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 Heavy metals enter to the biological and non-biological layer of lifecycle mainly by 
different ways. Processes such as leaching and subsidence of these metals from topsoil 

and uptake by plants play an important role in the transport of them.  Lead and 

cadmium are the important elements that were examined in this study. Large amount of 
lead through fuel combustion in motor vehicles enters into the environment. Cadmium 

exists in tires that as a result of depreciation enter into the environment.  In order to 

assess these elements in plants as first biological layers, crowded highways leading to 
the Ardabil city were examined. The dominant species on the margins of the highway 

are detected based on species of astragalus )Astragalus aureus (, vervain ) Verbascum 

thapsus  ( and spurge  ) Euphorbia seguieriana  ( were selected. The results of this study 
indicated that the concentration of lead decreased linearly with increased distance from 

the margin of the road whereas in case of cadmium, there was no significant correlation 

between its accumulation and distance variable.  According to the results in studied 
area, cars are not likely the only factor to cadmium pollution in roads margins.  The 

results also revealed that in terms of the rate of lead absorption among the studied 
species, astragalus and spurge were accounted for the highest levels of absorption. 

However, there was no significant different in the uptake of cadmium among plants.  
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INTRODUCTION 

 

Heavy metals is said to metals that have a relative high density and at low concentration are toxic [1]. In 

other definition, the term of heavy metals are chemically attributed to metals with an atomic mass more than 31 

and specific density more than 5 g/cm 3. Some of these metals such as cobalt, copper, iron, manganese, 

molybdenum, nickel and zinc are essential elements for normal growth and metabolism of plant; and the 

increased concentration to more than optimum, can easily lead to toxicity.  Other heavy metals such as arsenic, 

cadmium, mercury, lead or selenium are not essential for plant [2]. Among these metals, lead and cadmium are 

important because of the threat to human and other organisms' health. According to the Environmental 

Protection Agency, lead is the most important metal contaminants in the environment [3]. Among the various 

source of lead pollution in the environment, the most important and largest pollution source of atmosphere, soil, 

plants and water is lead particles from exhaust of gasoline vehicles [4]. According to a survey was carried out, 

80% and in other 97% [5] of whole atmospheric lead is from this source [4]. Air pollution is mainly caused by 

the combustion of gasoline. Lead coarse particles emitted into the air, fall at 100 meters from the road; and fine 

particles by rain and snow finally landed on the soil surface and contaminate the soil and plants [6]. The effects 

of lead on plants include seed germination inhibition, impairment of mitosis, induction of chlorosis and necrosis 

in leaves, shoot and root growth inhibition, reduced photosynthesis and respiration, decreased synthesis of 

DNA, disruption in food distribution, disturb in water balance, changes in the hormonal balance of plant, change 

in membrane permeability and inhibit or activate the enzymatic activity [3 and 7]. 

 In relation to cadmium heavy metal, the governmental and international agencies have expressed concern 

about its increase in environment [8]. Cadmium exists in vehicle tire and through the depreciation of cars and 

traffic, emissions into the environment [9]. It is reported that the negative effects of cadmium on plant growth is 

associated with increased ratio of dry to wet weight of all organs [10]. As well as cadmium cause chlorosis and 

necrosis of the leaf [11]. Rodriguez-Flores and Rodriguez-Castellon [12] reported the concentration of lead and 

cadmium in the distance about 33 meters from the road margin was higher than permissible limit. Also they 
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suggested that the cultivation of crops for human and animal consumption should be restricted near the road 

margin.   Word and et al [13] reported that the traffic of motor vehicles are responsible for the accumulation of 

cadmium and nickel in soil and plants in the expressways margins in New Zealand.   Also Fergusson and et al 

[14] showed that heavy metals concentration in plants and soil are increased with approaching to the road 

margin and decreased with increased distance from that. They also concluded that this increase in heavy metals 

in road margin is as a result of engine emission. In another study by Pendias and Pendias [15] was reported that 

lead accumulation in roadside vegetation is in the range of 100 to 700 ppm. However, due to the increase in 

vehicles and the significant amount of lead in the environment through exhaust of gasoline vehicles and also the 

importance of lead and cadmium heavy metals in terms of its damaging effects on organisms, in this study will 

try to evaluate the accumulation of these elements in plants around the main highway entrance to the Ardabil 

city. 

