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HIGHWAYS AS A SOURCES OF POLLUTION WITH HEAVY
METALS AND ITS EFFECT ON ADJACENT SOIL AND
PLANTS IN NILE DELTA OF EGYPT.

Abou EI-Khir A M; A. A. Balba; M.S. Shams and Manal F.Tantawy
Soil Sci.Dept. Fac.of Agric., Kafr El-Sheikh, Tanta Univ. Egypt
ABSTRACT

Two sites located in Nile Delta were selected to study the effect
of traffic intensity (exhaust gases) on levels of some heavy metals such
as Cd,Ni, Co and Pb in soil as well as plant parts. The first area tested at
Tanta (Alex. — Cairo highway) and the second, in Meet Khalaf (Shibin
El-Kom-Cairo road). Surface (0—15 cm) and subsurface (15-30 cm) soil
samples were collected at the distances of 50,250, 500 and 1000 m away
from traffic line during spring 2003.

Results showed that total and available Cd, Ni, Co and Pb
contents { mg/kg) in the surface and subsurface soil samples decreased
along the distance away from the highways, particularly in the surface
samples. Total concentrations of heavy metals were armranged in the
following order: Pb (150.70- 22.88)> Co (50.40 — 10.50) > Ni (50.47 -
9.15)> Cd (5.68 - 1.20) mg / kg. But the available forms of heavy metals
were arranged in the following order: Pb (1525 - 1.25)> Ni(0.75-
0.20 > Co (0.35 — 0.07) > Cd (0.05 -0.01) mg/kg. Content of total and
available Cd, Ni and Co were lower than that the permissible limits in
studied locations. While the content of total and available Pb were more
than that the permissible level.

Both heavy metals contents and bioconcentration ratio (BCR)
varied widely according to distance from pollution source, plant species
and plant part of the ordinary Egyptian growers. The contents of Cd, Co,
Pb and Ni in the collected plants were decreased with increasing the
distance from highways for the same plant species. The content of
Cd.Co and Pb in plants under study in Tanta site {intensive traffic} was
higher than that in Meet Khalaf site whereas this trend was adverse for
Ni. Lead, Cd, Co and Ni in the shoots of cotton was higher than that in
their roots, whereas this frend was contrast for com. Therefore edible
plants should be cultivated for away from the traffic way.
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INTRODUCTION

Sources of metals in the environment originate from both natural
geological processes and human activities. Natural sources include
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excessive weathering of mineral and metal ions from rocks,
displacement of certain concentrations from groundwater or subsurface
layers of soil, atmospheric deposition from volcanic activity, and
transport of continental dusts (Emst, 1996 and Nofal, 1981). The most
common human routes leading to the introduction of heavy metals into
the environment are disposal of industrial effluents, application of
sewage sludge, deposition of air-bome indusinal wastes, military
operations, mining, landfill operations, disposal of industrial solids and
liquid wastes, use of agricultural chemicals {commercial fertilizers and
pesticides), gas exhausts, and energy and fuel production. Major among
such sources are agrochemicals (fertilizers and pesticides), municipal
wastewater (sewage) and atmospheric fall-out (Nriagu, 1991 and
Alloway, 1995). Heavy metals leaching, foxicity and uptake by
organisms depends on soil chemical and physical properties as well as
physiological properties of organisms present in, or-growing on the soil.
The extractability and mobility of heavy metals in contaminated soils
depends not only on the total concentration in soils but also on the metal
speciation in the soil solution (Holmgren ef al., 1993 and Ensley, 2000).

The aim of present study is to monitor some heavy metals levels
(Cd, Ni, Co and Pb) in soils as well as the cultivated crops by Egyptian
growers in two regions, around highways in Gharbiya and Minufiya
Govemorates. '

MATERIALS AND METHODS

Two locations in Nile Delta of Egypt were selected to study the
effect of traffic (exhaust gases) on soil and plants pollution with some
heavy m etals such as Cd, Ni, Co and Pb. The first site is located at
Tanta {Alex. — Cairo highway, intensive traffic) Gharbiya Governorate
and the second one in Meet Khalaf (Shibin El-Kom-Cairo road
moderate traffic) Minufiya Governorates. Surface (0-15 cm) and
suabsurface {15-30 ¢m) soil samples were collected at the distances of
50,250, 500 and 1000 m from the highway during spring 2003. The soil
samples were air-dried ground with porcelain mortar, passed through 2
mm nylon sieve and mixed thoroughly for laboratory analyses. pH, EC.,
soluble cations, organic matter (OM) content and cation exchange
capacity (CEC, using NaOAc of pH 8.2} were determined according to
Rhoades {1982) and Cottenie ef al., {1982). Some characteristics of soils
are presented in Table (1).

