavy 

Metal Pollution 

Prior to the assessment of heavy metal 

pollution in the study area, the mean and 

standard deviation of the heavy metal 

concentrations at 5 m, 15 m, 25 m away 

from the edge of the road were computed 

using Duncan's Multiple Range Test. The 

mean of the Transfer Factor (TF) of the 

heavy metal concentrations at the designated 

distances from the edge of the road were also 

computed. The geochemical data were also 

compared with WHO/FAO guidelines, EU 

standard for metals as well as similar studies 

in other parts of the world such as Bowen 

(1979), Allen et al., (1974). The software 

packages used in the above stated analyses 

are SAS Statistics software 2014 version and 

Microsoft Excel 2007 version. ArcGIS 

software version 10.3.1 was used to generate 

the topographical map and Digital Elevation 

Model of the study area.  

Pollution Assessment  

Transfer Factor (TF) 
Transfer Factor was calculated using the 

following formula: 

Transfer Factor (TF) = Cp/Cs  

Where Cp = the metal concentration in 

plant;  and 

Cs = the metal concentration in soil. 
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Results and Discussion 

Heavy metal concentrations in plant 

sample (P. purpurem) collected from the 

edge of the road during dry and wet 

seasons  
Table 2 shows the mean heavy metal 

concentrations of Cr, Pb, Cu, Zn, Fe, Mn, 

Ni, and Co in P. purpurem collected during 

dry and wet seasons at 5 m, 15 m and 25 m 

away from the edge of the road. The mean 

concentrations of the analyzed elements, 

during both seasons, were found to reduce 

as the distance increases away from the 

edge of the road. For example, the mean 

concentrations of Pb at 5m away from the 

road were 2.37 mg kg–1 and 1.47 mg kg–1 

during dry and wet seasons respectively. 

The mean concentration values, for dry 

season, reduced to 1.49 mg kg–1 and 0.62 

mg kg–1 and for, wet season, reduced to 

0.91 mg kg–1 and 0.45 mg kg–1 at distances 

15m and 25m respectively. This may be 

due to the fact that the exhausts from 

vehicles reduce in intensity as the distance 

increases inward from the edge of the road. 

Mohammed and Folorusho (2015) 

affirmed that the closer plants/soil are to 

the road, the more likely they are polluted 

or contaminated by vehicular/human 

activities. An exception to this rule is the 

mean Cr concentrations during the wet 

season at 25 m which was more than the 

value at 15 m (Table 2).  

Furthermore, heavy metals recorded in 

plant during dry and wet season are in this 

order Fe > Mn > Zn > Cu > Cr > Pb > Ni > 

Co. The main pollutant are Mn, Zn, Cu, Pb, 

Fe and Cr for plant during both seasons 

which give credence to the fact that these 

metals may likely be constituents of 

automobile emissions and anthropogenic 

activities along the Lagos – Ibadan 

Expressway. The above view was 

supported by Yahaya et al. (2010) who 

stated that the type of heavy metals 

mentioned above are among the wide 

range of heavy metals found in fossil fuel 

which are either emitted into the 

environment as particulates during fuel 

combustion or may itself be transported in 

air and contaminate soil or plant.  Peplow 

(1999) concluded that anthropogenic 

sources including industrial and 

automobile emissions are main sources of 

roadside soil and plant pollution. 

UNEP/GPA (2004), noted that automobile 

emissions constitute the main pollution in 

plants and is reported to be one of the 

largest sources of heavy metal pollution to 

environment generally. Fakayode and Olu-

Owolabi (2003), Singh et al. (2004), Chen 

and Wang (2005), Liu et al. (2005), Wilson 

and Pyatt (2007), Atayese et al. (2009) also 

reported heavy metal accumulation by 

plants growing on road side in developed 

countries while Garcia and Millan (1998) 

enumerated excessive heavy metal 

accumulation in agricultural land which 

may result in elevated heavy metal uptake 

by plants.  

