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 This study explained the effect of some heavy metal concentration on soil and 

vegetation along the road of Bab- Al-Muadham city centre which is located in the 

centre of Baghdad (capital of Iraq), It has 3 central districts and near Mohammed 

Al- Qasim highway  .Lead, Nickel, and Cadmium were measured with respect to 

sampling sites (soil and plant), soil depth, and traffic density. Seven sites were 

selected for study within Bab Al-Muadham area (A, B, C, D, E, and F) and (G) as 

background sample. Soil samples were collected at a range of depths (0 -5), (5-10), 

(10-15), (15-20), & (20-25) cm and analyzed using Atomic Absorption 

Spectrometry (AAS) device. The metal concentrations in the soils for every site 

were found (13.9654, 2.0731, 1.8324, 1.7121, 0.2156, 1.7908 mg/kg) and in plant 

(0.398, 0.3609, 0.3378, 0.2267, 0.2156, 0.2156 mg/kg) for Lead. While for Nickel 

were (2.9547, 2.5361, 2.506, 2.4758, 2.5473, 2.5473 mg/kg) and in plant (0.4063, 

0.3784, 0.2087, 0.1998, 0.038, 0.1938 mg/kg). And finally for cadmium were 

(0.0404, 0.0246, 0.0246, 0.0228, 0.0270, 0.0270 mg/kg) in soil and (0.0063, 0.0058, 

0.0056, 0.0054, 0.0016, 0.0049 mg/kg) in plant. The averages daily traffic density 

(ADT) were (1168, 1018, 1003, 989, 635, 983) for the previously mentioned 

sampling sites. There is an obvious relationship between metal concentration and 

traffic density. The metal concentration in soil and plant decrease with increasing 

distance from the road of highway. The concentration of Pb, Ni, Cd decreased with 

depth in the soil profile. 
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INTRODUCTION 

 

 Soil is a major reservoir for contaminants as it possesses an ability to bind various chemicals. These 

chemicals can exist in various forms in soil and different forces keep them bound to soil particles. The toxicity 

of chemicals may strongly depend on the form in which they exist in the environment. Another thing is that soil 

variability and some environmental properties (e.g. climate factors) may change equilibrium found in soil and 

cause leaching of trace toxic elements like heavy metals tightly bound to soil particles. The transport mechanism 

of heavy metals through soil has long presented great interest to both environmental and soil scientists because 

of the possibility of ground water contamination through metal leaching (Dube et al., 2000). 

 Soil pollution by heavy metals, such as cadmium, lead, chromium, and copper, etc. is a problem of concern. 

Although heavy metals are naturally present in soil, contamination and comes, from local sources: mostly 

industry (mainly non-ferrous industries, but also power plants and iron, steel and chemical industries), 

agriculture (irrigation with polluted waters, sewage sludge and fertilizer, especially phosphates, contaminated 

manure and pesticide containing heavy metals), waste incineration, combustion of fossil fuels and road traffic. 

Long-range transport of atmospheric pollutants adds to the metals in the natural environment (European 

Environmental Agency, 1995).  

 The dispersion of contaminants is influenced by meteorological conditions like wind, rainfall, profiles or by 

traffic intensity. The content of metals in the roadside soil is influenced by the same factors and by   soil 

parameters. (Onder, 2007). 

 The use of leaded gasoline in the transportation sector, especially in the automobiles, produces an increase 

in atmospheric lead concentrations to the extent that automobile lead emissions were the major source of lead 

(60%) to the atmosphere (Nriague, 1978). Alkyl leads are extremely toxic, volatile, and unstable, and they are 

human health hazards at their sites of production (Barry, 1978).  

 Other metals such as cadmium and nickel are also associated with automobile-related pollution. These are 

often used as minor additives to gasoline and various auto-lubricants, and are released during combustion and 
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spillage. Some of these metals are components of automobile parts such as tires and engines, from which they 

are released during abrasion and wears. (Ipeaiyeda, A.R. and Dawodu, M., 2008). 

