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OOD TRAFFIC exhaust emissions are one of the most common sources of contaminants to 

soils and vegetation lies in the vicinity of highways.  The main aim of this research is to 

investigate concentrations of Pb, Cd, Zn and Cu in soil at surface soil depth (0.0 – 30) and subsurface 

soil depth (30 – 60 cm) as affected by vehicle exhausts along the agricultural highway connecting 

Cairo – El-Minia City across Beba City, Beni-Suef Governorate, Egypt.   In addition, revising the 

consequences on the staple wheat and maize roadside crops in terms of heavy metals presence in the 

edible parts for animals and humans. The results show that as the distance from the road decreased the 

concentration of Pb, Cd and Zn increased to 22, 45, 67, in soils and to 34, 56, 67 in plants, 

respectively. In general, the limits of heavy metals in wheat and maize plants were safe as stated by 

WHO (World Health Organization), except Cd (34) in leaves of wheat and maize grown adjacent the 

road. The pollution incidences, namely, transfer factor (TF), single pollution index (PI) and index of 

geo-accumulation (Igeo) were calculated and the results indicate that these indices decreased as the 

distance from the road increased especially in the western side rather than the eastern one. In this 

concern, this soil was moderately contaminated with Cd, while Pb, Zn and Cu were in the safety level. 

In conclusion, wheat and corn leaves contain cadmium near the danger limit, so it can be concluded 

that feeding animals should be prevented by plants grown near highways. 

 

Key Words: Heavy metals, Vehicular emission, Contamination, Alluvial soil, Wheat, 

Maize 

Introduction 

Soil contamination is the presence of 

contaminants into the soil ecosystem to a level that 

can affect negatively plants, soil micro-organisms, 

ground water quality and subsequently human 

health (Möller et al., 2005; Lone et al., 2008 and 

Abdelhafez et al., 2014 and 2021). Heavy metals 

are considered one of these pollutants which are 

found in soil crust naturally as trace elements by 

weathering of geological materials (Shea, 1996). 

These metal ions persist in soil and don’t undergo 

by biodegradation (Tangahu et al., 2011; Osman et 

al., 2017; Abbas and Bassouny, 2018; Elshazly et 

al., 2019; Shehata et al., 2019; and Farid et al., 
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2020). Heavy metal spread widely as a result of 

anthropogenic activities and industrial revolution. 

Excess concentrations of heavy metals, exceeding 

the permissible limits, can cause a serious 

ecological disaster (Akguc et al., 2008 and 

Huseyinova et al., 2009), and severe health 

deterioration particularly to children (WHO, 1995). 

Heavy metals enter human bodies via different 

pathways causing potential health hazards and 

death (Abdelhafez et al., 2014).  

The main sources of these heavy metals 

are: 1- urban industrial aerosol created by 

combustion of fuels metal or refining and other 

industrial processes, 2- liquid and solid wastes from 

animals and human beings, mining wastes, or 3- 

industrial and agricultural chemicals. Vehicular 

emissions are the most primary sources of soil 

pollution with heavy metals along roadsides (Yan 

et al., 2012). The numbers of vehicles are rapidly 

increased in the last three decades, which caused 

the increment in the pollution from vehicles 

emissions. The presence of heavy metals in higher 

content in the environment caused negative impacts 

on plants and animals thereon. In this concern, 

Zeng (2008) confirmed that, the roadside crops are 

contaminated as a result of increased traffic 

emissions, especially near the major highways. 

Vehicular emissions are considered one of 

the main sources of heavy metal pollution ls in the 

surrounding agricultural areas nearby the highways 

(Hashem et al., 2016; Osman et al., 2017 and 

Shehata et al., 2019).  Plants grown thereon absorb 

high concentrations of these contaminants from soil 

and; hence possess potential threats for main and 

animals feeding on these plants (Hashem et al., 

2016). Accordingly, it is important to investigate 

the potential contaminants in the surrounding 

environment for prevalence of healthy food (Al-

Fawwaz and Al-Khazaleh, 2017, Bettaib and 

Arbaoui, 2018.  Shehata et al., 2019).  Manganese, 

copper and zinc are essential nutrients needed for 

enzyme systems, especially, oxidation-reduction 

reactions as well as other important biochemical 

process (Akaninwor et al., 2006). On the other 

hand, mercury, lead, cadmium and arsenic are toxic 

even at very low concentration (Nkansah and 

Amoake 2010).  

Some of these metals are used in 

manufacturing of alloys, wires, pipes and vehicle 

tires, e.g., Cu, Zn and Cd and may release to the 

surrounding environments near the highways due to 

mechanical corrosions and breakdowns (Jaradat et 

al., 2005). Heavy metals cause a great threat to the 

environment and public health if the levels go 

beyond admissible limits (Tudi et al., 2021). 

Cadmium, Chromium, Lead and Nickel are 

cumulative toxic heavy metals with features of high 

mobility and chemical activity, so availability for 

uptake by plants threaten safety of agricultural 

products and human health (Jadoon et al., 2021). 

Moreover, Winther and Slento (2010) 

reported that the most important sources of lead 

and copper are the vehicle braking system 

corrosions as well as heated metal alloys used in 

the vehicle engines and gaseous emissions.   

The vehicles fuels in Egypt were leaded 

since few years ago, consequently increased the 

contamination of soil, air and plants near the 

roadsides. The most common metal pollutions were 

arising as a result of increasing traffic activity 

includes Pb, Cd, Zn and Cu (according to the U.S. 

Government, 2001). In addition to in Egypt, 

sources of the agricultural soil contamination 

involve the utilization of contaminated 

agrochemicals, irrigation with saline and polluted 

groundwater, the reuse of drainage water, the 

recycling of wastewater, the polluted air, and the 

inappropriate disposing of solid wastes (Abd El-
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Azeim et al., 2016).  The toxicity of the heavy 

metals may cause metabolic disorders in plants and 

growth inhibition for most plant species (Sinha, 

2005 and Hashim et al., 2017). Several 

investigations indicated that heavy metals are quite 

crucial for human health. But these heavy metals 

may become extremely toxic at higher 

concentrations. Wuana and Okieimen (2011) 

reported that copper toxicity may be resulted in 

kidney and liver damages, intestinal and stomach 

irritation and anaemia. As well, zinc toxicity may 

result in arteriole sclerosis and pancreatic 

complications and damages, consequently 

disturbing the body, protein metabolism (Yan et al., 

2012). Furthermore, Pb, Cd metals may remain 

toxic under low levels, causing complications such 

as increased cancer risks (Willers et al., 2005; and 

Bassouny et al., 2020).   

