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ABSTRACT

The present work aims to study the effect of automobile exhaust on the
contamination of soils and plants with lead and cadmium. Twenty four surface soil
samples (0-30cm) were collected from different locations at the distance 5,100 and
200 meters cultivated with clover plants along the Cairo-Damietta main road.

The total content and DTPA-extractable Pb and Cd were assessed. Cadmium
and Lead content in the soils, decreased as affected by the distance from the
pavement. The highest concentrations of Pb and Cd were found in soils near the road
and the lowest at a distance 200m far from the road.

The content of lead in clover plants showed the same trend as soil samples,
this effect was clear on plants till 168 m distance. The data indicate that automobile
exhaust was the main effect of plant and soil contamination with lead, while the
automobile exhaust was not responsible for soil and plant contamination with
cadmium.
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INTRODUCTION

Roadside soils usually contain high concentrations of metallic
contamination. The bioavailability and environmental mobility of the metals
depended upon the form in which the metal is associated with the soil. Lead
street dust and roadside soil has been extensively studied, and found to be
present at elevated levels. (Ho and Tai, 1988) .

Automobile emissions are considered as a significant source of Pb
pollutants, the urban soils were heavily polluted by Pb from gasoline
combustion (Chen et al., 1997and Imperato et al., 2003). Singer and Hanson
(1969) reported that the soils behind highways in the U.S.A. had lead
accumulation related to traffic volume and distance from the highways.

Aibasel and Cottenie (1985) reported that soil contamination by Zn and
Pb was quite pronounced along highways and in some case contamination
by Mn was also obsarved. Contamination by these heavy metals decreased
rapidly with increasing ditance from the highway. High values of metal
accumulation in plants located near highways were obseved.

igwegbe et al., (1992) found that the statistical analyses of the major
road contributed significantly (P < 0.05) to higher concentrations of lead in all
the crops examined; and also cadmium in all the crops except in potatoes.
Vegetable crops were found to have higher contents of these two metals than
the fruits. Substantial amounts of these metals could be removed by washing
the-samples with triple distilled water.
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Singh et al., (1997) found that changing levels of lead (Pb) in the soil
and vegetation along two National Highways at India. Thy added that there
was decrease in concentration with increasing distances from the road
margins. Parkpien et al., (2003) concluded that plants grown nearer to the
highway are usually exposed to more heavy metal accumulation than those
away from the highway. Olivares (2003) showed that the concentration of Pb
in leaves and roots of plant samples at a heavy traffic roadside was higher
than in samples from a light traffic site.

Lu et al., (2005) reported that the average contents of Cu, Cd, Pb in
automobile emission particulates were 95.83, 22.14 and 30.58 mg/kg,
respectively. Turer (2005) reported that soils along highway environments
typically contain high concentrations of heavy metals because of non-poinet
contamination source, most commonly vehicle exhaust and wear of vehicle
parts.

During the last few years, the number of vehicles in Egypt, mostly
opecated by leaded fuel, has increased rapidly leading to increase high levels
of some heavy metals and other pollutants in the dust, soil and plants near
highways in both rural and urban areas. El-Sherif and Yousry (1978)
concluded that the content of lead in clover plants was found to increase with
adjoining the plant sample to the main road. The Pb pollution is still
perceptible even as 100 m of the main road. El-Desouky et al, (1998)
reported that the available and total content of Pb and Cd in the studied soils
along the main roads inside Ei-Sharkiya Governorate changes regularly as a
function of the distance from the pavement. Also , the concentration of Pb
and Cd in clover plants follow the same trend previously obtained in soils with
respect to the distance from the main roads.

The present study is initiated to assess the contamination levels of the
roadside soils and so plants by cadmium and lead along Cairo- Damietta
road.

MATERIALS AND METHODS

1-Sampling soils and plants:

Twenty four locations cultivated with clover "Trifolium alexandrinum”
were chosen at the eastern side along the Cairo- Damietta road (Fig.1).
Three surface soil samples (0-30 cm) were collected from each location at
distances; 5, 100 and 200 meters from the main road.

