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Abstract 

 
Vegetables are an inevitable and important part of a healthy and balanced diet. They could be contaminated 
by heavy metals in many ways including irrigation by sewage water and industrial effluents sewage sludge, 
vehicular emissions, industrial waste and atmospheric deposition. In this study, we sought to determine if 
some vegetables (cucumbers, tomatoes, cabbage, lettuce, potatoes, onions, carrots, persian leeks, dill, 
spinach, coriander, parsley) grown locally in the suburban of Isfahan city and sold in the urban markets are 
contaminated with cadmium (Cd), chromium (Cr) and lead (Pb). Vegetables were sampled from August to 
October 2010. After washing, they were oven-dried and digested using three-acid mixture (70% HNO3, 65% 
HClO4 and 70% H2SO4). Analyzes of the heavy metals was performed using atomic absorption 
spectrophotometry. To validate the assay method, intra-day and inter-day variation studies were performed. 
The concentrations (µg/g) of heavy metals in the samples ranged from 0.00 to 3.66 for Cd, 0.00 to 6.00 for 
Cr and 0.00 to 7.14 for Pb. The highest concentration of heavy metals was for Pb. The results showed that 
the amount of Cd, Cr and Pb of some samples exceeded the recommended levels. The amount of Cd in 
cucumber, tomatoes, potatoes with skin, carrots, and spinach was significantly higher in the samples 
collected from Isfahanak, Dashti and Ilchi farms than those of Dorche farms. Also, the amount of Cr in 
onion, carrots, and spinach was significantly higher in samples collected from Isfahanak, Dashti and Ilchi 
farms than those of Dorche farms. However, the amount of Pb in the carrots and leek was significantly 
higher in the samples collected from Dorche farms than those of Isfahanak, Dashti and Ilchi farms. It can be 
concluded from the findings of this study that the amounts of Cd, Cr, and Pb were higher than the acceptable 
levels recommended by WHO/FAO. Also, higher amount of Cd and Cr in some samples collected from 
Isfahanak, Dashti and Ilchi farms compared to that of the samples collected from Dorche farms may indicate 
the influence of contaminants that enter ZayadeRood River as it passes Isfahan. 
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INTRODUCTION 

 
Rapid urbanization and industrialization in 

many parts of the world would be the main 
reasons for contamination by metals in the 
terrestrial environment. This can influence the 
natural geochemical cycling of the ecosystem. 
Important sources for heavy metals 
contamination include: irrigation by sewage 
water and industrial effluents sewage sludge 
(1,2), organic manures and composts (3), 
vehicular emissions (4,5), incinerators (6), 
industrial waste, atmospheric deposition of 
heavy metals from point sources such as 
metaliferous mining, smelting and industrial 
activities (7-9). Factors which influence the 
concentration of heavy metals in plants include 

climate, atmospheric deposition, the nature of 
the soil on which the plant is grown and the 
degree of maturity of the plant at the time of 
harvesting (10-12). Repeated use of 
wastewater can overcome the capacity of the 
soil to retain heavy metals therefore; soil can 
release heavy metals into the ground water or 
soil solution available for plant uptake (13). 

Airborne heavy metal contamination is 
becoming a great concern in different 
countries. The major source for airborne Pb is 
automobile exhausts and for Cd and zinc are 
smelting, fossil fuel combustion and waste 
incineration (14-16). As most of vegetable 
growing areas are situated in, or near sources 
of atmospheric deposits, the risk of potential 
contamination of them is high. 
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Contamination with metal is of great 
concern, particularly in agricultural production 
systems. Contamination with heavy metals 
which comes from the industries and vehicles 
may be deposited on the vegetable surfaces 
during their production, transport and 
marketing (17). It has been shown that 
contamination of vegetables is mainly by Pb, 
Cd, Cr and As (18). 

As heavy metals are non-biodegradable and 
non thermo degradable and they have long 
biological half-lives, they will accumulate in 
the food chains which have significant effects 
on human health in the long term (19, 20). 

