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ABSTRACT

The aim of this study was to assess the
possible effects of dust, ash and chemical pol-
lutant emissions, from the industrial wastes, on
vegetable crops preduction. BSamples were col-
lected in two successive seasons, namely winter
and spring of 1950 and 1991 from the Agricul-
tural Experimental Farm of Alexandria Univers lty
{Abiss), and 1o the opposing direction acsoes
Alex -Cairo high = The pe=sible physical aiw
fects of dust ar 3 emissions  on vegeilebia
crops pgoducti B 57

mar ized . The most
tant of theﬁf fele (1] incrsased uus?
cumuiaticon on fzaves faces AT 4 5,
neavy melals Zn, Ni. CTr. P» and Hg;
contaents of i EE %) reduced leaves areas
(4)reduced tubers snd oots size,  (5) hindered

poilination ized fruits sizes  and

seeds number /fruits.

INTRODUCTION

Metals can impact soils and biota by deposi-
tion from polluted air. Many studies have been
conducted on Stalk emissions of Zn, Cd, Cu, PL,
Ni...etc, (Lagerwerff and Specht, 1970; Adrianc
et ai.. 1971; Buchauer, 1973; Beavington, 1975 ;
White, 1976 and Mengel and Kirkby., 1978). Plants
may becpme heavily contaminated by surface par-
ticulates. Generally, most metals are doposited
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within a few Kilometers of the Stack. Automobile
Pb  emissions are generally restricted to 30
meters' (Polson and Adams, 1970). Metal smelters,
foundries steel mills, coal-fired power plants
and incinerators are demonstrated air emission
sources for Cd,Pb,Zn and Cu.

The trace elements; Copper, Zinc, Manganese
...etc) are essential for plants, for growth and
reproduction, at low concentrations in the grow--
ing medium. A plant must secure enough of each
element for its requirements:; but as concentra-
tions in the growing medium approach toxic leve]
» the plant must have a mechanism to avoid the
uptake or translocation of toxic amounts to
vegetative and reproductive parts of the plant,
if it is to survive (Pratt, 1966; Wainwright and
Woolhouse, 1975 and Satyanarayana et al., 1988) .

Zinc toxicity results in a reductions in
root growth and leaf expansion,which is followed
by chlorosis (Zarrowska and Gworek, 1988). High
levels 'of Zn in the nutrient medium depress the
uptake of pand Fe (Ashton, 1972). The inhibition
of root growth 1is one of the most rapid
responses to toxic Cu level (Das, 1988).

Manganese toxicity symptoms are generally
characterized by brown spots in older plant or-
gans.

Plants suffering from severe Cr toxicity
have small roots and narrow brownrish red leaves
.covered with small necrotic spots (Bryce-Smith,
1975).

Lead 1is a major chemical pollutant of the
environment and is highly toxic to people. It
inhibits the activity of some important enzymes
(Gingell et al.,1976).The major source of Pb -
pollution aries from Petrol combustion (Polson
and Adams,1970).

The objective of this study is to inves-
tigate the chemical distribution of Cu, Zn, Mn,
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Ni, Cr, Hg and Pb in leaves of different nine
food crops under both rural (Protected place)
and urban (Unprotected place) environmets.

MATERIALS AND METHODS

Exberimental location:Two lacations were chosen
for this study in the seasons of 1990 and 1991.
The first location was at the northern side of
Alexandria-Cairo high way. This location is
protected by Casuarina trees and it was 360 m
far from the high way.,at Alexandria Univ.Station
Farm of Agriculture. The second location was at
the soputhern side of the Alexandria-Cairc high
way and very close to a station of paving mix-
ture preparation. The later location .also, was
not protected by any trees from the dust of the
high way and the smokes of the paving mixture
materials industry,and it was at 2050 m from the
first location.

The two s0ils of these locations were
analyzed according to the standard methods of
Chapman and Pratt (1961) , and the data are
presented in Table (1). °

Experimental plant materials: Three different
groups . of vegetahle crops were used in this
study; (1)Leaf vegetables:Roquette,Celery,Parsley
and Cabbage. (2)Tuber vegetables:Radish, Turnip
and Potiato. {3)Fruit vegetables:Tomato and Peas.
Dates = of sowing or transplanting and dust
recording times for various crops are il-
lustratied in Table (2).

