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Abstract
Purpose This study was designed to measure the concentrations of heavy (Pb, Cu, Fe, Ni, and Zn) metals in water, soil, 
and frequently edible leafy vegetables in the Iranian population and assessed the carcinogenic and non-carcinogenic health 
risk in consumers.
Methods The samples of soil, water, and vegetables were collected from forms near the Tehran-Mashhad highway in 
Neyshabur, Iran. The content of heavy metals in the samples was analyzed using Atomic Absorption Spectrophotometry.
Results The average concentrations of Pb, Cu, Fe, Ni, and Zn were 5.56, 3.35, 4.74, 2.95, and 5.27 mg/kg, respectively. Lead 
concentration in all of the vegetable samples was higher than the permissible value endorsed by the World Health Organiza-
tion (WHO) / Food and Agriculture Organization (FAO). In contrast, the concentrations of all the other heavy metals in the 
samples were less than the maximum permissible levels recommended by WHO/FAO. Similarly, the water and soil samples 
were highly contaminated by Lead. The hazard quotient (HQ) of all the heavy metals was distinctively less than one, and it 
did not exceed 0.3 in any of the age groups. Furthermore, the carcinogenic risk for nickel was only higher than the recom-
mended value, especially in women.
Conclusion While it seems that consuming vegetables has no acute health risk related to heavy metals, long-term and regular 
ingestion of the vegetables are likely to make cancer risk. Besides, due to the high concentration of Pb in soil and vegetables, 
regular and integrated assessment of heavy metals in soil, water, and food is necessary.
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Introduction

Human exposure to heavy metals has been dramatically 
increasing due to the growth of cities and industries [1]. 
Heavy metals mainly include cadmium (Cd), lead (Pb), 
chromium (Cr), copper (Cu), zinc (Zn), arsenic (As), etc., 
and maybe originated from natural resources such as soil 
erosion, weathering of rocks as well as surface runoff and 
anthropogenic ones like industrial and municipal waste dis-
posal, mining, application of fertilizers and pesticides and 
deposition of contaminated particle matters [2–5]. Although 
low levels of some heavy metals such as Cu and Zn are nec-
essary for health, some other heavy metals such as Pb and 
Cd, even at low levels, may cause adverse effects, including 
cancer, cardiovascular diseases, high blood pressure, and 
severe intellectual disability [6].

The heavy metals’ significant concerns are related to 
their specific properties, including toxicity, persistence, 
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and bioaccumulation in the environment. The agricultural 
soil and irrigation water for food production may contain 
heavy metals and directly or indirectly affect public health 
[7–9]. Different types of food products such as bread, rice, 
meat, fruits, and vegetables may contain a remarkable 
amount of heavy metals [10–13]. Vegetables are one of 
the essential groups of foods with a great potential for 
heavy metal accumulation. The concentration of heavy 
metals in vegetables depends on several factors, includ-
ing the ability of metal absorption by the plant, degree of 
soil stabilization, and transfer factor of metals (from soil to 
root) [14–16]. The contamination of vegetables with heavy 
metals is also related to soil pollution. Moreover, the loca-
tion of farms (proximity to the main roads) and the quality 
of water and wastewater effluents used for irrigation of the 
farms significantly affect the contamination of plants with 
heavy metals [17–19].

As heavy metal contamination in agricultural products 
is a serious problem, especially in developing countries, 
several studies attended to the measurement and moni-
toring heavy metals in farmlands [20, 21]. For instance, 
Ahmed et al. (2018) measured the levels of Cr, Cu, Zn, As, 
Cd, and Pb in water, vegetables, and soil samples collected 
from an industrial region. Consequently, high contamina-
tion of Cu and Cr was observed in root vegetables, and 
it has been predicted that consumption of them might be 
unsafe [22]. According to Osaili et al. (2016), concentra-
tions of Cu in parsley and spinach and Pb in onion were 
more than the Codex limits for foodstuffs [23].

