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Accumulation of Heavy Metals in Vegetable
Plants Grown in Mostorod Area
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Cairo, Egypt.

AMPLES of ten vegetable plant species. namely: Abelmoschien

esculentus (Qkra), Beta vularis var. cicla, (Chard) Beta vidgaris
L. {Carden), Apinm geraveolens {Celery), Corchorus olitorins L.
{Jews mallow), Lactuca sativa {Leuuce), Alliun cepa (Onion),
Raphans sativus (Radish), Eruca sativa mill (Rocket) and Spinacia
oleracea (Spinach); were collected from fields at Mostorod area
whereas its soils have been subjected to prolonged domestic and
industrial wastewater irrigation (about 33 years). Edibal plant samples
were air dried, ground and wet digested then analyzed for its heavy
metals ( Fe, Mn, Zn, Cu, Co, Cd, Ni. and Pb) contem using lon
Coupled Plasma (ICP) technique.

Results revealed that vegetable plants species varied in their affinity
to accumulate metals in their edible pars. Irrigation with different
wastewater significantly increased the concentration of all tested metals
in vegetable plants especially the leafy species. Spinach accumulated the
highest Fe and Mn levels Rocket accumulated the highest levels of Zn.
Pt and Co. However, Jews mallow exhibited the highest levels of Cu.
Ni and Cd. These upnormal levels exceed the permissible metals
intake as suggested by world health organization (WHGQ).

It is clear that, the prolonged irigation with heavy polluted
wastewater on the alluvial soils of Mostorod area combined with
intensive vegetable cultivation will cause adverse effects on the
environment as well as arises health hazard problems. To minimize
the environmental hazards: a) wastewater effluents should be treated
at sites where toxic metals originate, b) vegetable plants should not be
grown under such condition, c) levels of potentially toxic elements
needs to be continuously monitored.
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Domestic activities and industrialization have altered the natural biogeochemical
cycling of many heavy metals, resulting in the increased mobilization and
deposition of toxic amounts of these heavy metals into natral ecosystems.
Vegetable crops represent an important pathway for heavy metals from soil to
humans (Hansen and Chaney, 1984). Davis and Carlteon (1980) showed that for
a wide range of crops trown on sludged soils, the species which accumulated the
most Cd were lettuce > spinach > celery > cabbage; for Pb, they were kalc >
ryegrass > celery; for Cu : sugar beet > some varieties of barely; for Ni: sugar
beel > rygerass > turnip; and for Zn : sugar beet > mangold > turnip. Alloway
{1995} found that the uptake of Cd by crops decreased in the order: letituce >
cabbage > radish and carrots. Chu and Wong (1987) found greater accumulation
of metals in roots than leaves of Chinese cabbage and tomato growing in sludged
and composied soils, but carrots contained more in their leaves than the edible root.

Concerning plants growing on contaminated soils of Egypt, several
investigators studied the accumulation of heavy metals in these plants.
ElSabbagh (1991) found that Cd, Cu, Pb and Zn were accumulated in Vegetable
plants growing on contaminated soils in industrial area. Vegetables Cd ranged
from 0.03-0.34 mg/100g as Jews mallow recorded the highest value that was 0.34
mg/100g. followed by Radish with concentration of 0.30 mg/100g. Cu ranged
from 0.4-1.2 mg /100g, chicory recorded the highest concentration (1.2
mg/100g) followed by turnip which has a concentration of 1.04 mg/100g. The
cultivated vegetables revealed that it absorbs soil Pb with varying concentrations
from < 0.4-2.5 mg/100g, green onion ranks the first order as it contains 2.5
mg/100g followed by Radish, which contains 0.7 mg/100g. The average value ot
Zn content in different vegetables was 9.9 mg/100g. El-Mola (1980) and
Abdel-Maksoud (1993} reported that using wastewater for irrigation lead to the
accumulation of Fe, Cd and Pb in vegetable crops such as Spinach, Potato.
Tomato and Celery growing on polluted soil at Giza Governorate. He found that
the egg-plants and the roots of turnip growing in this area gave high amounts of
Fe to the level which may be toxic. He noticed that Cd and Pb contents of
egg-plants reached to the level which may be toxic to plants and consequently 1o
man. Elsokkary and Sharaf (1993) repored that the bicaccumulation ratio of Zn
in the plants followed the order: Chard > Spinach> Coriander > Roquette>
Parsley > Lettuce, and that of Cd were: Chard > Spinach > Lettuce > Parsley >
Rocket > Coriander.

