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ABSTRACT: The main objective of this study is to evaluate heavy metals contamination 
of highly consumed vegetables and hazardous effects of consuming these vegetables. The 
study was conducted in vegetable fields in three different regions according to the level of 
environmental pollutions, including "Isfahan", "Flavarjan" and "Faridan, Golpayegan and 
Natanz". Six types of vegetables in each field with three replicates in each region were 
selected in the summer of 2017 by the random sampling method from vegetable fields. 
The level of heavy metals (Pb, Cu, Co, Cd and Cr) in vegetables has been measured for 
each sample. The result showed that in the Isfahan region, the highest daily intake of Pb, 
Cu, Co, Cd and Cr for the consumption of all the vegetables was obtained in the 
recipients. The highest target hazard quotient for non-cancerous diseases of contaminated 
vegetables was 28.9 and 21.1 in "Isfahan" for children and adults, respectively. The target 
hazard quotient for vegetable consumption was greater than one and at high hazard for 
both age groups. The principal component analysis showed that the contamination by the 
heavy metals in the "Isfahan" and "Falavarjan" regions overlapped and the risk of 
contamination of heavy metals in urban vegetables in both regions increased the hazard of 
non-cancerous diseases. It is highly recommended that the quality standards of foods that 
are imposed on the production of food crops.  
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INTRODUCTION


 

The absorption of heavy metals (HMs) by 

the plant on contaminated agricultural land 

is one of the main and indirect routes of 

entry of HMs to human food chains 

(McBride et al., 2014; Ali et al., 2019; 

Amiri et al., 2019). In recent years, farmers 

have used contaminated resources to 

produce their agricultural crops in the 

suburbs and rural areas to supply their 
                                                           
* Corresponding Author, Email: m_asgharipour@uoz.ac.ir 

necessary products that threaten the food 

health of society (Wu et al., 2019; 

Asgharipour et al., 2019). Informing 

society first, makes all members of society 

aware of the hazards of consuming 

unhealthy vegetables and not only pay 

attention to the price and appearance of 

them; second, it moves society to a path 

that, in turn, separates the value of healthy 

and unhealthy products, since unhealthy 

products are not bought in the markets; 
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third, producers know how to use 

contaminated resources (Jafari et al., 2018; 

Sandeep et al., 2019; Esmaeilzadeh et al., 

2019) for production and the hazards 

caused by the use of unhealthy products in 

society and try to produce more healthy 

products and more income (Moradi et al., 

2016; Srinivas et al., 2009). In cold region 

of Harbin, China resulted that the content 

of soil heavy metals of Cd, Pb, Cu and Cr 

were 0.2±0.2, 26.5±8.4, 29.1±8.6 and 

56.5±6.3 respectively (Lv et al., 2019). 

The first step to assess the extent of HMs 

contamination in suspected areas is to 

determine the concentration of HMs, and the 

analysis of the state of the contaminated area 

using indices such as the health hazard index 

(HI) (Gupta et al., 2013). In one 

investigation, the daily absorption of Pb, Cd, 

Cu and Cr for adults was 0.28, 0.06, 3.14 and 

0.14 mg.kg of the individual weight, 

respectively (Bo et al., 2009). The target 

hazard quotient (THQ) of greenhouse 

product consumption in Isfahan was 

estimated for children, adolescents and adult 

age groups as 2.03, 0.67 and 0.45, 

respectively (Aghili et al., 2009). In another 

investigation, health risk for men and women 

was obtained 2.6 and 2.9, respectively, which 

shows the negative effects of the resulting 

non-cancerous diseases by consuming the 

products (Salehipour et al., 2015). In 

addition, Cr, Pb and Cd showed the highest 

hazards to get the non-cancerous diseases 

(Cherfi et al., 2016). 

Given the variety and diversity of data, 

research in these fields involves not only 

modern analytical methods with sensitivity, 

specificity and high accuracy to achieve 

valid results on HMs content in vegetable 

but also complex statistical methods that 

provide the big view in what they are 

concerned (Pop et al., 2009). The principal 

components analysis (PCA) estimates the 

correlation structure of the variables by 

finding new hypothetical variables 

(principal components-PC) that account for 

the variance (or correlation) as much as 

possible in a multidimensional data. These 

new variables are linear combinations of the 

original variables (Hammer et al., 2001). 