Total content of heavy metals {(Cd, Ni, Co and Pb) were extracted
using Aqua Regia solufion as described by Cottenie et al. (1982), the
available forms were extracted using dithionite triamine penta acelic
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acid (DTPA), calcium chloride (CaCl,) and triethanol amine as reported
by Lindsay and Norvell (1978). Both total and available contents of
heavy metals were measured using Perkin Elmer atomic absorption
spectrophotometer model 2830. '

Table (1): Some soils characteristics.

; Soluble Cations {mM)
DH di‘;‘é pHt | BCeh [sAR W e
(cm) Na' | K* | Ca” | Mg™
) . Tanta Site
50 0-15 785 | 029 1.7 133 | 035 | 037 025 | 205 38.5
1530 | 7.88 0.31 1.8 145 | 03s | 039 026 | 185 371
250 0-15 7.74 0.34 19 150 | 060 | 041 025 | 205 385
15-30 7.86 041 19 1.78 0.63 0.40 045 1.92 37.0
500 0-15 776 | 039 20 175 | 063 § 043 034 | 200 38.4
15-30 7.76 043 | 21 190 070 | 043 043 1.90 370
1000 |  0-15 768 0.65 22 | 265 | 105 | 073 068 | 2.02 382
1500 | 773 | 063 23 265 | 100 | 070 063 | 1.90 36.9
Meet Khalaf Site

50 0-15 7.63 0.62 23 280 056 0.68 075 210 354
15-30 7.79 0.58 2.0 242 0.50 0.63 0.82 203 332.
250 0-15 8.08 0.58 22 2.60 045 0.65 0.73 210 354
15-30 8.09 0.57 2.1 240 045 0.60 0.83 200 332
500 0-15 795 0.58 22 2.60 0.50 0.70 0.65 215 353
15-30 8.10 0.57 22 2.50 0.50 0.65 0.70 203 332
1000 0-15 197 0.60 25 285 0.61 0.63 0.60 209 352
15-30 805 0.56 23 2.60 0.53 0.68 0.56 2.02 33.1

DH = Distance from highway, t = pH in 1:2.5 soil water suspension.
* = Soil paste extract.

Plant samples were collected from crops that already have been
cultivated by growers from each field sites under investigation on May
2003, at the previous defined distances. The plant samples of cotton,
corn were takenas a whole intact plant and the leaves of citrus trees
only were collected. Plant samples were carefully washed thoroughly
by dropping the plant in 10* N HCI solution and then dipped in a
successive containers filled with redistilled water, Then, divided into
shoots and roots, air-dried and then dried at 70 °C in oven, milled and
digested by wet ashing according to Chapman and Pratt (1961). Heavy
metals content were measured using Perkin Elmer atomic absorption,
spectrophotometer model 2830. The bioconcentration ratio (BCR) was
calculated by the following equation according to Blum (1997).

BCR = Element in plant (ug/g dry weight) / Element in soil as
available, (mg / Kg soil). _ ) '
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RESULTS AND DISCUSSION

1. General soil characteristies:

Data in T able (1) show that the values o f EC, ranged between
0.29 and 0.65 dSm™ where SAR were varied from 1.7 to 2.5 in all
studied samples. According to James ef al. (1982), the studied samples
from Tanta and Meet Khalaf are normal soils where EC, value are lower
than 4 dSm™' and SAR values are less than 13. Regarding the distribution
of soluble cations, Na' was the dominant cation followed by Ca™, Mg"™*
and K' or Mg™, Ca™ and K" in all of the studied sites, (Table 1).
Generally, pH values ranged between 7.63 and 8.09. The soil organic
matter content (OM) in the studied soil samples was relatively low and
ranged between 1.90 to 2.15 % . Generally, OM decreased with depth.
The relatively high values of OM at the surface layers were expected due
to regular and continuous cultivation and addition of farmyard manure
and plant residues. The value of CEC ranged from 37.0 to 38.5 cmol /Kg
for Tanta site and from 33.1 to 35.4 cmol /Kg for Meet Khalaf site.

