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ABSTRACT : The present study aims to elucidate the permissible con-
centration of lead in soils and plants in terms of photosynthetic activity, as
well as the effect of soil texture on the absorption of lead by plants. So, soil
and plant samples were coliected from two locations along the Cairo-
Alexandria highways; Kaluob for the rural road and Nubaria for the desert
one, at distances on both sides of the two roads. Then, a soil suspension ex-
periment was carried out to study the effect of lead contamination on its con-
tent in the dry matter of different plant parts as well as NPK contents in both
of the roots and shoots of Pisum sativum (Pea) plants.

The results showed that the total and available lead content decreased with in-
creasing the distance from the road and soil depth. In addition, the application
of either 50 or 200 ppm Pb as Pb (NO5}, to the soil suspension increased the
available lead and decreased the total uptake of N, P and K in the grown
plants. Also, photosynthetic activity and transpiration of plants decreased and
subsequently dry matter production.

INTRODUCTION

Lead represents a problem since it is dissipated with gas exhaust of different vehi-
cles into the soils and plants on both sides of the roads. Contaminated soils release only
a small portion of their total lead content to plant. According to Martea and Hammand
(1966), only 2.5ppm Pb existed in the first crop of brome grass grown on a contaminat-
ed sandy loam soil containing 680ppm.

In general, lead contamination comes from the automobile industry (Zuber and Bo-
vay, 1969), pesticides (Frank et al. 1976) and/or fertilizers (El-Sherif and Hanna, 1979).
El-Sokkary (1978) found that the lead existed in soils at 77-282ppm and in plants at 8-
32ppm along the Cairo-Alexandria rural highway. Chow (1969) reported that the Pb
content of soils along one highway was 403ppm in the top 5cm layer and 60ppm in the
10-15c¢m layer. Hansen (1976) indicated that lead concentration was higher in soils
with pH < 4.6 than in those with pH >6.4. The highest levels of lead occurred in the
heavier soil texture (Harmmssoenn, 1977). Ward et al (1977) stressed the greater over-
all efficiency of the atmospheric deposition as a source of lead contamination when .
compared the soil route.

Fiusello and Molinori (1973} stated that the Pb (NO3), had the most inhibitory ef-
fect on seedling etongation. The inhibition was greater for the roots than shoots. In ad-



dition, Lin (1991) reported that the mean concentrations of lead were 2.11, 3.69 and
2.58 mg/kg dry matter for fruit, leaf and roots, respectively. Zueng-Sang (2000) report-
ed that the Exchangeable (or available) forms of cadmium and lead can be transformed
into unavailable forms by applying amendments of manganese oxide, calcium carbo-
nate or zeolite to the soil.

The objective of this work was to study the limit of permissible lead concentration in soils
and its effect on plant photosynthetic activity and on uptake of some plant nutrient elements.

MATERIAL AND METHODS

Surface (0-20cm) and subsurface (20-40cm) soil samples were collected at 5, 15,
50, and 110m at both of Kaluob, close o the Cairo-Alexandria main rural road, and El-
Nubaria, close to the CairoftAlexandria main desert road.

In addition, plant samples were collected from the same spots. The collected samples
were subjected fo different physical and chemical analyses according to the standard rec-
ommended procedures (Page et al., 1984). The obtained results are depicted in table (1).

A laboratory cxperiment was conducted during the winter of 2003 to study the limit
of pernissible lead concentration in soils and its effect on plant photosynthetic activity
and uptakc of some plant nutricnt clements. Forty grams of each soil sample were
mixed with 100ml distilled water to establish a soil-water suspension, left to stand still
overnight, then cations and anions were determined.

Table (1). General characteristics of the used soil samples.