Heavy metals such as Ni, Pb, Cr, Cd are likely to enter 
the environment through waste and wastewater disposal, 
industrial activities, and wastewater, which can pose health 
effects to humans [24]; Besides, long term exposure to 
heavy metals can increase the risk of cancers, psychologi-
cal, and also neurological disorders [25, 26]. Thus, the 
Environmental Protection Agency (EPA) issued certain 
methods to predict the more precise risk of heavy met-
als absorbed through a wide variety of food materials. By 
using these methods, risk assessments can be performed, 
and both carcinogenic and non-carcinogenic probability of 
the different foods’ consumption can be predicted. Despite 
the importance of tracing the heavy metal contamination 
in the food chain, there was no comprehensive study in 
Neyshabur, a region with a great number of vegetables 
and garden produce in the Northeast of Iran. In addition, 
a great proportion of vegetables from this region are being 
exported to different neighboring counties and provinces. 
Therefore, the main objectives of this study were (a): 
measuring the content of heavy metals in water, vegeta-
bles, and corresponding soil, (b): estimating the hazard 
quotient related to exposure to contaminated water, soil, 
and vegetables from different routes.

Materials and methods

This is a descriptive-analytical study carried out in 
Neyshabur County. Several leafy vegetables namely Men-
tha (mint), Ocimum basilicum (basil), Petroselinum crispum 
(parsley), Allium schoenoprasum (chives), and Coriandrum 
sativum (coriander), which are routinely used as edible veg-
etables throughout the year by Iranian people, were selected 
for this study.

Research area

Neyshabur is one of the counties in the central part of 
Razavi Khorasan Province, in the eastern margins of the 
Central Desert of Iran (36°12′48″N 58°47′45″E). Binaloud 
altitudes surround this area, foothills of Bandsiahkook and 
Kouhnamak (Rokh Plain water basin), Sabzevar Plain water 
basin, and Leyla joogh and Yalplanag altitudes from the 
north, south, west, and east directions, respectively. Vegeta-
bles are one of the main agricultural products of this county 
and are exported to other parts of northeastern Iran such as 
Sabzevar, Mashhad, Torbath Heydaryeh, Birjand, etc. [27, 
28].

Collection of vegetable samples

In the present study, five types of edible vegetables were 
selected, including mint, basil, parsley, chives, and corian-
der. Vegetable samples were collected from three central 
parts of the county from May to August 2018, the peak of 
vegetable growth and harvest in Iran. Additional samples 
were collected from the farms around the city. Sampling 
areas are indicated in Fig. 1. In total, 125 samples were 
collected for five types of vegetables. The edible parts of 
vegetables were separated, and samples were placed inside 
polyethylene bags and transported to the laboratory. Also, 
the researchers described the research goals to farm owners 
before sampling, and the samples were collected after get-
ting permission.

Collection of soil and water samples

In addition, water samples used for irrigating vegetables 
were gathered from water pipes in farms. In all the farms, 
water was supplied by water walls and transferred by pipes. 
Water samples were collected in polyethylene bottles. The 
bottles were pre-washed with detergent and rinsed with de-
ionized water; the samples were treated with 1.5 ml of nitric 
acid and stored at 4 °C until analysis.

Soil samples were also collected from each field. The 
depth of sampling was 0–20 cm, which is the usual depth of 
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root propagation. In total, water and soil samples were col-
lected from 28 fields. The soil samples were placed inside 
polyethylene bags to prevent any possible contamination. All 
water, soil, and vegetable samples were carefully taken dur-
ing collection, transportation, and storage in the laboratory 
to prevent any possible contamination.

Sample preparation

The samples were transferred to the laboratory after col-
lection. The collected soil samples were air-dried, crushed 
using a mortar, and sieved through a sieve with the mesh size 
of 2 mm to remove large debris, stones, sand, and pebbles, 
and then for further analysis, they were kept in plastic bags.

The vegetable samples were washed and dried at room 
temperature. Afterward, the samples were sieved through 
standard-sized sieves, and sections containing 2-mm parti-
cles were chosen for heavy metal analysis.