In recent years, numerous soil and plant 

heavy metal contamination valuation methods have 

been developed, involving the index method. At 

present, the Hakanson index method is the most 

scientific and comprehensive approach to assess 

heavy metal contamination in soils (Wang et al., 

2013). Other indices like geo-accumulation index 

(Igeo), pollution index (PI), contamination index 

(CI), enhancement factor (EF), have also been 

broadly used to determine the soil metal 

contamination (Diop et al. 2015 and Sahu et al., 

2021). Transformation factor (TF) is one of the 

main components which calculates the differences 

in bio-availability of heavy metals to plants from 

the soil rhizosphere, and to identify the efficacy of 

the plant to cumulate the given metal. Heavy 

metals have the capability to translocate from soil 

to the plant parts and can be determined by the 

transfer factor (TF) (Kumar et al., 2020).  

The main aim of this research is to 

investigate concentrations of Pb, Cd, Zn and Cu in 

soil at surface soil depth (0.0 – 30) and subsurface soil 

depth (30 – 60 cm) as affected by vehicle exhausts along 

the agricultural highway connecting Cairo – El-Minia 

City across Beba City, Beni-Suef Governorate, Egypt.   

In addition, revising the consequences on the staple 

wheat and maize roadside crops in terms of heavy metals 

presence in the edible parts for animals and humans.  

Material and Methods 

The study area 

The area under investigation is located at 

Cairo-El-Minia agricultural highway, in the ring 

road around Beba City district, about 25 km south 

Beni-Suef City (Map 1). The Beni-Suef 

Governorate is situated at 28º55'18''N, 30º59'04''E 

with an elevation of 30-40 m above sea level. To 

investigate effects of vehicle exhausts on soil and 

plant contamination with heavy metals, a survey 

study was conducted for two successive years (two 

winter seasons and 2 summer ones). In this study, 

surface (0-30 cm) and subsurface (30-60 cm) soil 

samples were collected at six different sites (per 

season) from both sides of the highway with 40 m 

apart among these sites, starting from locations 

nearby the agricultural highway up to 270 m apart 

from this road.  

 

 
 

Map (1): Study area map and area close-up 

Plant samples were collected from wheat (a winter 

crop at 2018/2019 and 2019/2020) and also from 

maize as a summer crop (2019 and 2020) from six 

abovementioned locations. Soil samples were dried 

at 60 ºC and sieved to 2 mm, where some 
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physicochemical properties (according to A.O.A.C, 

1990) were determined and listed in Table 1. 

Moreover, in these soil samples, DTPA extractable 

Zn, Cu, Pb and Cd were carried out by using 0.005 

M DTPA, 0.1 M TEA and 0.01 M CaCl at pH 7.3. 

The soil solution ratio was 1:2 and the shaking time 

was 2 hours (Lindsay and Norvel, 1978). Also, 

aqua regia extracts were used to determine pseudo 

total soil metals (ISO 11466, 2002), where, 3 g of 

soil samples were deposited in a digester and made 

to react with 21 mL of HCl and 7 mL of HNO3 for 

16 h at ambient temperature and for 2 h at 130 ºC. 

For the extraction process, reaction containers with 

reflux condensers were used to prevent the loss of 

volatile elements. Then the samples were cooled at 

the ambient temperature and filtered using ashless 

paper before being diluted to a volume of 100 mL 

with 0.5 N HNO3. The extractable solution for the 

two extractable methods was analysed using 

Atomic Absorption Spectrophotometer 210VGP. 

Plant samples of both wheat and maize 

(leaf samples collected at booting and sulking 

stages, respectively) were divided into unwashed 

and washed portions. The washed portion was 

performed by 0.1 N HCl followed by distilled 

water to remove HCl. Also, grains and straw 

samples for both crops were taken from each plant. 

Plant materials (0.5g) were digested with a mixture 

of concentrated H2SO4, HNO3 and HClO3 

(A.O.A.C., 1990). The studied heavy metals were 

determined by Atomic Absorption Spectro-

photometer 210VGP.  

 

TABLE 1.  Some physicochemical properties of the investigated soils 

locations 
Distance 

(m) 

Depth 

(cm) 
Seasons 

Coarse 

sand 

(%) 

Fine 

sand 

(%) 

Silt 

(%) 

Clay 

(%) 

Texture 

grade 

pH (1:2.5 

soil-water 

suspension) 

EC, soil 

paste 

extract 

(dS m-1) 

Organic 

matter  

g kg-1 

CaCO3 

 g kg-1 

West side 

 

1-30 

 

0.0-30 
1st 1.10 17.00 29.02 52.88 

 

  

C
lay

 (E
n

tiso
ls) 

  ) 

7.84 1.25 23.3 24.9 

2nd 1.17 16.25 29.93 52.65 7.89 1.41 22.2 27.3 

30-60 
1st 1.24 19.01 26.17 53.58 7.94 1.09 18.3 25.1 

2nd 1.29 18.63 25.85 54.23 7.91 1.17 17.7 27.6 

30-90 

0.0-30 
1st 1.10 17.81 28.08 53.01 7.91 1.31 23.9 25.2 

2nd 1.19 18.23 27.20 53.38 7.87 1.38 23.8 27.6 

30-60 
1st 1.28 20.65 25.99 52.08 7.88 1.09 19.4 25.1 

2nd 1.36 19.96 25.19 53.49 7.90 1.43 18.4 27.7 

90-270 

0.0-30 
1st 1.09 17.17 28.45 53.29 7.89 1.28 23.9 24.9 

2nd 1.28 18.30 27.25 53.17 7.87 1.42 22.9 26.7 

30-60 
1st 1.23 19.78 25.67 53.32 7.64 1.08 19.5 25.0 

2nd 1.41 19.68 24.76 54.15 7.91 1.16 18.8 26.8 

East side 

1-30 

 

0.0-30 
1st 1.32 18.31 27.31 53.06 

C
lay

 (E
n

tiso
ls) 

7.88 1.29 22.3 22.6 

2nd 1.49 16.84 25.56 58.11 8.00 1.47 21.1 24.3 

30-60 
1st 1.43 20.02 25.30 53.25 7.93 1.02 15.7 22.7 

2nd 1.60 18.53 20.91 58.96 8.03 1.40 13.7 24.1 

30-90 

0.0-30 
1st 1.30 19.66 26.32 52.72 7.96 1.28 22.1 23.6 

2nd 1.45 18.41 24.67 55.47 7.96 1.44 20.9 23.7 

30-60 
1st 1.41 21.97 24.05 52.57 8.00 1.22 16.1 23.7 

2nd 1.56 20.37 22.88 55.19 8.01 1.38 13.6 24.0 

90-270 

0.0-30 
1st 1.30 19.72 26.24 52.74 7.97 1.28 12.2 22.2 

2nd 1.56 18.82 23.37 56.25 7.99 1.45 21.4 24.2 

30-60 
1st 1.42 22.81 24.29 51.48 8.01 1.25 15.4 22.2 

2nd 1.56 20.70 21.65 56.09 8.03 1.40 13.9 23.8 

 

 

Data handling 

1- Transfer factor (TF) 

Transfer factor (TF) of metals from agricultural 

soils to wheat and maize of metals Pb, Cd, Zn and 

Cu from soils to plants were calculated (Equation 

1, Cui et al. 2004). 