Experidental design:In both experimental loca-
tions and in each season, vegetable crops were
grown | as usual in commercial production.
Roquette, Celery and Parsely seeds were sowing
in squared area 4 m2, using 3 replications. Cab-
bage seedlings was transplanted in 10 ridges (5
m long and 1 m width), with spacing about 50 cm
and using 3 replications. For the 3econd group
(Tuber vegetables): Radish and Turnip seeds were
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Table 1: The physiochemical properties of soils

of the two locations.

location - Textare

p CaCOy ECH 0.2

$ fca

Exchangeable cations

{ng/100g)
Ca** goo 'y | T

1°t  ranal

(Uapolluted) Clay-loas 8.22 4.90 2.02 1.40

ne nrban;
{Polluted)

Clay-loas 7.90 5.20 2.40 0.98

9.10 14.2 2.50 7.4

10.8 121 2.02 9.3

Table 2:

Dates of sowing (Plantation) and dust
recording times in the different
vegetable crops.

Yegetable crops

Sowiug (Plantation) time

Dust measuresments

Roquette
Celery
Parsiey

Cabbage

Redish
Teraip

Potato

Tomato

Peas

Last week of December
1965 aed 1990

Trancpianting oa 22 veek
of Jctober 1989 and 1990

last weeX of December
1933 and last week of
Roveaber 1998

The 2* week of Jamsary
1990 and 1991

Traasplanting os 224 week
of October 1963 apd 1990

The secoad week of
December 1990

The 2o4 week of February
1990 and 1991

The 3r¢ veek of February
1990 aad 1991

Last and first wveek of
February 1930 and 1981,

respectively

The last week of lpril
1990 and 1991

The first veek of March
1990 and 1991

February, 20t* of 1981
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SoWing in 10 ridges{S m long, 3.7 @ widthi, with
0 Cm |Spacing between plants, using 3 replica-
tions|. Potatoes tubers-seeds were sown in 8

ridges (5 m long, 0.7 m width! using 4 replica-
tiong, and its plants were spacing about 20 cm
within ridges. For fruiting-vegetables group:
Tomato seedlings were transpianted in 5 ridges
{5 m long . 1 m width} in 5 replications , with
spacing of about 20 cm within rows. Peas seeds
were sown in ridges (5 m long, 0.7 m width) with
15 cm| spacing. using 3 repiications.

The data of dust accumulation., mineral ele-
ments concentrations and quality characteristics
were recorded and statistically analyzed, using
the standard methods of Steel and Torrie (1970) .

Dust collection and estimation: Twenty leaves
from each treatment were collected, washed with
a constant volume of distilled water and the
water carrying dust was then collected in glass
containers and dried. The weight of dust was
calculated to mg/100 cm? leaf area.

Leaf analysis: Leaf samples were oven dried to
constant weight at 60-70°C and dried materials
were ground to 20 mesh size. Each sample was
analyzed for,Copper, Manganese, Zinc, Nickel,
Cadmiym, Lead and Mercury, using Perkin-Elmer
Atomig Absorption Spectrophotometer,Model 305-B.
The procedures described by Oien and Gjerdigen
(19777 and in paper of Baghdady and Sippola
(1984, were followed.

RESULTS AND DISCUSSION

Morphological and physiological differences
between the vegetable crops, associated with the
differiences in the mineral elemsnts contents un-
der rural and urban conditions were measured

This preliminary study showed that urban

and rural environments differed significantly in
dust accumulation : mg/100 cm® of leaf area. The

53



Ti=t fell on the leaves was significantly very
n:go for the plants growing near the factory
{Table 5). The highest accumulation of dust was
cn Radfish "Balady" (515), then on Potato "Grata"
{-105)and Tomato(309),respectively;and the lowest
da-cumuiation was on Roquitte(372 mg/100 cm? LA).

At rural environment, the leaves of alil
plants of the studied species tended to contain
iower concentrations of total heavy metals (Mn,
Zn, Cu, Ni, Cr, Pb and Hg) than did those grown
under urban environments (Tables 3,4 and Fig.1).
This result agreed with Czarrowska and Gworek
{1988). The total concentrations of heavy metal
of leaves were very high in Parsiley "Balady”
{697.94) ,and very low in Radish'"Balady"(157.92).
Mone of the studied Crops accumulated excessive
Hg in plant leaves.