Measurement of heavy metals

Measurement of heavy metals in water

Atomic Absorption Spectrophotometer (AAS, Shi-
madzu-7000) was utilized to determine the concentrations 
of heavy metals in water. The AAS was calibrated with 
relevant Shimadzu AAS spectroscopic grade standards. 
The concentration of heavy metals was measured as ppm. 

If the concentration was higher than the calibration limits, 
the sample was diluted, or another calibration curve with a 
higher concentration range was considered [29].

Measurement of heavy metals in soil

First, some of the properties of the soil were measured. 
Soil pH and electrical conductivity (EC) were measured 
using distilled water (1:5 w/v), the mechanical composi-
tion (sand, silt, clay) was evaluated by the hydrometer 
method, and organic carbon (OC) contents were deter-
mined by the Walkley-Black wet oxidation method. The 
total heavy metal concentrations in the prepared soils 
were determined with the extraction of hydrogen chlo-
ride- Nitric acid- Hydrogen fluoride- Perchloric acid 
(HCl-HNO3-HF-HClO4). Approximately 100 mg of the 
sample was digested with 3 mL of 37% HCl, 1 mL of 
65%  HNO3, 6 mL of 65% HF, and 0.5 mL of 65%  HclO4. 
The two-stage digestion program was as follows: Stage 1 
(10 min to reach 200 °C) and stage 2 (15 min at 200 °C) 
(Hu et al., 2011). After cooling, the digestion solutions 
were evaporated to near dryness and then dissolved in 
1 mL of 65%  HNO3 and 20 mL of deionized water. Then, 
the sample was placed on a heater until the emergence of 
 HclO4steam. After cooling down, HF in 5 mL was added 
to the crucible, and the contents were dried at 200–225 °C 
in a sand bath. When the crucible was cooled down, 2 mL 
of water and several drops of  HclO4 were added. The 

Fig. 1  Study area

67Journal of Environmental Health Science and Engineering (2022) 20:65–77



1 3

crucible was again exposed to the sand bath for drying. 
After another cooling down, 5 mL of normal HCL and 
5 mL of deionized water were added to the crucible. Then 
it was placed on the heater to boil. Eventually, when the 
residual soil was completely digested in HCL, the samples 
were diluted by deionized water in a 50-mL container. An 
atomic absorption system (Shimadzu AA-7000) was used 
to determine the amount of heavy metals. The standard 
solutions carried out the calibration process. The limits 
of detection (LOD) for Pb, Cu, Fe, Zn, and Ni were 0.1, 
0.07, 0.05, 0.07, and 0.07 μg/L, respectively; however, the 
limits of quantity (LOQ) for Pb, Cu, Fe, Zn, and Ni were 
0.3, 0.2, 0.015, 0.2, and 0.2 μg/L, respectively.

Measurement of heavy metals in vegetables

One g of each sample was powdered and incinerated in an 
electric furnace at the temperature of 550 °C to measure 
the concentration of heavy metals in vegetables. After 
solving the incinerated samples in HCL, the concentra-
tions of the specified metals in the filtered solution were 
identified using an atomic absorption device. Bioaccu-
mulation factor (BAF) is a critical factor affecting the 
exposure to heavy metals through the food chain and is 
defined as the ability of heavy metals to be transferred 
from soil to the edible parts of vegetables. The BAF can 
be calculated for Pb, Cu, Fe, Ni, and Zn using the follow-
ing equation:

where  Cveg and  Csoil are the concentrations of the heavy 
metal of interest in the edible parts of the vegetable and 
soil, respectively [30].

BAF = Cveg∕Csoil

Health risk assessment

The health risk is the probability of adverse health effects 
due to environmental pollution and is assessed using the fol-
lowing steps: Risk identification, dose-response assessment, 
exposure assessment, and risk characterization. The intake 
of heavy metals is via three sources of water, soil, and air. 
Heavy metals can be transferred from one source to another 
and increase the risk from that source. Exposure to heavy 
metals can occur through six routes, including 1) direct 
ingestion of soil particles, 2) dermal exposure to polluted 
soil, 3) the food chain, 4) inhalation, 5) drinking the polluted 
water, and finally 6) dermal exposure to polluted water [31]. 
In this study, the carcinogenic and non-carcinogenic risks for 
each route were estimated using the methodology recom-
mended by US EPA [8].