 Public motor roads affects natural environment to a large extent because automobile act as line sources of 

heavy metal pollutants (Poszyler-Adamska and Czemiak, 2007). Excess of metal pollutants deposited on soils 

may be transformed and transported to vegetation (Atayese et al., 2009) and from plants they pass on to animals 

and human being (Suzuki et al., 2008). There have been several reports on road side soils including (Abechi et 

al., 2010) in Nigeria, (Naser et al., 2012) in Bangladesh, (Ahmad S. S. and Erum S., 2010) in Rawalpindi, 

(Qasem M. and Kamal A., 1998), (Arslan H. and Murat A., 2006) and other cities. 

 Heavy metals in the soil can also generate airborne particles and dust which may affect the quality of air 

(Gray et al., 2003). Inhalation of substantial quantities of heavy metal particle over period of time may add to 

human body burden of the metals and constitute health risk. 

 However, in Iraq information on roadside contamination with heavy metals in relation to automobile 

emission is limited; therefore this study focuses on Bab Al- Muadham city centre considering five major 

locations with considerable amount of traffic which significantly contributes to soil pollution. 

 Finally, the goals of this study were: Determining the metal concentrations in soil and plant of Bab Al- 

Muadham and the effect of these concentrations on them, Studying the effect of traffic density on soil and plant 

pollution, and Studying the distribution of heavy metal in the soil profile.   

    

MATERIALS AND METHOD 

 

2.1: Description of Bab Al- Muadham area: 

 The study area, Bab Al- Muadham, is located in the centre of Baghdad (capital of Iraq) It has 3 central 

districts and near Mohammed Al- Kasim highway (about300 m) from it , The average daily traffic density in the 

sampling sites as shown in table1. The traffic density was determined by counting the number of automobiles 

passing the sampling sites over a period of twelve hours starting 6.00 a.m. to 6.00 p.m. each day for three days 

(Grace, 2004). The average number of automobiles passing the site per day was then calculated, as shown in 

Table1. 

 
Table 1: ADT for the sampling sites. 

Sampling sites ADT (for three days) 

A 1168 

B 1018 

C 1003 

D 989 

E 635 

F 983 

 

2.2: Sampling description & collection: 

 Seven sites were selected for study within Bab Al-Muadham area (A, B, C, D, E, F, and G) as shown in Fig. 

(1). The selection of these sites was according  to availability of soil and plant . The distances of sampling sites 

from Mohammed Al- Qasim highway were (300, 600,750, 900, 900, and 950m). At each site, Soil samples were 

collected at a range of depths (0 -5), (5-10), (10-15), (15-20), & (20-25) cm, the soil was generally taken from 

(0-25) cm of the topsoil because much of the nutrient uptake by plants is from this depth (Allen, 1989). Site F 

was used as the background sample. It was populated and basically residential with no industrial activities, 

therefore characterized by no traffic density. Three samples were taken from each depth for each location to take 

an average of results. Samples were preserved in cleaned polyethylene bags and finally transported directly to 

the laboratory.  

 

2.3: Chemical Laboratory Tests of soil and plant: 

2.3.1: Chemical Laboratory Tests of soil: 

 This laboratory tests include finding the concentrations of (Pb, Cd, Ni) in soil by using Atomic Absorption 

Spectrometry (AAS) device. The chemical extraction was done in the laboratory of Market Research Centre/ 

University of Baghdad. 

 All samples were dried in a drying oven to 105 oC for 24 hours, and all ground and sieved with 105 mesh 

sizes. One gram from the sieved soil was extracted with 10 ml of concentrated HNO3 acid on a hot plate for 

heating until the volume reached 2 ml, then the extracted sample was left to stand 2 hours. After that, the sample 

was first diluted with distilled water twice, and then, the sample was filtered on Whatman 541 papers, and 

finaly, a second dilution was made for the sample with distilled water for 25 ml volume. Then the sample placed 

in the Atomic Absorption Spectrophotometer (AAS) to measure the heavy metals concentrations. (Jardoa and 

Nickless, 1989).  
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Fig. 1: Locations of sampling Sites in Bab Al- Muadham city centre. 