One of the most important aspects of food 
quality assurance is heavy metal contamination 
of the food items (21). As awareness of the 
risk of heavy metal contamination in food 
chain increases national and international 
regulations on food quality have lowered the 
maximum acceptable levels of toxic heavy 
metals in food items (22). A number of studies 
have shown heavy metals as important 
contaminants of the vegetables (23, 24). 

It has been shown that accumulation of 
heavy metals in the kidney and liver of 
humans may occur after prolonged exposure to 
unsafe concentrations of heavy metals through 
foodstuffs. Pregnant women or very young 
children are more vulnerable to heavy metal 
toxicity. Some of the important effects of 
heavy metal poisoning are neurological 
disorders, central nervous system destruction, 
and cancers of various body organs. They may 
cause disruption of several biochemical 
processes, leading to cardiovascular, nervous, 
kidneys and bone diseases. Also, there are 
some reports showing low birth weight and 
severe mental retardation of newborn children 
where during pregnancy mother exposed to 
toxic amounts of a heavy metal through direct 
or indirect consumption of vegetables (13, 25). 

Vegetables are important part of Iranian 
people’s diet. The daily consumption of 
vegetables in Iran reported 278 g which is 
more than that of many other countries (26, 
27). This fact shows the importance of 
evaluating the safety of vegetables in aspect of 
heavy metal contamination. The aim  of the 
present study was to determine the 
concentrations of heavy metals (Cd, Cr and 
Pb) in some vegetables (cucumbers, tomatoes, 

cabbage, lettuce, potatoes, onions, carrots, 
leeks, dill, spinach, coriander, parsley) grown 
locally in  the suburban of Isfahan city and 
sold in the urban  markets. 

 
MATERIALS AND METHODS 

 
Materials  

Following reagents used in this work were 
purchased from Merck (Germany): K2CrO4, 
CdCl2, PbNO3, HNO3, HClO4, H2SO4 (Merk, 
Germany). All reagents were of analytical grade. 

 
Sample collection and preparation  

This study was carried out between August 
and October 2010 in Isfahan, Iran. Isfahan is 
the third populated city of Iran with a dry 
climate. There are several industries located at 
the periphery of the city. Zayandeh-Rood river 
crosses Isfahan from west to east. The main 
source of water for the irrigation of the farms 
in this region is Zayandeh-Rood river. The 
study site comprised of two regions, one 
located on the west (Dorche farms) and the 
other on the east (Isfahanak, Dashti and Ilchi 
farms) of Isfahan. Also, two multipurpose 
retail markets were sampled of which one is 
located on the sought west (Valieasr) and the 
other on the north east (Soroush) of the city of 
Isfahan. The vegetables sampled include 
cucumbers, tomatoes, cabbage, lettuce, 
potatoes, onions, carrots, leeks, dill, spinach, 
coriander and parsley (Table 1). 

Samples of vegetables were collected from 
different outlets in each market locations and 
from farms. Samples were kept in pre-distilled 
water-rinsed polyethylene bags, labeled and 
brought back to the laboratory. The edible 
portions of the vegetables were separated. To 
eliminate soil and air-born pollutants, samples 
were washed under clean tap water and then 
with distilled water. They were then chopped 
into small pieces and oven dried at 80°C until 
the constant weight was achieved. The dried 
samples were powdered with a stainless steel 
blender and kept at clean, dry, stoppered glass 
containers at room temperature for further 
analysis.  

 
Preparation of standard solutions 

Standard solutions of Cd and Cr (1000 
ppm) were prepared by dissolving 3.735 g of 
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K2CrO4 or 1.631 g of CdCl2 in 1000 ml 
doubled distilled deionised water, respectively. 
Standard Pb solution (1000 ppm) was prepared 
by dissolving 1.598 g of PbNO3 in nitric acid 
(1%) followed by double distilled water upto 
1000 ml. The working solutions (0.01-0.5, 0.1-
10 and 0.1-5 ppm of Cd, Cr and Pb, 
respectively) were prepared just before the use 
by dilution of the standard solution with 
redistilled water. The absorbance of standard 
solution was determined by an atomic 
absorption spectrophotometer (Perkin-Elmer). 
Wavelength and slit width for heavy metals 
measured are shown in Table 2. 
 