2-Soil analysis:

The collected soil samples were air dried and sieved to pass through
a 2mm sieve. Mechanical analysis was performed according to the pipette
method as described by Dewis and Feritas (1970). Organic matter content
was determined by oxidation with dichromate method according to Walkley
and Black, total carbonates were determined using Collins calcimeter (Dewis
and Feritas, 1970). Soil pH was measured in 1:2.5 soil: water suspension
using glass electrode. The electrical conductivity (EC) was measured in 1:2.5
soil : water extract. The total Pb and Cd were determined after fusion with
mixture of concentrated HNO,;, HCIO, and H,SO, (Hesse, 1971). The
available lead and cadmium were extracted using DTPA method (Lindsay
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and Norvell, 1978). Lead and cadmium were measured using Atomic
absorption spectrophotometer.

3- Plant analysis;

The plants were cut at 1cm above the soil surface and rinsed once
with diluted HCI and twice with distilled water, dried at 70 °C to constant
weight, ground in porcelain mortar, and perceived for analysis. One-half gram
sample of plant material was digested using concentrated H,SO,4 and H,0,.
The digestate was then analyzed for Pb and Cd as previously mentioned.

1- Shobra al-khema 7- Sahragt El-Kobraa 13- Nawassa El-Bahr  19- Elzarkaa

2- Kaluob 8- Meet Ghamer 14- Mansoura 20- Elsero

3- Kaha 9- Beshla 15- El-Kheiareiah 21- Dakahla

4- Toukh 10- Feshah 16- Badaway 22- Faraskour

5- Banha 11- Tonamel 17- Sherbeeri 23- El-shoarae

6- Kafr Shukr 12- Agaa 18- Mehallet Engaak  24- Meniet Demietta

Fig .1. Locations of the collected soil and plant samples.
DISCUSSION

Some physical and chemical properties of the studied soils at the 5
meters from the main road are shown in table (1).The soils ranged In their
clay content from 23.69 to 57.12%, pH (1:2.5 soil-water suspension) from 7.7
to 7.9, EC from 0.22 to 6.31dSm™" , organic matter content from 0.18 to 1.52
% and calcium carbonate content from 0.50 to 4.13%.
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Table (1): Some initial soll physical and chemical properties of the
studied locations.

No. Location| Particle size distribution | Texture [pH| E.C { O.M% | CaCO:%
c.s % | f.s % | silt % |clay % .

