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 Background: This study was conducted to estimate the level of heavy metals accumulate in 
vegetables irrigated with contaminated water compared with those irrigated with fresh water in 
Hamadan, west of Iran in 2012. 

Methods: Sixty samples of different vegetables i.e., parsley, tarragon, sweat basil and leek irri-
gated with contaminated water and thirty six samples from three different adjacent areas irrigat-
ed with fresh water as control were analyzed to determine heavy metals. The concentration of 
heavy metals i.e., lead, cadmium and chromium were achieved using atomic adsorption spec-
trophotometer. 

Results: The mean concentration of lead, chromium and cadmium regardless of the kind of 
vegetables irrigated with contaminated water was 6.24, 1.57 and 0.15 mg/kg, respectively. 
Moreover, metals uptake differences by the vegetables were recognized to vegetable differences 
in tolerance to heavy metals. Based on the above concentrations the dietary intakes of metals 
through vegetables consumption were 0.004, 0.0008 and 6E-05 mg/day in infants for lead, 
chromium and cadmium, respectively.                                         

Conclusions: The high concentration of these heavy metals in some vegetables might be at-
tributed due to the use of untreated sanitary and industrial wastewater by farmers for the irriga-
tion of vegetable lands. Therefore, treating of these wastewater and bioremediation of excess 
metals from polluted vegetation land could be considered. 
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Introduction

egetables contain carbohydrates, proteins, as well as 

vitamins, minerals, fibers and trace elements since 

they constitute an important part of the human diet
1
. 

In recent years their consumption is gradually increasing due 

to increased consciousness on the nutritional values of vege-

tables. But it also may contain different types of toxic ele-

ments at a wide range of concentrations
2
.  

Contamination of vegetables with heavy metals may be 

due to irrigation with water contaminated by industrial and 

domestic wastes, the addition of fertilizers and metal-based 

pesticides, as well as from deposits on different parts of the 

vegetables exposed to the air from polluted environments 

and application of sludge in vegetable lands
1,3-5

. Industrial 

and municipal wastewater is mostly used for the irrigation of 

crops due to its easy availability, disposal problems and 

shortage of fresh water. In general, the application of 

wastewater led to changes in the physicochemical character-

istics of soil and consequently heavy metal uptake by vege-

tables
6,7

. These toxic elements due to their non-

biodegradable properties and long biological half-lives readi-

ly accumulate in food chain and upon arrival in a critical 

concentration can cause metabolic and physiological effects 

on human kind
2,4,5

. The consumption of heavy metals con-

taminated food can seriously deplete some essential nutrients 

in the body which are further responsible for decreasing im-

munological defenses and disabilities associated with malnu-

trition and high prevalence of upper gastrointestinal cancer 

rates
8
.  

In recent years, research on heavy metals concentration 

in vegetables has attracted more attention in the world 

wide
1,3, 5-12

. These results indicated that some vegetable spe-

cies have been contaminated with heavy metals such as lead 

(Pb), copper (Cu), mercury (Hg), chromium (Cr) and cadmi-

um (Cd) particularly in the areas irrigated with untreated 

municipal and industrial wastewater. Besides, investigation 

of heavy metal concentrations in edible vegetables in the 

V 
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country has indicated that the amount of heavy metals in 

samples collected from investigated areas in the providence 

of Tehran, Hamadan, Kurdistan, Gorgan, Mazandaran and 

Isfahan was higher than the permissible limits for human 

consumption
2,13-19

.  

Hamadan City in the west of Iran is one of the most im-

portant areas for vegetables production. In this vegetable 

land areas approximately 40 tons of different kind of vegeta-

bles per day has produced seasonally. Abbasabad and Mo-

radbaig rivers are two important water bodies elongated 

from south-west to north-east of Hamadan. These rivers are 

main part of the city drainage systems that drain approxi-

mately 75 million liters untreated sewage per day due to 

absence of sanitation waste water treatment facilities as well 

as some other industrial effluents
20

. The farmers in peri ur-

ban areas of Hamadan use water from these rivers for irriga-

tion of plants especially different vegetable spices. Such 

irrigation practices attain very good crop yields as it contains 

large amount of organic material and some inorganic ele-

ments essential for plant growth. But contaminations of soils 

and crops with these metals may have adverse effects on 

soil, crops and human beings. Thus, it is necessary to esti-

mate the amount of toxic heavy metals concentration in 

plants grown in the suburb of Hamadan in order to assess the 

health risks. 

