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ABSTRACT

In this study six leafy vegetables, lettuce, radish leaves, roqutite, spinach, grape leaves, and
chard, were collected from three different common markets, Abeis and Manshea El-Nozha at
Alexandria city and the west district of kafr El-dawar city, Egypt, to determine their contents of Pb,
Cd, Zn, Cu and Mn. The influence of washing of such vegetables with tap water, 2% sodium
chloride, and 2% acetic acid solutions on the removal of the determined heavy metal were
evaluated. Data showed that the level of Pb, Cd, Zn, Cu and Mn in the fresh unwashed leafy from
the three markets vegetables ranged from 0.31-0.61, 0.12-0.195, 3.13-6.96, 2.45-3.53 and 2.25-
3.78 mg/kg, respectively, More than 50% of heavy metals poliutants except Mn, in lettuce were
removed by washing especially with acetic acid. This percent of reduction reduced the level of
such pollutants to less than their hammful values mentioned by FAOMWHO (1980) and also
indicated that the main source of their presence was the superficial pollution especially for Pb and
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INTRODUCTION

The quality of food is a key factor affecling morbidity and mortality. As
the quality of life improves, more and more people have become aware that
food quality affects their well being and their daily life. Metal poliution in
agricuftural production is one of the important factors affecting vegetable and
other food. The primary heavy metals in the environment detrimental to people's
health include mercury, cadmium, chromium, lead, nickel, copper, zinc, and
nonmetallic arsenic. They enter the environment mainly as a result of industrial
and agricultural practices. They are stable unlike some potentially toxic organic
compounds. Once ingested, they are difficult to eliminate and accumulate in the
body, Ze-Yizhou, et al, (2000) according to Yang, Y. (1996).

Heavy metals contamination of fresh vegetables and fruits has posed a
serious problem for the consumers, manufacturers and health authorities. Intake
of relatively low doses of these metals over a long period can lead to
malfunction of ofgans and chronic toxicity, Their harmful effect on human body
primary depends on their maximum recommended levels and acceptable daily
intake (ADI) that reported by FAO/WHO (1998}.
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The major source of such pollutants in vegetables and fruits are soils,
irrigation water, industrial vaporous, pesticide containing such metals, an
emitted dusts from car's wheel and fumes of plastic burning. According to
(Zurera et al, 1991), vegetables absorb these metals from the soil as well as
from the deposits on the parts of the vegetables exposed to air from the poliuted
environment. The use of sewage effluent and/or residual waters for the irrigation
as well as the application of certain ferilizers constitute or sludge are
considered one of the principal source of meta! pollution especially cadmium in
vegetables (Trimizi et al., 1995).

For most peoples the major source of exposure to the metals is from the
diet (DHSS 1980). There is some difficulty in accurately assessing the average
dietary intake of such elements due to the problems associated with the reliably
quantifying of their low concentration present in most food (Boxter et al., 1989).
Generally, severa! factors affecting the regulatory limits of heavy metals in the
food: their toxicity extent, level of contamination, food consumption rate,
individual physiological vulnerability, environmental persistence and alteration
{El-saeid and Shahata, 2000).

Holubowiez (1988) showed that washing the frults always reduced the
heavy metal content. El-saeid and Shahat (2000) explained that washing
removes the heavy metals found in free form and presence on the surface of
aerial parts of plants. El-shamouby and Abd EI-All {2003), found that washing of
salad vegetables caused reduction ranging from 34% to 90% in Pb, and from 7
to 45% in Cd.

In this study six leafy vegetables (lettuce, radish leaves, rogutte, spinach,
grape leave and chard) were collected from three different common markets
near and far from their production area's at Alexandria and Kafr El-Dawar cities,
Egypt. In order to determine their concentration of Pb, Cd, Zn, Cu, and Mn. The
effect of washing procedures of such vegetables with tap water, 2% sodium
chloride and 2% acetic acid solutions on the removal of the heavy metals was
also evaluated. '

MATERIALS AND METHODS

A- Materials:

Six different types of fresh edible leafy vegetables, 3 Kg of each,
including leafy lettuce (Luctuca sativa), radish leaves (Raphonus sativus L.),
roqutte (Eruca sativa), spinach {Spinacia oleracea), grape leaves (Vitis vinifera)
and chard (Beta vulgaris ver. cicla L.} were purchased from three common
markets namely, Abeis at the east district of Alexandria city, Manshea El-Nozha
at the Middie district of Alexandria city and the west district of kafr El-dawar city,

Egypt.
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B- Methods:

1- Preparation of samples: - The edible parts f the fresh vegetables, as
used for human consumption was blended by electric mixer and aliquot weights
were taken for analysis. Washing treatment was accomplished by three
treatments of soaking (tap water, 2% NaCl solution and 2% acetic acid solution)
for 30 minutes followed by running tap water for two minutes. Then, the washed
vegetables were blended by electric mixer and aliquot weights were taken for
analysis.