Distance
(m)
Depth {em)
F.C (dS/m)
pH of §:2.5
extract
CaC0y,

Y%
oM
LA
C.EC
meq/190¢ soil
Coarse sand, %
Fine sand, %
Silt, 4%
Ciay, %
Texture

Kalunh
0-20 } 2.20 | 8.00 [ 2.07 1 1.5 (37.90] 1.71 [29.31]30.12|38.86} C.L
20400 170 | 790 [ 1291 0.9 [32.001(10,92(24.81({3596]283¢E} C.L.
0-20 [ 0.70 | Y60 [ 2,00 ] 1.1 [43.50] 140 |33.9027.80|36.90} C.L.
20-40F 0.50 | 7.20 | 160 § 0.5 [35.404] 8.10 |32.30] 25.50 | 34.10] C.L.
0-20 1 2.65 | 7.85 [ 2.68 § 2.0 [40.04] 4.31 |11.69]39.11 | 44.89 | Clay
20-40( 450 | 7.65 | 240§ 1.3 [37.52[1027)|21.45]|25.13 [41..67| Clay
0-2070 199 | 7.75 | 270 § 2.2 [82.50( 0.42 [22.98(24.42{52.13| Clay’
20-40] 0.74 | 780 § 174 | 1.5 4880 174 |24.11{25.22 | 46.93 C'.ﬁL
Fi-Nubaria
0-20 | 076 | 7.30 ; 3.10 | 04 |22.40)1521]37.26329.92[17.61| 8.1
20-40| 050 | 700 { 320 | 63 | IRT0[13.23(36.18]31.22|19.37] S.L
0-20 | 0.60 | 740 [ 2.50 | 0.5 127.40]113.18{46.54 | 2132 | 19.261 S.1.
20401 0.50 | 7.20 | 230 | 03 |25.60(11.20[44.50}24.31 [ 19.99] S.1.
0-20 | .80 | 7.30 [ 4.20 | 0.4 (20.90[15.33[48.57}21.78]|14.32] S.L
20-40] 0.50 | 7.10 | 350 { 0.3 [IRI0[12.21 |46.60[233..7[ 1749} S.L.
D200} 0.70 | 7.50 | 330 ] 04 1950 14433271 3510]17.75) S.I.
20-40[ 0.60 | 720 | 2.60 { 0.3 [17.66[13.50]13.50]37.583 [12.47[ S.I.

50

1y

Pea (Pisum sativum) seeds were germinated on moist medical cotton for 10 days in
petri dishes. After enough time had elapsed (25 days), the seedlings were dipped into
the soil suspension for 30-minute interval for three successive times. Then, photosyn-
thesis attained by the leaves was measured using the portable photosynthesis measuring
system model Li-6200.
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To another separate set of soil suspensions, 5 or 20 mi of 10ppm Pb (NO3), solu-
tion, i.e. 50 or 200 ppm Pb, was added, as well as a non-treated control, Each treatment
was replicated three times. The pea seedlings, which were brought up as previously de-
scribed, were also dipped into the suspensions containing lead nitrate.

Total and available Pb was measured in the soil suspensions. At the same time,
plant photosynthesis was measured by the same means prescribed above. In addition,
cellular carbon dioxide evolution, stomatal resistance, and transpiration were also
measured.

In plant samples collected from each location along each road, plants were rinsed
three times with distilled water, then the rinsed and non-rinsed plants were analyzed for
lead content. Pea shoots and roots were then dried at 70C, milled and preserved in plas-
tic bags for future analyses.

The obtained data were subjected 1o statistical analysis according to Gomez and
Gomez (1984).

RESULT SAND DISCUSSION
Effect of spatial variability:

Table (2} shows that lead content in the diflcrent layers of soil profile decreased
with the increase in the distance from the main road at both of Kaluob and El-Nubaria
soils. This finding coincides also with the findings of El-Sokkary (1978), who stated
that total lead content was negatively related to both of the distance from roadside and
depth in soil profile. Also, Chow (1969) reported that the Pb content of soils along the
Cairc-Alexandria main desert road was 403ppm in the top 5 cm soil layer and 60ppm
in the 10-15 cm layer. It can, generally, be concluded that the greater the distance from
the roadside, the less the precipitation of heavy metals.