Sample preparations 

A working solution of H2SO4 (65%), 
HClO4 (65%) and HNO3 (70%) with ratio of 
1:1:5 was prepared and used for digestion of 
the samples. One g of dry powder of each 
sample was digested using 15 ml of 
aforementioned three-acid mixture and then 
heated at 80 oC till the solution became 

transparent (24). The resulting solution was 
cooled, filtered (with whatman filter paper 
No.41) and diluted to 50 ml using double 
distilled water. The samples were analyzed for 
Cd, Cr and Pb. Different working solutions 
containing the same amount of three-acid 
mixture (70% HNO3, 65% HClO4 and 70% 
H2SO4) were prepared to see the effects of 
digesting solution on the results.  

 
Statistical analysis 

SIGMASTATTM (Jandel Software, San 
Raphael, CA) was used to perform statistical 
tests. Analysis of variance followed by 
Kruskal-Walis test was used to determine the 
differences. Significance was assumed at the 
5% level. 

RESULTS 
 

Standard curves of Cd, Cr, and Pb showed a 
good linear relationship between concentrations 
of the heavy metals and respective 
absorbances (Table 3).  

Table 1. Vegetables sampled from various farms as well as retailed local markets 
English name  Scientific name Edible part Number of samples 
Cucumbers  Cucumis sativus L. Pulp 3 
Tomatoes Solanum lycopersicum  Fruit 3 
Cabbage Brassica campestris L. Leaf 3 
Lettuce Lactuca sativum L. Leaf 3 
Potatoes Solanum tuberosum L. Pulp 3 
Onions Allium sepa L. Pulp 3 
Carrots Daucus carota L. Pulp 3 
Leeks Allium ampeleoprasum L. Leaf 3 
Dill Anethum graveolens L. Leaf 3 
Spinach Spinacia oleracea L. Leaf 3 
Coriander Coriandrum sativum L. Leaf 3 
Parsley Petroselinum hortenese Hoffm. Leaf 3 

 
 

Table 2. Wavelength and slit width of each heavy metal measured 
Element Slit width (nm) Wavelength (nm) 
Cadmium 0.7 228.8 
Cromium 0.7 357.9 
Lead 0.7 283.3 

 
 
Table 3. Equations and regression parameters of the calibration curve generated for Cd, Cr, and Pb 

Analyte Equation R-squared 
Cd Y = 0.0444 ± 0.004 X + 0.0005 ± 0.0001 0.9994 ± 0.0004 
Cr Y = 0.0040 ± 0.004 X + 0.0004 ± 0.0001 0.9996 ± 0.0002 
Pb Y = 0.0042 ± 0.004 X + 0.0004 ± 0.0001 0.9989 ± 0.0001 



A. Jafarian and M. Alehashem. / RPS 2013; 8(1): 51-58 

54 

 

Table 4. Intra-day and inter-day variation for Cd measurements 
Concentration (ppm) Calculated concentration (ppm) 

(intra-day) 
Calculated concentration (ppm)  

(inter-day) 
Mean SD CV (%) Error (%) Mean SD CV (%) Error (%) 

0.01 0.010 0.001 12.372 4.634 0.010 0.002 15.713 0.897 
0.05 0.054 0.008 14.434 7.623 0.047 0.006 13.469 -5.830 
0.1 0.099 0.017 17.228 -0.598 0.101 0.003 2.609 1.271 
0.5 0.537 0.056 10.515 7.324 0.499 0.053 10.585 -0.149 

n = 3 
 
 
Table 5. Intra- and inter-day variation for Cr 

Concentration 
(ppm) 

Calculated concentration (ppm) 
(intra-day) 

Calculated concentration (ppm)  
(inter-day) 

Mean SD CV (%) Error (%) Mean SD CV (%) Error (%) 