2. Impact of pollution from highways on heavy metals content in the
tested soils,

Data in Table {2) show the total and available contents of
Cd,Ni,Co and Pb as mg/kg in surface (0-15 cm) and subsurface (15-30
cm) soil layers around the highways in the tested soils. Total and
available Cd,Ni,Co and Pb contents decreased with increasing the
distance from highways. The surface layers had higher total and
available CdNi,Co and Pb than those the subsurface layers.
Accumulation of Pb in the soil surface 1s of great ecological
significance because this metal was known to be greatly affected the
biological activity in the soils (Alloway,1995). The enrichment of heavy
metals in soil surface may be due to the poliution from exhaust traffic
gases, cycling through vegetation, atmospheric deposition and
adsorption by the organic matter. The total content of Cd, Co and Pb in
the studied soil samples was higher in Tanta site than that in Meet
Khalaf site, while Ni content gave the opposite trend. S haban (1998)
found similar results.

The obtained data in Table (2) also show that, the total content of Cd
ranged between 5.68 mg/kg (in the surface layer at 50 m from highway
in Tanta location) and 1.20 mg/kg (in the subsurface layer at 1000 m
from highway in Meet Khalaf location). Whereas the available Cd
ranged between 0.05 and 0.01 mg/kg in soils under study in the same
locations. The amounts of total Cd are relatively lower than the
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maximum-recorded ¢ oncentrations by Alloway (1995), who stated that
the maximum total concentration of Cd was 41 mg/kg. In general,
comparing the obtained results with those reported by E1-Sokkary and
Lag (1980), who found that the uncontaminated Egyptian soil have total
Cd content of about 2 mg/kg and DTPA-Cd extractable was about 0.01
mg/kg, indicates that soil samples under consideration are considered
light contaminated. On other study, Aboulroos et al. (1996) reported that
the normal v alues o f available Cd in cultivated alluvial soils of Egypt
was 0.03-0.06 mg/kg with an average of 0.043 mg/kg. .
Table (2): Total and available content of heavy metals (mg/kg) in the
soils around the highways.

Tanta Site Meet Khalaf Site
DS dSc‘F’)'t‘h Av. | Total | Av. | Total | Av. | Toml | Av. | Totl
{cm) Cd Co - Co
50 0-15 0.05 5.68 0.35 50.40 0.05 515 ’ 028 4012
15-30 0.03 2.05 0.15 17.40 0.03 217 0.13 15.30
250 0-15 0.05 5.60 0.32 48.17 0.04 4.50 0.28 38.50
15-30 0.03 2.00 0.13 16.50 0.02 1.65 0.11 13.50
sop 015 0.04 4.82 0.27 45.05 0.02 n 0.25 3340
15-30 0.62 1.75 0.10 13.15 0.0l 1.50 0.10 1:.25
] 0-15 0.03 415 0.24 37.50 0.02 300 0.23 32.05
000 ™5 30 0.01 1.36 0.10 11.60 0.01 1.20 0.07 10.50
Ni Ph Ni Pb
50 0-15 0.73 4545 1525 | 15070 | 0.75 50.47 10.40 120.15
15-30 0.31 10.18 5.14 50.50 0.25 12.28 2.21 40.18
250 |01 0.73 43.11 13.22 | 14365 | 070 4950 0.85 115.40
15-30 0.28 10.05 3.82 45.30 025 11.85 1.60 35.70
so0 |-0:15 0.65 4250 11250 ] 13050 | 067 4750 7.50 102.40
15-30 026 9.50 305 30.17 023 11.85 1.25 25.70
1000 1915 0.62 42.50 1085 | 12517 | 0.60 46.15 6.11 90.34
15-30 0.26 9.15 175 | 2840 020 11.15 1.25 22.88

DH = Distance from highway, Av. = Available )

The data in Table (2) show that, the total content of Ni ranged from
50.47and 12.28 mg/kg (at 50 m from highway of Meet Khalaf location)
to 42.50 and 9.15 mg/kg (at 1000 m from highaway of Tanta location) in
the surface and subsurface layers respectively. Generally, total Ni in all
studied samples were lower than the natural concentration (100 mg/kg as
reported by Kabata-Pendias and Pendias, 1992). The normal content of
available Ni in alluvial soils of Nile Delta ranged between 0.30 and 1.02
mg/kg with an average of 0.64 mgkg (Aboulroos er al, 1996).
Concemning the investigated soils, the highest and lowest values of
available Ni (0.75 and 0.20 mg/kg) were observed in the surface layers
at 50 m and subsurface layer at 1000 from highway of Meet Khalaf
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location. These results are in harmony with those found by Shaban
(1998).