The aim of this study is to evaluate the potential risk of heavy metals from
vegetable plants grown on contaminated soils in the tested area.

Egype. 1. Soil Sci. 43, No. 1 (2003)
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Material and Methods

Description of studied area

The studied area (Fig. 1) (Shoubra El-Khima, Bahteem and Mostorod) is
about 24.5 km? and lies in the industrial area North of Greater Cairo. The stwudied
area encompasses a strange-mixed human activity {e.g; Housing, agricultural and
different types of industrial activities). The area suffers from several
environmental problems such as sewage and disposal ef pollutants from the
surroundiug factories, more details are elsewhere (Abdel-Sabour ef al., 1998).
The agricultural fields were divided to six sectors (A as background delta soil , B
as control soii in the area, C, D, E, F, and G as a polluted soils differ in their
polluted irrigation water sources (Fig. 1).

Crop samples were collected seasonally during the period Oct: 1993 10 May
1995 .Plant samples include Abelmashus, Carden, Celery, Chard, Jews mallow,
Lettuce, Onion, Radish, Rocket and Spinach. One gram of oven dried plant
material (edible part) was wet digested with concentrated H,S0,4 /HCIO, acids
and then kept for heavy metals determination using Ion Coup Plasma technique (ICP).

Result and Discussion

Uptake of heavy metals by vegetable crops

Samples of ten vegetable plant species were collected and analyzed io
determine its heavy metals content as affected by the industrial activities and
irrigation with different wastewater in the studied area. Table 1 shows heavy
metals content in the investigated vegetable crops. Vegetable plant species
varied in their affinity to accumulate metals in their edible parts, especially leaty
plants where they contained excessive levels of heavy metals. Irrigation with
different wastewater significantly increased the conceniration of all heavy
melals in the different vegetable plants.

iron

Planis grown on seils C, G (irrigated with industrial wastewater of Shebin
El-Qanater and Mostorod collectors) and D (irrigated with polluted water of
El-Shaboura canal) accumulated the highest values of Fe compared to control
samples (A and B). An excessive levels of Fe is observed in the studied plants as
follows: Spinach > Rocket > Radish > Carden > Chard. The lowest Fe content
was observed in Abelmashus (257 pg/g) and Onion (352 pgfg) growing on
these soiis. Such high levels of Fe in investigated plants not only wers ample, but
also might reach above the sufficiency range to plant. Jones (1972) reported that
the sufficiency range of Fe seems to be from 50 to 250 wg/z. Bowen {1979) reported
that the normal level of Fe in edible vegetables ranged between 2-250 pig/e.

Egvpi. J. Soil. Sci. 43, No.1 (2002)
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TABLE 1. Heavy metals concentration (ug/g) in tested vegetables plant grown on
contaminated soils in tested area.