 

MATERIALS AND METHODS 

 

This study was carried out in summer 2013, to assess the accumulation of lead and cadmium elements in 

plants around highway leading to the Ardabil city. To sampling of plants in road margin, connecting the city of 

Ardabil (Ardabil-Astara and Ardabil-Sarein) was selected that have more traffic rather than the other ways.  

Then, was selected 150 m distance from the road margin of each track.  There was no obstacle between 

sampling location and the road (such as trees and buildings) to prevent vehicular emissions. Selected locations 

were open areas with relatively low roughness and away from other sources of contamination. First, 7-point was 

determined for sampling from and perpendicular to the road margin by rangefinder that the selected intervals 

were 1, 5, 10, 20, 50, 100 and 150 m. Then 2 replications carried out of each sampling interval. Selected 

samples were plants that have high abundance in the studied areas. These plants included: astragalus )Astragalus 

aureus(, vervain )Verbascum thapsus  ( and spurge ) seguieriana  Euphorbia  ( that they were in studied areas 

widely. Plant samples after harvesting, without removing root from stem, were put into envelopes that had been 

encoded previously. Then, they were dried and separated their roots and shoots in the open air with herbarium 

method (dried plant in the shade). Finally, extraction of samples was performed according to the standard 

procedures. To analysis obtained results was used statistic software SPSSv18.  

 
Fig. 1: Areas of study 

 

Results: 

Results show that the maximum amount of absorbed lead by the roots of the studied plants reaches up to 99 

mg/kg. Results showed that the range of this element average in root and stem of studied plants were 55.16-

53.30 and 65.38-61.71 mg/kg respectively. The maximum average amount of accumulated lead in roots of 
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plants between roads, was related to Ardabil-Astare with 53.30 mg/kg and the maximum amount in stem was 

related to that way with 65.38 mg/kg (Table 1). The effective factors in lead pollution in road margin include: 

vehicle type, the amount of added lead to the gasoline, climate (wind direction and rainfall), proximity to other 

source of pollution, road traffic and life of road that between them the road traffic is affecting factor in pollution 

of road margin [16 and 17]. Due to high traffic in Ardabil- Astara road rather than Ardabil-sarein obtained 

results consistence with this topic. Meanwhile in study the lead concentration in traffic jams, 100 times more 

polluted than other areas [18]. 

In regard to the cadmium metal, results indicate that the maximum level of absorbed cadmium in roots of 

studied plants reaches up to 6.90 mg/kg. Also, the maximum concentration of this metal in stem was 8.1 mg/kg. 

Surveys show that average range of this element in roots and stems of studied plants were 2.82-2.98 and 3.63-

3.86 mg/kg respectively. According to the Table (1) it can be seen that the highest average concentration of this 

metal in the roots was related to the Sarein road (2.98 mg/kg) and the maximum concentration in stem was 

related to Astara road (3.86 mg/kg). 

 
Table 1: the average of measured elements in various ways 

Item reviewed N Minimum Maximum Mean Std. Deviation Variance 

Statistic Statistic Statistic Statistic Std. Error Statistic Statistic 

Cadmium in root (Astara Road) 42 1.10 5.10 2.8286 .15862 1.02797 1.057 

Lead in root (Astara Road) 42 13.00 98.00 53.3095 4.43569 28.74657 826.365 

Cadmium in stem (Astara 
Road) 