The present study was conducted to investigate the levels 

of three toxic heavy metals i.e., Pb, Cr and Cd in the com-

monly grown vegetables i.e., parsley (Petroselium crispum), 

tarragon (Artemisia dracunculus), leek (Allium ampelo-

prasum) and sweet basil (Ocimum basilicum) cultivation in 

suburb of Hamadan, Iran. The effect of irrigation with fresh 

and contaminated water was also studied to observe the con-

centration of accumulated metals to which human being are 

exposed. Another aim was to illustrate the difference of 

heavy metal concentrations in vegetables plantation in vari-

ous regions and different seasons. 

Methods 

Area study 

The field study was in the northeast suburb areas of 

Hamadan City, located in the west of Iran. An investigation 

survey was conducted in suburb areas of Hamadan to identi-

fy the locations where wastewater from domestic sewage is 

currently used for irrigation of vegetable crops. Interviews 

with government authorities and farmers helped to identify 

areas where wastewater irrigation has become common prac-

tice for at least 10 years (polluted sites), and where the irri-

gation water can be clearly sourced to fresh water (control 

sites) (Figure 1). A total of sixty samples of some commonly 

grown vegetables, i.e., parsley, tarragon, leek and sweet basil 

were taken from five different adjacent sites in that they irri-

gated with contaminated water. Similarly, thirty six samples 

from three different agricultural fields irrigated with fresh 

water were taken as control. The vegetable samples were 

collected randomly across the field during spring (June, 

2012), summer (August, 2012) and autumn (September, 

2012).  

Plant sampling, preparation and analysis 

Samples of edible portions of selected vegetables (2 kg 

each) were collected from the farmland in each appointed 

locations and they were taken in plastic bags to laboratory 

within 2 h of harvesting.  These were properly washed using 

cleaned tap water and rinsed with deionized water to remove 

any soil particles attached to the plant surfaces. Samples 

were then separately dried in an oven at 70-80 ºC for about 

one day to determine their dry weight. The dry samples were 

crushed in a micro grinding mill and the resulting powder 

was passed through 2 mm sieve. The sieved samples were 

kept at ambient temperature in clean and dry high density 

polyethylene bottles before preparation for analysis. For 

each vegetable, samples (2 gr each) were accurately 

weighted and prepared well with adding 15 mL of (HNO3: 

H2SO4: HCLO4; 5:1:1) into an acid washed beaker and di-

gested at 80 ºC until a transparent solutions were obtained by 

Akan et al.
7
. The resulting solution was cooled and filtered 

through a Whatman No. 541 filter paper into a volumetric 

flask and finally maintained to 50 mL with deionized water. 

Determination of heavy metals such as Pb, Cd and Cr was 

achieved using an atomic adsorption spectrophotometer 

(ALPHA4, Chem Tech Analytical, England) according to 

standard methods for the examination for water and 

wastewater
21

. Mean, standard deviation and range were cal-

culated by SPSS 16.0 software. Linear regression analysis 

was used to determine the relationship between the concen-

tration of heavy metals in vegetable samples with different 

locations, seasons and irrigated water. A probability level of 

P<0.05 was considered statistically significant. 

 

Figure 1: Map of experimental sites (A=Contaminated sites, C=Control 

sites) in suburban areas of Hamadan, Iran 

Calculation of daily intake of metals (DIM) through vege-

tables 

The DIM through vegetables (mg/day) was calculated by 

multiplying daily vegetable consumption (kg/person. day) 

with vegetable heavy metal concentration (mg/kg) were cal-

culated as the following equation: 

A

DFM
DIM


  

Where M, F, Dand A are the heavy metal concentration 

(mg/kg), conversion factor, daily intake of vegetables and 

average body weight, respectively. The conversion factor 

0.085 was used to convert fresh green vegetable weight to 

dry weight, as described by Arora, 2008
5
 and Harmanescu, 

2011
22

. The average daily vegetable intakes for adults and 
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infants were 0.345 and 0.235 Kg/person/day, respectively
23

. 