Site Fe Mn |Zn }|Cu ICd {Co {Pb INi
Abclmashus
A 128 295 1 77.8 [5.3 ND {ND [3.3 ND
B 169 [45.5 {97.0 (6.2 0.6 (1.6 }[6.2 |0.8
C 286 {390 224 [155§3.2 |85 |[i4.8 3.2
D 228 169.6 [ 148 [10.572.5 |58 |12.6 {2.8
E 186 38.5 122 12.6 1 1.1 3.2 9.8 .8
Carden
A 380 1435 {79 7.6 |ND {ND {5 0.6
B 540 66.2 {98 8.5 ND 2.7 11 1.0
C 3775 1146 [ 242 j22.0 |ND |15 9 16
D 112 96 158 |15, ND |11 13 [}
L 850 53 138 18 ND [ 6 17 3
Celery
A 450 29 19 1.5 ND [ND (7.2 0.4
B 191 17 56 5.5 0.8 11.2 9.6 1.8
C 580 27 96 17 4.2 1101 | 45 6.5
D 361 19 78 11 3.1 | 6.2 33 20
E 280 12 63 15 1.8 3.8 24 8.2
O 521 47 123 16 4.6 {18.8 41 SM
Chard
A 200 70 23 5.2 ND | ND 4.5 ND
B a2 |99 39 10.2 |ND j1.1 85 |1.0
C 1196 (176 ;265 |27.1 [ ND | 6.6 16 1.6
D 2046 1825 208 [22.1 [ ND | 4.4 17 5.1
E 1850 | 69 202 [24.8 [ND {2.6 13 2.8
G 2117 1 26. 2 .5 2 .5
17 1216 (360 |36.5])1.2 6.5 ;23 3__1
A
B 142 44 21 8.3 ND |ND [6.3 0.5
C 272 68 27 9.8 1.2 ]1.2 11.2 : 3.8
D 785 148 |78 28,5 0.5 {6.5 38.8 | 21.5
E 560 199 {17 17.5 1 4.7 1 4.7 254 | 16.2
460 113 76 21.2 13.1 |3.1 0.6 | 8.5
Lettuce
A 220 52 41 7.5 ND {ND (3.2 ND
8 380 76 60 3.8 (0.9 138 [143 (1.3
C 926 108 {161 27.6 (4.1 {22.813235 )20
o B28 /8% 121 [14.1 13.6 156 )26.2 |68
E 620 40 118 185 1.8 | 9.4 18.2 {2.8
[#] 892 143 223 §28B.2 | 3.8 |18.6 {39.6 2.9
Onior.
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TABLE 1. Cont.