Calculation of heavy metal intake

Chronic daily intake (CDI) was calculated by the daily pol-
lutant intake via each of the exposure routes. The parameters 
used to calculate CDI are presented in Fig. 2 and Table 1.

Carcinogenic risk

The carcinogenic risk was estimated by evaluating lifetime 
exposure to the carcinogen agent through each of the expo-
sure routes:

Where CDI is Chronic daily intake (mg/day) and CSF is 
the cancer slope factor (mg/kg  day−1) which links the mean 
exposure concentration to the increase in the probability of 
developing cancer (Table 2). The total carcinogenic risk was 
estimated using the following equation:

Cancer Risk = CDI × CSF

Fig. 2  Equations for the calcula-
tion of daily heavy metal intake 
via various exposure pathways

× × × ×
×

× × × × ×
×

× × ×
×

× × ×
×

× × × × × × ×
×

Sources of 
heavy metal 

intake

Soil

Water

Air

Inges�on

Dermal 
contact

Diet

Oral 

Dermal

Inhala�on

68 Journal of Environmental Health Science and Engineering (2022) 20:65–77



1 3

Total cancer risk =

n
∑

k=1

CDIk × SFk

where cancer risk is a unitless parameter showing the prob-
ability of individual developing cancer, CDIk is chronic daily 
intake dose of a pollutant (mg/kg/day), and SFk is the car-
cinogenicity slope factor (mg/kg/day). Using the estimates 
of slope factor (SF), lifetime exposure to a carcinogenic 

Table 1  Defining the parameters of the equations for calculating the daily intake of heavy metals via various exposure pathways

a Different equations are used for each exposure route (Fig. 2)

Parameter Definition Value of parameter Unit Ref

C Heavy metal concentration Observed value mg/kg or mg/L –
EF Exposure frequency 350 Day/a [32]
ED Exposure duration Girls 5.5 Day [3]

Boys 5.5
Women 30
Men 30

Irs Soil ingestion rate 100 mg/day [32]
Bw Body weight Girls 26.25 kg [2]

Boys 23.85
Women 62.5
Men 75

AT Average time Carcinogenic
54 × 365

Day [2]

Non-carcinogenic 70 × 365 [32]
CDI Chronic daily intake a mg/day [3]
SA Exposed surface area of skin 5700 cm2 [32]
AF Skin adherence factor 0.07 mg.cm2 [32]
ABS Dermal absorption factor 0.001 – [3]
IR veg Average consumption of edible 

vegetables
Girls 32.5 kg/day Based on the food frequency 

questionnaire filled out in health 
centers

Boys 32.5
Women 45
Men 45

IRoral-water Daily water consumption Girls 1.5 L/day [32]
Boys 1.5
Women 2.5
Men 2.5

PEF Particle emission factor 1.36 ×  109 m3/kg [33]
EVshower Bathing frequency 1 a/day [34]
CF Unit conversion factor 10−6 kg.mg−1 [33]
ET Exposure frequency 24 h/day [3]

Table 2  The toxicity responses 
(dose responses) to heavy 
metals as the oral reference 
doses (RfD) and oral slope 
factors (SF)

n.d: not determined

Heavy metal Oral reference dose 
(mg/kg/day)

Dermal reference dose 
(mg/kg/day)

Inhalation reference 
dose (mg/kg/day)

Slope factor 
(mg/kg-
day)−1

Ni 2 ×  10−2 5.4 ×  10−3 2.06 ×  10−2 0.84
Pb 3.5 ×  10−3 5.25 ×  10−4 3.52 ×  10−3 0.00085
Zn 0.3 6 ×  10−2 0.3 n.d
Cu 4 ×  10−2 1.2 ×  10−2 4.02 ×  10−2 n.d
Fe 1.6 n.d n.d n.d
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substance can be converted to the incremental risk of indi-
vidual developing cancer.