This methodology is used to reduce the 

dimensions of the data with many relevant 

variables without losing data and, however, 

to protect the maximum changes between 

the data (Gergen & Harmanescu, 2012). 

The increase in environmental pollution 

in waterborne, soil and air requires the 

determination and evaluation of the health 

hazards of vegetable products (Nasrabadi et 

al., 2015; Baghaie et al., 2019; Liu et al. 

2013) because the use of contaminated 

vegetables to HMs will increase the risk of 

unwanted and unknown hazards and diseases 

of members throughout society (Sandeep et 

al., 2019). There is an assumption of 

pollutions that can enter and accumulate 

HMs in the food chains due to the presence 

of important and diverse contaminated 

resources in the province of Isfahan (Moradi 

et al., 2016). This research was carried out to 

determine the contamination of HMs and to 

evaluate the health risk of highly consumed 

vegetable crops (Pop et al., 2009) in three 

regions of Isfahan province. For this purpose, 

many PCA models were constructed and 

calculated with different markers (Abad-

Garcia et al., 2012; Ghahremanzadeh et al., 

2018). Two types of markers were used as 

main markers for pollution: simple markers, 

represented by contaminations of HM in 

vegetables (Bordean et al., 2011) consumed 

by people in Isfahan. A complex marker was 

also used, namely Target Hazard Quotients 

(THQ) which links the contamination by 

heavy metals in vegetables with its toxicity, 

quantity and quality of vegetable 

consumption and the body mass of 

consumers (FAO/WHO, 2011).  

MATERIALS AND METHODS 
This study was conducted in the summer of 

2017 in Isfahan (51.64481° and 

32.68339°). Samples of vegetable fields 

were taken in three different regions 

according to environmental contamination; 
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including (Fig 1), first region (Isfahan), 

second region (Falavarjan) and third region 

(Feridan, Golpayegan and Natanz) (Figure 

1). Contamination in this research means 

the presence of industries and the resources 

of producers of industrial pollution and the 

use of urban waste to produce vegetables in 

various areas (Singh et al., 2010; Li et al., 

2006). The vegetables sampled for research 

included; 1- Leafy vegetables (basil and 

lettuce), 2- Fruity vegetables (cucumber 

and tomato) and 3-Tuber vegetables 

(potato and onion).  

Six types of vegetable in each field with 

three replications in each region were 

selected (one kilogram samples) by the 

random sampling method (a total of 270 

samples) that were stored in paper bags and 

transferred to the Water and Soil research 

Laboratory, Isfahan Agricultural and 

Natural Resources Research. Samples were 

taken from the edible parts and washed 

with distilled water three times and placed 

at 75 °C for 48 h to reach a constant 

weight. The samples were ground after 

drying and stored in paper bags until the 

time of extraction. For the extraction, a wet 

digestion technique with 65% nitric acid 

and 30% hydrogen peroxide was used. The 

concentrations of HMs (Pb, Cu, Co, Cd 

and Cr) of the digested plant samples were 

measured by flame atomic absorption 

spectrometer (Konik Won M300, 

Barcelona, Spain) (Cui et al., 2005).  

Equation 1 calculates the daily intake of 

HMs by ingesting vegetables, including 

basil, lettuce, cucumber, tomato, onion and 

potatoes per kilogram of body weight per 

day for two age groups of children (under 

18) and adults (over 18) (Salehipour et al., 

2015): 

EDI = (CF×IR×FI×EF×ED)/(BW×AT) (1) 

In which, EDI: estimated daily intake 

(mg/kg/day), CF: contaminator factor in 

vegetables (mg.kg), IR: ingestion rate (gr- 

the average daily consumption of vegetable 

for adults and children is 325 and 235 gr, 

respectively), FI: the fraction ingested of the 

concentration of HMs that is absorbed in the 

plants (this coefficient was considered 0.4 in 

this investigation), EF: exposure frequency 

(day in year, in this investigation it was 

considered 365 days), ED: exposure 

duration (number of years that vegetable are 

used, of non-cancerous diseases for adults 

and children are considered 30 and 13 years 

old), BW: body weight (kg) in this 

investigation the average body weight of 

adults and children was considered to be 

70.0 and 35.7 kg (Gupta et al., 2013) and 

AT: average time, obtained by multiplying 

the number of years by the number of days 

(Pop et al., 2009). 