 

2.3.2: Chemical Laboratory Tests of plant: 

 This laboratory tests include finding the concentrations of (Pb, Cd, Ni) in plant using the Atomic 

Absorption Spectrometry (AAS) method. The chemical extraction was prepared in the same laboratory as 

mentioned above. The plants samples were taken from the same points of soil and placed in plastic sacks and 

then transported to the lab to run the tests on them. 

 The samples were first washed with distilled water and then dried completely,  After that Cutting the 

sample into small pieces and taking 2 gm from it, Adding 40 mL from nitric acid (HNO3) and covering the 

sample for one night to soak, Heating the sample until appearance of steam and left to cool. Adding 3 mL from 

berchloric acid (HClO4) and heating the sample with opening cover until dried. Leaving the residual for 

cooling, then adding 2 mL from hydrochloric acid (HCl) with 2-3 mL distilled water a heating the sample until 

the residual dissolved Cooling and filtering the sample, rinsing the filtered one with distilled water to 50 mL, 

and then the sample was ready to analysis by Atomic Absorption Spectrometry (AAS). (Haswel, 1990) 

  

RESULTS AND DISCUSSION 

 

 In the recent years the number of motor vehicles traveling on roads in Bab Al-Muadham City has been 

increasing rapidly and no study has been done so far to investigate the effect of motor vehicle emissions on the 

roadside environment. This research, therefore, reports on lead pollution in the roadside soils and vegetation of 

Bab Al-Muadham City centre, Baghdad.    
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 In general heavy metal concentrations in soils and plant at the same site were found: Ni< Pb< Cd except for 

site A (Pb>Ni). Metal concentrations in soil and plant samples were collected from sites (A, B, C, D, E and F) 

which lies (10, 300, 600, 750, and 900) m from the road of Mohammed Al- Qasim highway. By comparison the 

mentioned samples with background sample (G) lies  (3000) m from study area, these samples were more 

contaminated. 

 Table1 in appendix A show that the concentrations of lead accumulate at the top soil and decrease with the 

depth. This accumulation of metals in top of soil is due to the accumulation of organic matters at these layers 

which act as absorbent (El-Ghawi et al., 2005). 

 There is an obvious relationship between metal concentration and traffic density.  Site E had the lowest 

metal concentration in soil (1.7908, 2.5473, 0.0270 mg/kg), and plant (0.2156, 0.038, 0.0016 mg/kg) for Pb, Ni, 

Cd respectively (ADT 635). The highest metal concentrations in site A were (13.9654, 2.9547, 0.0404 mg/kg) in 

soil, and plant (0.398, 0.4063, 0.0063 mg/kg) for Pb, Ni, Cd respectively (ADT 1168). In site B the metal 

concentration in soil (2.0731, 2.5361, 0.0246 mg/kg), and in plant (0.3609, 0.3784, 0.0058 mg/kg) with ADT 

(1018), Site C had the metal concentrations (1.8324, 2.506, 0.0246 mg/kg) while in plant (0.3378, 0.2087, 

0.0056 mg/kg) with ADT (1003). site D had the metal concentrations (1.7121, 2.4758, 0.0228 mg/kg) in soil and 

(0.2267, 0.1998, 0.0054 mg/kg) in plant with ADT (989). Finally site F had the metal concentrations (1.7908, 

2.5473, 0.0270 mg/kg) in soil and (0.2156, 0.1938, 0.0049 mg/kg) in plant with ADT (983). These results 

compared with background residential value of (0.557, 0.3960, 0.00376 mg/kg) for Pb, Ni, Cd  in soil. 

 The metal concentration in soil and plant decrease with increasing distance from the road of Mohammed 

Al- Kasim highway as shown in Figs.(from 2 to 7). Other studies have shown that a relationship exists between 

distance and metal concentration, and that background concentrations in soil and plant are reached at a distances 

from 15 to 100m from road edge (Lagerwerff and specht, 1970; Creason et al., 1971; Page et al., 1971; 

Hutchinson, 1972; Ward et al., 1975; Wheeler and Rolfe, 1979; Fergusson et al., 1980; and Muskett and Jones, 

1980).  