The results in Table (2) show that, the total content of Co ranged
between 50.40 and 17.40 mg/kg (at 50 m from highway of Tanta
location) to 32.05 and 10.50 mg/kg (at 1000 m from highway of Meet
Khalaf location) for surface and subsurface layers, respectively. In
addition, the available Co was ranged from 0.35 and 0.15 to 0.23 and
0.07 mg/kg at the same locations for surface and subsurface layers,
respectively. The natural concentration of total Co in soil, according to
K abata-Pendias and Pendias (1992) ranged from 25 to 50 mg/kg. On the
other hand, Gray (1992) reported that the total Co in normal level was -
ranged from 1 to 70 mg/kg. While Aboulroos er al. (1996) reported that
the available Co in normal alluvial soils of Nile Delta was ranged
between 0.13 to 0.28 mg/kg with an average of 0.19 mg/kg.

The results in Table (2) show that, the total content of Pb ranged
between (150.70 and 50.50 mg/kg (at 50 m from highways of Tanta
region)to 90.34 and 22.88 m g/kg (at 1 000 m from highway o f M eet
Khalaf region) in surface and subsurface layers, respectively. The
amount of total Pb is higher than natural content. While the natural
content of total Pb in soil was 100 mg /kg (Mengel and Kirkby (1987).
The normal content of available Pb in E gyptian alluvial soils o f Nile
Delta was reported to be 0.78-2.46 mg / kg with an average of
1.39 mg/kg (Aboulroos et al. 1996). Concerning the investigated soils,
the available Pb was ranged from 15.25 and 5.14 mg/kg (at 50 m from
highway of Tanta region) to 6.11 and 1.25 mg/kg (at 1000 m from
highway of Meet Khalaf region) for surface and subsurface layers,
respectively. Such data revealed that levels of some heavy metals have
been increased in surface soils closed to highways. Such increase has
the ability to be sustainable and may cause a contentious and gradual
increase concentration of such elements especially, the surface soil.

3. Impact of pollution from highways on heavy metals content in the
tested plants

Heavy metals content {mg/kg) and its bioconcentration ratio
(BCR) in both shoots and roots of the plants in the tested sites of
Gharbiya and Minuftya Governorates as affected by highways, were
recorded in Table (3). Both Heavy metals contents and BCR varied
widely according to 1) distance from pollution source, 2) plant species
and 3) plant part.

Data in Table (3) show that the Cd content ranged from 3.22
mg/Kg in cotton roots at Meet Khalaf region to 30.47 mg/Kg in citrus
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leaves at Tanta region. Also, the highest values of Ni content were
recorded in the plants cultivated in Tanta whereas the lowest were found
in the plants cultivated in Meet Khalaf. The Ni content in s hoots and
roots of cotton cultivated at 500 m from highways in Tanta region were
67.30 and 50.15 mg /kg, while in Meet Khalaf region were 8.88 and 8.21
mg /kg respectively, c orresponding B CR values in the same previous
sites were 147.19, 110.22, 19.73 and 18.24 respectively. On the other
hand, Ni, Cd and Co contents in shoots of cotton were higher than roots,
whereas the roots of corn plant contained higher Ni than those of shoots.
This distribution may be attributed to the translocation rate of Ni from
roots to shoots (Alloway, 1995 and Abdel Sabour et al., 1995).

. Table (3): Heavy metal concentrations (mflkg) and its
bioconcentration ratio HCR) in the plants (part) cultivated in the
soils around highway.