Target Hazard Quotients (THQ) is a 

complex parameter used to estimate the 

potential health risks associated with long 

term exposure to different pollutants or 

heavy metals, as in our case. For its 

calculation, in addition to metal 

contamination of vegetables, other 

parameters were also involved and refer to 

the metals toxicity (Orisakwe et al., 2012; 

Harmanescu et al., 2011). Therefore, THQ 

is a complex parameter used in the 

evaluation of risks for the health of heavy 

metals that provides a better image related 

to the content of metals in vegetables than 

the use of a simple parameter (Gergen & 

Harmanescu, 2012). Equation 2 was used to 

calculate the THQ of non-cancerous 

diseases for adults and children that were 

developed by the Environmental Protection 

Agency (EPA) in the United States (Moradi 

et al., 2016; USEPA, 2005; USEPA, 2010): 

THQ = EDI/RfD (2) 

In which, RfD is an oral reference dose 

and is defined for each metal (mg/kg/day). 

This amount by animal tests shows the 

maximum concentration of metals that 

cannot represent a hazard to live animals 

(USEPA, 2005). The RfD values were 0.004, 

0.04, 0.043, 0.001 and 1.5 for Pb, Cu, Co, Cd 

and Cr, respectively (USEPA, 2005).The 

numerical values obtained after measuring 
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the concentration of HMs were calculated 

and the data were statistically analyzed by 

SAS and PAST software (Gergen & 

Harmanescu, 2012; Hammer et al., 2001). 

RESULTS AND DISCUSSION 
The results indicated that contamination of 

the vegetables with the heavy metals 

differed significantly between the three 

regions of this study when using LSD test (p 

< 0.05) (Figure 2). In the first and second 

regions, contaminations of Pb and Cr were 

higher compared with corresponding 

permissible limits (0.2 mg.kg for Pb and 0.1 

mg/kg for Cd) established by the Institute of 

Standards and Industrial Research of Iran 

(Food & Feed-Maximum limit of heavy 

metals, 2010) for human consumption in 

vegetables, and also the standard values (0.1 

mg/kg for Pb and 0.09 mg/kg
 

for Cd) 

recommended by WHO and FAO 

(FAO/WHO, 2011). The highest 

contamination of Pb was detected in basil 

and tomato 0.78 and 0.75 mg/kg, 

respectively, while cucumber contained the 

highest contamination of Cu 2.69 mg/kg, 

and contaminations of Cd (0.50 mg/kg) and 

Cr (1.41 mg/kg) were uppermost in onions 

(Table 1). Unfortunately, no permissible 

limits have been established for Cu, Co and 

Cr showing a lack of attention to the 

problems of HMs contamination standards 

at the scientific and top-level planning of 

the country (Salehipour et al., 2015; Moradi 

et al., 2016). 

Table 1. Multivariate analysis of variance, mean comparisons using LSD test, P value 5% and standard 

deviation (Sd) for heavy metals contamination in all regions (Pb, Cu, Co, Cd and Cr) in six vegetable 

(Cucomber, Tomato, Basil, Lettuce, Onion and Potato) (mg/kg) 

Heavy metals 
Vegetable Cr Cd Co Cu Pb 

Sd Mean Sd Mean Sd Mean Sd Mean Sd Mean 
0.31 0.44d 0.42 0.44a 0.47 0.62c 1.44 2.69a 0.59 0.71ab Cucomber 
0.67 0.91c 0.33 0.26bc 0.48 0.75b 1.35 2.31b 0.59 0.75a Tomato 
0.94 1.21ab 0.31 0.32b 0.41 0.53c 0.64 1.10d 0.68 0.78a Basil 
0.26 0.44d 0.19 0.18c 0.25 0.40d 0.51 0.62e 0.61 0.72ab Lettuce 
0.81 1.41a 0.41 0.50a 0.35 0.53c 0.72 1.04d 0.52 0.61cb Onion 

0.76 1.14b 0.31 0.33b 0.62 0.88a 1.21 1.87c 0.45 0.53c Potato 
Means followed by the same letter in columns are not significantly different; using LSD test (P value 5%). 