From another perspective of comparison, Kaluob soils contained higher available
and total Pb than those found in El-Nubaria soils at all the studied distances from the
roadside (Table 3). These differences can be attributed to differences in soil texture
and/or to the traffic intensity, Soils of Kaluob are clay loam in texture, but those of El-
Nubaria were Joamy sand in texture. This is supported by the findings of Harmms-
soenn (1977) who found that the highest levels of lead occurred in the heavy clay soils

Table (2). Effect of distance {(m) from road on
lead distribution in soil layers.

Distance]Soil depth] Available Pb {ppm) Total Pb {(ppm)
(m) {cm) Kafuob | Nubaria | Kaluob | Nubaria
5 0-20 5.32 3.54 25.69 | 16.66

20-40 4.92 2.85 15.35 14.37

15 6-20 5.04 2.72 21.37 13.95 ﬂ
20-40 4,32 1.62 15.15 11.16
50 6-20 4.55 1.81 18.76 10.14
" 20-40 3.91 1.32 12.35 8.54
110 0-20 4.02 0.94 15.36 7.53
20-40 3.33 0.30 10,14 5.53
L..S.D 0.05 0.02 | 0.4 0.11 0.12
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Table (3). Mean values of Pb in the studied soil
as aftected by distance from roadside.

Distance Available Pb (ppm) Total Ph (ppm)
(m) Kaluob | El-Nubaria | Kaluob | El-Nubaria
5 5.12 3.20 20,52 15.51
15 4.68 1.87 [8.26 12.55
50 4.23 1.57 15.56 %.34
110 3.68 0.62 12.75 6.53
L.S.D .05 0.03 .05 (.44 0.13

as compared with the-light-textured ones. We can also conclude that the deeper the soil
profile, the less the Pb concentration. It is obvious that lead dissemination far away
from the highways should be controlled.

Effect of soil Pb on photosynthesis:

Table (4) shows that soil lead had a depressive eflect on the rate and efficiency of the pho-
tosynthesis procedure and related parameters in pea leaves. The higher level of Pb application
significantly decreased photosynthetic procedure compared with the control treatment.

It is evident that CO, evolution as well as stomatal resistance increased as a result
of Pb application. These findings were also supported by the inhibition of the intensity
of photosynthesis and transpiration from the leaves. It seems that the higher Pb concen-
tration hinders photosynthetic procedure and related phenomena. Lead seems to block
carbon dioxide exchange between chloroplasts and the atmosphere in the cell cavity.

This is eventually expected since lead retards, in some ways, the stomatal conduc-
tance of the atmospheric gases into the cell cavities. Virtually, this was reflected as low
photosynthetic activity and moisture transpiration with the higher lead concentration. It

Table (4). Photosynthesis parameters as
influenced by Pb treatments.

Stomatal Intensity of

Pb CO: in ccll resistance| photosynthesis

Transpiration
(mol/m*.scc)

(ppm) (ppm) (sec/cm) {(mmol/mZsec)| %
0 378 20 6.62 100 0.62
50 "~ 1137 128 2.18 32 0.23
200 825 85 1.10 [16.5 0.10
L.S.D0.05 32 3 0.10 3 0.04

can be concluded that Pb pollution in the cultivated soil is detrimental to photosynthetic
procedure and the related parameters in the leaves of the growing plants. From the pre-
ceding findings, it is obvious that soil pollution with lead from the highway should be
controlled to avoid its damping effects on plant photosynthesis.

Table (5) shows that the addition of Pb to each of the two studied soils resulted in a
significant increase in the soil available Pb, which was accompanied by a marked drop
in photosynthetic activity in the growing plants. Supportive of this observation was the

84



Al-Azhar J. Agric. Res., Vol. 39, 81 - 88(June), 2004

incurred decrease in transpiration. Generally, these effects were more evident at Kaluob
area than at Nubaria, which is attributed to the greater available lead concentration in
the former location (Table 5).