1_[Sobra al-khema 10.31 | 18.44 | 26.99 | 44.26 C 7.71022| 0.84 352 |

2 [Kaluob 13.32 | 13.52 | 26.17 | 47.99 C 7.9] 0.53 1.15 3.61 |

3 Kaha 6.74 | 18.32 | 40.93 | 34.01 C.L 77037 0.34 4.10

4 [Toukh 10.41 | 12.41 | 27.53 | 49.65 C 7.7]10.62 1.52 3.10

5 |Banha 588 | 10.93 | 26.07 | 57.12 C 79027 0.94 2.91

6 Kafr Shukr 10.22 | 16.58 | 27.33 | 45.87 C 791083 | 077 2.70

7__|Sahragt El-Kobraa 7.14 | 17.48 | 40.4 | 34.98 CL 791022 027 0.50

8 Meet Ghamer 8.89 | 10.98 | 28.8 | 51.33 o] 781071 0.77 1.50

8 |Beshla 11.56 | 12.25 | 27.63 | 48.56 [} 78(068 | 132 20

10 |Feshah 10.69 | 17.62 | 26.55 | 45.14 C 79(024 1.15 0.55

11_[Tonamel 111 [ 1257 { 20.22 | 56.11 C 781033 [ 053 0.90

12 JAgaa 11.31 | 16.24 | 27.24 | 45.21 C 791 0.41 0.66 3.20

13 N El- Bahr 5.38 | 20.27 | 29.73 | 44.62 C 791077 0.53 1.10 |

14 Mansoura 9.79 | 17.18 | 26.68 | 46.35 C 7.7] 044 1.30 2.30 |

15_|El-Kheiareiah 8.5 19.79 | 276 | 44.11 C 7.8 022 0.98 413 |

16 |Badaway 10.15 | 18.29 | 25.84 | 45.72 C 781051 0.53 3.20 |

17 _ISherbeen 9.55 | 14.89 | 24.58 | 50.98 [¢] 78[044 | 0.77 261 |

18" Mehallet Engaak 6.54 | 18.52 | 41.11 | 33.83 CL 791044 | 0.44 2.50

[ 19 |[Elzarkaa 13.78 | 13.46 | 24.88 | 47.88 C 791079 1.10 2.90

20 [Elsero 10.42 | 18.11 | 26.83 | 44.64 C 781095 0.71 3.70

21 Dakahla 6.76 | 18.52 | 40.82 | 3398 CL 781183 ] 039 1.20
Faraskour 12.02 | 24.67 | 32.1 31.21 CcL 78[372] 029 2.10

23 El-shoarae 15.55 | 36.52 | 20.99 | 28.94 S.CL 791540 ] 0.19 1.20

24 [Meniet Demietta 15.8 | 38.3 | 22.21 | 23.69 SCL [78]631] 0.18 0.90

Data in table (2) showed that the concentrations of total and DTPA-
extractable Pb and Cd (pg/g) in the soils along the inside main road Cairo-
Damietta changes regularly as a function of the distance from the pavement.
The highest value was noted in the soil directly closed to the road and the
lowest was in soil at 200m far from the road. This may indicate that air
poliution due to automobile exhausts is considered to the main source of
available Pb and Cd in the cultivated soils. However, Jaradat and Momani
(1999) reported that the Cu, Cd, Pb and Zn poliution is still perceptible even
as far as 60m of the main highway connecting Amman. In Egypt, El-Sherif
and Yousry (1978) reported that the Pb pollution is still perceptible even as -
far as 100m of the main Cairo — Alexandria agricultural road.

The total content of Pb and Cd in the studied soils ranged between
6.40-33.20 and 0.97-3.71 pg/g soil, respectively. The high contents of total
Pb were observed in the soil of kafr shuker location. These values are higher
than the range (1.7 — 5.4 pg/g) found by Aboulroos et al., (1996) for
unpolluted cultivated soils at Egypt. The higher values of total Cd were
observed in the soil of Meet Ghamer location. These values are higher than
the range (0.017-0.095 ug/g) reported by Aboulroos et al., (1996) for
unpolluted cultivated soils at Egypt.

The DTPA-extractable amounts of Pb and Cd in soils are also given in
table (2). Most of the studied soils contain 1.73 - 6.92 yg/g DTPA- extractable
Pb and 0.01-0.28 yg/g DTPA- extractable Cd. These values are higher than
the range (0.51-2.88 ug/g and nel -0.06 yg/g DTPA-extractable Pb and Cd,
respectively founded by Aboulrous et al (1996) for unpolluted cultivated soils
at Egypt.
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No significant correlation have been obtained between either the
DTPA-extractable values of Pb or Cd and the total content of these elements
in the studied soils(r = 0.141,and r = 0.150, respectively). This may be
supported by the finding of Obukhov and Lepneva,(1990) who stated that
most of the heavy metals center city atmosphere with industrial and
automobile emission are not readily soluble compounds (oxides and sulfides).

Data in table (3) show that the lead and cadmium content in clover
plants which coliected from the studied locations ranged from 3.2 to 29.7ug
Pb/g dry weight and 0.11 to 1.77ug Cd/g dry weight. Values reveal that clover
plants which grow adjacent to the main road showed contents of lead and
cadmium higher than those away from the road. Jaradat and Momani (1999)
reported that the levels of heavy metal contamination in both surface soils
and vegetation, exponentially decreased to background levels with distance
on either side of the highway. The decrease of elemental concentration with
distance from the highway would indicate aerial deposition of metal
particulates in the roadside environment from extraneous sources and not a
function of soil type.

Table (2): DTPA-extractable values and total contents of lead and
cadmium in soils as Influenced by distance from the main