𝑇. 𝐹. =
𝑀𝑒𝑡𝑎𝑙𝑐𝑜𝑛𝑐. 𝑖𝑛𝑝𝑙𝑎𝑛𝑡𝑡𝑖𝑠𝑠𝑢𝑒(𝑑𝑟𝑦𝑤𝑡. )

𝑇𝑜𝑡𝑎𝑙𝑚𝑒𝑡𝑎𝑙𝑐𝑜𝑛𝑐. 𝑖𝑛𝑡ℎ𝑒𝑠𝑜𝑖𝑙(𝑑𝑟𝑦𝑤𝑡. )
                 (1) 

The surface soil (0 – 30) was concerned in this 

study, because wheat and maize having root length 

not more than 30 cm. 
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2- The single-factor pollution index (PI)  

The single-factor pollution index was calculated 

using the following formula (Zheng et al. 2006): 

𝑃𝐼 = 𝐶𝑖
𝑆𝑖                                          (2)⁄  

Where PI represents the single-factor pollution 

index of the pollutant in the soil, Ci is the 

concentration of soil heavy metal i, and Si the 

threshold of the pollutant i (Table 2). 

3- Index of geo-accumulation (Igeo) 

Index of geo-accumulation (Muller et al., 1971) 

was applied to assess the degree of soil pollution 

with heavy metals in this study. This method is 

used because it is a useful tool for the prediction of 

soil pollution and had been used by many authors 

as Sarkar et al. (2014), Zheng et al. (2015) and 

Milicevic et al. (2017). 

𝐼𝑔𝑒𝑜 = log2 {
𝐶𝑚

1.5 𝑥𝐵𝑚
}                            (3) 

Where Cm is the measured concentration of the 

examined metal (m) in the soil samples and Bm is 

the geochemical background value of the same 

metal (m). The constant 1.5 is used for the possible 

variations of the background data due to the 

lithogenic effects. The background reference in this 

study is based on the world soil average abundance 

of metals (Pb = 20, Cd = 0.3, Zn = 95 and Cu = 50.  

TABLE 2: Environmental quality standard for soils (The Editor-in-Chief of China Standard Press, 1996) 

Item 

Background 

values of 

natural soil 

The second criterion of Environmental 

Quality Standard for Soils 

pH<6.5 pH 6.5–7.5 pH>7.5 

Pb 

Cd 

Zn 

Cu 

35.0 

0.20 

100.0 

35.0 

250.0 

0.30 

200.0 

50.0 

300.0 

0.30 

250.0 

100.0 

350.0 

0.60 

300.0 

100.0 

 

Statistical analysis 

The obtained data were statistically analyzed by 

analysis of variance according to method described 

by Snedecor and Cochran (1980). Duncan's 

multiple range for comparing the differences 

between treatment means was used at the 

probability level of 0.05. 

Results and Discussion 

Soil properties 

All studied soil samples were clay in texture, 

slightly alkaline in reaction (pH values ranged 

between 7.80-8.05), their salinity was having low 

content of calcium carbonate and organic matter. In 

general, the surface layers (10-30 cm) contained 

higher amounts of saline and organic matter than 

the subsurface 30-60 layers. 

Pb, Cd, Zn and Cu content in soil 

It can be seen from the data in Tables (3 and 4) and 

Figures (1, 2, 3 and 4) that the DTPA extraction 

and total studied heavy metals content decreased as 

the distance from the main road increased, except 

for copper which did not affect by the distance. 

Also, it can be notice that the concentration of 

heavy metals was higher in surface layers than in 

sub-surface ones. Moreover, concentrations of 

heavy metals in the eastern side of the road were 

higher than in the western side. In this concern, 

Harrison et al. (1981) mentioned that the heavy 

metals pollutants from the air eventually precipitate 

and accumulate on the land surface. Also, wind 

flow and its pattern determine the receipted 

content. The mean values of concentrations of the 

studied heavy metals can be arranged in the 

following decreasing order: Zn > Pb > Cu > Cd. 

Obviously, the levels of Zn were higher, whereas 

the Cd values were the lowest. The grand mean 

overall the two seasons and two crops of DTPA-

extractable Pb, Cd, Zn and Cu in western side of 

the road were 0.47. 0.17, 1.83 and 0.74 in surface 
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soil and 0.37, 0.14, 1.74 and 0.64 µgg-1in sub-

surface soil µgg-1. The corresponding values of the 

eastern side were 0.53, 0.20, 1.92 and 0.73 in the 

surface soil and 0.41, 0.16, 1.68 and 0.64 µgg-1in 

sub-surface soil, respectively. However, the 

corresponding values of total Pb, Cd, Zn and Cu in 

western side were 14.96, 0.44, 53.99 and 10.18 in 

surface soil and 13.79, 0.41, 49.79 and 7.95 in sub-

surface soil, while these values for eastern side 

were 15.82, 0.47, 57.80 and 10.16 in surface soil 

and 14.69, 0.44, 52.90 and 8.68 µgg-1 in sub-

surface, respectively. The increment of heavy 

metals adjacent the main road may be due to the 

accumulation of these metals from the automobile 

exhausts on soil surfaces. Similar results were 

obtained by Yan et al. (2012) and Al-Fawwaz and 

Al-Khazaleh (2017). On the other hand, Kabuta-

Pendias and Mukheryce (2007) mentioned that the 

concentration of copper, in topsoil or subsurface 

layers did not vary as affected by increasing the 

distances from the main road, because copper 

enters soil via different forms such as fertilizers, 

sprays and agricultural or municipal waste. On 

average the Earth's crust contain about 15 µgg-1 of 

Pb, where most soil adjacent the main road, 

especially topsoil is containing Pb more than 15 

µgg-1 which is owing to an anthropogenic pollution. 

These results are in line with those obtained by 

Tume et al. (2006) and Bech et al.  (2008). 

Furthermore, the incrementation of heavy metal 

concentrations in the eastern side was higher than 

in the western side of the road due to winds 

direction which is mainly blowing from west 

toward the east direction. In general, according to 

criteria report by Ross (1994) and Singh and 

Steinnes (1994) in Table (4), the concentration of 

the four studied heavy metals did not reach the 

toxic level. 

