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Abstracts: The present study investigated the accumulation of heavy metals in some
vegetables irrigated with treated wastewater at sites having long-term uses of treated
wastewater for irrigation. Samples of vegetables, water and soil were collected from 3
experimental vegetable farms in Jeddah to evaluate the concentration of heavy metals, Cu,
Cd, Zn, Fe and Pb with flame atomic absorption spectrophotometer. The results indicated that
the high level of Zn and Pb was found in soils (11.24 and 8.32 mgkg '), while the
concentrations of Zn and Pb in sewage sludge was 22.23 and 18.98 mg.kg '. The values of
heavy metals in treated wastewater was 19.98 mg.L™" for Zn, 0.98 mg.L" for Cu, 8.0 mg.L"
for Fe, 0.4 mg.L"' for Cd and 2.1 mgL™ for Pb. The concentrations of heavy metal showed a
trend of Fe > Zn > Cd > Cu > Pb in vegetable fruits, Fe > Cd > Zn > Cu > Pb in vegetable
leafs. The accumulation of Cu in eggplant fruits was highest 7.67 mgkg'. The low
concentrations of Pb (0.21, 0.26 and 0.32 mg.kg") reported in leaves of lettuce, squash and
garden rocket respectively. While the concentrations of Fe in leaf tissues of the vegetables
averaged 88.83, 56.93, 21.32 and 13.93 mgkg" for eggplant, tomatoes, lettuce and squash
respectively. Higher concentration of Fe was found in eggplant fruits 59.03 mg.kg"'. Most of
the vegetables species growing in metal polluted soils are unusable to avoid the absorption of
these metals. Soils may accumulate metals in sufficient quantities to cause clinical problems
to both animals and human beings consuming these metal rich plants.
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INTRODUCTION

Saudi Arabia is a desert country with no permanent rivers or lakes and very little rainfall. Water is scarce
and extremely valuable, and with the country’s rapid growth, the demand for water is increasing. Saudi
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Arabia, therefore, has turned to innovative ways to provide enough water to support its development.
Aquifers are a major source of water in Saudi Arabia'; they are vast underground reservoirs of water. In
the 1970s, the government undertook a major effort to locate and map such aquifers and estimate their
capacity. As a result, it was able to drill tens of thousands of deep tube wells in the most promising areas
for both urban and agricultural use. Another major source of water is the sea this is done through

desalination, a process that produces potable water from brackish seawater” ™.

Saudi Arabia is the world’s largest producer of desalinated water, an expanding source of water is the use
of recycled water. The Kingdom aims to recycle as much as 40 percent of the water used for domestic
purposes in urban areas. To this end, recycling plants have been built in Riyadh, Jeddah and other major
urban industrial centers. Recycled water is used for irrigation of farm fields and urban parks. The use of
wastewater is emerging as a potential alternative to augment the water supply in Saudi Arabia, especially
in the agricultural sector >®”. The use of treated waste water for different purposes one of the most
important strategic alternatives for renewable water in many countries of the world, especially those that
suffer from a shortage of traditional water resources. The use of wastewater in agriculture is provides
water, N and P, as well as organic matter to the soils, but there is a concern about the accumulation of
potentially toxic elements such as Cd, Cu, Fe, Mn, Pb and Zn from both domestic and industrial sources®”.
Heavy metals can also accumulate in the soil at toxic levels as are salt of long-term application of untreated
and treated wastewaters. Soils irrigated by wastewater accumulate heavy metals such as Cr, Zn, Pb, Cd, Ni,
etc in surface soil. When the capacity of the soil to retain heavy metals is reduced due to repeated
application of waste water, heavy metals leaching to ground water or soil solution available for plant
uptake. For the metals derived from anthropogenic sources, this can strongly influence their speciation and
hence bioavailability'.