Generally, the lead emitted with the exhaust gases from the moving vehicles on the
highways is a major source of soil pollution. Alsc, the greater lead concentration is expect-
ed, as shown previously, to be in the vicinity of the highways. So, the greater contamination
is expected to take place in the growing plants, which are very close to these highways.
Effect of lead on plant:

Table (6) supports the above mentioned findings regarding the significantly dimin-
ishing concentration of lead as we go far from the roadside. It is also obvious that the
plants rinsed with distilled water had lower Pb content compared with non-rinsed ones.

This finding stresses the precipitation of lead from the atmosphere as a result of emis-

Table (5). Effect of lead soil application on its
availability,  plant  photosynthesis  and
transpiration in the two studied soils.

rb AY.Ph | Photosynthetic tutensity | Transpiration
(ppm) (mg/L) j(mmolm’sec)] % mol/m* sec)
Kalitob
0 0.25 6.90 99.58 0.57
50 0.62 3.64 5184 .16
200 0.86 1,60 23.21 0.13
L.S.D 005 102 0.12 117 .02
El-Nubaria

0 013 9.17 99,60 0.53
50 0.21 7.13 76.75 0.44
200 0.27 3.54 38.63 0.40
L.S.D 005 0.0 0.06 1.51 002

sion from the moving vehicles on the highways. In other words, it emphasizes the role of
highways as a source of contamination to the surrounding ccosystems. In addition, this pre-
cipitatton diminishes with the distance from the road at both of the studied locations with
the Nubaria area being greater than Kaluob as a source of pollution. So, the adopied pea
plants could successfully exhibit the pollution that takes place at both of the studied areas.
From another point of view, the Cairo-Alexandria desert highway is more polluting Lo the
ecosystemn than the rural highway owing to the heavier traffic intensity on the former.

The previous results agree with those found by El-Sokkary (1978), who found soil lev-
els of Iead as high as 282 ppm and plant levels as high as 32 ppm along the Cairo-
Alexandria rural highway. He added the total iead content was positively related to traffic

Table (6). Lead concentration (ppm) in different
parts of peg plants before and after rinsing with
distilled water.

Distance Before rinsing After rinsing
from road Kaluob |El-Nubaria| Kalueb | El-Nubaria
{m) . Total Pb_ (ppm)
5 8.52 5.32 3.81 2.53
15 8.32 5.12 321 2.02
50 7.62 4.62 2.71 1.83
110 7.02 3.53 2.03 1.03
L.5.1} 0.05 0.10 0.07 0.05 0.05




density and negatively related to both of the distance from roadside and depth in soil profile.

Table (7) shows a simulation to the ecological system along the highway roads.
High Pb concentration in the so0il suspension represents what happens in the vicinity of
the road, and the lower the farther. The existence of lead in the soil markedly increased
its concentration in the dry matter of different plant parts; shoot, root and whole plants.
Plants were more susceptible to pollution with lead at Nubaria than at Kaluob, which
confirms the previously findings regarding the study locations.

Generally, the higher the Pb concentration in the ecosystem, the higher is its con-
centration in the dry matter of pea plants. Lead concentration in shoots was markedly
higher than that in rodts of pea plants. This point reflects a strong effect of pollutant
concentration (lead) on its content in plant aerial parts. It also reveals to the diminish-
ing role of root on restricting the absorption of heavy metals as lead. It recommends the
establishment of as deep plant fence as possible on both sides of the road to help catch
the pollutant heavy metals such as lead. To deepen the plant fence, it can be construct-
ed of more than two rows. Helping also is to have this fence grow as tall as possible to

Table (7). Dry matter production of different
parts of pea plants in response to lead in the soil

suspension.
Pl Dry Weight {gm}
Shoot[ Root Jw]wle plant Shoot[ Root ]\Vhole plant
(ppm) "
Kaluob El-Nubaria
4 1.31 | 0.32 1.63 0.91 | 0.27 1.18
50 1.25 | 0.30 1.55 0.70 | 0.19 0.8%
200 1.18 | 0.26 1.44 06.50 { 0.12 0.62
L.S.D 0,058 0.03 | 0.02 .04 0.03 | 0.03 0.63

prevent the gas exhaust overcome the plant fence far from the side of the road.