Result of mean compared using LSD test 

at the 5% level showed, the highest 

contamination of Pb in basil and tomato 

0.78 and 0.75 mg/kg respectively, Cd (0.50 

mg/kg) and Cr (1.41 mg/kg) in onion, Co 

(0.88 mg/kg) in potatoes and Cu and Cd 

were 2.69 and 0.44 mg/kg respectively in 

cucumber (Table 1). Except for Cu in this 

study, the other two HMs were higher than 

the recommended standard values, hence, 

the consumption of these contaminated 

vegetables possibly threatens human health. 

The greater HMs contamination in urban 

vegetables could be related to some 

characteristics of the resources used because 

the absorption and translocation of metals in 

plants depend on the agrochemical 

characteristics of the water and soil (Wu et 

al., 2019; Aghili et al., 2009).  

PCA was constructed to characterize the 

results of HMs contamination in vegetables 

using a PCA1-vegetable model (Figures 3 

and 4). The analytical data of HMs in the 

vegetables were standardized 

logarithmically and processed with the 

PAST software. As can be seen in this 

model, the first and two PCs explain only 

92.9% of the variance. Graphical 

representation of PCA1-vegetable model 

and biplot of PC1 and PC2 (Figure 3) 

clearly separates regions (H and M) with 

anthropogenic pollution of vegetables in 

the low pollution region (L region). The 

model, built on the HM-contaminated 

vegetables, compares the pollution 
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disposition in the biplot area, and cannot 

make a clear differentiation between the 

two regions (H and M) with anthropogenic 

pollution. The contamination of HMs in the 

first and second pollution regions is 

overlapped, and the probability of HMs 

contamination in the urban vegetables in 

these closely related regions supports the 

idea that the pollution does not remain in a 

single clear region. PCA indicated 

overlapped HMs contamination in Isfahan 

and Falavarjan, both of which suggest the 

probability of contamination with some 

HMs. PC1 and PC2 and their components 

are the factors that differentiate the regions 

(H, M, and L) from each other (Figure 3).  

The first two PCs explain 92.9% of the 

model variance and can make a relatively 

good separation between some vegetable 

species (Figure 4). In the negative area of 

PC1, Cu is the metal found at high 

concentrations in cucumber and tomato in 

the first and second regions (cities of 

Isfahan and Falavarjan). With regard to 

basil and onion, Cr and Pb have the highest 

concentrations in the regions with 

anthropogenic pollution (H). Also the 

potato presents the highest concentrations 

of Co in the two contaminated regions (H 

and M) (Sandeep et al., 2019).  

Significant differences were found 

between the concentrations of all HMs in 

some vegetables in the contaminated 

regions (H and M) and those grown in the 

low pollution region. This can be explained 

by the homeostasis of vegetables, which, 

by specific-specific mechanisms each, 

limits excessive accumulation of HMs in 

their bodies in response to polluted sources 

(water, soil, and air) (Matyssek et al., 2006; 

Ghahremanzadeh et al., 2018). In PC1, Pb 

in basil has the highest distribution and 

effect compared to those of Cu and Cr in 

cucumber and onion in PC2 with some 

correlations together. The samples of 

tomato (H4), basil (M3), and onion (M5) 

are located on the positive side of PC2 

dominated by a lower content of HMs. 

With the exception of tomato (M4), 

samples of all vegetables grown in low-

polluted regions are on the negative side of 

PC1 characterized by a low HMs content 

(Table 1). The results indicated a very easy 

transfer of HMs from the polluted regions 

to the plants due to their absorption 

through the root and leaves this rendering 

them unhealthy for daily human 

consumption. Besides, the health risk index 

shows the potential hygienic risk of these 

HMs in relation to the polluted 

consumption of vegetables in daily human 

diet (Ali et al., 2019; Moradi et al., 2016). 

