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Abstract

Background: Heavy metals (HMs) in the environment threaten food safety and human health. In this
study, the health risks of HMs caused by the consumption of commonly consumed vegetables in the
central part of Mazandaran province were evaluated.

Methods: In this study, 42 vegetable samples were analyzed for concentration of HMs, and estimated
daily intake (EDI), target hazard quotients (THQ), hazard index (HI), and target carcinogenic risk (TCR)
were calculated.

Results: The mean content of lead (Pb), cadmium (Cd), and zinc (Zn) in the studied areas were obtained
28.45, 0.26, and 79.20 mg/kg, respectively. The concentration of Pb, Cd, and Zn in the studied vegetables
was found to be 1.76 £0.2, 0.09+0.07, and 11.53 + 1.20 mg/kg, respectively. The EDI average of Pb, Cd, and
Zn in adults was 0.0064, 0.0003, and 0.0412 mg/kg day’; and in children were 0.0099, 0.0005, and 0.0686
mg/kg day™’, respectively. The present study showed that the THQ for Pb in all vegetables consumed by
children faces much higher risks than adults. The TCR for Pb in total vegetables was less than 10* and for
Cd was identified as more than 10 in some vegetables in the adults and the children’s population.
Conclusion: The concentration of Cd and Zn in the soil and related vegetables is less than the permissible
limit, but the amount of Pb in the vegetables is higher than the permissible limit. Therefore, continuous
care and monitoring of agricultural soils in these areas, such as the proper use of chemical fertilizers,
pesticides, and treated wastewater sludge, is necessary.
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Introduction

Heavy metal (HM) pollution has spread broadly over
the globe and has disrupted the environment and posed
health hazards to humans and other living things. Despite
HMs are natural components of the Earth’s crust and can
be released by natural processes, but often, anthropogenic
activities (e.g., the rapid growth of urbanization, land use
changes, mining, application of fertilizers and pesticides,
and industrialization) are responsible for the majority of
HM pollution (1-4).

Soil is the primary source of HMs in the atmosphere,
hydrosphere, and other living organisms, and therefore,
plays an essential role in the cycle of metals in nature.
HMs in the soil are potential threats to the environment
and living organisms, which can damage human health
and the environment through different pathways such
as direct digestion, dermal contact, inhalation, and oral

com

intake (5,6).

Vegetables play important roles in the human diet, due
to having a variety of useful materials and nutrients such
as proteins, carbohydrates, vitamins, and antioxidants
(7,8). However, various human activities such as
industrial processing like smelting, mining, automobile
exhausts, pesticides and fertilization, especially excessive
consumption of inorganic chemical fertilizers in
agricultural places are causing HM contamination in the
world (9-11). Vegetables take up HMs by uptaking them
from contaminated soils, as well as from deposits on
parts of the vegetables exposed to the air from polluted
environments (12).

Chemical effects of HMs on soil include changes in
pH (e.g., metals such as cadmium [Cd] and aluminum
can reduce soil pH, making it more acidic, and like
nickel and chromium can increase soil pH, making it
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more alkaline), nutrient imbalance, degradation of soil
organic matter, and impact on redox reactions (13). HMs
impact the physiological and biochemical functions of
plants, triggering adverse effects on photosynthesis by
diminishing chlorophyll production, disrupting enzyme
activity, and impeding nutrient absorption (14). This
results in halted plant growth, stunted development,
and diminished product yield. Moreover, HMs induce
oxidative stress in plants, generating reactive oxygen
species that harm cellular structures, disrupt metabolic
functions, and lead to cell membrane damage, protein
degradation, and DNA alterations, ultimately, affecting
plant growth and crop productivity (13).