42 .90 8.10 3.8690 .26340 1.70701 2.914 

Lead in stem (Astara Road) 42 17.00 99.00 65.3810 4.43169 28.72065 824.876 

Cadmium in root (Sarein Road) 42 .20 6.90 2.9881 .28894 1.87255 3.506 

Lead in root (Sarein Road) 42 11.00 99.00 55.1667 4.27644 27.71450 768.093 

Cadmium in stem (Sarein 
Road) 

42 .90 6.60 3.6357 .28051 1.81791 3.305 

Lead in stem (Sarein Road) 42 11.00 95.00 61.7143 4.07341 26.39871 696.892 

 

 
 

Fig. 2: The lead accumulation levels in roots and stems of plants in different interval of Ardabil-Astara Road 

margin and its replication 

 

 
 

Fig. 3: The lead accumulation levels in roots and stems of plants in different interval of Ardabil-Astara Road 

margin and its replication 
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The general trend of lead reduction can be seen in each 3 plant samples with distance from the road margin 

(Figures 2 and 3). And this shows that the lead contamination resulting from road traffic.  Results of the partial 

correlation coefficients between Pb accumulation rate and distance from road suggest a highest negative 

correlation between distance and Pb accumulation )  . (  This indicate that increased 

distance from road margin results reduction in lead concentration in all 3 plants sample. High levels of lead in 

roadside and decrease with distance from the road, it may be related to  relatively high weight of lead particles 

and its rapid fall. Studies on this field indicate that lead coarse particles ejected from cars sediment further along 

the road and in a radius of less than 100 meters. Whereas the fine lead particles enter into the air and eventually 

come down on the soil and plan surface by the rain and snow [6]. In many studies have been reported that 

excessive amount of lead was more than permissible level in the soil around the highways and resulted pollution 

in [6., 19]. 

 

 
 

Fig. 4: The cadmium accumulation levels in roots and stems of plants in different interval of Ardabil-Astara 

Road margin and its replication 

 
 

Fig. 5: The cadmium accumulation levels in roots and stems of plants in different interval of Ardabil-Astara 

Road margin and its replication 

 

Obtained results indicate that cadmium concentration in various intervals of both road margin, in general 

there was no downward trend and does not follow from a specific pattern; for instance, concentration of this 

metal in spurge ) Euphorbia seguieriana  ( in 1 m distance from Astara road was  3.2 mg/kg and in 150 m was 3.3 

mg/kg (Fig. 4). This means that increased distance had no effect on reducing this metal concentration in spurge. 

According to the available data, partial correlation analysis showed that there was no significant relationship 

between cadmium accumulation variable and distance from road ) 𝑟bs= 0. 31   𝑃=0.21(. Evaluation the Table of 

variance analysis indicated that there was a significant difference of cadmium at 1% level among studied factors 

between studied organs )Table 2). Thus, the comparison showed that the absorption rate of stem  ) 3.77 mg/kg) 

was more than root ) 2.88 mg/kg). 

Results also indicated there was a significant difference in terms of lead absorption rate among studied 

plants and as well as their organs )Table 3). As comparison of average showed there was no significant 

difference in terms of absorption rate between astragalus )Astragalus aureus( and spurge ) Euphorbia 

seguieriana   ( and the highest absorption rate was attributed to them rather than vervain ) Verbascum Thapsus  

(,)Table 4). Among studied organs, lead absorption rate in stem )63.54 mg/kg) was more than root  )54.94 

mg/kg). Lead particles emitted from cars exhaust contaminate surrounding road plants through two ways: firs, 
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deposition on the surface of soil and its uptake by plant roots and second, deposition on plant shoots by air. In 

many reports, unlike roots, absorption through shoots are mentioned impressive [15 and 20]. 
 

Table 2: Analysis of variance between different factors for cadmium element 

Source Type III Sum of Squares df Mean Square F Sig. 