The highest daily intake rates of Pb, Cu, 

Co, Cd, and Cr for children (under 18 years 

of old) in the first region (city of Isfahan) 

for the consumption of all types of 

vegetables were 0.1, 0.25, 0.12, 0.05, and 

0.13 mg/kg of body weight per day, 

respectively (Table 2). The maximum daily 

intake rates of Pb, Cu, Co, Cd, and Cr for 

adults (over 18 years of old) in the first 

region for total vegetable consumption 

were 0.07, 0.18, 0.08, 0.03, and 0.09 mg/kg 

of body weight per day, respectively. The 

average daily intake rates of Pb, Cu, Co, 

Cd, and Cr for recipients under 18 years 

old were 0.03, 0.07, 0.03, 0.01, and 0.05 

mg/kg per day, respectively. The average 

daily intake rates of Pb, Cu, Co, Cd, and Cr 

for adults were 0.02, 0.05, 0.02, 0.01, and 

0.03 mg/kg per day for the vegetables 

studied (Table 2). The daily intake of HMs 

by people depends on the concentrations of 

HMs and the amounts of food consumption 

(Lv et al., 2019; Baghaie et al., 2019). 

The maximum daily intake of Pb was 

0.04 mg/kg in leafy vegetables, and 0.1, 

0.05, 0.02, and 0.08 mg/kg per day per 

body weight for Cu, Co, Cd, and Cr in 

tuber vegetables, respectively (Table 2). 

The provisional tolerable daily intake of Pb 

and Cd was determined at 0.0036 and 

0.001 mg/kg, respectively (Anonymous, 

2010; FAO/WHO, 2011). It is unfortunate 

that no reference value for the provisional 

tolerable daily intake has been determined 
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for Cu, Co, and Cr, which needs paying 

attention to the contamination problems of 

HMs in daily foods necessitating to obtain 

details of the study (Moradi et al., 2016). It 

was reported that daily intake rates of Pb, 

Cd, Cu, and Cr in vegetables for adults 

were 0.28, 0.06, 3.14, and 0.14 mg/kg of 

body weight, respectively (Bo et al., 2009). 

In the first (Isfahan) and the second 

(Falavarjan) regions, all the receptors cause 

pollution. The sources of urbanization and 

industrial activities have many problems 

with respect to HMs contamination (Gupta 

et al., 2013; Nasrabadi et al., 2015). 

Table 2. Average, max, min, average of vegetable groups and average of regions for estimated daily intake 

(EDI) of heavy metals in vegetable regime for children (under 18 years) and adults (over 18 years) (mg/kg) 

Groups Index 
Estimated daily intake (EDI) 

Pb Cu Co Cd Cr 

 Average 0.033 0.075 0.032 0.017 0.052 
 Max 0.106 0.259 0.122 0.053 0.134 
 Min 0.001 0.005 0.002 0.001 0.003 

Children Fruit vegetable 0.021 0.068 0.019 0.009 0.019 
 Leafy vegetable 0.040 0.051 0.026 0.015 0.052 
 Tuber vegetable 0.037 0.106 0.051 0.026 0.084 
 First region (H) 0.056 0.109 0.048 0.029 0.069 
 Second region (M) 0.040 0.087 0.034 0.018 0.061 
 Third region (L) 0.003 0.029 0.014 0.003 0.025 
 Average 0.024 0.055 0.023 0.012 0.038 
 Max 0.077 0.189 0.089 0.038 0.098 

 Min 0.001 0.004 0.001 0.001 0.003 
Adults Fruit vegetable 0.015 0.050 0.014 0.007 0.014 

 Leafy vegetable 0.029 0.037 0.019 0.011 0.038 
 Tuber vegetable 0.027 0.077 0.037 0.019 0.061 
 First region (H) 0.040 0.080 0.035 0.021 0.050 

 Second region (M) 0.029 0.064 0.025 0.013 0.045 
 Third region (L) 0.002 0.021 0.010 0.002 0.019 

 

The THQ of non-cancerous diseases of 

individual HMs through the consumption 

of vegetables should be less than one in 

order not to have the explicit hazards for 

the presence of these metals in of the 

whole life of an area through the 

consumption of vegetables (Cherfi et al., 

2016). The average THQ values of people 

who consumed vegetables contaminated to 

Pb, Cu, Co, Cd, and Cr were 8.1, 1.8, 0.74, 

16.5 and 0.03 for children, and 5.9, 1.3, 

0.54, 0.12 and 0.02 for adults, respectively 

(Table 3). These results show that HMs 

account for a high amount of daily 

absorption resulting from the consumption 

of all types of vegetables to have a high 

hazard and increased THQ of non-

cancerous diseases (McBride et al., 2014). 