Long-term intake of HMs in humans and other living
organisms causes serious damage to them. For example,
chromium, copper, and Zn cause non-cancerous diseases
such as neurologic conflict, headache, and liver disease,
when the HMs contents are higher than their safe threshold
values (15). There is also clear evidence that long-term
exposure to low doses of HMs can cause various cancers.
For example, Park et al found an increased lifetime risk
of dust and mists containing hexavalent chromium (16).
Daily intake of Cd through the consumption of rice and
other foods obtained from contaminated soils has been
associated with the occurrence of a type of breast cancer
(17). Cd and Pb are the most toxic metals for humans
(18). La“c"tugu et al reported that in people who lived in
areas with soil and vegetables contaminated with Pb and
Cd in a place of Romania, life expectancy decreased by 9
to 10 years (19). Exposure to high concentrations of Pb
can cause elevated arterial pressure, behavioral issues,

and long-term impairment of the brain and kidneys (20).
On the other hand, extreme exposure to Cd may cause
skeletal difficulties, respiratory system, cardiac, and renal
complications (2,3). Hu et al analyzed the levels of HMs
in soil and vegetables and evaluated the associated health
risks in suburban areas across China (21). Heshmati et al
investigated the concentration and health risks of Pb and
Cd in vegetable and grain consumption in western Iran
(22). In addition, Amouei et al examined the concentration
of Pb, Cd, and Zn in the soil of different agricultural areas
of Mazandaran province along with their potential impact
on human health (23).

Babol city is located in the central part of Mazandaran
province and is one of the most populous cities in
northern Iran. The Babol River passes through this
city and flows into the Caspian Sea. This city has a lot
of vegetable fields, the area under vegetable cultivation
is 6,438 hectares and the annual production is 104300
tons, and every year, large quantities of vegetables are
sent to all parts of Iran. Therefore, this study aimed to
determine the concentration of HMs (Pb, Cd, and Zn)
in the agricultural soils and some vegetables consumed
and to assess their potential human health risks in the
residents of Babol city.

Materials and Methods

Soil and vegetable sampling

In this study, soil and vegetable samples were collected
from four areas of Babol city including L,=Mooziraj,
L,=Tork Mabhalle, L,=Gorji Abad, and L,=Bala Baziar
(Figure 1). In each agricultural area, 15 soil samples

Figure 1. Soil and vegetable sampling locations in the investigated areas of central Mazandaran province (Babol city)
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related to the studied vegetables (approximately 1 kg in
each sample) were randomly taken from a surface area of
20 cmx20 cm at 5 and 15 cm depth and transferred to
the laboratory using polyethylene bags. The soil samples
were first air-dried at room temperature for one week and
passed through 2-mm and 0.15-mm sieves, respectively
(23). Sixty samples from 6 commonly consumed vegetable
types such as cress, radish, parsley, leek, coriander, and
lettuce were collected from four regions of vegetable
fields. The vegetable samples were thoroughly cleaned by
washing away any dust particles with de-ionized distilled
water, followed by drying in an oven at 70-80 °C for 24-
48 hours. Subsequently, the dried samples were ground
up, crushed, and stored in sealed containers until the
digestion and analysis stages (24,25).

Soil and vegetable samples digestion

One gram of dried soil samples was digested in a
digestion system (21 mL HNO, +7 ml HCI) for 1 hour at a
temperature of 80 °C. The digestion samples were filtered
through Whatman paper No. 42 and deionized water was
added to reach 50 mL. Then, they were transferred to 100
mL polyethylene containers and kept in the refrigerator
at 4 °C for HMs analysis (26). For chemical digestion of
vegetable samples, 1 g of each sample was subjected to
digestion using a mixture of three acids including HNO,
(Nitric acid 65%, Merck), HCIO, (Perchloric acid 60%,
Merck), and H,SO, (Sulfuric acid 98%, Merck), in the
proportion of 5:1:1. The digestion process took place at
a temperature of 100 °C until clearing of solution. After
digestion, the samples were filtered through Whatman
paper No. 42 and diluted to 50 mL with distilled
water (24,27).