The average adult and infant body weights were 55.9 and 

32.7 kg, respectively, as used in previous studies
5,23

. 

Results 

Data for the three heavy metals concentration in different 

vegetables irrigated with water contaminated with 

wastewater and vegetables irrigated with fresh water are 

presented in Figure. 2. It can be clearly observed that the 

concentration of Pb were in the ranged from 4.5 to 7.55 

mg/kg in the vegetables irrigated with contaminated water, 

and were significantly higher (P<0.001) than the vegetables 

irrigated with fresh water, which were in the ranged from 0.6 

to 2 mg/kg (Figure. 2(a)). The Cd concentration varied be-

tween 0.07 to 0.33 mg/kg in the vegetables irrigated with 

contaminated water and were significantly higher (P<0.001) 

than the vegetables irrigated with fresh water (Figure 2 (b)). 

The concentration of Cd in fresh water irrigated vegetables 

were in the ranged from 0 to 0.01mg/kg. The results shown 

in Figure 2 (a and b) indicated that in all vegetables which 

irrigated with contaminated water, concentrations of Pb and 

Cd were exceeded the maximum permissible value 

(FAO/WHO)
24

. Moreover, a similar trend was observed for 

Cr, i.e., maximum accumulation was obtained in contami-

nated water irrigated vegetables and minimum in fresh water 

irrigated samples (P<0.001). The comparison of mean con-

centration of Cr reported in the vegetables during the present 

study with the maximum permissible limits (FAO/WHO)
24

 

showed that it concentration were higher in both parsley and 

sweat basil irrigated with contaminated water, however were 

below the maximum permissible limits in tarragon and leek. 

As shown the concentration of Cr in different vegetables 

were from 0.7 to 2.9 mg/kg and from 0 to 0.41 mg/kg in 

contaminated and fresh water irrigation vegetables, respec-

tively. The mean concentrations of Pb, Cr and Cd were 6.24, 

1.55, 0.15 mg/kg and 1.11, 0.1, 0.01 mg/kg in vegetables 

irrigated with contaminated and fresh water resources, re-

spectively (Figure 2).  

The relationships between the individual heavy metals 

and different vegetables grown in the suburb areas of Hama-

dan shown in Figure 2 indicated that the mean concentra-

tions of Pb in parsley, tarragon, leek and sweet basil were 

6.42±1.56 mg/kg, 5.54±0.48 mg/kg, 6.6±0.51 mg/kg and 

6.4±0.47 mg/kg, respectively. The trends of Pb concentra-

tions in different vegetables were in the order of 

leek>parsley>sweat basil>tarragon. From Figure 2 (b), the 

mean concentrations of Cd in parsley, tarragon, leek and 

sweet basil were 1.27±0.08 mg/kg, 0.22±0.01 mg/kg, 

0.11±0.06 mg/kg and 0.16±0.01 mg/kg, respectively. Be-

sides, Cd accumulation in plants irrigated with contaminated 

water in the following order of ranking tarragon>sweat bas-

il>parsley>leek. For Cr, the amount of accumulation in dif-

ferent vegetables was as follows: parsley>sweat basil>leek 

>tarragon. The mean concentrations of Cr were 2.08±0.54 

mg/kg for tarragon, 1.7±0.34 mg/kg for sweat basil, 

1.37±0.3 mg/kg for leek and 1.24±0.35 mg/kg for tarragon 

(Figure 2 (c)). 

The daily intakes metals results of heavy metals esti-

mates according to the average vegetable consumption for 

both adults and infants are shown in Tables 1 and 2, respec-

tively. As shown, the DIM values for different metals were 

high when based on the consumption of vegetables irrigated 

with contaminated water than those irrigated with fresh wa-

ter. The highest intakes of Pb, Cr and Cd were form the con-

sumption of leek, parsley and tarragon, respectively irrigated 

with contaminated water. Likewise, the DMI of Pb, Cr and 

Cd ranged from 0.003 to 0.0004, 0.001 to 3.1E-05 and 

0.0001 to 1E-06, respectively for adults, while ranged from 

0.003 to 0.0007, 0.001 to 3.6E-05 and 0.0001 to 1E-06, re-

spectively for infants.  