In the research regions, maximum Cd-THQ 

amounts of 52.6 and 38.4 were obtained for 

children and adults, respectively (Table 3). 

Therefore, it can be affirmed that the THQ 

of HMs intake in the human body, except 

for Co and Cr, is the result of using 

vegetables in recipients less than 18 years 

old due to the lower weight and 

bioaccumulation of HMs. This problem 

shows that the age group of children has 

the highest vulnerability to HMs (Lv et al., 

2019; Sandeep et al., 2019). Aghili et al., 

(2009) estimated THQs of 2.03, 0.67, and 

0.45 in children, adolescents, and adult age 

groups, respectively, for the consumption 

of cucumber, tomato, and pepper in the 

greenhouse. 
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Table 3. Average, max, min, average of vegetable groups and average of regions for target hazard quotient 

(THQ) of heavy metals in vegetable regime for children (under 18 years) and adults (over 18 years)  

Groups Index 
Target hazard quotient (THQ) 

Pb Cu Co Cd Cr 

 Average 8.19 1.88 0.74 16.55 0.03 

 Max 26.39 6.47 2.84 52.67 0.08 

 Min 0.26 0.13 0.04 0.87 0.002 

Children Fruit vegetable 5.21 1.70 0.44 9.44 0.01 

 Leafy vegetable 10.11 1.28 0.60 14.70 0.03 

 Tuber vegetable 9.25 2.65 1.19 25.50 0.05 

 First region (H) 13.88 2.72 1.11 28.98 0.04 

 Second region (M) 9.96 2.18 0.79 17.79 0.04 

 Third region (L) 0.74 0.73 0.32 2.88 0.01 

 Average 5.97 1.37 0.54 12.06 0.02 

 Max 19.24 4.72 2.07 38.42 0.07 

 Min 0.20 0.10 0.03 0.64 0.002 

Adults Fruit vegetable 3.80 1.24 0.32 6.89 0.009 

 Leafy vegetable 7.37 0.93 0.44 10.72 0.02 

 Tuber vegetable 6.75 1.93 0.86 18.59 0.04 

 First region (H) 10.11 1.98 0.81 21.13 0.03 

 Second region (M) 7.26 1.59 0.58 12.97 0.03 

 Third region (L) 0.54 0.53 0.23 2.10 0.01 

 

Analytical data of THQs for non-

cancerous diseases were standardized in 

vegetable samples by PCA2-THQ model 

based on eigenvalue analysis of the 

covariance or correlation matrix. Each 

variable (HMs) with a load shows how well 

the HMs are taken into account by the 

components of the THQ model. They reflect 

how much each HMs contributes to the 

significant variation (or correlation) in the 

data to interpret HMs relationship. Each 

sample has a score along the component of 

the THQ model that shows the location of 

the samples (Figure 5), which is used to 

detect sample patterns, grouping, 

similarities or differences. The effects of 

HMs variable were studied (Figure 5 a-b) 

after indicating the variance and loading of 

principle components such as PC1 (95%) 

and PC2 (4.5%). The process of principle 

components and eigenvalue percentage are 

shown in the scree plot (Figure 5c). In 

addition, these figures show that Cd in PC1 

and Pb in PC2 are the most effective 

variables to determine THQs for non-

cancerous diseases with no correlations (Wu 

et al., 2019). 

The results of the biplot investigation 

were plotted according to the PCA in 

Figure 6. PC1 and PC2 reflect a part of the 

THQ distribution of HMs in vegetables in 

the three research regions. PC1 shows 

maximum percentage of variance (95%) in 

the longitudinal diameter; hence, the 

maximum distribution and the variance of 

THQ in the positive quartet shows the 

greater effects of Cd and Pb. Better 

grouping of basil leaves was observed in 

the positive quarter of PC1 and PC2 in the 

first and second regions (Figure 6). Potato 

(M6 and H6), onion (M5 and H5), 

cucumber (H1), and tomato (H2) are 

shown in the positive quarter of PC1 and in 

the negative side of PC2. This means that 

vegetables from these regions have the 

greatest amount of health risk affected by 

HMs contamination, which were well 

separated from other vegetable species. 