TABLE 3.Concentration of aqua riga-extractable (Total form) Pb, Cd, Zn and Cu in soil samples used   

in the study 

Plants Location 
Distance 

(m) 

Depth 

(cm) 

Pb 

(µgg-1) 

Cd 

(µgg-1) 

Zn 

(µgg-1) 

Cu 

(µgg-1) 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 

Wheat 

Western  

side 

1-30 
10-30 17.32 a 17.37 a 0.54 a 0.54 a 67.41 a 69.33 a 10.06 a 10.22 a 

30-60 15.66 a 15.96 a 0.51 a 0.52 a 64.97 a 66.17 a 8.91 a 8.84 a 

30-90 
10-30 14.61 b 15.62 b 0.43 b 0.46 b 48.36 b 51.65 b 10.17 a 10.17 a 

30-60 13.09 b 13.71 b 0.41 b 0.43 b 46.76 b 48.04 b 8.92 a 8.84 a 

90-270 
10-30 12.20 c 13.20 c 0.35 c 0.37 c 40.41 c 42.73 c 10.16 a 10.18 a 

30-60 11.64 c 12.64 c 0.32 c 0.34 c 38.78 c 38.57 c 8.90 a 8.82 a 

Eastern 

 side 

1-30 
10-30 18.15 a 18.22 a 0.57 a 0.54 a 70.58 a 73.63 a 10.12 a 10.19 a 

30-60 16.25 a 17.16 a 0.55 a 0.54 a 67.35 a 69.20 a 8.90 a 8.84 a 

30-90 
10-30 15.08 b 15.26 b 0.47 b 0.46 b 50.65 b 56.33 b 10.14 a 10.15 a 

30-60 13.73 b 14.36 b 0.45 b 0.45 b 49.53 b 52.60 b 8.90 a 8.84 a 

90-270 
10-30 13.30 c 14.07 c 0.41 c 0.40 c 42.10 c 48.46 c 10.12 a 10.15 a 

30-60 11.99 c 12.54 c 0.38 c 0.37 c 41.19 c 43.36 c 8.91 a 8.81 a 

Maize 

Western  

side 

1-30 
10-30 17.42 a 16.89 a 0.50 a 0.51 a 64.21 a 66.79 a 10.18 a 10.27 a 

30-60 15.34 a 16.30 a 0.47 a 0.49 a 59.37 a 63.56 a 8.16 a 8.86 a 

30-90 
10-30 14.28 b 15.06 b 0.41 b 0.43 b 47.69 b 51.25 b 10.17 a 10.22 a 

30-60 12.43 b 14.81 b 0.38 b 0.41 b 44.60 b 48.54 b 8.13 a 8.88 a 

90-270 
10-30 12.05 c 13.55 c 0.34 c 0.37 c 39.64 c 43.13 c 10.15 a 10.21 a 

30-60 11.25 c 13.23 c 0.31 c 0.34 c 37.71 c 40.37 c 8.12 a 8.87 a 

Eastern 

 side 

1-30 
10-30 19.42 a 17.93 a 0.60 a 0.53 a 67.54 a 72.57 a 10.13 a 10.21 a 

30-60 18.41 a 16.15 a 0.53 a 0.50 a 62.40 a 68.59 a 8.14 a 8.80 a 

30-90 
10-30 15.26 b 15.39 b 0.44 b 0.44 b 51.01 b 54.42 b 10.13 a 10.23 a 

30-60 14.23 b 15.07 b 0.41 b 0.41 b 46.55 b 51.23 b 8.13 a 8.88 a 

90-270 
10-30 13.39 c 14.31 c 0.36 c 0.38 c 42.92 c 46.25 c 10.13 a 10.21 a 

30-60 12.41 c 13.97 c 0.34 c 0.36 c 39.37 c 42.90 c 8.12 a 8.83 a 
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TABLE 4. Average concentrations (mg/kg, dry mass, dm) of metals detected in agricultural soils,  

maximumallowable concentrations (MAC) in soil and toxic soil for plants 

Metal 
Mean concentration (mg/kg, dm) in soil *MAC 

(mg/kg, dm) 

*Toxic soil for plants 

(mg/kg, dm) Wheat Maize 

Pb 

Cd 

Zn 

Cu 

18.22 

0.57 

73.63 

10.22 

19.42 

0.60 

72.57 

10.27 

20 

0.3 

300 

100 

100-400 

3-8 

70-400 

60-125 

*(Ross 1994; Singh and Steinnes 1994). 

 

 

Fig. 1. Concentration of DTPA-extractable Pb in soil samples used in the study 

 

Fig. 2. Concentration of DTPA-extractable Cd in soil samples used in the study 
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Fig. 3. Concentration of DTPA-extractable Zn in soil samples used in the study 

 

Fig. 4.Concentration of DTPA-extractable Cu in soil samples used in the study 
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season. Similar trendswere obtained in the second 

season and in the eastern side of the road as well as 

for maize plants. This decrement in wheat and 

maize growth grown at area nearby the road is 

mainly affected by vehicular emissions, which 

emits heavy metals to the surrounding 

environment. These results reveal that heavy metals 

exhibited adverse effects on plant growth. Similar 

results were obtained by Aliu et al (2013), Tuna et 

al (2015) and Al-Fawwaz and Al-Khazaleh (2017).

TABLE 5. Some growth parameters and yield components of plants as affected by vehicular emissions 

Plants Location 
Distance 

(m) 

Plant height 

(cm) 

Dry weight 

Plant-1 (g) 

Number of 

spike m-2 

Number of 

grains spike-1 

1000-grain 

weight (g) 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 

Wheat 

Western 

Side 

1-30 27.15 b 27.87 b 2.12 b 2.18 b 370.30 c 373.30 c 38.70 b 39.17 b 49.67 c 49.80 c 

30-90 31.56 a 32.65 a 2.51 a 2.56 a 416.73 b 387.20 b 41.77 a 42.17 a 51.37 b 51.53 b 

90-270 33.40 a 34.42 a 2.58 a 2.62 a 444.63 a 447.23 a 43.33 a 43.63 a 52.07 a 52.27 a 

Eastern 

Side 

1-30 25.28 b 26.29 b 1.96 b 2.00 b 365.56 c 368.10 c 38.53 b 38.63 b 49.50 c 49.63 c 

30-90 29.50 a 30.92 a 2.32 a 2.36 a 414.53 b 415.33 b 41.57 a 41.67 a 51.13 b 51.27 b 

90-270 31.53 a 32.09 a 2.45 a 2.48 a 435.13 a 439.23 a 43.47 a 44.03 a 51.90 a 52.13 a 

 

Plant height 

(cm) 

Dry weight 

Plant-1 (g) 

Number of 

row/ear 

Number of 

grains row-1 

1000-grain 

weight (g) 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 

Maize 

Western 

Side 

1-30 139.39 c 138.63 c 86.00 b 85.64 b 12.64 a 12.61 a 45.34 b 45.28 b 27.82 b 27.80 b 