These results agree well with Ward et al. (1977), who stated that higher lead content
of icaves compared with roots reficcted the overali efficiency of the atmospheric depo-
sition of lead compared with the alternative pathway via the soil and root systems.
Chow (1969} found that root side grass contained 20-60ppm of Pb in the dry matter.
Also Fiusello and Molinori (1975) stated that the Pb (NO3)2 had the most inhibitory ef-
fect on seedling elongation. The effect seems to vary with plant spices: The inhibition
was greater for the roots than shoots.

Table (8) shows that the addition of Pb to soils decreased N, P and K concentrations
in pea plants. The N and P concentrations in shoots were higher than in roots of pea
plants, while K concentration showed an opposite trend. It seems that potassium compen-
sates for the decrease in the absorption of both N and P. This held true in both seils at the
two different locations. In general, the absorption of the three macro-nutrients decreased
with the increase in lead concentration in the soil suspension. This may be explain the
bad performance of plants with the exposure to lead pollution in the ecosystem.

The previous results agree with the results of Lagerwerff et al. (1973), who found
that an increase in the concentration of lead in the soil by a factor of 1.8 resulted in an
increase in the lead content of the plant tissue by a factor of less than 2.
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CONCLUSIONS AND RECOMMENDATIONS
In conclusion, this work stresses the critical role of the vehicles moving on the highways
in polluting the ecological systems. This pollution is proportional to the density of the traffic
and inversely related to the distance from the highway road and also to the seil structure.
The severe effect of pollution with lead was clear on photosynthesis of both of the pea
plants. It scems that the investigated heavy metals block the photosynthetic activity.

Table (8). N, P and K concentration (%) in pea
plants grown in different locations in response to
lead contaminated soils.

Pb : Root i Shoot _
(opm) N ] P | K ., N | P { K
7
Kaluob
0 3.30 0.0227 [0.977] 3.90 0.0223 0.697
S0 2.10 00180 {0.667 240 0.0207 0.513

200 2.15 | 00040 (0413} 2.48 0.0050 0.353
L.S.D0.05] 0.66 | 0.0033 j0.028| 0.07 0.0027 0.031

El-Nubaria
0 0.51 | 0.0013 [0.098| 0.61 0.0143 | 0.0017
50 .31 0.0002 [ 0.077 0.40 0.0014 0.0014

200 0.41 | 0.0001 |0.071] 0.51 0.0611 | 0.0611
L.S.D0.05] 0.03 | 0.0003 |0.004] 0.02 0.0008 | 0.0003

So, this study stresses the establishment of deep (more than two rows) and high enough
fence to prevent the dissemination of lead into the soils on both sides of the highways. The
suspenston expetiment could effectively represent the real effects of highway pollution. Plant
samples from the studied locations around the Cairo-Alexandria rural and desert highways
confirmed that the moving vehicles are behind the pollution.

In general, the inclusion of lead in the gasoline used in the moving vehicles should be
stopped or, at least, decreased. Washing pollutants off the plants is not recommended to
be as an effective means of getting rid of pollution because it increases their contents in
the soil, then in the plant tissues. From another point of view, different soil textures mean
variable ability to sequester heavy metals and keep them out of the soil solution.

REFERENCES
Chow, T.J. (1969). Lead accumulation in road side soil and grass. Nature, Land 225:95-96.

El-Sherif, A.F. and Hanna, F.S.(1979) Apreliminary note on soluble lead in superphos-
phate fertitizers Egypt, J. Soil Sci. ,19, No(2) pp.173-176.