According to US EPA, the acceptable carcinogenic risk 
ranges from  10−4 to  10−6.

Non‑carcinogenic risk

The non-carcinogenic risk was assessed using the hazard 
quotient (HQ) which qualitatively compares CDI with the 
reference dose of the pollutant (RfD):

The total exposure hazard index (THI) aggregates all non-
carcinogenic risks from all the exposure routes [8]:

For both HQ and HI, if the value is higher than one, the 
non-carcinogenic health risk is unacceptable, while the val-
ues below one indicate an acceptable risk [3].

Data analysis

After performing the tests in the laboratory, the obtained 
data were entered into Excel software. Descriptive analy-
sis of the vegetable, soil, and water samples was performed 
using Excel software (version 2016). Mean, standard devia-
tion, minimum, maximum, and plotting of graphs were per-
formed using Excel software. Besides, estimations of health 
risk assessment were carried out using Excel, as well. Arc 
GIS illustrated the geographic dispersion of sampling points.

Results

Descriptive analysis showed high concentrations of lead in 
the vegetables; all the samples had unsafe concentrations 
based on the limits (0.3 mg/kg) of WHO/FAO for food. In 
contrast, the concentration levels of other heavy metals in 
the vegetables were in the safe range, and none of the veg-
etable samples had high contents of heavy metals, including 
Cu, Fe, Ni, and Zn.

The concentration of heavy metals in vegetables

The average concentrations of heavy metals in different 
vegetables are illustrated in Fig. 3. The average Pb, Cu, Fe, 

HQ =
CDI

RfD

HI =

n
∑

k=1

HQk

THI =

n
∑

k=1

HI

Ni, and Zn concentrations in all the vegetables were 5.56, 
5.27, 4.74, 2.94, and 3.33 mg/kg, respectively. The highest 
and lowest lead concentrations were observed in Mentha 
(17.47 mg/kg) and O. basilicum (0.30 mg/kg), respectively 
(Fig. 3). Ni had roughly similar average concentrations in 
different types of vegetables ranging from 2 to 3 mg/kg. 
Interestingly, Mentha was Fe-free, while the highest concen-
tration of Fe was observed in P. crispum (Fig. 3).

Concentrations of heavy metals in water and soil

The characteristics of soil can affect the concentration and 
absorption of heavy metals in the soil. The average values of 
some of these properties, including pH, organic component, 
clay silt, sand, EC, and cation exchange capacity (CEC), 
are 7.5, 0.7%, 0.25%, 0.45%, 0.3%, and 5, respectively. The 
descriptive statistics of heavy metal concentrations in water 
and soil are presented in Table 3. The average Pb, Cu, Fe, Ni, 
and Zn concentrations in soil samples were 5.47, 6.32, 14.50, 
2.71, and 4.56 mg/kg, respectively. In addition, lead and 
zinc had the highest (18.48 mg/kg) and lowest (0.79 mg/kg) 
concentrations in water samples, respectively. The concen-
trations of Ni, Cu, and Zn exceeded the WHO standards in 
about 93%, 75%, and 40% of the water samples. The order of 
heavy metals’ concentration in water was Zn˃Cu˃Ni˃Fe˃Pb. 
Interestingly, almost all the water samples were free of Pb.

Calculation of BAF

This factor was calculated by dividing the heavy metals’ 
concentrations into the edible parts of the vegetables by their 
amount in the corresponding soil (Fig. 4). The order of the 
BAF values calculated for the vegetable samples was as fol-
lows: Fe > Ni > Pb > Cu > Zn. The BAF values ranged from 
0.233 to 1.272; the highest values of Pb, Zn, and Ni were 
observed in Petroselinum crispum, and the highest values of 
Cu and Fe were in Mentha.