Common vegetable species tended to contain
high concentration of Pb and Cr under polluted
conditions *than <under normal conditicns. The
differences were found significant at the 5%
level. High Po,Cr.Mn and Ni levels were detected
in Roguette leaves. Furthermore, the Pb and Cr
concentrations in the leaves were found to be
above ‘the permitted levels. The lovest Pb con-
tent was detected in Potato leaves which agreed
with the report of Sillanpaa et al. (1988).

The highest amount of Cu was observed in
Tomato leaves, whereas, the lowest was in Cab-
bage leaves. Tomato leaves accumulated on unac-
ceptably high Cu levels in the two seasons.

The reflected effect of the contaminated
dust accumulation, which contains polluted ele-
ments,on plants was clear reduction on leaf
areas in all studied for vegetable crops (Table
3). The reduction percentage on leaf areas were
16.82% in Roquette, 31.82% in Radish, 10.81% in
Potato and 21.88% in Tomato.

In vegetable - tuber root (Radish) . the
reduction in root size due to the air and soil
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Table 3: Concentrations of Mineral elements in the leaves
of some vegetable crops grown on rural 1> (R)
and urban ‘@ (U) enviromments (season 1990) .

Iirop ag/kg Dry matter
Cc kb N )] et P Hg Total

feaf-vegetadles:
Bogquette B 3031 5 12 . 1038, 0.04  488.9

19.6 331 35.9
. (R} 117 15 521 58 97 39 p.02  198.02
Celery"Balady"(U) 309 112 172 9.8 15.7 154 0.07 35587
3 M 123 9% 640 51 75 2% 8.02  181.52
Firsley'ﬂal.' ) 3.3 48 75.2 50.9 51.3 5.2 0.04  697.94
: (R 8.2 125 401 63 17.2 5.7 . 0.03  203.53
Cabbage*Bal.” (U) 18.2 75 5.1 16.6 1.2 150 6.02  186.22
‘ R 61 29 270 62 80 1% 0.62 79.92
Tuber root Vegetab.
Radish'Bal.* (U} 18.4 2 3.3 17 157 B4 012 1579
‘ Ry 7.2 2 2.2 82 7.1 2% 76.83
TernipiBal.® (¥) 243 90 853 19.2 6.6 120 005 247.45
‘ (B 5.0 2 5.2 52 39 24 0.02 77.82
Potato"6rata” (V) 224 105 354 17.% 3.2 26 0.02 1962
B 0.z 27 50 53 41 99 - 72.5
Fruit vegetable:
Tomato C97-3"(U) 40.3 11 55.6 147 1.3 10.3 0.88  260.48
B} 7.8 43 %1 43 29 12

“Horma] Range pps
| Lover ¢ o J b 0 Y, 0 38
Upper 15 250 150 8 0.5 14 0155 43165

“*Pyytototoxic

Bange 220  )500 >400 380 180 )20 - 1120.0
X ww According to Cottenie et al., 1976.
(1} Unpolluted. (2) Polluted.
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Table 4: Concentrations of Mineral elements in the leaves
of some vegetable crops grown on rural (1> (R)
and urban ‘2 (U} environments (season 1991).

Crop e »g/Kg dry matter
(s s Ia | )] {r b fg Total

Leaf-Yegetables:

Roquette  (U) 8.6 301 130 200 30.6 322 0.04 542.74
@ 122 % 6 97 83 15 0.0 1752

Celery*Balady”(¥) 32.6 286 161 1} 128 17.6 0.06  514.86
W 153 B0 4 73 LT 47 082 29.92