Dolan et al. (2006); Olukanni and 

Adebiyi (2012) revealed that these metals 

are released from fuel burning (either 

gasoline or diesel), wear out of tires, 

leakage of oils, and corrosion of car metal 

parts in the environment thereby polluting 

the ecosystem. The greater part of the 

pollution goes to the soil while plants 

absorb some of these heavy metals from 

the soil. They also absorb them through 

their leaves via stomata or any other 

openings in the plant structure. All the 

sources enumerated by Dolan et al. (2006) 

and Olukanni and Adebiyi (2012) are the 

daily activities experienced along the study 

area, Lagos – Ibadan Expressway.   

The mean concentration values of the 

analyzed elements from this study were 

compared with some acceptable plants 

concentration range from other authors  
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(Table 3). When compared with Allen et 

al. (1974) values, the range of Pb 

concentrations in plant, from this study, is 

higher while it is within the range when 

compared with Bowen (1979). In the same 

vein, Cu concentration range, in the study, 

was slightly higher than the range of both 

Bowen (1979) and Allen et al. (1974) 

(Table 3). However, Zn concentration 

values from this study is lower than the Zn 

ranges from both Bowen (1979) and Allen 

et al. (1974). When compared with both 

the WHO and EU threshold values (Table 

4), the heavy metals concentration values 

obtained for Cr, Pb, Cu and Fe were higher. 

This gives an indication that emissions 

from vehicular movement are similar in 

nature everywhere and constitute a major 

pollution on our immediate environment. 

The high level of Fe, Mn, Zn, Cu, Cr, Pb 

accumulations in the sampled plant along 

Lagos – Ibadan Expressway is mainly an 

indication of pollution of the roadsides 

plants as a result of vehicular movement 

experienced by the highway. Ayinde et al. 

(2020) concluded that pollution in the soil 

along Lagos – Ibadan Expressway was not 

as a result geological activities, but of 

vehicular movements and other 

anthropogenic activities. 

Transfer factor (TF) was calculated 

using Equation 1. All the values of TF 

obtained at 5 m, 15 m and 25 m during dry 

and wet seasons were less than 1 (TF < 1), 

( Figures 4a and 4b). According to Sajjad 

et al. (2009), if the transfer coefficient of a 

metal is greater than 0.5, the plant will 

have a greater chance of the metal 

contamination by anthropogenic activities. 

If the ratios >1, the plants have 

accumulated elements, the ratios around 1 

indicate that the plants are not influenced 

by the elements, and ratios <1 show that 

plants exclude the elements from the 

uptake. Therefore, the Transfer factor (TF) 

revealed a poor response in the absorption 

of majority of the heavy metals from soil. 

High TF values (≥1) indicate highest 

absorption of metal from soil by the plant 

and highest suitability of the plant for 

phyto-extraction and phytoremediation 

(Rangnekar et al., 2013a). On the contrary, 

lower values indicate poor response of 

plants towards metal absorption and the 

plant can be used for human consumption 

(Rangnekar et al. (2013b)).  

Ayinde et al. (2020) have been able to 

establish that the high concentrations of 

heavy metals in the soil along Lagos – 

Ibadan expressway are of anthropogenic 

and not geogenic origin.   Therefore, 

considering the low TF values, the high 

level of Fe, Mn, Zn, Cu, Cr, Pb 

accumulations  recorded in sampled plant 

(P. purpureum) may not only be from the 

soil but also from vehicular emissions on 

the leaves, which will depend on the 

absorption rate of the leaves and other 

physical factors. Plants absorb heavy 

metals from the soil through the root and 

from the atmosphere through over ground 

vegetative organs (Mmolawa et al. 2011). 
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Table 2: Heavy Metals Mean Concentration in Plant Sample (P. purpureum) Collected from the Edge of the road in the Dry and Wet 

Seasons 

 

 

 

 

 

*mean on the same column followed by the same letter are not significantly different at P<0.05. (Duncan's Multiple Range Test). Dst = 

Distance 

 

Table 2: Heavy Metals Mean Concentration in Plant Sample (P. purpureum) Collected from the Edge of the road in the Dry and Wet 

Seasons 
 

 

 

 

 

 

* Mean on the same column followed by the same letter are not significantly different at P<0.05.  (Duncan's Multiple Range Test). Dst = Distance

Dst 

 

Cr 

mg kg–1 

Pb 

mg kg–1 

Cu 

mg kg–1 

Zn 

mg kg–1 

  Dry Season Wet Season Dry Season Wet Season Dry Season Wet Season Dry Season Wet Season 