Non‑carcinogenic risks

The non-carcinogenic risks from each exposure route are 
illustrated in Fig. 5. The present results demonstrated that 
diet, i.e., vegetable consumption, made the largest con-
tribution to non-carcinogenic risks of heavy metals. The 
average risks for each element and exposure route are 
presented in Table 4. All of the values were below the 
permitted level (<1).

Between the different pathways of non-carcinogenic 
risk of heavy metals, diet (including water and vegeta-
bles) was the most important way (more than 99% for 
all the metals) and the proportion of other pathways was 
insignificant (Table 4).
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The non-carcinogenic risks for different age and gender 
subgroups are also shown in Fig. 6. The HQ and total HQ 
values for all the gender- and age-specific groups were in the 
following order: Pb > Ni > Cu > Fe. The highest and lowest 
risks were estimated to be from lead and iron, respectively; 
however, all the HQs were below one. Adult females were 
more at risk among the population groups than other groups 
(adult females were the most at-risk subgroup (THQ = 0.27)).

Carcinogenic risks

Out of the five studied metals, only lead and nickel have 
been proved to have carcinogenic effects. Therefore, only 
the cancer risk was assessed due to exposure to Pb and Ni 
among the six defined routes (Fig. 7). The results indicated 
that eating vegetables and drinking water made the biggest 
contribution to carcinogenic risk. The most significant con-
tributors to the estimated cancer risks of Pb and Ni were 
vegetables (52.38%) and drinking water (92%), respectively.

The carcinogenic risks of Pb and Ni for four age and 
gender groups are depicted in Fig. 8. As observed, women 
and girls were the most and least at-risk subgroups, 
respectively. However, the carcinogenic risks of Pb did 
not exceed the US EPA limits. The carcinogenic risks 
estimated for adults and younger people due to the expo-
sure to Ni were 1.58 ×  10−4 and 4.35 ×  10−4, respectively, 
which exceeded the acceptable range recommended by 
EPA. The carcinogenic risks of Pb for the same groups 
were 3.02 ×  10−7 and 4.35 ×  10−4, respectively, which 
were negligible.

Discussion

In this study, we investigated the amount of heavy metals 
in soil, water, and vegetables cultivated in an agricultural 
area in Iran. Our findings manifested that collected soil sam-
ples of Neyshabur’ from farmlands were contaminated by 

Fig. 3  The concentration of each heavy metal in different types of vegetables. A: the content of Ni, B: the content of Pb, C: the content of Fe, D: 
the content of Zn, E: the content of Cu
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heavy metals, especially Pb, Cu, and Fe. Such high content 
of heavy metals in soil can be related to the frequent applica-
tion of pesticides, chemical fertilizers, and animal manure in 
vegetable farms. Similarly, previous studies by Zhang et al. 
and Quitong et al. revealed that animal fertilizers increase 
the Pb, Cu, and Zn content in the soil, raising the heavy 
metal concentration in cultivated vegetables [35–37]. The 
content of Pb, Ni, and Zn were significantly less than those 
measured by Mohammadi et.al (2019) in industrial areas of 
Neyshabur [38], while, in the present study, the concentra-
tion of heavy metals in soil samples can be partially related 
to deposition of dust emitted from industrial activities and a 
highway near the given farms (fig. 1).

The water samples were contaminated by Cu, Ni, and 
Zn and the content of these heavy metals in water was 
higher than permissible limits issued by WHO for drinking 
water [39], however, the samples were almost Pb and Fe 
free. A low concentration of Pb and Fe could be associ-
ated with the type of water resource, water walls located 
near the vegetable farms. Low contamination by Lead has 
been usually reported in groundwater [28, 40], but the 
concentration of Fe remarkably depends on geographic 
formations and weathering rocks [41]. On the other hand, 
as the concentration of Cu and Ni was more than WHO 
limits in a great majority of samples, it can make a health 
risk for farmers and villagers using water as a drinking 
water resource [42].