Determination of HM:s in soil and vegetable samples

Vegetables and soil samples were collected after the
preparation steps (digestion, acidification, and filtering).
They were stored in polyethylene bottles. The metal content
of samples was measured by flame-atomic absorption
spectrophotometer  (PG-instrument Company, 990
model, UK). The concentration of Pb, Cd, and Zn in each
sample was measured at specific wavelengths (Pb=2383.5
nm, Cd=288.8 nm, and Zn=13.29 nm). To control the
quality of the analyses, three blank samples were prepared
along with other samples. Stock standard solutions of Cd,
Zn, and Pb were provided at a concentration of 1000 mg
L' in a solution containing 0.5 mol HNO, (ultrapure)
supplied by Merck company. The analytical detection
limit was 0.0028, 0.012, and 0.003 (mg/L) for Cd, Pb, and
Zn, respectively. The sensitivity, standard deviation (SD),
and precision of analytical conditions were evaluated.
Five-eight-point calibration curves were prepared for
each element with the aspiration of the standard solutions
(1-1.5 mL). Each sample was analyzed three times with
an integration time of 3 s to obtain a relatively standard

deviation of 5% or less within the calibration range.
Working standard solutions for Zn (0.00, 0.5, 1, 2, 4, and
6 mg/L), Pb (0.00, 0.312, 0.625, 1.25, 2.5, 5, and 10 mg/L),
and Cd (0.00, 0.018, 0.039, 0.078, 0156, 0.312, 0.625, and
1.25 mg/L) were prepared from stock standards 1000
mg/L purchased from Merck company. Only deionized
water was used to prepare analysis solutions. The final
dilution of standards was done in a solution of 2% HNO,
(from HNO, 65%). The calibration curve was established
using the standard solutions.

Health risk assessment

Estimated daily intake

The daily intake of metals depends on the daily food
consumption rate (24). The daily intake of HMs through
vegetables was evaluated by USEPA methods and
determined using Eq. (1). Estimations were made for two
groups: children, as a sensitive group, and adults, as the
general population.

C,xI,xE.xE,
B, x4,

Where EDI is the estimated daily intake of the HM
through ingestion (mg/kg day™'), C  is the concentration
of HM in the edible part of vegetable (mg/kg), I, is the
ingestion rate of vegetable or vegetable consumption per
capita (kg/person/day), E, is the exposure frequency to the
HM (day/year), E is the average exposure duration based
on the average lifespan (year), B, is average body weight
(kg), and A, is the time duration of human exposure as
day (24,28). The parameters for calculating the EDI are
presented in Table 1.

EDI = (1)

Non-carcinogenic risks
Target hazard quotient (THQ)
The THQ is used to determine the non-carcinogenic risk
level due to pollutant exposure (32). The THQ is the ratio
of exposure to a toxic element to the reference dose (Eq.
2). This index describes the non-carcinogenic health risk
from exposure to a specific toxic element as follows: If
the THQ is<1, non-carcinogenic health effects are not
expected, but if it is> 1, there is a possibility of adverse
health effects (33-35).

EDI
THQ=—— (2)

Table 1. Parameters for calculating estimated daily intake (EDI)

Parameter Value Reference
-1 H -1

| 0.125 kg day™" for children and 0.25 kg day (29.30)

R for adults

E, 365 day year™ (24)

D 6 years for children and 70 years for adults (3,24)

B, 21 kg for children and 70 kg for adults (7,24)

365xE;=2190 days for children and 25550

Ar days for adults @1
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Table 2. Reference dose (RfD) and cancer slope factor (CSF) for heavy metals

Heavy metal RfD (mg/kg day™') CSF (mg/kg day™') Reference
Pb 0.0035 0.0085 (34, 35)
Cd 0.001 0.38 (24, 35)
Zn 0.3 - (37)

Where RfD (reference dose) is the maximum tolerable

daily intake (MTDI) of a specific metal (mg/kg day™)
(36,37). RED for the various HMs is presented in Table 2.
Hazard index (HI)
The HI refers to the non-carcinogenic health risk associated
with several HMs in the exposure pathway. When HI is
less than 1, it indicates that the exposed HMs (through
the consumption of vegetables) do not have significant
non-carcinogenic adverse effects. However, when HI is
greater than 1, it means that there are non-carcinogenic
risks associated with the exposed HMs (38,39). The HI is
calculated using Eq. (3):

HI = Z”:THQ =THQ,, + THQ,, +THQ,, (3)

Target carcinogenic risk (TCR)