5m 3.07±1.15a 1.97±1.09a 2.37±1.29a 1.47±1.27a 14.77±9.96a 11.93±8.88a 29.20±16.03a 49.99±163.60a 

15m 2.10±0.88b 1.42±0.75b 1.49±0.88b 0.91±0.75b 10.59±7.53b 8.22±6.17b 21.32±11.60b 17.84±10.78b 

25m 1.39±0.68c 1.98±6.51a 0.62±0.61c 0.45±0.48c 7.02±5.47c 5.25±4.48c 13.72±6.48c 11.25±5.90c 

Dist Fe 

mg kg–1 

Mn 

mg kg–1 

Ni 

mg kg–1 

Co 

mg kg–1 

  Dry Season Wet Season Dry Season Wet Season Dry Season Wet Season Dry Season Wet Season 

5m 3542.94±962.09a 2738.92±1220.20a 60.71±15.09a 49.30±16.75a 0.03±0.04a 0.013±0.07a 0.06±0.040a 0.04±0.07a 

15m 3194.00±984.06b 2663.89±1168.19b 46.28±15.54b 37.26±15.7b 0.01±0.02b 0.010±0.00b 0.02±0.04b 0.02±0.00b 

25m 2811.87±993.99c 2673.77±1171.92b 29.40±9.36c 22.18±12.27c 0.00±0.00c 0.002±0.00c 0.01±0.02c 0.01±0.00b 



108 

 

Table 3: Comparison of Acceptable Range of Heavy Metals in Plants to some of the Heavy 

Metals in sampled Plant in the Present Study 

Metals (mg kg
–1

) A B Present study 

Pb 0.2 – 20 0.05 – 3 0.00 – 4.19 

Cu 5 – 20 2.5 – 25 0.43 – 25.95 

Zn 1 – 400 15 – 100 1.96 – 45.86 

A = Bowen (1979); B = Allen et al. (1974). 

 

Table 4: Concentration of Heavy Metals in Sampled Plant (P. purpeureum) in Study Area, 

Lagos – Ibadan Expressway and WHO/EU Guidelines For Heavy Metals in  Plants 

Heavy 

Metals 

Concentrations of Sampled 

Plant Lagos-Ibadan (mg/kg) 

WHO/FAO Guidelines for 

Heavy Metals in Plant 

(mg/kg) Threshold values

  

EU standards for Heavy 

Metals in Plants 

(mg/kg) Threshold 

values 

Cr 0.4-3.99 1.3 1.3 

Pb 0.17-4.19 2 1.3 

Cu 1.19-25.95 10 12 

Zn 3.05-45.86 50 NA 

Fe 1794.31-5239.45 20  
Mn 22.98-74.96 NA NA 

Ni 0.001-0.08 10 NA 

Co 0.003-0.08 NA NA 

 

 
Fig. 4a: Transfer Factor during Dry Season form the edge of the Road 
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Fig. 4b: Transfer Factor during Wet Season from Edge of the Road 

 

Conclusion 

The study has shown that Lagos – 

Ibadan Expressway is highly polluted and 

that the major source of pollution is 

through anthropogenic activities, which 

are mainly from exhaust emissions from 

vehicular movement along Lagos-Ibadan 

Expressway over time. The evidence for 

this was further revealed from pollution 

assessment results, which indicated that 

the pollution is not of geological origin. 

The research also revealed that heavy 

metal pollution is higher during dry season 

when compared to wet season in sampled 

plant. Transfer factor revealed a poor 

response in the absorption of majority of 

the heavy metals from soil. All Transfer 

Factor gave values less than 1 during dry 

and wet seasons. With regards to heavy 

metal concentrations in sampled plant, P. 

purpureum, which was used for the 

research work (though differential 

absorption rate for different plants), 

absorbed heavy metals may not only be 

from the soil,  through the root, but from 

the air via the leaves or any other available 

space in the plant body. 

The research results showed that Fe, 

Mn, Zn, Pb, Cu  and Cr, are the major 

heavy metal pollutants found associated 

with the plant during both dry and wet 

seasons,  while Ni and Co are the least 

prevalent resulting from exhaust vehicular 

emissions along Lagos – Ibadan 

Expressway. 
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