30-90 164.85 b 163.36 b 88.56 a 88.17 a 12.95 a 12.91 a 46.15 a 46.13 a 30.03 a 30.01 a 

90-270 179.94 a 178.68 a 89.97 a 89.52 a 13.08 a 13.03 a 46.31 a 46.27 a 30.18 a 30.16 a 

Eastern 

Side 

1-30 137.63 c 136.67 c 85.63 b 85.05 b 12.26 a 12.23 a 45.28 b 44.91 b 27.81 b 27.78 b 

30-90 156.25 b 155.22 b 88.21 a 88.05 a 12.66 a 12.63 a 46.13 a 46.10 a 30.01 a 29.99 a 

90-270 178.19 a 176.48 a 89.53 a 89.21 a 13.04 a 12.97 a 44.27 a 44.24 a 30.15 a 30.12 a 

 

Pb, Cd, Zn and Cu content in wheat and maize 

tissues 

Data in Tables 6 and 7 represent the content of Pb, 

Cd, Zn and Cu in washed and unwashed leaves and 

grains and straw of both wheat and maize plants as 

affected by the distance from the road. The results 

clearly show that heavy metals content in different 

studied wheat and maize organs, except copper 

increased as the distance from the road decreased, 

which are in parallel to heavy metals content in soil 

(Tables 3 and 4). Also, it could be observed that 

unwashed wheat and maize leaves contain more 

heavy metals than the washed ones, which means 

that a part of this heavy metal’s pollution is by air. 

In this respect, Morsy (1990) reported that the 

greatest part of heavy metals deposits through air 

and stays on the surface while only a minor part 

can enter the plant through the stomata. Moreover, 

maize plants had higher contents of heavy metals 

than wheat. In general, it could be noticed that the 

pollution with heavy metals is still even as far as 

100 m from the road.These results agree with 

those obtained by Jadoon et al. (2021) found 

that the lead content in Egyptian clover 

increased with adjoining the plants to Cairo-

Alexandria agricultural main-road and the 

pollution is still perceptible even for as 100 m 

from the road. However, Hashim et al. (2017) 

stated that at least 40m around both sides of 

traffic roads are subjected to lead and 

cadmium pollution. Additionally, Pb and Cd 

are the pollutant heavy metals, which have a 

toxic effect for plants and humans and animals 

feeding on this plant. The lead and cadmium 

permissible levels in plants recommended by 

WHO (World Health Organization) are 2.0 

and 0.34 µgg-1, respectively (Cristea et al., 

2016). Although Pb pollution had adverse 

effects on wheat and maize growth, On the 

other hand, wheat and maize plant leaves 

grown adjacent the road contains Cd higher 

than the safely limits (0.34 µgg-1), which may  
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TABLE 6. Pb, Cd, Zn and Cu content (µgg-1) in washed and unwashed plant leaves as affected by  

Vehicular emissions 

Plants Location 
Distance 

(m) 

washed plants leave 

Pb Cd Zn Cu 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 

Wheat 

Western  

side 

1-30 1.04 a 1.02 a 0.26 a 0.23 a 72.37 a 67.07 a 31.40a  30.47a 

30-90 0.93 b 0.92 b 0.11 b 0.08 b 40.97 b 36.23 b 31.20a 29.73a 

90-270 0.85 c 0.83 c 0.06 c 0.04 c 31.07 c 27.27 c 31.53a 29.60a 

Eastern 

 side 

1-30 1.09 a 1.07 a 0.31 a 0.27 a 81.03 a 71.50 a 31.37a 29.80a 

30-90 0.98 b 0.96 b 0.16 b 0.14 b 50.00 b 40.50 b 31.30a 29.80a 

90-270 0.86 c 0.84 c 0.11 c 0.08 c 40.63 c 32.17 c 31.53a 30.03a 

Maize 

Western  

side 

1-30 1.17 a 1.15 a 0.29 a 0.25 a 82.80 a 77.37 a 40.43a 38.33a 

30-90 1.07 b 1.05 b 0.15 b 0.10 b 51.70 b 46.83 b 40.47a 38.60a 

90-270 0.98 c 0.95 c 0.08 c 0.05 c 36.27 c 32.17 c 40.40a 37.93a 

Eastern 

 side 

1-30 1.22 a 1.20 a 0.34 a 0.31 a 89.17 a 83.23 a 40.50a 38.30a 

30-90 1.11 b 1.09 b 0.18 b 0.16 b 58.53 b 53.10 b 40.37a 38.40a 

90-270 1.00 c 0.98 c 0.12 c 0.10 c 44.20 c 38.60 c 40.50a 38.30a 

 unwashed plants leave 

Wheat 

Western  

side 

1-30 1.23 a 1.20 a 0.30 a 0.28 a 82.17 a 77.33 a 36.23a 35.03a 

30-90 1.11 b 1.09 b 0.16 b 0.15 b 51.80 b 46.43 b 36.03a 34.97a 

90-270 0.99 c 0.96 c 0.10 c 0.07 c 37.57 c 29.30 c 36.13a 35.00a 

Eastern 

 side 

1-30 1.28 a 1.25 a 0.36 a 0.33 a 86.70 a 78.87 a 36.40a 34.90a 

30-90 1.16 b 1.13 b 0.20 b 0.19 b 58.17 b 50.43 b 36.43a 35.00a 

90-270 1.06 c 1.00 c 0.12 c 0.09 c 46.97 c 38.63 c 36.50a 35.13a 

Maize 

Western  

side 

1-30 1.57 a 1.56 a 0.40 a 0.37 a 93.90 a 88.17 a 43.63a 41.47a 

30-90 1.41 b 1.45 b 0.29 b 0.25 b 62.33 b 56.43 b 43.83a 41.80a 

90-270 1.25 c 1.25 c 0.19 c 0.14 c 41.27 c 35.23 c 43.87a 41.63a 

Eastern 

 side 

1-30 1.66 a 1.60 a 0.44 a 0.39 a 101.23 a 96.50 a 43.73a 41.57a 

30-90 1.47 b 1.42 b 0.26 b 0.21 b 68.57 b 63.67 b 43.73a 41.80a 

90-270 1.25 c 1.21 c 0.14 c 0.09 c 49.77 c 44.10 c 44.00a 43.13a 

TABLE 7. Pb, Cd, Zn and Cu content (µgg-1) in plants as affected by vehicular emissions 

Plants Location 
Distance 

(m) 