The highest Pb, Cr and Cd concentrations in different 

vegetables irrigated with contaminated water were observed 

at zones 1, 1 and 4, respectively (data not shown).  However, 

the field date showed that there were not any significant var-

iation between sits and heavy metals concentration in differ-

ent vegetables (P>0.05). Mean concentration of Pb, Cd and 

Cr in vegetables were higher than the permissible limits
23

 at 

all the areas irrigated by contaminated water respectively 

(data not shown). 

 

 

 
Figure 2: Heavy metal concentrations in different vegetables irrigated with 

contaminated water and fresh water: (a): pb, (b): Cd and (c):Cr 
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Discussion 

The heavy metal concentrations in different vegetables 

irrigated with contaminated water were compared with those 

irrigated with fresh water in suburb areas of Hamadan. The 

results shown in Figure 2 clearly indicated that the concen-

tration of all the heavy metals were several folds higher in 

the contaminated water irrigated vegetables as compared to 

those irrigated with fresh water. The mean concentrations of 

Pb and Cr recorded during the present study were 

considerably higher than the earlier reporte of Samarghandi 

et al.
16

 in some vegetables from the same areas. 

Table 1: Daily intake of metals (mg) for individual heavy metals in different vegetables irrigated with contaminated water 

Vegetables 

Lead Chromium Cadmium 

Adults Infants Adults Infants Adults Infants 

Parsley 0.0030 0.0040 0.0010 0.0012 6.7E-05 7.6E-05 

Sweet bail  0.0030 0.0048 0.0008 0.0010 8.4E-05 9.6E-05 

Leek  0.0030 0.0040 0.0007 0.0008 5.7E-05 6.6E-05 

Tarragon  0.0030 0.0030 0.0006 0.0007 0.0001 0.0001 

 

Table 2: DIM (mg) for individual heavy metals in different vegetables irrigated with fresh water 

Vegetables 

Lead Chromium Cadmium 

Adults Infants Adults Infants Adults Infants 

Parsley 0.0006 0.0007 3.3E-05 3.8E-05 1.0E-06 1.0E-06 

Sweet bail  0.0007 0.0007 7.3E-05 8.4E-05 3.0E-06 3.0E-06 

Leek  0.0006 0.0007 3.1E-05 3.6E-05 1.0E-05 1.0E-05 

Tarragon  0.0004 0.0005 7.3E-05 8.4E-05 1.0E-06 1.8E-06 

 

The concentration of Pb and Cr were increased by 30 and 

56 percent durng sixteen years from 1996 to 2012
16

. Our 

results show agreement with previous studies showing 

eminent concentrations of heavy metals in edible parts of 

vegetables with the application of wastewater for irrigation
25-

27
. Moreover, results from present and previous studies 

demonstrate that the vegetables grown on wastewater irri-

gated soils are generally contaminated with heavy metals, 

which pose a major health concern
22,27

. However, the com-

parison of mean heavy metal concentrations in vegetables 

irrigated with contaminated water from the data of countries 

indicated that the values of the present study were manifold 

lower than the levels observed at Sannandaj
19

, but higher 

than those recorded at Gorgan
14

 and Shahrood
18

. Through 

regular and systematic investigation, the reason for heavy 

metals accumulation in vegetable land soils is mainly from 

the natural and man-made sources 
2,10,13,28

.  