road.
No. ~ Location “Distance from the —Pb { gglg ) Cd(pg/g)
main road f Av. T Av.
i obra al-khema 5 17.10 .21 .41 0.18
-~ 100 16.20 X .20 0.15
)0 10.70 X% 04 0.10
R aluob 5 217. 3 .60 0.2
100 k 4 2.7 0.22
0 . X 2.02 0.
< aha_ S .4 4.83 242 0.16
100 24. 4.6 1.8 0.14
.1 4.5 /| 0.13
4 oukh 28 10 323 254 0.21
100 .60 2.98 2.2 0.19
200 26.20 2.43 1.80 0.3
anha L 2.4 2.91 r' .
00 . .84 .44 3
% 200 . 3 .0 0.1
afr Shukr 33. .3 0.28
100 29. 2. 026 |
0 f 2.2 L 0.14
ahragt El-Kaobraa 5 12. .31 3.3 0.22
100 4. 3. 2.9 0.
|0 L. 8-7- y 0. 1
h t Ghamer 21, .92 19
100 .2 .9 0 0.1
pi 16.0 ! .65 RY
eshia e § 2.00 2.28 3.63 0.2%
100 1 U £ sl 0.
200 .00 .8 2. 0.03
10 " Feshah % . 5 32.41 K 2.8¢ 0.23
T 100 .00 2.72 201 0.1
)0 4 2. .3 .08
11 -+ onamel _ 186. 43 3. 0.22
100 15.1 4.8% .22 .1
3 200 14.60 4.2 2.01 0.13
gaa 17.1 2. 2.84 0.28
Jo ., 43 & T 0.23
)0 15. 207 1.93 017

6081



Husein, M. E. and M. M. Kamel

Table (2): ( cont.)
No.

Location Distance from Pb (ug/g) Cd (uglg)
the 1. Av. T. Av.
main road
13 Nawassa El-Bahr 5 15.2 5.82 2.50 0.22
\ 100 13.6 5.53 2.33 0.18
200 12.2 4.22 1.81 0.14
14 Mansoura 5 32.10 3.61 3.52 0.07
100 31.40 3.56 3.31 0.03
N 200 30.80 3.10 2.59 0.01
15 El-Kheiareiah 5 16.0 5.63 2.22 0.22
100 15.40 .32 1.55 0.17
200 147 3.1 0.91 0.1
16 Badaway 5 22.6 4.31 3.04 0.17
100 21.10 3.84 3.51 0.10
200 20.30 3.72 2.33 0.10
17 Sherbeen 5 33.0 5.43 2.00 0.22
100 32:10 5.11 1.61 0.21
200 32.3 4.62 1.52 0.70
18 Mehallet Engaak 5 306 5.91 211 0.4
100 29.5 5.43 2.13 0.11
200 282 3.11 1.45 0.03
19 Elzarkaa 5 16.3 4.76 2.42 0.22
100 15.4 4.22 1.83 0.18
200 10.5 3.98 1.52 0.09
0 Elsero 5 33.10 5.51 155 0.22
. 100 .20 5.42 1.32 0.1
; 200 30.50 4.11 1.11 0.12
21 akahla 5 22.40 3.91 2.22 0.22
\ 100 213 3.54 1.53 0.16
200 18.8 3.37 1.21 0.04
22 Faraskour 5 26.10 3.37 2.32 0.10
] 100 254 3.10 1.76 0.08
200 245 2.76 1.93 0.07
23 El-shoarae 5 9.2 5.64 211 0.17
00 .3 5.61 1.76 0.16
2 7.0 4.3% 1.22 0.09
P4 Meniet Demietta 5 7.0 4.22 1.53 0.18
1 7.0 4.10 1.41 0.16
2 4 3.07 0.97 0.08

Kabata-pendias and Pendias, (1992) reported that the critical level of
Pb and Cd which cause plant toxicity is 10 and 3ug/g dry matter, respectively.
According to the present data, the content of Pb in'plant samples which taken
from 5m far from the main road were higher than the recommended critical
levels, the most plant samples which collected from 100m of the main road
were also higher than the recommended critical levels. The plant samples
which collected from 200m far of the main road were lower than
recommended critical levels of lead in plants.

The correlation obtained for the quadratic relationship between Pb
content in plants and distance is as follows:

Pb - plant = 33.62 - 0.292X+ 0.00087X?, [1]

Differential’'s method of quadratic regression (equation [1] was used
to find the predicted critical distance. The differential quadratic regression
(equation [1] is as follows:

. dy/dx = -0.292+0.00174X
So, the value for critical distance is 167.8m, increasing of this distance
addition the Pb plant wili decline.
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According to the critical distance which obtained from the previous
equation, its important to wash the clover plants which grow in the soil of this
critical distance before animal feeding. Igwegbe et al., {1992) reported that
the lead contamination of plants which grow through 100m of the main road
can be reduced by washing these plants with water. Jaradat et al., (2005)
concluded that there was a significant difference in heavy metal concentration
between washed and unwashed plant samples. Momani et al., (2002)
concluded that a significant differences in levels of heavy metal content
between washed and unwashed plants was observed.