Tanta Site ] Meet Khalat Site
DS o Parameter
Plant Conc. Plant Conc.
SpBCiCS Plant parl (mg/kg) BCR SPCCieS Plant part (mg/kg) . BCR
d
20 - - - - Cotion Shoots 4458 112.0
- - - - Roots 4.25 106.3
250 | Cormn | Shoots 4.65 116.3 Cotton { Shoots 4.50 150.0
Roots 6.11 152.8 Roots 3.90 130.0
500 | Cotton | Shoots 5.61 187.0 Cotton Shoots 4.50 300.0
. Roots 444 148.0 Roots 3.22 214.7
1000 | Citrus | Leaves 30.47 15235 Com Shoots 4.11 274.0
- - - - Roots 5.22 348.0
N1
50 - - - - Cotton [ Shoots 2070 1 41.40
- - - - Roots 18.50 37.00
250 | Com Shoots 38.15 75.54 Cotton Shoots 16.15 34.00
Roots 42.50 84.16 Roots 11.33 23.86
500 | Cotton | Shoots 67.30 147.19 | Cotton Shoots 8.88 19.73
. Roots 50.15 110.22 Roots 8.21 18.24
1000 | Citrus | Leaves 12840 | 29181 Com Shoots 36.50 91.25
- - - - Roots 40.55 1101.38
Co
2507 Com™ | Shoots™ ] 40157 T 1784 1 Uotton | Shoots | 60.13 | 30E.
Roots 4370 194.2 oots 50.25 257.7
500 | Cotton | Shoots 48.22 260.6 Cotton Shoots 55.65 318.0
. Roots 45,50 2459 Roots 50.25 287.1
1000 | Citrus | Leaves 122.70 7218 Com Shoots 30.40 2027
- - - - Roots 36.19 2413
Pb
5 - - - - Cotion Shoots 172001371 2728
- - - - Roots 1340.20 | 670.1
250 1 Com Shoots | 282045 331.0 Cotton Shoots | 1630.20 | 284.8
Roots 341534 | 4009 Roots 1300.00 | 2271
500 | Cotton | Shoots | 4650.30 598.1 Cotton Shoots | 1405.20 | 3212
. Roots | 400045 | 5145 Roots | 1600.17 ~ 228.6
1600 | Citrus { Leaves | 3820.35 606.4 Com Shoots | 2600.20 5435
- - - Roots 2480.17 | 674.0

-The samples is not {aken, DS = Distance from poHution source.
Toxic limits in flant according to Kabata Pendias and Pendias &992): Cd (5-30
mg/Kg), Ni (10-100 mg/Kg), Co (1-32 mg/Kg) and Pb (30-300 mg/Kg).

Cobalt concentration in all tested plants, which collected from
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studied soils have exceeded the maximum limits concentration, recorded
in ¢ ontaminated plants b y K abata P endias and P endias ( 1992). Except
corn at 1000 m from highway in Meet Khalaf. Tantawy, Manal (1996)
found a good and significant relationship between Co content in barley
and fenugreek plants and its available content in the soil.

Higher content of Pb was found in the plants collected from
Tanta region than that of Meet Khalaf region. This result may be duo to
the intensive traffic at Tanta compared with Meet khalaf (branched
road). Data also show that, there are wide variations in Pb content in the
studied plant samples (plant species and plant part). In general, the
concentration of Pb in all tested plants grown in all studied soils have
exceeded the maximum limits concentration recorded in contaminated
plants by Kabata Pendias and Pendias (1992), they stated that the
maximum Pb concentrations in contaminated plants was ranged between
30-300 mg/kg dry weight. On the other hand, Gray (1992) noted that the
safe levels of Pb in plants is ranged from 0.2 to 20 mg/kg dry weight.
The increase of the distance from highaway resulted in a decrease of Pb
couient in the plant samples. Moreover, in Meet khalaf region, Pb
content in shoots of cotton plants cultivated at 50 and 500 m from
highway was 1720.13 and 1405.20 mg/kg respectively.

Finally, the data showed that the distribution of absorbed Pb
within shoots and roots was varied according to plant species. The
content of Cd, Co, Ni and Pb in the shoots of cotton plants was higher
than roots, whereas this trend was adversed for corn. These differences
in heavy metals distribution depend on its iransfer rate from roots to
shoots. Morever these results attributed to the variations between plants
in their ability to heavy metals uptake and their tolerant to its high
concentrations {Alloway, 1995 and Ensley, 2000). Also,the data in
Tables (3) show thatthetrend of BCRofCd wasnot clear where its
value vaned according to Cd content in plant and available Cdin the
soil. Similar results were found by El-Sokkary and Sharaf (1996) and
Eissa and El-Kassas (1999). Therefore edible plants should be cultivated
for away from the traffic way.
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