Excessive accumulation of heavy metals in agricultural soils through irrigation with treated wastewater
may not only result in soil contamination, but also affect food quality and safety. Important sources of
heavy metals in wastewater are urban and industrial effluents and deterioration of sewerage pipelines.
Irrigation with wastewater is known to contribute significantly to the heavy metal content of soils''™"2.
Sewage sludge may also contain high levels of toxic metals such as Pb, Cd, Ni, Cr, Hg, etc. due to the
mixing of industrial wastewater with sewage'”'*. Besides heavy metals, other harmful toxics such as
pharmaceuticals, detergents, various salts, pesticides, toxic organics, flame retardants and hormone
disruptors can also be present in the sewage sludge'>">'®. However, the heavy metal content in plants can
also be affected by other factors such as the application of fertilizers, sewage sludge or irrigation with
wastewater'"'®, Other anthropogenic sources of heavy metals include the addition of manures, sewage
sludge, fertilizers and pesticides, which may affect the uptake of heavy metals by modifying the physico-
chemical properties of the soil such as pH, organic matter and bioavailability of heavy metals in the soil.
Found" that increasing concentrations of heavy metals in soil increased the crop uptake. Also studies have
shown that heavy metals are potentially toxic to crops, animals and humans when contaminated soils are
used for crop production'’. Heavy metals may enter the human body through inhalation of dust,
consumption of contaminated drinking water, direct ingestion of soil and consumption of food plants
grown in metal-contaminated soil*>*'. Food and water are the main sources of our essential metals; these
are also the media through which we are exposed to various toxic metals. Heavy metals are easily
accumulated in the edible parts of plants™. Vegetables constitute an important part of the human diet since
they contain proteins, vitamins, as well as carbohydrates, minerals, and trace elements. It is known that
serious systemic health problems can develop as a result of excessive accumulation of dietary heavy metals
such as Cd, Cr, and Pb in the human body>. High concentrations of heavy metals (Cu, Cd and Pb) in fruits
and vegetables were related to high prevalence of upper gastro interestinal cancer’”. For most of the
people, the main route of exposure to heavy metals is through the diet except occupational exposures at
related industries. Regulations have been set up in many countries and for different industrial set up to
control the emission of heavy metals. The uptake and bioaccumulation of heavy metals in vegetables are
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influenced by a number of factors such as climate, atmospheric depositions, the concentrations of heavy
metals in soil, the nature of soil on which the vegetables are grown and the degree of maturity of the plants
at the time of harvest”*”’. The main objectives of this study were to determine the concentrations of Cu,
Zn, Cd, Pb, and Fe in soils, treated wastewater and some vegetables (lettuce, tomatoes, squash, sweet
pepper, garden rocket and eggplant) collected from experimental gardens irrigated with treated sewage
effluent at Jeddah, Musk Lake.

MATERIAL AND METHODS

Three small experimental vegetable farms, were selected to study the level of trace metal contamination in
vegetables. This farm is irrigated with treated wastewater and these farms are found in the north of Jeddah
city. Samples of soil, water and vegetables were collected from the selected farms, prepared and preserved
in the laboratory until analyzed as described below.

Collection, preparation and preservation of water samples: Water samples were collected from the
shallow, large-diameter tubewells, used for agricultural irrigation with treated wastewater. The wastewater
samples were filtered during collection or prior to analysis, stored in polyethylene bottles which were and
preserved with 1.0 mL of 70% HNO;. The filtered samples were stored in a refrigerator to minimize
volatilization and biodegradation between sampling and analysis periods™. Collected samples were
analyzed for pH, total suspended solids (TSS), biological oxygen demand (BOD), chemical oxygen
demand (COD), total nitrogen (T-N), nitrate as well as cadmium (Cd), zinc (Zn), copper (Cu), and lead
(Pb). Analyses of treated wastewater were carried out following the standard methods for the examination
of treated water and wastewater’’. Concentration of TSS was measured using drying method at 103—105
°C described by standard methods 19" edition 2540 D, total nitrogen by Kjeldahl Method, biological
oxygen demand (BOD) using 5-day BOD test described by standard methods 19™ edition 5210 D, while
chemical oxygen demand (COD) was measured using closed reflux, titrimetric method was described by
standard methods 19" edition 5220 D. Finally Cd, Cu, Zn, Fe and Pb were analyzed using an atomic
absorption spectrophotometer equipped with a graphite furnace (Perkin Elmer; Model Analyst 300).

Extraction of metals from water samples: A 50 mL of each treated wastewater sample was measured
into a 100 mL volumetric flask and the pH adjusted to 3.0 with 0.5 M HNO;. One mL of 1% APDC
solution was added into each sample and the contents shaken to ensure mixing. Then, 10 mL MIBK was
added into each flask and the contents shaken for 30 s. After the two phases were separated, the metal
content in the organic phase was determined. The standards and blanks were prepared in the same way”’.