There was no significant correlation between available and plant
content of Pb (r = 0.232). It can be attributed to the adsorption of Pb by plant
leafs. Singh et al., (2004) reported that a possible correlation between lead
concentration in air and lead accumulation in the foliage of avenue trees, lead
in leaves were found to be positively correlated with Pb pollution in the air.

The content of cadmium in all plant samples at all locations were less
than the recommended critical levels of cadmium which cause toxicity in
plant. Highly significant correlation coefficient between available and plant
content of Cd(r = 0.705%), it may be attributed to the phosphorous fertilization
as super phosphate which contain Cd at least 18.2-28.5 ug/g (Srikant et al.,
1994). Also, Chien et al., 2003) concluded that a single superphosphate
(8SP) contain 32 mg Cd/kg.

Table (3): Total content of lead and cadmium in clover plants as
influenced by distance from the main road.

No. Location Distance from the Pb (ug/g dry Cd {ug/g dry
main road . matter) matter)
1 hobra al-khema X .33
100 17.30 1.03
2 6.90 8’
2 aluob 26.30 1.43
1 14.10 1.04
— 200 9.80 63
B Kaha 5 28.60 1.21
100 12.70 0.93
200 7.9 0.21
4 oukh 5 23.1 1.54
100 9.70 1.4
200 7.60 0.75
anha 5 . 1.40
100 11.60 1.33
)0 7.40 0.49
afr Shukr 5 29.70 .55
100 8.40 1.45
200 .30 .76
ahragt El-Kobraa 5 .10 1.75
100 15.50 1.
200 7.30 4
t Ghamer 5 2240 .
100 11.80 K
0] 7§b R4
eshia 5 24.70 KK
100 13.60 55
200 80 2
10 Feshah 5 15.50 1.5
100 11.20 1.4.
200 40 0.62
11 onamel 5 27.60 1,62
100 1.70 1.3
200 .20 0.3
12 \gaa 5 27.20 1.48
100 14,10 _ 1.40
200 20 — 0.35
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Tagle (3): (cont.)

Location Distance from the Pb({ug/g dry [Cd (uglg dry matter)
main road matter)
13 Nawassa El-Bahr 5 25.20 1.27
100 11.60 111
200 7.70 0.23
14 nsoura 5 23.10 0.99
100 12.20 0.74
— 200 5.60 1
15 I-Kheiareiah 5 22.20 1.5
100 9.70 .00
0 3.20 .39
1 adaway 5 23.80 1.38
1 7.60 131
200 9.80 0.43
17 rbeen 5 25.50 1.1
& 100 15.70 1.62
200 7.70 0.53
i8 ehallet Engaak 5 27.30 1.45
100 3.30 1.23
] 6.80 0.41
19 zarkaa S 22.70 1.77
100 18.10 1.01
0 8.50 0.56
0 Isero 5 17.20 .38
1 9.30 .09
%10 .64
1 akahla S .70 1.47
100 _ 16.90 1.9
] 200 .30 .1
2 _° i aiaskour 5 18.20 1.22
100 310 69
200 90 .45
3 shoarae S 71.90 0.4
100 1.30 0.32
) 0 .90 0.11
4 niet Demietta 5 15.40 0.43
100 10.10 0.3
[ 1.2 0.1
CONCLUSION

In Egypt, motor vehicles that burn leaded gasoline are mostly
responsible for the build up of heavy metals in solid and in grasses along the
highway through the emission of particulates. The roadside environment had
a significantly high content of heavy metals, especially lead , and generally
their levels increased with increasing traffic volumes and become elevated in
the urban areas. The available and total content of lead and cadmium in the
studied soils along the main road of Cairo — Demietta changes regularly as a
function of the distance from the pavement. Also, the concentration of Pb in
clover plants followed the same trend previously obtained in soils with respect
to the distance from the main road. However, the extracted data of the
present work may clear the importance of more intensive research work in
order to give more information about the degree and role of heavy metals
pollution in soil and plants under the Egyptian highways roads conditions.
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