Grains 

Pb Cd Zn Cu 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 

Wheat 

Western  

side 

1-30 0.92 a 0.88 a 0.19 a 0.17 a 60.6 a 57.83 a 19.33a 15.50a 

30-90 0.80 b 0.77 b 0.05 b 0.07 b 26.77 b 25.90 b 19.63a 15.70a 

90-270 0.73 c 0.71 c 0.01 c 0.03 c 6.10 c 5.77 c 19.80a 15.10a 

Eastern 

 side 

1-30 0.95 a 0.91 a 0.21 a 0.21 a 62.53 a 58.83 a 19.90a 15.63a 

30-90 0.80 b 0.77 b 0.05 b 0.07 b 26.77 b 25.90 b 19.63a 15.70a 

90-270 0.72 c 0.68 c 0.04 c 0.04 c 7.63 c 7.70 c 19.77a 15.07a 

Maize 

Western  

side 

1-30 0.98 a 0.95 a 0.23 a 0.22 a 70.43 a 67.30 a 22.43a 19.47a 

30-90 0.84 b 0.81 b 0.09 b 0.08 b 40.97 b 37.70 b 22.43a 18.93a 

90-270 0.75 c 0.74 c 0.03 c 0.02 c 24.80 c 22.13 c 21.97a 19.27a 

Eastern 

 side 

1-30 0.99 a 0.97 a 0.25 a 0.24 a 75.47 a 71.51 a 21.80a 19.20a 

30-90 0.86 b 0.84 b 0.11 b 0.10 b 45.90 b 41.83 b 21.93a 18.57a 

90-270 0.80 c 0.77 c 0.04 c 0.03 c 29.47 c 24.13 c 22.33a 19.27a 

 Straw 

Wheat 

Western  

side 

1-30 0.95 a 0.93 a 0.22 a 0.20 a 65.13 a 58.60 a 23.73a 21.77a 

30-90 0.84 b 0.81 b 0.08 b 0.06 b 31.93 b 26.87 b 23.83a 21.80a 

90-270 0.75 c 0.74 c 0.03 c 0.02 c 17.23 c 15.77 c 23.63a 21.50a 

Eastern 

 side 

1-30 0.98 a 0.95 a 0.25 a 0.23 a 69.93 a 57.93 a 23.97a 21.70a 

30-90 0.87 b 0.83 b 0.10 b 0.10 b 40.27 b 28.30 b 24.20a 22.00a 

90-270 0.77 c 0.72 c 0.04 c 0.04 c 23.77 c 12.77 c 23.77a 22.10a 

Maize 

Western  

side 

1-30 1.12 a 1.11 a 0.24 a 0.23 a 76.73 a 73.97 a 24.50a 23.43a 

30-90 1.02 b 1.00 b 0.10 b 0.09 b 46.60 b 43.37 b 25.67a 23.33a 

90-270 0.93 c 0.91 c 0.04 c 0.02 c 30.53 c 27.37 c 25.60a 22.93a 

Eastern 

 side 

1-30 1.15 a 1.12 a 0.26 a 0.24 a 83.9 a 73.43 a 25.57a 23.50a 

30-90 1.04 b 1.01 b 0.12 b 0.10 b 52.87 b 40.47 b 25.60a 23.90a 

90-270 0.97 c 0.93 c 0.05 c 0.03 c 38.60 c 24.23 c 25.47a 23.40a 

 

cause health hazardous for animals. As for Zn 

and Cu the data reveal that wheat and maize 

plants having Zn and Cu in different organs 

below the toxicity levels (the safe 

recommended limit of Zn and Cu in plants are 

20 and 90.4 µgg-1, WHO/FAO, 1984). These 
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results are in harmony with those obtained by 

Igwegbe et al. (2013) and Latif et al. (2018). 

 

Some pollution incidences 

1. Transfer factor (TF) of Pb, Cd, Zn and Cu from 

soils to wheat and maize 

Transfer factor is an important concept since 

heavy metals may have adverse effects on 

plants and animals as well as human that feeds 

on them.  Transfer factor (TF) values reflect 

bioavailability of heavy metals whether for 

plants uptake or to be retained in soil (Nitu et 

al, 2019). The data of transfer factor of Pb, Cd, 

Zn and Cu for different organs of wheat and 

maize plants grown near the high way of 

Cairo-El Minia at Beba City are presented in 

Tables 8 and 9. 

TABLE 8.Transfer factors (TF) of metals from agricultural soils to wheat plant 

Plant organs Location 
Distance 

(m) 

Transfer factors (TF) 

Pb Cd Zn Cu 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 

Washed  

leaves 

Western 

Side 

1-30 0.06 0.06 0.48 0.43 1.07 0.97 3.12 2.98 

30-90 0.06 0.07 0.26 0.17 0.85 0.70 3.07 2.92 

90-270 0.07 0.06 0.17 0.11 0.77 0.64 3.10 2.91 
Mean  0.06 0.06 0.30 0.24 0.90 0.77 3.10 2.94 

Eastern 

Side 

1-30 0.06 0.06 0.62 0.53 1.26 1.07 3.08 2.90 

30-90 0.07 0.06 0.39 0.33 1.05 0.79 3.07 2.92 

90-270 0.07 0.06 0.32 0.22 1.02 0.75 3.11 2.94 

Mean  0.07 0.06 0.44 0.25 1.11 0.87 3.08 2.92 

Unwashed 

leaves 

Western 

Side 

1-30 0.07 0.07 0.56 0.52 1.22 1.12 3.60 3.43 

30-90 0.08 0.07 0.37 0.33 1.07 0.90 3.54 3.44 

90-270 0.08 0.07 0.29 0.19 0.93 0.69 3.56 3.44 

Mean  0.08 0.07 0.40 0.35 1.07 0.90 3.57 3.44 

Eastern 

Side 

1-30 0.07 0.07 0.72 0.65 1.35 1.18 3.58 3.40 

30-90 0.08 0.08 0.49 0.44 1.22 0.98 3.58 3.42 

90-270 0.09 0.07 0.35 0.24 1.18 0.90 3.60 3.44 

Mean  0.08 0.07 0.52 0.44 1.25 1.02 3.59 3.42 

Grain 

Western 

Side 

1-30 0.05 0.05 0.35 0.31 0.90 0.83 1.92 1.52 

30-90 0.05 0.05 0.12 0.15 0.55 0.50 1.93 1.54 
90-270 0.06 0.05 0.03 0.08 0.15 0.14 1.95 1.48 

Mean  0.05 0.05 0.17 0.18 0.53 0.49 1.93 1.51 

Eastern 

Side 

1-30 0.05 0.05 0.42 0.41 0.97 0.88 1.95 1.52 

30-90 0.06 0.05 0.12 0.16 0.56 0.51 1.93 1.54 

90-270 0.06 0.05 0.12 0.11 0.19 0.18 1.95 1.48 

Mean  0.06 0.05 0.22 0.23 0.57 0.52 1.94 1.51 

Straw 

Western 

Side 

1-30 0.05 0.05 0.41 0.37 0.97 0.85 2.36 2.13 

30-90 0.06 0.05 0.19 0.13 0.66 0.52 2.34 2.14 

90-270 0.06 0.06 0.09 0.05 0.43 0.37 2.33 2.11 

Mean  0.06 0.05 0.23 0.18 0.69 0.50 2.34 2.13 

Eastern 

Side 

1-30 0.06 0.06 0.50 0.45 1.09 0.87 2.35 2.11 

30-90 0.06 0.06 0.24 0.23 0.79 0.59 2.38 2.15 

90-270 0.06 0.05 0.12 0.11 0.60 0.30 2.34 2.16 

Mean  0.06 0.06 0.29 0.26 0.83 0.59 2.36 2.14 

 