2- Analytical methods: - Five heavy metals, Pb, Cd, Zn, Cu, and Mn in
fresh and washed vegetables were extracted and dissolved in 100 ml 1N after
ashing according to the AQAC {(1980). The heavy metals content were
determined by using Atomic Absorption Spectrophotometer (AAS), Prikin Eimer
Model 2380, at the specific wavelength for each metal according to the AOAC
{1990).

Statistical analysis:

Standard deviation was calculéted for analytical results using methods
described by Snedecor and Cochran, (1980).

RESULTS AND DISCUSSION

A-Level of heavy metals in fresh leafy vegetables:-

1- Lead (Pb): - L gad is a dangerous poison and accumulative when absorbed
by human organisms. According to Mahadeviah and Gowramma (1980), minor
amounts of {ead may normally present in some foods. However, lead bearing
spray and powders are employed as insecticides, the presence of Pb and Cd
residues in foods is mainly due to the environmental poliution (Zurera et al,,
1991). The source of Pb pollution of raw vegetables my include soil, irrigated
water containing an industrial air which loaded with industrial wastes, and car's
exhausts. As shown from the results in Table (1) except radish leaves, the other
leafy vegetables contained higher Pb content than the potentiafly harmful ievel
of toxicity, 0.3 mg/kg (Egyptian standard specification, ESC, 1993). The highest
levet of these metals was found in the vegetables of Manshea EL-Nozha
market. This market lies on roadways. Therefore the originated poliutants from
the traffic deposit on the leafy vegetable surfaces. As it is well known that, Pb is
driven from the tetra allkyl lead, which used as antiknock additives in petrol
(Boxter, 1989). Among the tested leafy vegetables Pb found in highest
concentration in lettuce followed by spinach then grape leaves, rogutte, chard
and radish leaves, respectively. These differences may be due to the variation
in shape, surface area, and water conlent of leaves of such vegetables.
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2- Cadmium (Cd): - The contamination sources of Cd include the emitted
rubber dusts from car’s wheel, fumes of plastic burning, and insecticide bearing
Cd (Basovic and Cmelik, 1986). As seen from Table (1) the accumulation levels
of such pollutant differed according to both types of leafy vegetables and selling
markets. As mentioned in case of Pb, the vegetable obtained from Manshea EL-
Nozha market is the highest in this pollutant. Except lettuce, and relatively both
roqutie and chard, the average of Cd level in other tested vegetables exceeded
the harmful value reported by(Egyptian standard specification, ESC, 1993) 0.1

mg/kg.

Table {1) Levels of some heavy metals {mglkg) in some fresh leafy vegetables (on

wet basis):
Metal* Market Fresh leafy vegetables
Lettuce Radish  Rogutte  Spinach Grape Chard _ Mean
A 0.5:0.07 021002 _ 0.320.30 _ 0.4:0.00  0.3:0.06  0.2+003  0.10.32
B 064015 0.240.07 _ 05:0.70 031040 043038 03021 032038
& c 124016  0.240.01 _ 0.5:013 _ 08:013 _ 05:0.01  03:0.81 _ 02106
Mean 0.5:0.07  0.240.02 03030  041+0.00  0.3:0.06  0.210.03
A 0.05:013 012030 0.0930.02 0.26:045  0.1410.40  0.0840.01 _ 0.2310.13
] 0.074019  0.1140.12__ 0.0840.00 _ 0.3120.31 _ 0.15:0.15__ 0.01£0.31_ 0.230.12
3 c 0174017 0171010 0.12:0.12 0421060  0.17:0.03  012¢1.1 018402
Mean 0.09+0.57 0.13:10.17 012075  0.3320.51  0.1540.17  0.1:0.13
A 6.330.77 7.3:0.31  7.840.30 _ 7.710.08 _ 6.9:0.02 _ 5810.10 _ 6.940.27
B 321026 413018 35015  7.34013  33:0.11___ 3.730.30  4.1830.19
ql [ 28045 311028  25+041 421080  3.11043 311004 311039
Mean 491049 ABi025 AGH0.36 641031 641018  4.430.15
A 214083 223019 224025  30:0.28  3.9:000  04+0.03 031205
B 2.84023  24+0.45 243011 411001 474025 604053 02637
3 C 321003 29:0.58 452010 494047  4.0+047 041047 023335
Mean 274039 251030  3.240.15 431042 431027  0.6:0.33
A 3.410.57 314011  3.040.27 444080 404078  3.0+0.19 049341
] 1.040.16  4.0+0.11  1.640.17  3.4+003 374019 20+1.10 02528
§ [+ 184010 213012 1.13020  3.0:023 284011 2.7+1.72 0423225
Mean 214058 311013 221082 364022  38:043  2.8+220
A = Abeis B = Kafr El-Dwar C = Manshia Ei
Nozha