Collection, preparation and preservation of soil samples: Surface soil samples were collected from
randomly distributed sampling points within the study farms using plastic spade in the same periods as the
vegetable samples. Soil sample was collected by removing the surface soil and sampling vertically from 0
to 15 cm borehole. Three samples were collected and thoroughly mixed in the field, from which three
composite samples weighing about 1 k g each brought to the laboratory packed in plastic bags>” **. All
samples were well mixed again and quartered in the laboratory and one fourth of each sample was dried in
an oven at 105 °C for 12 h. The dried samples were then ground and sieved with 200 mesh (75 mm) sieve
and kept packed until analysis. The exchangeable Na, K and Ca in soil and sewage sludge were extracted
by using repeated leaching procedure described by*’. The pH of the soil and sewage sludge was measured
in the suspension of 1:5 (w/v) with the help of a pH meter (Model EA940, Orion, USA) standardized with
pH 4, 7 and 9.2 reference buffers. Conductivity was measured by a conductivity meter (Model 303,
Systronics). Samples were shaken in ammonium acetate solution for 2 h and then allowed to stand for
overnight to settle the soil particles. Again the samples were shaken and then filtered. The concentrations
of exchangeable cations were determined with the help of flame a Atomic Absorption Spectrophotometer
(Model 2380, Perkins Elmer, Inc., Norwalk, CT, USA) on dry weight basis. Available phosphorous in the
samples was quantified by the NaHCO; extraction method given by’’. Organic carbon and total nitrogen
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contents in the soil and sewage sludge samples were determined by Walkley and Black’s rapid titration
method’' and by the Gerhardt automatic N analyzer (Model KB 8S, Germany), respectively.For heavy
metals analysis in the soil and sewage sludge samples, 1 g air-dried sample was digested in 20 ml of tri
acid mixture (HNO; :H,SO4 :HCIO, :5:1:1) for 8 h at 80 °C following the method described by’>. After
complete digestion, the solution was filtered and the filtrate was analyzed for heavy metals. Heavy metal
concentrations in the filterate were determined by using flame Atomic Absorption Spectrophotometer
(Model 2380, Perkins Elmer, Inc., Norwalk, CT, USA) on dry weight basis.

Collection, preparation and preservation of vegetables: Composite samples of vegetation leaves of
(lettuce, tomatoes, squash, sweet pepper, garden rocket and eggplant) and fruits of (tomatoes, squash,
sweet pepper and eggplant) were collected from three experimental gardens irrigated with treated
wastewater. The vegetables are grown on small sections of land for sale in nearby markets. Ten leaf
samples and the same number of fruit samples were collected from each garden, the vegetables samples
were taken to the laboratory within 1h of harvesting, collected samples were analyzed for Cu, Zn, Cd, Pb,
and Fe, leaves and fruits were first washed with distilled water, dried at 50 °C until constant weight and
then the samples were homogenized. Then 0.2 g was dissolved in 10 ml conc. HCI in a 100-ml beaker. The
beaker was covered with a watch glass, and the contents were boiled on a hot plate for approximately 30
min. The contents were then evaporated to near dryness. After cooling, 20 ml of 0.1 M HCI was added, and
the contents were gently boiled. The contents were quantitatively transferred into 100 ml volumetric flask
by filtering through Whatman no. 2 filter paper. The residues were thoroughly washed with 0.1 M HCI and
the volume was adjusted with the same solution to 100 ml. The digest obtained was analyzed for Cd, Zn,
Cd, Pb and Fe using flame Atomic Absorption Spectrophotometer (Model 2380, Perkins Elmer, Inc.,
Norwalk, CT, USA) on dry weight basis *.

Percentage recoveries of metals from soil and vegetables samples: A soil with concentrations certified
for the elements Cu, Cd, Zn, Pb and Fe was analyzed using the method described for soil analysis. A
spiking experiment involving the addition of known a mounts of standard solutions containing the
elements of interest into the soil sample was also carried out employing the same procedure. The measured
certified concentrations were compared with Cu, Cd, Zn, Pb and Fe. Also, the known concentrations of the
spiked metals and the percentage recoveries were calculated (Tablel).

The analytical procedure for vegetable samples was validated employing spiking experiments, in which
known volumes of mixed standard solutions containing 10 mg element/L. were added into 0.25 g portions
of the vegetable samples. The samples were treated with the method described for vegetable analysis above
and their percentage recoveries calculated (Table 1). The recovery rate was taken into account when
calculating residue concentrations.

Table-1: % Recoveries of heavy metals in water, soil and vegetable samples.