The overall average concentrations of Pb, Cu, Fe, Ni, 
and Zn in vegetable samples were 5.56 mg/kg, 5.27 mg/
kg, 4.74 mg/kg, 2.94 mg/kg, and 3.33 mg/kg, respectively. 
Almost all the vegetable samples were contaminated with 
high concentrations of Pb, however, the content of other 
heavy metals was below permissible levels of WHO for food 
ingredients (Table 3). It seems that the high concentrations Ta
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Fig. 4  Bioaccumulation factor (BAF), the ratio of the heavy metal 
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of lead in vegetables can be attributed to its high levels in the 
soil. As in the farmlands of Neyshabur, farmers frequently 
use both chemicals and animal manure as fertilizers, which 
could contaminate soil and consequently increase the con-
centration of heavy metals in vegetables [43, 44].

Other heavy metals were in a safe range based on the 
maximum allowable limits (MAL) of heavy metals in food 
set by FAO/WHO-CODEX. In various types of vegeta-
bles, the concentration of heavy metals was different. For 
instance, Mentha was the most lead-contaminated type of 
edible vegetable; on the other hand, Ocimum basilicum con-
tained the lowest concentration of lead (0.3 mg/kg). About 
Fe, Petroselinum crispum had a moderately higher concen-
tration; and by contrast, Mentha was approximately Fe-free. 
The concentration differences of Ni, Cu, and Zn were trivial 
in various given vegetables (Fig. 3). These results could mir-
ror the morphological and physiological differences in the 

uptake, separation, accumulation, and storage of heavy met-
als in different types of vegetables [7, 45].

Bioaccumulation factor (BAF) can also play an important 
role in the heavy metals stored in different parts of various 
vegetables. Generally, BAF is usually affected by the chemi-
cal formation of heavy metals in soil and the physicochemi-
cal characteristics of soil such as salinity and pH. Here, it 
was found that the BAF of metals was in the following order: 
Ni > Pb > Cu > Zn > Fe. Leafy vegetables have a higher 
growth rate and slower root to shoot transfer, leading to a 
lower accumulation of heavy metals in the upper parts [46].

The non-carcinogenic risks of heavy metals were 
also assessed, through four routes of exposure, includ-
ing direct ingestion of soil particles, dermal contact 
with soil, food chain, and inhalation of soil particles. 
Among the exposure routes, ingestion was the most com-
mon way of exposure (more than 99%) to heavy metals. 

Fig. 5  Multi-pathway analysis 
of HQ
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Pb, Cu, Ni, Fe and Zn

Soil

Vegetables
55%

Inges�on
0%

Dermal contact
0%

Water

Oral intake
45%

Dermal intake
0%

Air
Inhala�on

0% 

Table 4  Non-carcinogenic risk 
of heavy metals via various 
exposure pathways

*: could not be calculated because it was too low

Exposure pathways Proportion Pb Zn Fe Cu Ni

Diet Measure 0.146665 0.001027 0.000274 0.012164 0.013605
Percentage 99.81% 99.75% 99.48% 99.79% 99.83%

Ingestion of soil Measure 0.000243 2.36E-06 1.41E-06 2.46E-05 2.11E-05
Percentage 0.16% 0.22% 0.51% 0.20% 0.15%

Inhalation of soil Measure 1.77E-09 1.73E-11 * 1.79E-10 1.5E-10
Percentage * * * * *

Dermal absorption of soil Measure 1.87E-05 1.37E-07 * 9.51E-07 9.05E-07
Percentage 0.01% 0.01% * * *
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It was in line with previous studies such as the stud-
ies by Liu et al., Liang et al., and Xiao et al. [33, 47, 
48] in which the studied population groups mainly were 
exposed to the heavy metal through ingestion of water 
or foodstuffs. We used hazard quotient (HQ)to evalu-
ate the acute health risk attributed to heavy metals for 
consumers. The estimated HQ for lead was higher than 
those of other metals; however, the HQs were below 
one under all circumstances, indicating the insignifi-
cant non-carcinogenic risks of heavy metals through 
vegetable consumption. Due to the higher concentra-
tions of lead, it was excepted that the HQ exceeded the 
limit, as reported in other studies, but the values of HQ 
were distinctly lower than one, indicating that the con-
sumption of vegetables does not cause any significant 