A 47 39 12 5.1 |ND |ND |2 ND
B 61 59 23 3.7 0.3 {02 15 1.1

C 325 |68 558 | 8.2 1.8 | 1.1 |34 6.8

D 380 |46 43 6.8 1.2 10.8 (29 5.2

E 290 29 40 7.8 0.4 | 0.5 20 1.9

Radish

A 124 52 10 5 ND [ND {4 ND
B 237 79 44 7 ND | 2.4 3.8 1.0

C 3575 | 181 201 |23 ND [ 11.8 | 8.5 5.7

D 3313 | 142 192 18 ND | 8.2 7.6 40.8
E 2380 |80 |182 j20 |[ND |51 |58 |1.5

G 3420 1215 (224 (24 1.3 110.8 |18.8 | 1.8

Rocket

A 325 |32 39 8.5 |ND |ND |[6.5 |ND
B 680 |47 139 110.8 |0.4 |13.7 {19.9 |2.2

C 3898 [ 176 (383 ]26.4 [|3.6 |19.9 |72.5]15.2
D 3381 (136 1303 |21.4 (2.2 |11.2 150.619.5

E 29350 |71 349 1245 | 1.1 | 6.5 [38.5|4.1

G 3920 1261 [446 [ND 3.8 |[18.7 [60.8 | 8.9

Spinach

A 869 107 |98 11.5 | ND [ ND |3 .2

B 1142 [ 127 1145 |12.5 |04 | 2.5 12.5 { 0.9

C 286 226 (25.8 [2.1 |13.6 [39.7 |5.8

D 4233 {214 | 203 {22.3 (1.9 |9.8 24.8 3.7

£ 3300 179 [201 [23.8 10.7 13.2 |18.6 |2.8

Manganese

A high accumulation of Mn in the plants grown on soils of groups C. D and
G (irrigated with wastewater). The highest content of Mn was observed in
Spinach (214.0-286. ug/g) followed by Jews mallow 198.5-248.0 pg/g), Rocket
(136.0-260.8 pg/g with an average of 198.5 ug/g), and Radish (142.0-215.2
Hg/g). The lowest values of Mn content was observed in Celery (18.6-27.2 pg/g)
< Onion (46.2-68.1 pg/g)< Abelmashus (59.0-69.6 pg/g ). These results cantirm
the scrions effect of irrigation with untreated wastewater. Elsokkary er af . (1988)
found thal under normal conditions, the concentrations. of Mn in the leaves of
some plant species ranged between 23.5 and 83.7 ppm. Bowen (1979). reported
that the concentration of Mn in edible vegetables ranged between 0.3-1000
ppm. Jones (1972) mentioned that the ample concentration of Mn in plant
tissues reached 10 500 ppm.

Egvpr. 1. Soil Sci. 43, No. 1 (2003)
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Zinc

From Tabte 1, it is obvious that any tested plant tissue at site G exhibit «d a
remarkable Zn content if compared with control sites (A and B). Sitecs CDad E
show an enhancing levels of Zn. The highest Zn levels are observed in cas: ol
Rocket (average of 374.5 ug/g), Chard (average of 281 pg/g), Spinach (ave age
of 210.0 ug/g), Radish (average of 202.9 ug/g) and Letwce (average of 170.5
fe/g). Onion plants showed the lowest Zn content (average of 49.2 W Jg)
followed by Celery plants (average of 92.5 pg/g) and Jews mallow (averaje of
76.5 pe/g). This indicates that using wastewater enhances the accumulatior of
Zn in tested plants. Elsokkary er al. (1988) found that under normal condit ons.
the concentration of Zn in the leaves of some plants ranged between 24.2-7 39.8
ppm. Bowen (1979) reported that the concentration of Zn in edible veget bles
ranged between i-160 ppm.

Copper

Vegelables grown on sites C and G (imgated with wastewater of S ebin
El-Qanater and Mostorod collectors) exhibited the highest Cu leve! if com ared
with other sites. Jews mallow recorded the highest content of Cu (28.5 ).g/g)
Toilowed by Lettuce (27.9 pg/g), Chard (26.8 pg/g), Rocket (26.4 pg/g), Sp nach
(25.8 pglg), and Radish (23.1 pg/g), while the lowest Cu content was obs rved
in Onion (8.2 ug/g). Such high levels are relatively higher than the rey oried
nermal limits that mentioned by many authors (Reuther, 1973, and Abouln o5 ¢f
al., 1996). They reported that the normal level of Cu in plants ranged be ween
4.0 and 20.0 ppm. Jones (1972) menticned that toxicity by Cu may be occurred
when ity level exceeds 20.0 ppm in leaves of plants. Bowen (1979} reporte | that
the concentration of Cu in edible vegetables ranged between 4-20 ppm.

Cudnrium

Again, plants growing on sites C, D and G show the highest content »f Cd
which reflects the cumulative effect of using wastewater in irrigation. ™ ested
vegetables show different affinity to accumulate Cd in their tissues. Jews
mallow shows the highest content of Cd {average of 5.6 pg/g) follow d by
Celery. Lettuce. Rocket and Spinach. Chard, Radish and Onion show the | ywest
content of Cd {1.2,1.3 and 1.5 pg/g, respectively) while Carden shower zero
affinity to accumulate Cd in all sites. These results agree with those obtait ed by
Davis and Caarlton (1980) who reported that the plant species which
accumulated the most Cd were Lettuce, Spinach and Celery. Also. Chany er «l.
i1982) and El-Sokkary and Sharaf (1993) found that Lettuce and Soinach

Egvpt. L. Seil. Sci. 43, No 1 12003
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shcwed high affinity to accumulate Cd in their tissues, Such high levels of Cd
in investigated plants are above sufficient range. Mengel and Kirkby (1982)
reported that the normal levels of Cd in different plant species ranged from 0.1 10
1.0 ppm. Bowen (1979) stated that the normal concentration of Cd in edible
vegetables ranged between 0.05 -0.90 ppm.