*Valites are means of three replicates + standard deviation.

3-Zinc_(Zn): - However Zn found naturally in foods and also in human
organisms, and zinc salts sometimes used instead of copper salts to increase
the green color of vegetables, vegetables did not consider as a Zn supplying
product. Shahat and El-saeid (2000} stated that Zn content in vegetables was
less than 3.8 mg/kg. Data in Table (1) showed that the level of Zn in the fresh-
unwashed leafy vegetables ranged from 4.1 to 6.4 mg/kg. The highest level was
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found in spinach followed by radish ieaves, roqutte, grape leaves, chard, and
lettuce, respectively. The mean of Zn content in spinach and grape leaves were
only exceeded the maximum recommended levels of(Egyptian standard
specification, ESC, 1993)., 5 ma/kg In other vegetables, the average of Zn
content was near from Egyptian standard recommended level. This means that
such vegetables were subjected to pollution during growing, harvesting and
selling. Also data in the Table (1) showed that the vegetables obtained from
Abeis contained the highest level of Zn follows by those obtained from Kafr Ei-
Dawar and Manshea EL-Nozha, respectively. This may be due to the practices
used during marketing of such vegetables during selling

4-Copper {Cu): - Naturally food products contain small quantity of Cu, 0.6-15
mg/kg, (Mahadeviah and Gowramma 1980). Copper salts can contaminate food
either by the use of fungicide containing Cu and/or cocking in preparation in
copper vessels, (Mitchell, et al., 1876). As seen from the results in Table (1) the
average of Cu in the tested vegetables ranged from 0.39 - 3.9 mg/kg. Generally
the levels of Cu in all tested vegetables from the three markets were less than
this reported in the (Egyptian specification ESC, 1993)., 5 mg/kg Generally, the
presence of Cu was higher in Manshea EL-Nozha ieafy vegetables than those
purchased from other two markets. Also, Cu was found in highest level in grape
leaves followed by spinach, roqutte, radish leaves, leftuce and chard,
respectively.

5-Manganese (Mn}: - Generally there is no standard legislation for Mn limit in
fresh vegetables or food. The level of Mn ranged from 2.07 to 3.8 mg/kg in
examined vegetables. It was highest in grape leaves followed by spinach, radish
leaves, chard, roqutte and lettuce, respectively. The vegetables also obtained
from Manshea EL-Nozha markets had the lowest level of Mn foliowed by Kafr
El-dawar then Abeis. The market near from production area of such crops had
the highest level of such element. El-saeid and Shahat (2000) considered the
presence of Mn in some fruits and vegetables at a level of 0.5 - 5.4 mg/kg was
higher than it was natural occurrence in plant tissues. The poliution of our tested
samples by this metal may be due to the growing soil, irrigation water and/or the
handling under potlution with Mn rich chemical compounds.