Heavy metals % Metals recoveries Detection
Water Vegetables Soil limits (ug.kg™)

Cu 95.43 90.32 93.12 30

Cd 91.21 82.32 84.21 10

Zn 92.12 87.43 89.0 20

Pb 94.31 89.23 90.1 100

Fe 91.01 85.34 87.2 100

Statistical analysis: Data presented are means + standard deviations. Data were analyzed with two-way
analyses of variance and pairwise multiple comparison procedure (Student-Newman—Keuls method).
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RESULTS AND DISCUSSION

The physicochemical parameters of the agricultural soils and sewage sludge considered in this study are
presented in (Table 2). The pH of all samples of agricultural soil was 7.43 + 0.08, while the pH values of
the composite sewage sludge samples found 7.82 + 0.09. At low pH the mobility and leaching of heavy
metals increases and their mobility and availability decreases as the pH approaches neutral or rises above
pH 7. The organic matter is an important component because it tends to either form soluble or insoluble
complexes with the heavy metals, to migrate, or to be retained in the soil. The results show that the soil
contains 4.90 £ 0.54 and 6.31 = 0.92 g.kg ' organic matters for soils and sewage sludge respectively. In
addition, the soil has 189.30 + 22 kg ha™' available nitrogen and 29.9 + 0.63 mg.kg ' available phosphorus.
While samples of sewage sludge have 0.46 + 0.098 dS.m™' CEC, 798.32 kg.ha ' nitrogen, 678.9 mgkg '
available phosphorus. The concentration of extractable heavy metals in soil and sewage sludge shown in
Table 2. The results indicated that high level of Zn and Pb found in soils (11.24 = 0.27 and 8.32 £ 0.91
mg.kg "), while the concentration of Zn and Pb in sewage sludge was (22.23 and 18.98 mg.kg '). However,
the Cd concentrations in all soil samples are within the normal range (0.690 + 0.56 mg.kg ") reported for
the world soils™, the levels of Cd in sewage sludge was 1.32 mg.kg™'. The mean concentrations of Cu were
found 6.89 and 13.25 mg.kg" dry for agricultural soil and sewage sludge respectively. The level of Fe in
sewage sludge obtained was 2.34 mg.kg ', while in soil it found 1.31 mg.kg .

Table-2: Selected physico-chemical properties and some heavy metals of sewage sludge and soil of
vegetables plants (Mean of 3 replicates + SE)

Characteristic Sewage sludge Vegetables soil

(0-15 cm)

pH 7.82+0.09 7.43 +£0.08

Electrical conductivity (dS.m™") 0.46 £ 0.098 0.39+ 0.12

Cation exchange capacity (CEC) C mol (P*) kg ™' | 46.32 +3.08 36.40+£2.3

Free CaCOs% 521+0.21 3.41

Organic matter (g.kg ') 6.31+0.92 4.90 + 0.54

Total nitrogen (mg.kg ') 8964 + 211.1 1988.93 +£45.23

Available nitrogen (kg.ha ') 798.32+21.1 189.30+ 22

Total sulphur (mgkg ") 678.9 +£3.32 734.98 £21.2

Available phosphorus (mg.kg ') 20.89 +0.21 29.9+0.63

Available micronutrient (mg.kg ')

Fe 2.34+0.87 1.31+0.41

Zn 22.23+2.12 11.24 +0.27

Cu 13.25+ 56 6.89+£0.15

Pb 18.98 + 0.98 8.32+0.912

Cd 1.32+0.42 0.690 + 0.56

The reuse of treated wastewaters for purposes such as agricultural irrigation can reduce the amount of
water that needs to be extracted from environmental water sources **. Therefore, there is an increasing
necessity to irrigate with water that already contains salts, such as saline groundwater, drainage water, and
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treated wastewater . Land application of treated wastewater on cultivated fields may serve as a viable
way of disposing of effluents, and sustaining agricultural production in regions experiencing shortage in
fresh water. Accumulation of micronutrients and heavy metals as a result of wastewater application could
be caused directly by the wastewater composition or indirectly through increasing solubility of the
indigenous insoluble soil heavy metals as a result of the acidification action of the applied wastewater®.
The bioavailability of heavy metals depends on different factors such as soil pH and amount of clay in soil.
An increase of soil pH and amount of clay can decrease the uptake of heavy metals by vegetables. In
presence of organic matter, heavy metals can be found as chelates, which increase the ability of vegetables
to uptake heavy metals. Irrigation of soil by wastewater increases soil organic matter and decrease soil pH
therefore, the uptake of heavy metals by plants increases. The EC, BOD, COD, TSS, trace metal
concentrations and pH of the raw wastewater and treated wastewater samples collected from diversion
points are given in Table 3 and Table 4.