 
 

Fig. 2: Pb concentration in soil with respect to sampling sites. 

 
 

Fig. 3: Ni concentration in soil with respect to sampling sites. 

 

 
 

Fig. 4: Cd concentration in soil with respect to sampling sites. 
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Fig. 5: Pb concentration in plant with respect to sampling sites. 

 
 

Fig. 6: Ni concentration in plant with respect to sampling sites. 

 
 

Fig. 7: Cd concentration in plant with respect to sampling sites. 

 

 The concentration of Pb, Ni, Cd decreased with depth in the soil profile as shown in Figs (from 8 to 25), 

and that this decrease was most apparent at the high traffic density site. Table1 (Appendix A) is a presentation 

of Pb, Ni, Cd in the plant and soil at (0-5), (5-10), (10-15), (15-20), and (20-25)cm depths. The metal 

concentrations are higher in the first depth than the other depths. It can be seen that the difference between 

upper and lower depths is greatest at site A (Fig.1). 

 When the distance from the road increases, the upper and lower concentration are more similar. This can be 

interpreted in view of the observation that, as distance from the road increase, less metal is deposited, and thus 

the soil concentrations approach the background values. Thus the surface layer near the road is more 

contaminated than the lower layer. 

 
Fig. 8: Pb concentration with soil depths for site A. 

 
Fig. 9: Pb concentration with soil depths for site B. 
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Fig. 10: Pb concentration with soil depths for site C. 

 
Fig. 11: Pb concentration with soil depths for site D. 

 

 
Fig. 12: Pb concentration with soil depths for site E. 

 

 
Fig. 13: Pb concentration with soil depths for site F. 

 

 
Fig. 14: Ni concentration with soil depths for site A. 

 

 
Fig. 15: Ni concentration with soil depths for site B. 
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Fig. 16: Ni concentration with soil depths for site C. 

 
Fig. 17: Ni concentration with soil depths for site D. 

 

 
 

Fig. 18: Ni concentration with soil depths for site E. 

 

 
 

Fig. 19: Ni concentration with soil depths for site F. 

 

 
Fig. 20: Cd concentration with soil depths for site A. 
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Fig. 21: Cd concentration with soil depths for site B. 

 

 
 

Fig. 22: Cd concentration with soil depths for site C. 

 

 
 

Fig. 23: Cd concentration with soil depths for site D. 

 

 
 

Fig. 24: Cd concentration with soil depths for site E. 

 

 
 

Fig. 25: Cd concentration with soil depths for site F. 

 

3. Conclusion: 

1. From previous results, It seems that the effects of roadside metal contamination on soil and plant are not 

critical, and In absence of any major industry in the sampling sites, the levels of metal could be due to 

(lubricating oils and old tires that are frequently used on the rough surfaces of the road which increase the 

wearing of tires, and finally petrol and diesel fuel can contribute to metal emissions to the atmosphere. 
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2. From previous results it concluded that: 

  Pb concentrations ranged from (0.4627 - 13.9654 mg/kg). This values less than the mean allowable value 

(28 mg/kg) in soil permitted under European community regulations. 

 Ni concentrations ranged from (1.6677- 2.9547 mg/kg).This values less than the mean allowable value (20 

mg/kg) in soil permitted under European community regulations. 

 Cd concentrations ranged from (0.0011- 0.0404 mg/kg). This values less than the mean allowable value 

(0.35 mg/kg) in soil permitted under European community regulations. 

3. It has been shown that metal concentration in soil and plant are related to traffic density and the proximity 

of the road. 

4. Metal concentrations in soil are inversely related to depth. 

5. Recommendation: 

  The concentrations of the heavy metals from the five main sites were higher than the background site. 

These concentrations were below the European Union regulatory standard. Although these concentration are 

below the European Union regulatory standard, these heavy metals, which over time are washed by erosion into 

the local areas used for farming, may pose health hazards. The enhancement of fuel quality and the adoption of 

emission standards to mitigate the impact of vehicular emissions on human health should be made mandatory. 
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