non-carcinogenic risk to health. This difference can be 
due to the higher vegetable consumption in other stud-
ies compared with the present investigation. This study’s 
amount of vegetable consumption was selected based on 
a questionnaire-based survey for different age groups. In 
this study, consumption of vegetables was lower (32.5 
and 45 g) [48, 49] than that of the studies by Ghasemi 
Dehkordi et  al. (2018) (IRveg = 684  g), Salehipour 
et al. (2015) (IRveg = 67.2 g), and Sharma et al. (2009) 
(IRveg = 76.65 g) [2, 50, 51].In assessing HQs for popu-
lation subgroups, higher values of HQ were observed for 
women. Agreement with our findings, Selehipour et al. 
(2015). reported that female adults (who have lower body 
weights) were exposed to higher non-carcinogenic risk 
than male adults [2].

Comparing the cancer risk of Pb and Ni through various 
exposure routes revealed that the risks via consuming foods 
are about 52 to 55 thousand times higher than the sum of the 
risks via inhalation and dermal intake routes. Similarly, the 
results of the studies by Xiao et al. (2017) and Liang et al. 
(2017) indicated that the risks via ingestion of soil particles 
were 87 times more than those via inhalation and dermal 
intake [47, 48]. The carcinogenic risks due to drinking con-
taminated water and food ingestion mainly were attributed 
to nickel and lead. Compared with the limits set by US EPA 
[52], Ni′s cancer risk (CR) for all the groups was higher than 
the acceptable values,  10−6–10−4, while the estimates of CR 
for Pb showed that Pb posed a negligible cancer risk for 
consumption of vegetables. Most importantly, there was a 
likelihood of carcinogenic risk for adult women, as similarly 
reported by Aghili et al. (2009) and Salehipour et al. (2015) 
[2, 53]. As the cancer risk estimates for vegetable consum-
ers are higher than the allowed range, regular monitoring 
and assessment of heavy metals and their possible health 
outcomes are required.
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We acknowledge that sensitivity analysis and other simu-
lation methods such as Monte Carlo could be beneficial to 
assess the health risk of exposure to heavy metals and other 
contaminants. It is also of great importance that the carcino-
genic and non-carcinogenic risks are assessed comprehen-
sively, and all of the exposure routes should be considered. 
Besides, the separation of natural and anthropogenic frac-
tions of heavy metals could be good for health officials or 
policymakers, but we did not focus on source identification 
in the present study. However, this study attempted to evalu-
ate four major exposure routes of heavy metals in the vast 
geographical area of Neyshabur, and estimate the related 
carcinogenic and non-carcinogenic risks. Future studies 
could also be conducted in other areas with different risk 
assessment approaches.

Conclusion

It seems that the high concentration of Pb in vegetables is 
alarming; however, the concentration of other heavy metals 
was at the permissible level. Likewise, Pb highly contami-
nated soil samples, which indicates the effect of frequent 
application of chemical fertilizers and other polluting human 
activities near the farmlands. Despite the high concentra-
tion of Cu, Ni, and Zn in water, the groundwater samples 
contained a remarkably low level of Pb and Fe. Regarding 
the findings of health risk assessment, Pb was the most sig-
nificant part of HQ in non-carcinogenic risk; however, the 
non-carcinogenic risk for all the routes and heavy metals 
was distinctly less than one. Regarding the carcinogenic risk 
of the given heavy metals, Ni had the highest carcinogenic 
risk, which was even more than Pb. In addition, adult women 
were more likely to be affected by high cancer risk due to 
long-term consumption of vegetables contaminated by Ni. 

Accordingly, regular measurement and monitoring of heavy 
metals in different foodstuffs, soil samples, and water are 
essential to control short-and long term health effects in the 
food chain.
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