TCR is a measure used to assess the potential risk of
developing cancer from consuming foods that contain
HMs (40,41). Instead of an oral reference dose, as is used
for the determination of THQ, an oral slope factor is
utilized. This factor determines, along with the dose of the
carcinogen, the probability of excess cancer risk over the
lifetime of the exposed individual (33,42). The cancer slope
factor is an estimate of the probability that an individual
will develop cancer if exposed to a chemical substance for
a lifetime of 70 years (40). TCR is determined by Eq. (4):

TCR=EDI x CSF (4)

Where EDI is the estimated daily intake of HMs through
ingestion (mg/kg/d) and CSF is the cancer slope factor for
HMs (mg/kg/d). Cancer risk values ranging from 10 to
10 are considered to pose a tolerable risk. Risk values
lower than 10°° can be disregarded, while values exceeding
10* are deemed unacceptable in terms of potential health
impact (15,43).

Results

Concentration of metals in soil

According to Table 3, the mean content of Pb, Cd, and Zn
in the studied areas were 28.45, 0.26, and 79.18 mg/kg.
The highest amount of Pb in the soil (34.40 mg/kg) was
observed in the L, area, the highest amount of Cd and Zn
(0.31 and 84 mg/kg, respectively) were observed in the L,
area, and the lowest concentration of Pb, Cd, and Zn in
the soil samples was obtained in the L, area.

Table 3. Descriptive statistical analysis mean values of the heavy metals
concentrations in the soil (mg/kg)

Location of Heavy Metal o
Sampling Pb+SE  Cd+SE Zn+SE
L, (Mooziraj) 21.30+5 0.18+0.07 72.80+24  94.28+9.69

L, (Tork Mahalle) 24.60+4.80 0.23+0.06 76.50+16.50 101.33+7.12
L, (Gorji Mahalle) 33.50+4.50 0.31+0.10 84.00+21.50 117.81+8.7

L, (Bala Baziar) 34.40+£5 0.30+0.10 83.40+£12.80 118.10+5.97
Mean 28.45+4.83 0.26+0.08 79.18+18.70 107.88
Max 34.40+5 0.31+£0.10 84.00+21.50 118.10
Min 21.30+2 0.18%0.07 72.80+24 94.28
35 0.35° 90°
100° 3° 300°

THM: Total heavy metals.
a Background level of heavy metals in the world soils (42).
5 Maximum permissible values of heavy metals concentrations in soils (43).

Concentration of metals in vegetables

The concentrations of HMs (Pb, Cd, and Zn) in the six
types of vegetables studied are detailed in Table 4. In this
study, the maximum concentration of Pb (2.04 mg/kg)
was observed in coriander, and the lowest one (1.59 mg/
kg) was reported in lettuce. The maximum amount of Cd
(0.16 mg/kg) was obtained in lettuce and the minimum
one (0.03 mg/kg) in leek. In this study, the maximum Zn
concentration (14.90 mg/kg) was reported in cress, and
the minimum one (8.52 mg/kg) in leek.

Estimated daily intake

As previously mentioned, the EDI refers to the quantity
of HM ingested per kilogram of body weight per day.
The EDI values for the metals under investigation in two
population groups— adults (A) and children (B) (as the
sensitive group)— are presented in Table 5. According
to this table, the EDI of Pb, Cd, and Zn related to all
vegetables was higher in children than in adults. The
average EDI of Pb for children and adults in this study
was 0.0106 and 0.0064 mg/kg/d, respectively. The highest
EDI values for Pb in both children and adults (0.0121 and
0.0073 mg/kg/d) were related to coriander. The maximum
values of EDI related to Cd and Zn in children and adults
were 0.0010 and 0.006 mg/kg/d in lettuce and 0.0888 and
0.0533 mg/kg/d in garden cress, respectively.