Parsley’Bal.* (U} 40.1 310 151 60.2 50.6 3.4 0.07 850.27

R} 116 170 % .2 10.2 1.7 - 320.4
Cabbage’Sal.® (W} 9.6 60  60.2 3.6 8.2 161 0.05 157.7%
B 2.7 28 122 46 10 10 0.02 68.02
Taber root Yegetab. :
Radish®Bal.” (B) 162 4% 187 5.3 161 2.2 0.08  127.58
R 93 2 8.2 48 4 103 0.03 74.63
TeraipBal.* (U} 156 101 90.2 113 18.6 17.2 0.06  253.96
(R} 1.3 38 406 80 i7.7 1.3 8.92 125.42
Potato®Srata™ (U} 18.3 120 321 8.2 163 138 0.02 33414
: (R} 9! 33 156 5.3 5.2 L 6m2 73.42
Potato "Ripha® (U} 226 30 199 4.7 119 112 0.07  160.32
Rl 142 45 8.9 59 92 42 -- 87.4
frait Yegetable
Tomato™UCO7-3°(W3  29.7 120 308 15.2 17.2 59 0.03 21893
(8] 13.1 3 8.2 7.3 93 23 0@ 88. 22
Peas "Little- () 28.6 19 32.4 14.2 11.2 58 0.05 202.25
Marvels®™(R) 12.3 65 2.6 68 5.6 3.1 0.62 115.42
*Normal Raage pps
Lover 6 5 B 0 0 2 0 58
Upper 15 B9 150 8 0.5 4 0.15  437.65
**Phytototoxic -

Range D20 X500 400 X80 100 20 -~ 1120.0

* x* According to Cottenie et al., 1976.
(1) Unpolluted. (2) Polluted.
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iable 5: The relationship between the production and the
‘ the dust accumuistion mg/100 cn® LA on leaves of
scae vegelable crops under ruwral(R) and urban(U)

corditions during winter 1050 and 1

.
1881,

‘ .
b b o b
C}a; frectmegts

dugsetic Hagish Totsic Tonato
whoB W g o AT
e el — - - —
Dest sreamelstion
£24/100 za® 13
f 1890 372¢ 56 5ibe 138 4055 33 356 o
S1990 0 5P 720 34 132 KLYL 247¢ 30
Leaf ares cx?/plast
1890 460 553 420 Blge 2960 3i6e 233 2984
1991 I17 4222 451 Si5e 3180 1M 3470 4987
Average Root sizelq)
i 1950 31 S8 Qi
3 189 44.7 62.11¢
Average Tuber size{q)
1950 52.4 §0. v
1991 42,6 72.5e
Avérage Frust size{s:
1990 396 59,354
99} 42.7 6240
Hugber seeds/frmitig!
390 28.2 5840
199} 40.1 92.21e

a‘Signzficamce at C.05 level.

Significance at 7.01 level

after an analysis of variance.
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Figl 1: Concentration of total heavy metals in the leaves of
1 vegetable crops grown in sural and urban environments

during 1930 and 1991 seascns.

Total heavy meatsis (mg/kg D.M.)

! 800 -fr T
i

700 4

soo{

! Wl uroea mﬂuu!]

sooilj - 1990

Totai heavy metalis (mg/kg DM.)

1000 of
‘i : EBuroan THReres |

800 -l

Vecqetable crops

1- Roquette 2~ Celery 3- Parsley 4- {abbage 3- Radish
o= h‘urmp T.7a- Potato ‘Grata “b- rotato Alpha

8~ Tomato 9- Peas
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polliut:on reached 42.82% : whereas, the reduc-
tion of tuber in Potato was 35.03%. The reduc-
tion in root size seemed to be mainly due to the
toxic effect of Cu as illustrated by Galati et
ai. (1989).

' In vegetable fruits {(Tomato),the reduction
in fruit size was arround 33.28%. The maximum
reduction was found on the number of seeds/fruit
(51.71%). which refiected ths toxic and greatest
harmful effect of polluted dust orn the hinder
poliination (McCrea, 1986).

, ' The major effect of dust and ash emissions
pollution was the toxic effect , which led to
burnfing and necrotic symptoms . and resulting
in losses in the vitality of pollen - grain as
measpred by low number of seeds/fruit, {Table 5).

The reductions 1in the morphological and
physioiogical characteristics of all plant parts
grown under rural conditions,are apparently due

to the effects of its contaminated dust par—
ticles, whereas at 5 mg/cm?, the light transmis-
sion is vreduced by 75% ( Das. 1888 and

Satyanarayana et al.., 1988). The net assimilation
and chlorophyll contents are alsc affected com—
pared with those grown under urban condi:ions.

The resuits of this study clearly il-
lustrate the harmful and toxic effects of dust
and ash emission from factories on vegetable
crops production.
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