The data indicate that Pb and Cd 

having low values of transfer factor for 

washed and unwashed leaves as well as grains 

and straw of wheat and maize plants in both 

seasons. It ranged between 0.05 to 0.08 for Pb 

and 0.09 to 0.65 for Cd for wheat plant and 

between 0.05 to 0.10 for Pb and 0.05 to 0.80 

for Cd for maize plant in both seasons. On the 

other hand, Zn and Cu recorded the highest 

values of (TF) in both plants, which varied 

between 0.14 to 1.26, and 1.48 to 3.56 for 

wheat zinc and copper while the corresponding 

values for maize ranged from 0.30 to 1.50 and 

1.85 to 4.32 for Zn and Cu, respectively. It can 

be notice that the transfer factor decreased as 

the distance from the road increased. Also, TF 

values in the eastern side were higher than in 

western side. Finally, the values of transfer 

factor greatly differ according to the plant 

organs, where it could be arranged the wheat 

or maize organs according to its TF values as 
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the following descending order: unwashed 

leaves > washed leaves > straw ≥ grains. In 

this concern, Zurera et al (1987) mentioned 

that the mobility of metals to plants depended 

on soil physical and chemical properties, plant 

species, the environmental conditions and 

human activity. These results are in line with 

those obtained by Al Naggar et al (2014) and 

Nitu et al (2019). Moreover, Gupta et al (2013) 

notice that the leafy organs having TF higher 

than other plant tissues.   

TABLE 9. Transfer factors (TF) of metals from agricultural soils to maize plant 

Plant organs Location 
Distance 

(m) 

Transfer factors (TF) 

Pb Cd Zn Cu 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 

Washed 

Leaves 

Western 

Side 

1-30 0.06 0.06 0.52 0.45 1.13 1.00 3.08 2.97 

30-90 0.07 0.05 0.27 0.19 0.86 0.71 3.06 2.91 

90-270 0.07 0.06 0.18 0.11 0.78 0.63 3.11 2.90 

Mean  0.07 0.06 0.32 0.25 0.92 0.78 3.08 2.93 

Eastern 

Side 

1-30 0.07 0.07 0.57 0.58 1.32 1.15 4.00 3.75 

30-90 0.07 0.07 0.41 0.36 1.15 0.98 3.99 3.75 

90-270 0.07 0.07 0.33 0.26 1.03 0.83 4.00 3.75 

 Mean  0.07 0.07 0.44 0.40 1.17 0.99 4.00 3.75 

Unwashed 

leaves 

Western 

Side 

1-30 0.09 0.09 0.80 0.73 1.46 1.32 4.29 4.04 

30-90 0.10 0.10 0.71 0.58 1.31 1.10 4.31 4.09 

90-270 0.10 0.09 0.56 0.38 1.04 0.82 4.32 4.08 

Mean  0.10 0.09 0.69 0.56 1.27 1.08 4.31 4.07 

Eastern 

Side 

1-30 0.09 0.09 0.73 0.74 1.50 1.33 4.32 4.07 

30-90 0.10 0.09 0.59 0.48 1.34 1.17 4.42 4.09 

90-270 0.09 0.08 0.39 0.24 1.16 0.95 4.34 4.22 

Mean  0.09 0.09 0.57 0.49 1.33 1.15 4.33 4.13 

Grain 

Western 

Side 

1-30 0.06 0.06 0.46 0.43 1.10 1.01 2.20 1.90 

30-90 0.06 0.05 0.22 0.19 0.86 0.74 2.21 1.85 

90-270 0.06 0.05 0.09 0.05 0.63 0.51 2.16 1.89 

M  0.06 0.05 0.26 0.22 0.86 0.75 2.19 1.88 

Eastern 

Side 

1-30 0.05 0.05 0.42 0.45 1.12 0.99 2.15 1.88 

30-90 0.06 0.05 0.25 0.23 0.90 0.77 2.16 1.82 

90-270 0.06 0.05 0.11 0.08 0.69 0.52 2.20 1.89 

Mean  0.06 0.05 0.26 0.25 0.90 0.76 2.17 1.86 

Straw 

Western 

Side 

1-30 0.10 0.07 0.48 0.45 1.19 1.11 2.45 2.28 

30-90 0.07 0.07 0.24 0.21 0.98 0.85 2.52 2.28 

90-270 0.06 0.05 0.11 0.11 0.60 0.30 2.34 2.16 

Mean  0.08 0.06 0.28 0.26 0.90 0.75 2.44 2.24 

Eastern 

Side 

1-30 0.06 0.06 0.43 0.45 1.24 1.01 2.52 2.30 

30-90 0.07 0.07 0.27 0.23 1.03 0.74 2.53 2.34 

90-270 0.07 0.06 0.14 0.09 0.90 0.52 2.51 2.29 

Mean  0.07 0.06 0.28 0.26 1.06 0.76 2.52 2.31 

 

 

2. Single pollution index (PI) 

These parameters use to determine 

which heavy metal shows the highest threat on 

the surrounding ecosystem. It is expressed as 

the ratio between the concentration of heavy 

metal in the soil to the corresponding value of 

the second criterion environmental quality 

standard for soils, i.e., 350, 0.6, 300 and 100 

for Pb, Cd, Zn and Cu, respectively. The data 

of the single pollution index for the studied 

heavy metals in the studied locations are given 

in Table (10). The data clearly show that the 

single pollution indexes for the four studied 

heavy metals were below one which means 

negligible risk of the effect of these heavy 

metals. Values of single pollution index can be 

arranged in the descending order as follow. Cd 

> Zn > Cu > Pb. Except Pb, the surface soil 

having (PI) higher than sub-surface soil. Also, 

single pollution index decreased as the 

distance from the road increased and in eastern 
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side than the western side. It is worthy to 

notice that Cd exhibited the highest PI values 

(near to one), especially in the surface layer in 

western side. Therefore, more studies are 

needed to study the behaviour of Cd in such 

soils owing to the lower values of environment 

background value (0.6) and its high 

accumulation ability (Rabee et al., 2011). 

These results are in line with those obtained by 

Huang and Jin (2008) and Yang et al (2019).  