0.1 0.108 0.014 13.323 8.333 0.089 0.009 10.263 -10.556 
0.5 0.492 0.080 16.345 -1.667 0.514 0.097 18.795 2.778 
1 1.150 0.000 0.000 15.000 0.958 0.144 15.061 -4.167 
5 5.817 0.289 4.963 16.333 5.097 0.614 12.051 1.944 

10 11.233 0.289 2.570 12.333 10.069 0.994 9.873 0.694 
 
 
Table 6. Intra- and inter-day variation for Pb 

Concentration 
(ppm) 

Calculated concentration (ppm) 
(intra-day) 

Calculated concentration (ppm) 
(inter-day) 

Mean SD CV (%) Error (%) Mean SD CV (%) Error (%) 
0.1 0.087 0.014 15.746 -12.698 0.111 0.014 12.372 11.111 
0.5 0.405 0.041 10.189 -19.048 0.421 0.036 8.646 15.873 
1 1.016 0.137 13.532 1.587 1.069 0.242 22.686 6.878 
5 5.063 0.137 2.715 1.270 5.037 0.596 11.826 0.741 

 
 
Table 7. Percent of dry weight of the vegetables sampled 

 
 

Vegetables variety 

Sampling sites 
Soroush retail 

market 
Valiasr retail 

market 
Isfahanak, Dashti 
and Ilchi farms Dorche farms 

Percent dry 
weight  

Percent dry 
weight  

Percent dry 
weight  

Percent dry 
weight  

Cucumber 4.99 5.49 4.59 4.71 
Tomatoes 5.77 5.38 4.34 3.58 
Cabbage 8.22 7.21 7.29 7.54 
Lettuce 4.27 3.84 4.08 4.60 

Potatoes with skin 19.36 18.51 17.99 21.51 
Potatoes without skin 20.83 19.92 18.60 22.84 

Onion 9.75 8.51 7.95 9.35 
Carrots 10.63 9.63 10.61 10.59 
Leek 7.40 7.40 7.02 7.13 
Dill 9.62 10.64 8.72 9.75 

Spinach 12.48 9.96 6.54 8.64 
Coriander 8.27 9.84 10.25 11.29 

Parsley 12.01 13.35 10.39 10.92 
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The accuracy of the methods was validated 
by comparing the actual amounts of Cd, Cr or 
Pb with those of calculated concentrations. 
The intra-day precision and accuracy of the 
method were determined under the optimal 
working conditions by triplicate measurements 
of known Cd, Cr or Pb concentrations. For the 
determination of inter-day precision and 

accuracy, the same procedure was repeated 
over a 3-day period. The findings for intra-day 
and the inter-day variation are illustrated in 
Table 4-6. 

The percent dry weight of samples is shown 
in Table 7. The amount of heavy metals (Cd, 
Cr and Pb) found in the vegetables samples are 
presented in Tables 8-10, respectively. The  

 
Table 8. Concentrations of Cd in the vegetables sampled 

 
 

Vegetables 
variety 

Sampling sites 

Dorche farms Isfahanak, Dashti and 
Ilchi farms 

Valiasr retail market Soroush retail market 

Concentration [ppm (µg/g dry wt)] 
Mean SD Mean SD Mean SD Mean SD 

Cucumber ND - 1.79 0.00 1.23 0.79 1.23 0.79 
Tomatoes ND - 0.67 0.00 1.79 0.00 1.79 0.00 
Cabbage 1.79 1.59 2.35 0.79 ND - 1.23 0.79 
Lettuce 1.79 1.12 1.42 0.65 2.35 0.79 1.79 0.00 

Potatoes with skin ND - 2.91 0.00 0.67 0.00 ND - 
Potato without skin 0.30 0.65 0.67 0.00 0.67 0.00 ND - 

Onion ND - ND - 0.67 0.00 ND - 
Carrots ND - 2.91 0.00 1.23 0.79 0.30 0.65 
Leek 1.79 0.00 ND - 0.67 1.12 ND - 
Dill 2.54 1.71 3.66 1.71 1.42 0.65 1.42 0.65 