Cobalt

Presented data show that vegetables grown on soils of groups C, D and G
have the highest content of Co in their tissues. Most of the investigated plants
accumulated high amounts of Co, which exceeds very much the normal range.
Rocket recorded the highest content of Co (61.3 peg/g) followed by Celery.
Spinach, Jews mallow, Onion, Lettuce, Chard and Carden, Though Radish and
Abelmashus recorded the lowest contents of Co (11.6 and 13.7 pglg
respectively}, these levels exceeds the normal range as reported by El-Sokkary ef /.
(1988). They found that under normal conditions, the concentration of Co in the
leaves of some plant species ranged between 0.01 and 4.30 ppm with an average
of 2.16 ppm, which is similar to those reported by Bowen (1979). He reporied
thar the concentration of Co in edible vegetables ranged between 0.01 and 4.60
wilh an average of 2.31 ppm. Also, Aboulroos et al. (1996} found that the
concentration of Co in the leaves of corn plants growing on non-polluted atluvial
soils of Egypt ranged between (.53 and 1.63 ppm with an average of [.08 ppm.

Lead

Altough Pb is considered to be relatively insoluble to plant (Koeppe. 1977
lested vegetable plants showed a wide variation of Pb content. Concerning plants
grown on sails of groups C, D and G, Rocket accumulated the highest amount
of Pb followed by Celery, Lettuce, Spinach: Jews mallow, Onion, Carden.
Abelmashus and Radish. Bowen (1979) reported that the normal concentration
of I'b in edible vegetables ranged between 0.02 and 20.0 ppmn.

Nickel

Presented data showed that Celery accumulated the highest amounts of Ni
(23.4 uglg) followed by Jews mallow (19.0 pg/g). Lettuce (13.5 pg/e). Rockel
{}2.5 pg/e), Carden (11.1 ugfg), Chard (6.4 ng/g), Onion (6.0 pg/g), Radish (5.3
lef1), Spinach (4.8 pg/g) and Abelmashus (0.80 pg/g). Such levels of Ni in
investigated plants are more than the normal level. Bowen (1979} reported that
the norml conceniration of Ni in edible vegetables ranged beiween
0.02-4.00 ppm. Aboulroos et al. (1996) recorded that the normal level of Ni in
the leaves of corn plants ranged between 0.05 and 5.0 ppm.

Egwpt. J. Soil Sci. 43, No. 1 (2003)
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In general, using the wastewater for irrigation enhances the accumulation of
heavy metals in some vegetable tissues above the normal levels. Tested
vegetable crops showed variable affinity in the absorption of heavy metals, for
example, Spinach accumulated the highest Fe and Mn levels, Rocket
accumulated the highest levels of Zn, Pb and Co. However, Jews mallow
exhibited the highest levels of Cu, Ni and Cd. These up normal level exceed the
levels of metals intake as suggested by O-Connor et al. (1990).

Concentration index (Ci)

Kickens and Camerlynck (1982) proposed a quantitative parameter (Ci)
denotes the degree of metal accumulation in the plant and allows the assessrnent
of possible injuries in the sequent food chains,

The values of Ci for the investigated vegetables are given in Tabie 2. Results show
that the magnitudes of increase in the concentration of heavy metals in the investigated
plants relative to the control are widely variable among the different plant species. The
highest Ci values of the metals with respect to the plants could be regarded as follow: Fe
in Radish, Mn in Rocket, Zn in Chard, Cu in Lettuce , Cd i1n Rocket, Co and Pb
in Celery and Ni in Lettuce. It is also clear that the Ci values of the different
metals in the same plant species are variable which indicates that the same plant
species can accumulate metals from the same soil with different magnitudes.

TABLE 2. Values of heavy metals concentration indices (Ci) in tested vegetables
plant grown on contaminated soils in tested area.