Table-3: Quality of raw and treated wastewater.

Parameter Raw wastewater Treated wastewater
Range Range SD Range Average SD
PH 6.6—7.9 7.5 0.21 6.9-7.4 7.2 0.23
TSS (mg.L") 28-350 275 80.2 15-308 128 150
BOD (mg.L™") 143-1220 942 244.5 213-404 108 200
COD (mg.L'™") 83-2251 1712 591.2 31-751 498 500
EC (ds.m™) 1.41-2.10 1.83 0.11 1.23-1.68 1.76 0.2
Nitrate (mg.L") 0.36-0.82 0.68 0.062 0.42 0.42 -
Total nitrogen (mg.L™") 0.36-0.82 52 - 7.8-13.2 11 70
SAR 2.10-3.96 |33 0.8 1.5-3.2 2.8 9

Data are means = SD of three independent samples

Table-4: The properties and average heavy metal concentrations of treated wastewater and raw

wastewater.

Characteristic Treated wastewater Sewage

wastewater
Electrical conductivity (dS m™") | 0.49+ 0.010 0.76+ 0.23
Cco™ 0.31+0.013 0.73 £ 0.04
HCO> 2.3+0.03 4.78 + 1.26
Cl’ 1.57+0.52 543+ 1.15
Ca(mgL™) 2.62+0.01 4.62 +0.42
Mg (mg L™ 0.53+0.025 1.82 +0.03
K (mgL™) 0.22+ 0.002 0.31+0.09
Micronutrients (mg kg ')
Fe 8.0+2.21 76.0 + 5.93
Zn 1.98 +0.021 989.9 + 0.048
Cu 0.98 +0.01 3.6 = 0.020
Pb 2.1£0.021 6.65+ 0.29
Cd 0.4+ 0.031 1.77 + 0.039

Data are means = SD of three independent samples

The electrical conductivity (EC) measured at 251 °C from 0.76 and 0.49 dS/m for raw swage water and
treated wastewater respectively. These values are within the acceptable range recommended for irrigation
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wastewaters . The pH of the irrigation wastewaters ranged from 6.9 to 7.4 and among the BOD and COD
of treated wastewater were 108 and 498 mg.L" for BOD and COD respectively. The values of heavy
metals in treated wastewater were 19.98 mg.L"' for Zn, 0.98 mg.L" for Cu, 8.0 mg.L" for Fe, 0.4 mg.L"
for Cd and 2.1 mgL™" for Pb. While the presence of high amounts of these metals in treated, wastewater
irrigation may increase their levels in soils, which in turn may boost metal uptake by plants ultimately
leading to elevated concentrations in the vegetables.

The concentrations o f heavy metal (Table 5) showed a trend of Fe > Zn > Cd > Cu > Pb in fruits, Fe > Cd
> Zn > Cu > Pb in the leafs. The data showed that Cd concentration (mg kg') trend by vegetables was
eggplant (9.34 + 0.37) > tomatoes (2.51 £ 0.065) > squash (2.44 + 0.24) > sweet pepper (1.904 £ 0.21) >
garden rocket (0.32 + 0.012) in fruits. While in leafs was eggplant (4.52 + 0.56) > squash (3.88 = 0.24) >
sweet pepper (2.77 = 0.31) > tomatoes (2.51 + 0.065) > lettuce (1.98 £ 0.21) > garden rocket (0.62 = 0.01).
On average, the accumulation of Cu in eggplant fruits was highest 7.67 mg.kg"'. While low concentrations
of Pb (0.21, 0.26 and 0.32 mg.kg™") reported in leaves of lettuce, squash and garden rocket respectively.
While in the fruits the higher Pb concentrations was 0.53, 0.46 and 0.35 for tomatoes, sweet pepper and
squash, respectively. Fe concentrations in leaf tissues of the vegetables averaged 88.83, 56.93, 21.32 and
13.93 mg.kg" for eggplant, tomatoes, lettuce and squash respectively. While the higher concentration of Fe
found in eggplant fruits 59.03 mg.kg.

Table-5: Heavy metal content (mg.kg’l) in leaf and fruits of some vegetables plants irrigated with
treated wastewater.