In the case of contaminated water irrigated areas of 

Hamadan City, all urban sanitary wastewater and much of 

industrial wastewater, which are not completely treated, are 

directly discharged into vegetable lands, incurring obvious 

contamination of metals in vegetable samples. In these vege-

table lands, it has a history of more than 25 years using 

vegetables contaminated water irrigation. When sewage and 

industrial wastewater that are not suitable compared with the 

field irrigation water quality standard is used for irrigation 

during a long time, the heavy metal concentrations in plants 

and crops obviously exceeded the maximum permissible 

limits. Similar to our results, many other studies indicated 

that the application of contaminated water generally led to 

changes in the physicochemical properties of soil and conse-

quently heavy metals uptake by crops, fruits and 

vegetables
5,7,10,29

. For instance, the concentration of Pb, Cd 

and Cr in the vegetable land soils with long term application 

of untreated wastewater was 4, 10 and 120 times higher than 

the soil background values, respectively. Besides, other stud-

ies shown that heavy metal concentrations in vegetables 

grown in Tehran
2
, Kurdestan

19
 and Isfahan

15
 provinces are 

increasing gradually related to unreasonable wastewater irri-

gation.  

There were considerable variations in heavy metals up-

take by different types of vegetables (Figure 1). The trend of 

metal concentrations in the vegetables would be a function 

of trace metals concentration in the soil and their absorption 

in plant tissues
5,22,30

. According to the highest concentration 

of Pb, Cr and Cd were shown in leek, parsley and tarragon, 

respectively. Similar studies carried out by Khan et al.
8
 and 

Cheraghi et al.
13

 shows that heavy metal concentration var-

ied among different vegetables species, which may be at-

tributed to differential absorption capacity of vegetables for 

different heavy metals. However, the field date shows that 

there were not any significant variation between vegetation 

lands and heavy metals concentration in different vegetables. 

Mean concentrations of Pb, and Cd in vegetables were high-

er than the permissible limits
24

 at all the areas irrigated by 

contaminated water. Very few studies shown that there were 

positive correlation between vegetables heavy metal concen-

trations and seasonal variations due to increasing of soil pH 

during summer which maintained higher concentrations of 

heavy metals in the topsoil layer and higher frequency of 

irrigation during this season compared to other seasons
6,16

.  

In this study, ANOVA tests showed that variations in 

concentration of heavy metal samples in vegetables were not 

significant (P>0.05) due to different seasons which agreed 

with the observation of Dadban et al.
14

 and Singh et al.
31

 for 

various heavy metals in vegetables sampling in different 

seasons. However, the results reported by Sharma et al.
26

 and 

Samarghandi et al.
16

 suggested that there were significant 

variations in the concentrations of heavy metals in vegetable 

samples between areas and seasons. Akan et al.
7
 reported 

high level of heavy metals in all the vegetable organs in the 

dry seasons than the rainy seasons due the use of untreated 

effluents from tanneries and textile by farmers in the dry 

seasons.  

In order to observe the health risk of any pollutant, it is 

very important to estimate the level of exposure, by detect-

ing the routes of exposure to the target organism. Among 

several possible pathways of exposures to humans, the DIM 

was estimated according to the average vegetables consump-
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tion for both adults and infants. The results of this study re-

garding DIM suggested that the consumption of vegetables 

irrigated with contaminated water is high, but is nearly free 

of risks, as the dietary limits of Pb, Cr and Cd in adults can 

range from 0.02 to 0.04 mg, 0.2 to 0.3 mg and 0.01-0.03 

mg
32

, respectively.  

Conclusions 

Irrigation by water contaminated with untreated sewage 

has increased the heavy metal concentrations in different 

vegetables in the study areas. The mean concentrations of Pb 

and Cd in all vegetables irrigated by contaminated water 

were higher than maximum permissible limit set by 

FAO/WHO
22

 for vegetables, while Cr concentration was 

higher than maximum permissible limits only in parsley and 

sweat basil irrigated by contaminated water. However, the 

daily intakes of studied metals were much less than the die-

tary limits at present, indicating that there is a relative ab-

sence of health risks associated with the ingestion of con-

taminated vegetables. But the authors strongly suggested that 

people living in these areas should not eat large quantities of 

vegetables, so as to avoid excess accumulation of heavy 

metals in the body. To avoid accumulation of metals into the 

vegetables not only sanitary and industrial wastewater 

should not be drained into the rivers without complete treat-

ment but also it is imperative to utilize alternative methods 

for extraction of excess metals from polluted areas.   
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