Vegetable Fe Mn | Zn Cu Cd Co Pb Ni
Abelmashus | 1.69 1.3 2.3 2.5 5.3 53 2.4 4.00
Carden 6.99 12.2 2.5 2.6 0.0 5.6 2.6 11.5
Celery 3.04 1.6 1.7 | 3.1 5.3 8.4 4.8 14.7
Chard 6.86 1.8 6.7 | 2.7 0.0 6.0 3.1 7.60
Jews '

mallow. 2.89 3.7 2.9 2.9 5.4 4,9 35 5.66
Lettuce 2.42 1.4 2.7 3.1 4.6 6.0 2.3 15.4
Onion 2.02 1.2 2.6 1.4 6.0 5.5 1.3 6.18
Radish 15.1 2.3 4.6 |3.1 0.0 5.6 2.2 5.70
Rocket 5.73 3.8 2.8 {24 6.0 5.8 3.6 6.91
Spinach 4.78 123 1.6 | 2.1 2.3 5.4 3.2 6.44

Ci = Concentration of an element in enriched plant / concetrarion of Kiekens and
Camerlynck (1982).

Egyp1. J. Soil. Sci. 43, No.1 (2003)
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Risk assessment for human intake

To evaluate the risk on human consume the produced vegetables from the
contaminated soils in the tested area, Cd and Pb intake (as an example) will be
discussed. As proposed by FAQ (1972) the tolerable weekly intake for man in
case of Cd is 0.4 0.5 mg / adult person/week. Table 3 shows the amount in kg of
tested vegetables to reach these permissible levels. As it could seen from the
table, the potential risk incréases in case of soils C, D F, and G. The critical high
doses are very obvious for vegetables grown on C and G soils. This serious
situation is more enhanced if Cd from other sources such as polluted waler, meat,
fish, dairy products and grains as well as inhalation of polluted air. It is well
known that excessive Cd in diet is related to several diseases, such as heart
attack, kidney failure and the malfunction of Ca and P metabolism, which causes

bone disease.

Concerning, the permissible Pb intake for human. FAO (1972) reported a value of 3
mg/ adult/week. Table 3 shows the amount in kg of tested vegetables to reach this limit,
The same potential risk could be observed for soils C. D, F, and G especially in case of
rocket, celery and spinach crops. For example, consuming 41 g of rocket/week produced
from soil C will reach the highest critical dose, which will have serious impact on
consumer health, The situation could be seriously enhanced taking in consideration the

mutual impact of other heavy metals intake from different sources.

Egypt. J. Soil S=i. 43, No. 1 (2003)
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TABLE 3. Estimated amount of vegetable products (kg} to reach permissible weekly intake for Cd and Pb as proposed by WHO

{1972).
A B C D E G X
Cadmium
QOkra Safe 0.833 Q.156 0.200 0.455 ND
Celery Sale 1.625 0.y 0.561 0.278 0.109
Chard Safe sale safe sale safe 0.417
Juws m, Safe 0.417 0.077 0.106 D.161 ND
Lettuce Safe 0.556 0.122 0.139 0.278 0.132
Onion ND 1.667 0.278 0.417 1.250 ND ,
Radish ND ND ND ND ND .385 5
Rocket ND 0.833 0.139 0.227 0.455 0.132 :
Spinach ND 1.250 0.238 0.263 0.714 ND
Lead
Okra 0.857 0.483 0.203 0.238 0.306 ND
Celery 0.417 0.313 0.066 0.092 ¢.120 0.075
Chard 0.667 0.353 0.116 0.172 0.240 0.133
Jews m. 0.462 0.268 0.077 0.118 0.14¢6 ND
Lettuce 0.938 0.210 0.092 g.115 0.165 0.076
Onion 1.500 0.197 0.088 0.104 0.153 ND
Radish 0.750 0.790 0.353 0.395 0.517 0.160
Rocket 0.462 0.151 0.941 0.059 0.078 0.049
Spinach 1.000 0.240 0.076 0.121 0.161 ND
Carden 0.577 0.278 0.105 0.132 0.182 ND
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