Region .069 1 .069 .024 .878 

Plant 1.113 2 .556 .192 .825 

Organ 33.661 1 33.661 11.627** .001 

Region - plant 1.401 2 .700 .242 .785 

Region - organ 2.477 1 2.477 .856 .356 

Plant - organ .406 2 .203 .070 .932 

Region - plant - organ .339 2 .169 .059 .943 

Error 451.646 156 2.895   

Total 2353.780 168    

**: Significance at 1% 

 

Table 3:  analysis of variance between different factors for Lead element 

Source Type III Sum of Squares df Mean Square F Sig. 

Region 108.482 1 108.482 .160 .689 

Plant 6561.333 2 3280.667 4.854** .009 

Organ 3111.482 1 3111.482 4.603* .033 

Region - plant 12374.143 2 6187.071 9.154** .000 

Region - organ 178.149 1 178.149 .264 .608 

Plant - organ 1924.714 2 962.357 1.424 .244 

Region - plant - organ 812.905 2 406.452 .601 .549 

Error 105441.786 156 675.909   

Total 720169.000 168    

*: Significance at 5% , **:Significance at 1% 
 

Table 4: The mean values of lead absorption in plants 

Plant Average Code 

b 50.41 Verbascum Thapsus 

a 63.6 Astragalus aureus 

a 63.4 Euphorbia seguieriana 

 

The results of Kruskal-Wallis Test also showed that there was a significant difference between tested 

groups so that cadmium accumulates in the stem more than the others (F=12.11,  P<0.05).  Lead mainly is 

absorbed in stems (F=32.20, P<0.05). Also this test indicated that there was a significant difference between two 

roads in terms of lead absorption rate in plants (F=13.10, P<0.05). Lead amount in Astara road is more than 

Sarein one. High concentration of lead has a direct proportion with the high traffic in Astara road. Most 

researchers have mentioned about the direct proportion in soil and plant beside the road with lead element with 

traffic volume [21]. For example, it can be mentioned to the study on evaluation of lead effect on environment 

that carried out in areas around traffic jams in United States of America [21]. In this study, areas with high 

relative amount of lead were matched on main lines of traffic jams [15]. In the case of cadmium, this test 

indicates the difference between two roads F=8.9, P<0.05) that the rate of accumulation of metal in the Sarein 

road is high.           

 

Conclusion: 

Heavy metals are pollutants that are not easily decomposed in nature and due to the properties of these 

elements, transfer to the food chain. Because of the short-term and long-term adverse effect of these metals, 

particularly lead and cadmium are critical in organisms and their health threats. Therefore, this study carried out 

because of the harmfulness of these elements in a significant proportion of vehicle to the environment. The 

partial correlation analysis showed that with increasing distance from the highway margin is decreased lead 

concentration in plants linearly. High levels of lead plants in road margin and sudden decrease with distance 

from the margin, it may be associated with relatively high weight of lead particles and rapid it's falling. Given 

that the highest concentration of lead were found in areas close the road margin and the lowest was obtained at a 

distance of 50 m from, and because the sample locations in both directions were away from other contamination 

sources, can conclude that Pb emitted from automobile exhaust led to pollution of plants alongside roads. 

According to the available data, partial correlation test showed that increased distance has no effect on reduction 

of cadmium concentration and its concentration at various distance from both roads in general, have no 

downward trend and does not follow a specific pattern. For this reason in present study, cars are not likely to be 

the only factor in cadmium pollution in road margin. Lead and cadmium also accumulate in stems of plants 

mainly that it represents the metal uptake by the plants through the air and deposition on the stems and leaves.  
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Recommendations: 

o Lack of grazing around highways and roads because of transport of cadmium and lead to milk and 

possibly meat 

o No degradation of pastures around the roads 

o Lack of lands planted around highways and busy roads 

o More comparison of studied plants to refine heavy metals from soil 

o Performing future research by students and researchers, especially in the case of cadmium 

accumulation in soil and plants in the roads and highways margin 

o Study on other crowded plants in the studied area in order to achieve the accumulation of lead and 

cadmium heavy metals in the plants in border roads 

o Study on other heavy metals in road margin for instance nickel    
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