B- Effect of washing treatment on the removal of heavy metals: -

The leafy vegetables were washed by soaking in three different washing
solutions, tap water, 2% NaCl and 2% acetic acid, then rinsed with tap water.
The influence of such washing system on the reduction percentage of the
studied heavy metals (as shown in Fig1 to Fig 5) was differed. This variation
could be due to the type of vegetables, structure of their leaf surface, type and
concentration of the metal pollutants, distribution and form of accumulation of
such elements in these vegetables. From this study it was found that: -
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The Pb leve! was ranged from 53.1 — 68.1, 55.2 —71.4 and 59.6 to 77.7 of
after washing the tested leafy vegetables with tap water, NaCl and acetic
acid solutions, respectively. About 72, 68.5, 4.9, 62.7, 57.3 and 556.9% of
Fb in lettuce, radish leaves, spinach, roqutte, grape leaves and chard
respectively were removed after washing. This means that washing of such
vegetables lowered the level of the contaminated Pb to less than harmful
value of such element as recommended by Egyptian standard {1993).
Washing the tested leafy vegetables with tap water, NaCl and acetic acid
caused a reduction of Cd ranged from 51.5 — 65.8, 55.6 — 68.2 and 58.3 -
72.8%, respectively. The highest reduction of Cd after washing was in
lettuce (~58.9), then radish leaves {~67.9) and lastly chard (~55.1%).
The reduction percent of Zn varied from 56.4 to 68.6, 58.5 10 70.2, and 61.1
to 72.4% after washing the tested vegetables with tap water, 2% NaCl and
2% acetic acid solution, respectively. The average of the reduction
percentage of Zn after washing was approximately 70% in requtte, 67.55%
in spinach, 66% in chard, 63% in lettuce and 59% in both radish and grape
leaves. This means that washing removed more than 60% of Zn in the leafy
vegetables, which found in free form. Such reduction reduces the Zn level in
such products to less than the legislation level.
The reduction percent of Cu from leafy vegetables was ranged from 48.3 -
68.1, 51.3 —68.6, and 53.8 — 73.9% after using tap water, NaCl and acetic
acid as a washing solutions respectively. The highest reduction of this
pollutant was noticed after washing radish leaves (70%) then spinach
(~67.8%), roqutte (~64.9%), lettuce (63.9), grape leaves {~56.5%), and
lastly chard (~53.45).
The reduction percent in Mn after washing the vegetables by the three
suggested washing solutions was less than occurred with Zn. The reduction
percent of Mn after washing with tap water, NaCl and acetic acid was varied
from 31.5 t0 65.2, 34.1 t0 69.4, and 38.7 to 72.2%, respectively. The highest
Zn reduction after washing was in chard (=69.6%) followed by spinach
(~68.5%), radish leaves (~54.9%) lettuce (53.4%), grape leaves (~46.6%)
and roqutte (~34.8%), respectively.
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Fig. (5): Effect of washing some leafy vegetables on the reduction
{%) of magnesium content.

The above results indicated that: -

washing. This percent of reduction reduced the level of such pollutants to
less than their harmful values.

Removal of high percent of such pollutants indicated that most of these
elements found in free form and also the main source of their presence in such
vegetables was the superficial poliution especially Pb and Cd.

Generally high reduction in poliuted elements was observed in vegetables
containing high levels of such elements.

Due to the role of acetic acid as a weak acid, and the weak osmotic action of
NaCl solution (2%), the reduction of polluted heavy metals was relatively higher
when such solutions were used for washing comparing with tap water.

According to the results in this arlicle, washing caused a reduction in the
determined heavy metals of the tested vegetables ranging from 58.3 to 65.3%
with an average of ~62.9%. These results in agreement with those obtained by
El-saeid and Shahat, (2000), who postulated that washing of some raw
vegetables and fruits caused a wide reduction (5- 55%) of heavy metals
depending on type of metal and plant. Also, washing removes the heavy metals
found in free form and presence on the surface of aerial parts of plants.
Holubowiez (1998) showed that washing the fruits always reduced the heavy
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metal content. Moreover, Basovic et al, (1986) showed that the reduction in Pb
of lettuce after washing ranged from 27.45 to 76.1%. Furthermore, washing of
salad vegetabies caused reduction ranging from 34 to 90% in Pb, and from 7 to
45% in Cd (Elshamouby and Abd Ei-All, 2003).

CONCLUSION :
The above data confirmed: - .

The importance of reducing the environmental pollution, utilization of
pesticides bearing heavy metals, and the extension of farmer, sellers and
consumers with the proper practices which must be practiced to avoid or
minimize food poliution. _

The importance of the selection of market position, and the changes in
marketing and selling systems to avoid superficial pofiution of food
products with heavy metals.

The importance of washing process in the removal of pollutant
residues.
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