Spinach 0.67 0.00 2.54 0.65 1.79 0.00 2.91 1.59 
Coriander 0.67 0.00 1.05 0.65 2.17 1.71 1.05 0.65 

Parsley 0.30 0.65 1.79 1.12 0.67 0.00 1.05 0.65 

ND = not detectable 
 
 
Table 9. Concentrations of Cr in the vegetable samples 

 
Vegetables 

variety 

Sampling sites 

Dorche farms Isfahanak, Dashti and 
Ilchi farms 

Valiasr retail market Soroush retail market 

Concentration [ppm (µg/g dry wt)] 
Mean SD Mean SD Mean SD Mean SD 

Cucumber 4.33 2.89 6.00 0.00 ND - ND - 
Tomatoes 4.33 2.89 ND - 6.00 0.00 4.33 2.89 
Cabbage 4.33 2.89 ND - 19.33 23.09 ND - 
Lettuce 6.00 0.00 4.33 2.89 4.33 2.89 4.33 2.89 

Potatoes with skin 6.00 0.00 4.33 2.89 6.00 0.00 ND - 
Potato without skin 4.33 2.89 ND - 6.00 0.00 ND - 

Onion ND - 6.00 0.00 ND - ND - 
Carrots ND - 4.33 2.89 4.33 2.89 4.33 2.89 
Leek 6.00 0.00 4.33 2.89 2.67 5.77 4.33 2.89 
Dill 6.00 0.00 ND - ND - 6.00 0.00 

Spinach ND - 4.33 2.89 ND - ND - 
Coriander 4.33 2.89 6.00 0.00 4.33 2.89 4.33 2.89 

Parsley 2.67 5.77 4.33 2.89 4.33 2.89 6.00 0.00 

ND = not detectable  
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Table 10. Concentrations of Pb in the vegetables sampled 
 

Vegetables 
variety 

Sampling sites 

Dorche farms Isfahanak, Dashti and 
Ilchi farms 

Valiasr retail market Soroush retail market 

Concentration [ppm (µg/g dry wt)] 
Mean SD Mean SD Mean SD Mean SD 

Cucumber ND - ND - ND - ND - 
Tomatoes ND - ND - 7.14 0.00 ND - 
Cabbage 7.14 0.00 5.16 3.44 ND - ND - 
Lettuce ND - 5.16 3.44 ND - ND - 

Potatoes with skin ND - ND - 7.14 0.00 7.14 0.00 
Potato without skin ND - ND - 7.14 0.00 7.14 0.00 

Onion ND - ND - ND - ND - 
Carrots 7.14 0.00 ND - ND - ND - 
Leek 5.16 3.44 ND - ND - ND - 
Dill ND - ND - ND - ND - 

Spinach 7.14 0.00 7.14 0.00 ND - ND - 
Coriander ND - ND - ND - ND - 

Parsley ND - ND - ND - 5.16 3.44 

ND = not detectable 
 

concentrations (µg/g) of the heavy metals in 
samples ranged from 0.00 to 3.66 for Cd, 0.00 
to 6.0 for Cr and 0.00 to 7.14 for Pb. Our 
findings showed that the highest concentration 
of heavy metals was for Pb. In accordance 
with the standard guideline of FAO/WHO, it 
was found that Cd, Cr and Pb concentrations 
of some samples exceeded the recommended 
levels. The amount of Cd in cucumber, 
tomatoes, and potatoes with skin, carrots, and 
spinach was significantly higher in samples 
collected from Isfahanak, Dashti and Ilchi 
farms than those of Dorche farms. Also, the 
amount of Cr in the onion, carrots, and spinach 
was significantly higher in samples collected 
from Isfahanak, Dashti and Ilchi farms than 
those of Dorche farms. However, the amount 
of Pb in the carrots and leek was significantly 
higher in samples collected from Dorche farms 
than those of Isfahanak, Dashti and Ilchi 
farms. 