El-Sokkary, I. H. (1978} Contamination of road side soils and plants near highway traf-
fic with Cd,, Ni, pb and Zn in Alexandria district Egypt, Atmospheric pollution 26-28,

Fiuselio, N. and Molinori, M.T. (1973) The effect of lead on plant growth. Alliona 19, 89-
96. (C.F. Soils and fertilizers 1975, 38, 8, 2972).

Frank, R.; Ishida, K. and Suda.P. (1976). Metals in agricultural soils of on Tario. Can. J.
Soil Sci.56 ;181-196.

Gomez, K.A, and Gomez, A.A. (1984). Statistical procedures for agricultural Res. 2nd ed.
Wiley, New York.

87



ﬂimﬁ:n] J.F‘ (I 1976?. Lead uFtake by plants. biyoptagelse ? planter vegeskrift. Agronomer

121, 35, 695-700. (C.F. Field Crop. Abst., 1978, 540%.
Harmmssoenn, K. (1977). Behavior of heavy metals in soils. Center for Agricultural Pub-
lishing and Documentation.

Lagerwerff, J. V.; Armiger, W. H., and Specht, A.W, (1973). Uptake of lead by Alfalfa
and corn from soi] and air. Soil Sci. 115(6): 455-460.

Lin, H.T. (1991). A study on the establishment of heavy meta!l tolerance in soil through the
heavy metal concentration of crop. Un-Pub. M.Sc. Thesis. Research Institute of Soil Sci-
ence, National Chung Hsing University, Taichung, Taiwan.

Martea, G.C. and Hammand, P.B. (1966). lead uptake by brome grass from contaminated
soils. Agron. J. 58(5): 553-554.

Page, A.L.; Miller, R.H. and Keeney, D.R. (1984). Methods of Soil Analysis. Part 2:
Chemical and Microbiological Properties. Second edition. Agronomy J. 9: 2, Am. Soc.
Agron, Inc., Soil Sci. Soc. Am. Inc. Pub. Madison, Wisconsin, USA.

Ward, N.L.; Roberts, E. and Brooks, R.R. (1977). Lead uptake by seedlings of Lolium
pesennial and Trifolium repensl. New Zealand J. of Sci. Vol. 20: 311-315.

Zuber, R. and Bovay, E. (1969). Lead pollution in highway road side vegetation, PhytoP-
athol. 2, 66 9(3): 259-274. C.F. Chem. Abst. 1970, 26, (155).

Zueng-Sang (2000). Relationship between heavy metal concentrations in soils of Taiwan
and uptake by crops. Department of Agricultural Chemistry National Taiwan University
Taipei 106 Taiwan, ROC.

el s il 58 el g0 & Qo 1S I s
Sl

XX laill Chuwgs Baga Xsanl ofla peus
5,alal a3 Taals el ol B wsblly (pal YD pund™®
5,88 Ll e yaall Bgan S pe o ALY Laglyug Saay Lsas .

et Oblally oY polo M g Ly g gamad ! 018l Wi J) LI L, D
oo Sle @is 13 palo U ol plasatl Lo 530,13 00 ) BLsYL e Ll
obe Gt s S el L) uSal e Gu b Je pelh e J5YT tinade o B3
o Ve Ve o e ot e g sl Loy ol el DSt e 3 b
&t Cont By 7 Ghae Lgin Juey 5 ST 1A 030 o0 Ol 03T oo Lo Ty o]
500 Fhall i) ot M ZiLio] sy dlds ¥ Lyt JS e Sl & Ly 1 L5 iyl
il gl Gyl « Ll Je Slall polo )l 36 pups o3 ol (o5 Yo u0
CTT RO L W PPEEI B PP SR RS JVON Y e S0k g 9] PP [ W
_ sp el sedly o g il
33j sl Ll S JI ol M 15 e Rilaina i3S 7 23] o] glesdl gl
o prrelipdly 5 gidly Oy il oLzl Jolisnl J ol 1 igyall 3 mandl o)
JetadIl dodes Jina i I el g 5 o Lo e Tl 5ol sl o lisst WIS Lol
UL o il das o Uit U3 oyl