TABLE 10.Single pollution index for the studied soil 

plant  Location 

 

Distance 

(m) 

Depth (cm) 

Single pollution index (PI) 

Pb Cd Zn Cu 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 

Wheat 

Western 

Side 

1-30 

 

0-30 0.05 0.05 0.90 0.90 0.22 0.23 0.10 0.10 

30-60 0.04 0.05 0.85 0.87 0.22 0.22 0.09 0.09 

30-90 0-30 0.04 0.04 0.72 0.77 0.16 0.17 0.10 0.10 

30-60 0.04 0.04 0.68 0.72 0.16 0.16 0.09 0.09 

90-270 0-30 0.03 0.04 0.58 0.62 0.13 0.14 0.10 0.10 

30-60 0.03 0.04 0.53 0.57 0.13 0.13 0.09 0.09 

Eastern 

Side 

1-30 

 

0-30 0.05 0.05 0.95 0.90 0.24 0.25 0.10 0.10 

30-60 0.05 0.05 0.92 0.90 0.22 0.23 0.09 0.09 

30-90 0-30 0.04 0.04 0.78 0.77 0.17 0.19 0.10 0.10 

30-60 0.04 0.04 0.75 0.75 0.17 0.18 0.09 0.09 

90-270 0-30 0.04 0.04 0.68 0.67 0.14 0.14 0.10 0.10 

30-60 0.03 0.04 0.63 0.62 0.14 0.14 0.09 0.09 

 

 

 

 

 

 

Maize  

 

 

Western 

Side 

1-30 0-30 0.05 0.05 0.83 0.85 0.21 0.22 0.10 0.10 

30-60 0.04 0.05 0.78 0.82 0.20 0.21 0.08 0.09 

30-90 0-30 0.04 0.04 0.68 0.72 0.16 0.17 0.10 0.10 

30-60 0.04 0.04 0.63 0.68 0.15 0.16 0.08 0.09 

90-270 0-30 0.03 0.04 0.57 0.61 0.13 0.14 0.10 0.10 

30-60 0.03 0.04 0.51 0.57 0.13 0.13 0.08 0.09 

 

 

Eastern 

Side 

1-30 0-30 0.06 0.05 1.00 0.88 0.23 0.24 0.10 0.10 

30-60 0.05 0.05 0.88 0.83 0.21 0.23 0.08 0.09 

30-90 0-30 0.04 0.04 0.73 0.73 0.17 0.18 0.10 0.10 

30-60 0.04 0.04 0.68 0.68 0.16 0.17 0.08 0.09 

90-270 0-30 0.04 0.04 0.60 0.63 0.14 0.15 0.10 0.10 

30-60 0.04 0.04 0.57 0.60 0.13 0.14 0.08 0.09 

 

3. Index of geo-accumulation (Igeo) 

 

The index of geoaccumulation (Igeo) 

represents the levels and degree of heavy metal 

contamination in soils of the studied area (Singh, 

2005). This incidence consists of seven grades, i.e., 

1- uncontaminated (Igeo ≤ 0.0), 2- uncontaminated 

to moderately contaminated (0 < Igeo < 1), 3- 

moderately contaminated (1 < Igeo < 2), 4- 

moderately to strongly contaminated (2 < Igeo < 3), 

5- strongly contaminated (3 < Igeo < 4), 6- strongly 

contaminated (4 < Igeo < 5), and 7- extremely 

contaminated (Igeo > 5). The data in Table (11) 

show the values of Igeo for the area adjacent Beni-

Suef - El-Minia Road at Baba City. 

 

 

TABLE 11. Geo accumulation index 

Plants Location 
Distance 

(m) 

Igeo 

Pb Cd Zn Cu 

1st 2nd 1st 2nd 1st 2nd 1st 2nd 

Wheat 

Western 

side 

1-30 -0.79 -0.79 0.26 0.26 -1.08 -1.04 -2.90 -2.88 

30-90 -1.04 -0.94 -0.07 0.03 -1.56 -1.47 -2.88 -2.88 

90-270 -1.30 -1.18 -0.36 -0.28 -1.82 -1.74 -2.89 -2.88 

Eastern 

side 

1-30 -0.73 -1.55 0.34 0.26 -1.01 -0.95 -2.89 -2.88 

30-90 -0.99 -0.98 0.06 0.03 -1.49 -1.34 -2.89 -2.89 

90-270 -1.17 -1.09 -0.13 -0.17 -1.76 -1.56 -2.89 -2.89 

Maize 

Western 

side 

1-30 -0.78 -0.83 0.15 0.18 -1.15 -1.09 -2.88 -2.87 

30-90 -1.07 -0.99 -0.13 -0.06 -1.58 -1.48 -2.88 -2.88 

90-270 -1.32 -1.15 -0.40 -0.28 -1.85 -1.72 -2.89 -2.88 

Eastern 

side 

1-30 -0.63 -0.74 0.42 0.24 -1.07 -0.97 -2.89 -2.88 

30-90 -0.98 -0.96 -0.03 -0.03 -1.4 -1.39 -2.89 -2.87 

90-270 -1.16 -1.07 -0.32 -0.24 -1.73 -1.62 -2.89 -2.88 
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Values of Igeo varied from metal to metal as well as 

the distance from the road and the side of location. 

The Igeo measurement decrease as the distance from 

the road increased. Moreover, these values increased 

in eastern side than western side. The variation in 

Igeo values is mainly due to the pollution from 

vehicular emission and to the main direction of wind 

is from west to east. Cd shows the highest values of 

Igeo, while Cu recorded the lowest one. In general, 

Igeo incidence reveal that Pb, Zn and Cu attain grade 

uncontaminated (Igeo ≤ 0.0) in all distances and 

locations. However, Igeo for Cd at near of the road in 

the two locations showed uncontaminated to 

moderately contaminated (0 < Igeo < 1), while the 

values of Igoe for Cd in the other distances attain 

uncontaminated grade. This suggested that the area 

under study was not polluted, except for Cd, near the 

road. These results reveal that this area is having 

background contamination for Pb, Cd, ZN and Cu 

and these heavy metals are unchanged by 

anthropogenic effects. Again, more attention must be 

paid to Cd pollution in this district to evaluate its 

contamination in this area, especially near the road 

owing to this metal having moderately contaminated 

near the road in the two locations. These results are 

inharmony with those obtained by Rabee et al (2011) 

and Salman et al (2018). 

 

Conclusion 

In this study, content of Pb, Cd, Zn and Cu 

were almost within the acceptable limits in plants as 

mentioned by W.H.O., except Cd content in plants 

adjacent the road. Pb, Cd and Zn content in soil 

whether total or soluble forms increased as the 

distance from the road decreased, consequently wheat 

and maize growth decreased. In conclusion, it can say 

that wheat and maize leaves contain Cd near the 

hazardous limit, therefore we should avoid feeding 

animals by plants grown nearer the road.  
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