PC2 shows a distribution in the transverse 

diameter, and Cu, Co, and Cr have 

maximum correlations and minimum 

effects on THQ values. Tomato (M2), 

cucumber, and lettuce (M4 and H4) in the 

positive quartet of PC2 and the negative 
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side of PC1 show the lowest THQ hazards 

in the regions (Orisakwe et al., 2012). 

The other vegetables are not segregated 

satisfactorily, merging them in the negative 

sides of PC1 and PC2. Vegetables grown in 

contaminated H and M regions are 

associated with greater THQ hazards, 

particularly for toxic metals such as Cd and 

Pb, which means that their consumption 

represents a significant risk to human health. 

In the third region (L), vegetables are 

associated with a lower health risk of their 

consumption (Bordean et al., 2011). 

Considering the results of this study, it seems 

that the vegetables grown in urban farming 

and near the industrial centers, urban roads, 

traffic areas, and other soil and water 

pollutants have greater contaminations of 

some metals. Therefore, their long-time daily 

consumption causes unwanted and unknown 

hazards and diseases of people throughout 

the society (Sandeep et al., 2019; Aghili et 

al., 2009). Also, only some not all of the 

vegetables were studied herein, so fruits and 

or others food materials may also be 

contaminated with HMs or other pollutants. 

The wide range of aspects related to the 

presence of HMs in vegetables and their 

implications for human health require future 

research on this important problem in a joint 

approach to environmental health that 

humanity is part of that.  

CONCLUSION 
The conclusion of this study has been 

summarized in 5 main sections. The 

highest contamination of all HMs (Pb, Cu, 

Co, Cd and Cr) was obtained in the first 

region (Isfahan), followed by the second 

and third regions. The results showed that 

the highest contamination of Pb was in 

basil and tomato, the highest contamination 

of Cu was in cucumber and the highest 

contamination of Cd and Cr was in onion. 

With attention to the result of this study, 

with the exception of Cu, all the other HMs 

were higher than the recommended 

standard values and the consumption of 

these vegetables can increase the risk to the 

health of people in a long time. 

The highest daily intake of Pb, Cu, Co, 

Cd and Cr for recipients under 18 in the first 

region was 0.10, 0.25, 0.12, 0.05 and 0.13 

mg/kg of body weight per day for the 

consumption of all vegetables, respectively. 

The highest daily intake of Pb, Cu, Co, Cd 

and Cr for adults (over 18 years old) in the 

first region was 0.07, 0.18, 0.08, 0.03 and 

0.09 mg/kg per day, respectively. The THQ 

of non-cancerous diseases resulting from 

vegetable consumption was obtained from 

18.3 and 13.3 in the first region for children 

and adults, respectively.  

The risks of consumption by both age 

groups were greater than the index one with 

high hazard. The analysis of the principal 

components showed that the contamination 

of the HMs in the first and second regions 

overlapped with the probability of 

contamination of the HMs in the urban 

vegetables in the second region, which 

increased the THQ to non-cancerous 

diseases. 

It is suggested to consider food safety 

and quality standards as the basis for 

communicating with the community and 

producing food products. Farming with the 

contaminated air and maximum usage of 

the chemical inputs and urban wastewaters 

will make unhealthy product that the 

gradual consumption of these vegetables 

can threaten as the human health hazard 

and will have unrepairable consequences 

especially in the future. 

Controlling the maximum tolerance of 

HMs in food products is one of the issues 

that food consumers should mention to 

protect their health and achieve food 

safety. The purification of contaminants in 

agricultural products helps improve the 

safety and quality of food products and 

reduces THQ in human health and the 

environment by providing information 

related to the levels of environmental 

pollution in the community. It is worth 

noting that the heavy metal contamination
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in the vegetables examined in this study is 

only a small part of a person's food chains 

that will be at high risk in the overall feeds 

and is indeed a threat to vegetarian's people 

who think they are eating healthy food. 
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