Plant samples Plant parts Concentration of element (mg.kg " fresh wet)
used Cu Cd Zn Pb Fe
Lettuce Leaves 2.23+0.023 1.98+0.21 2.97+0.21 0.21+0.02 21.32+0.21
Leaves 4.86 + 0.092 0.700+0.02 | 4.78+0.41 0.439 +0.03 56.93 +0.95
Tomatoes Fruits 3.6+0.01 2.517+0.06 | 2.52+0.06 0.532+0.01 37.01+1.23
Leaves 4.92+0.023 3.88+0.24 3.88+0.10 0.267 % 0.01 13.93+0.98
Squash Fruits 1.27 £ 0.03 2.44+ 024 2.44+021 0.356+0.021 112.37 £332
Sweet pepper Leaves 3.73+0.13 2.77+0.31 3.55+0.22 0.351+0.11 11.65+1.28
Fruits 1.94+0.23 1.904 +0.21 3.71+£0.22 0.46+0.11 1231+ 1.12
Garden rocket Leaves 3.34+0.012 0.851+0.01 [ 2.12 £ 0.12 0.321+0.09 11.12+21
Leaves 1.79+ .018 4.521+0.56 | 3.48 £0.03 0.478 +0.03 88.833 + 3.43
Eggplant Fruits 7.67 £ 0288 9.34+0.37 9.36+ 0.34 0.168 +0.01 59.03 + 6.44

Data are means = SD of three independent samples

The addition of treated wastewater to soil caused an increase in extractable concentration of heavy
metals. Therefore, irrigation with treated wastewater increases the amount of uptake and accumulation of
heavy metals in plant. Many investigations, including long and short-term studies, showed that the
accumulation of heavy metals in plants increased because of the application of wastes such as wastewater,
sewage sludge. In addition, the variations in the concentrations of the heavy metals in vegetables may be
ascribed to the heavy metals concentrations of soil, air and wastewater irrigation of their production. No
evidence of phytotoxicity of Cu and Zn in the vegetables could be found from the concentrations of Cu and
Zn in the vegetable leaves at all vegetables used in this study. The concentrations of Cu in the leaves and
fruits were all below’’ the toxic range of 20-100 mg Cu kg dry wt. Studies by Berry and Wallace™®
indicated that Zn phytotoxicity in most leafy vegetables (expressed by reduced growth). Earlier studies by
Khan and Marwari” reported high concentration of heavy metal in vegetables grown in agricultural fields
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receiving textile waste water. Metal accumulation in vegetables may pose a direct threat to human health
#41 Heavy metals may enter the human body through inhalation of dust, direct ingestion of soil, and
consumption of food plants grown in metal-contaminated soil*’. Crop plants growing on heavy metal
contaminated medium can accumulate high concentrations of trace elements to cause serious health risk to
consumers. Different vegetable species accumulate different metals depending on environmental
conditions, metal species and plant available forms of heavy metals. (Singh and Agarwal®’, reported that
cowpea, okra raddish, spinach, chickpea, pea and wheat grown in heavy metals contaminated soils affected
biomass, yield and metal distribution in different parts of crop plants. Although maximum proportion of
heavy metals absorbed by the crops accumulated in their vegetative shoots (leaves, stem root), but
substantial proportion of metals transported to seeds and fruits as well*, conducted a pot study to
investigate the toxic effects of certain heavy metals on the plant growth and grain yield of wheat (Triticum
aestivum L.).

CONCLUSION

The use of sewage water for irrigation has gained importance throughout the world due to limited water
sources and costly wastewater treatment for discharge. If land with suitable topography, soil characteristics
and drainage is available, sewage effluent can be put to good use as a source of both irrigation water and
plant nutrients. Sewage water contains high amount of organic matter, nutrients and some heavy metals
which are toxic to plants beyond a certain limit. In our study six vegetable lettuce, tomatoes, squash, sweet
pepper, garden rocket and eggplant were collected from 3 experimental farms in Jeddah that were irrigated
with treated wastewater. Increased concentrations of metals both in the soils and the vegetables grown on
this farms. But, it was noticed that different vegetables accumulate and translocate variable amounts of
metals from the soil into their tissues. Most of the crops and vegetables species growing in metal polluted
soils are unusable to avoid the absorption of these metals. Soils may accumulate metals in sufficient
quantities to cause clinical problems both to animals and human beings consuming these metal rich plants.
There is need for an improved food quality assurance system and promotion of the production of
vegetables that comply with existing standards on heavy metal concentrations.
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