 
DISCUSSION 

 
Urbanization and industrialization in many 

parts of the world have increased the presence 
of metals into the terrestrial environment 
which have potential health impacts of 
consuming contaminated products such as 
vegetables. In this study, samples of 

vegetables from surban farms and two retail 
markets of Isfahan city were collected in 2010 
and analyzed for Cd, Cr and Pb using atomic 
absorption spectrophotometry. Our goal was to 
determine the contamination of vegetables by 
these metals.  

Isfahan is the third populated city in Iran 
with dry climate. There are several industries 
located at the periphery of the city which 
makes the possibility of contamination with 
heavy metals higher than that of most cities of 
Iran. Zayandeh-Rood river crosses Isfahan 
from west to east. The main source of water 
for the farms in this region is Zayandeh-Rood 
river. The study site comprised of two regions, 
one located on the west (Dorche farms) and 
the other on the east (Isfahanak, Dashti and 
Ilchi farms) of Isfahan. Also, two multipurpose 
retail markets were sampled one located on the 
sought west (Valieasr) and the other on the 
north east (Soroush) of Isfahan city.  

Gharib and coworkers showed that the daily 
intake of Cd, Cr and Pb in Iranian women was 
about 0.027, 0.05 and 0.091 mg, respectively 
and in Iranian men was about 0.046, 0.050 and 
0.109 mg, respectively (26). WHO/FAO 
recommended a minimum of 400g of fruit and 
vegetables per day (excluding potatoes and 
other starchy tubers) for the prevention of 
chronic diseases such as heart disease, cancer, 
diabetes, and obesity (28). According to the 
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National Nutrition and Food Research Institute 
of Iran, the average consumption of edible 
vegetables is 218 g/person/day. Although, it is 
less than the recommended level, it is more 
than those of many countries (29). Therefore, 
vegetables contamination with heavy metal 
could be an important concern in Iranian 
suggesting periodical monitoring of them in 
the human food chain. 

Our findings showed that the amount of Cd 
in cucumber, tomatoes, potatoes with skin, 
carrots, and spinach was significantly higher in 
the samples collected from Isfahanak, Dashti 
and Ilchi farms than those of Dorche farms. 
Also, the amount of Cr in the onion, carrots, 
and spinach was significantly higher in the 
samples collected from Isfahanak, Dashti and 
Ilchi farms than those of Dorche farms. As 
Zayande-Rood river passes through the 
Isfahan city, more contaminants enter the river 
which may explain the higher amount of Cd 
and Cr in some samples collected from 
Isfahanak, Dashti and Ilchi farms. It is 
worthwhile to point out that the main source 
for irrigation of vegetables in Isfahan is 
Zayande-Rood River. However, the amount of 
Pb was significantly higher in carrots and leek 
samples collected from Dorche farms than 
those of Isfahanak, Dashti and Ilchi farms. 
Different studies have shown that there was 
significant differences between vegetables of 
various cities and villages (30).  

Our findings showed that the highest 
concentration of heavy metals was for Pb. In 
comparison with the standard guideline of 
FAO/WHO, it was found that Cd, Cr and Pb 
concentrations of some samples exceeded the 
recommended levels. These findings are in 
agreement with those of Mahdavi who showed 
that the heavy metal concentration of vegetables 
from Babasalman and Eslamshahr regions in 
Tehran (capital of Iran) were higher than the 
recommended levels of FAO/WHO (31).  

 
CONCLUSION 

 
It can be concluded, from the findings of 

this study, that the amounts of Cd, Cr, and Pb 
were higher than the acceptable levels 
recommended by WHO/FAO. Also, higher 
amount of Cd and Cr in some samples 
collected from Isfahanak, Dashti and Ilchi 

farms compared to those of the samples 
collected from Dorche farms may indicate the 
influence of contaminants that enter Zayadeh-
Roodr river as it passes Isfahan city. Due to 
the importance of this issue and changes in the 
sources of contamination, it is recommended to 
conduct studies with this nature periodically. 
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