Target hazard quotient and hazard index

The non-carcinogenic risk of HMs through vegetable
consumption is calculated using criteria such as THQ
and HI. THQ and HI values for adults (A) and children
(B) population are presented in Table 6. According
to this table, the amount of THQ of Pb in all studied
vegetables was higher than one. Also, the average THQ
of this metal was higher in children (3.02) than in adults
(1.82). In this study, the maximum THQ of Pb (3.47)
was obtained in coriander and the minimum one (1.62)
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Table 4. Mean value of the heavy metals concentrations in vegetables (mg/kg)

Heavy metal
Number Vegetable Scientific Name THM
Pb+SE Cd+SE Zn*SE

1 Cress Lepidium sativum 1.74+0.24 0.09+0.004 14.91+£1.36 16.74
2 Radish Raphanus sativus 1.96+0.23 0.09+0.008 12.15+£1.61 14.20
3 Parsley Petroselinum crispum 1.73+0.21 0.04+0.006 9.66+0.40 11.43
4 Leek Allium ampeloprasum 1.61+0.25 0.03+0.006 8.52+£1.04 10.16
5 Coriander Coriandrum sativum 2.04+0.18 0.11+0.007 12.13+0.99 14.28
6 Lettuce Lactuca sativa 1.59+0.27 0.16+0.009 11.81+1.60 13.56
Average vegetable - - 1.78+0.23 0.09+0.007 11.53+1.20 12.71
Max - - 2.04+0.18 0.16+0.009 14.91+1.36 13.40
Min - - 1.59+0.27 0.03+0.006 8.52+1.04 10.16
The FAO/WHO maximum permissible values (41) 0.3 0.2 99.4 -

THM: Total heavy metals.

in lettuce. In this study, the order of THQ of the studied
HMs caused by vegetable consumption was as follows:
Pb>Cd>Zn, and the THQ order of Pb as a vegetable
was as coriander >radish > cress > parsley > leek > lettuce.
Also, the THQ order of Cd and Zn as vegetables was
as lettuce > coriander > cress > radish > parsley > leek;
and  cress>radish > coriander > lettuce > parsley > leek,
respectively. In this study, the THQ of Cd was less than
one in all studied vegetables in children and adults. The
maximum of this element in children (0.95) and adults
(0.57) was related to lettuce. The maximum THQ of Zn in
children (0.30) and adults (0.18) was related to cress plant.
According to Table 6, the HI level in all the investigated
vegetables in children and adults was higher than one. The
maximum HI produced due to the studied HMs in adults
(2.61) and children (4.36) was related to coriander and the
lowest one (1.85) was related to leek.

Target carcinogenic risk (TCR)

According to Table 6, the average TCR of Pb and Cd in the
studied vegetables was calculated as 5.4 x 10°and 9.3x 107
in adults, and 9.00x10° and 1.96x10* in children,
respectively. The maximum TCR of Pb in children
(1.3x10*) and adults (6.2 x 10°) was related to coriander.
The maximum TCR of Cd in children (3.6x10*) and
adults (2.2x10*) was attributed to lettuce. In this study,
the lowest TCR of Pb in children (8 x10°) and adults
(4.8x10°) was related to lettuce. Also, the minimum
TCR of Cd was obtained in adults (4.1 x 10°) and children
(6.8x107) in leek.

Discussion

The central part of Mazandaran province is located
near the Caspian Sea, which includes agricultural areas
where some agricultural products such as rice and many
vegetables and fruits are produced. Every year, large
amounts of agricultural and horticultural products from
these areas are sent to other cities in Iran. The occupations
of most people in these areas are agriculture, horticulture,

Table 5. Estimated daily intake (mg/kg/d) for adults (A) and children (B) in
Babol city, Mazandaran province

EDI
Vegetable Scientific name
Pb Cd Zn
A: Adults
Cress Lepidium sativum 0.0062 0.0003 0.0533
Radish Raphanus sativus 0.0070 0.0003 0.0434
Parsley Petroselinum crispum 0.0062 0.0001 0.0345
Leek Allium ampeloprasum 0.0058 0.0001 0.0304
Coriander Coriandrum sativum 0.0073 0.0004 0.0433
Lettuce Lactuca sativa 0.0057 0.0006 0.0422
Mean veg. 0.0064 0.0003 0.0412
Max 0.0073 0.0006 0.0533
Min 0.0057 0.0001 0.0304
MTDI 0.0035 0.0010 0.300
B: Children

Cress Lepidium sativum 0.0104 0.0005 0.0888
Radish Raphanus sativus 0.0117 0.0005 0.0723
Parsley Petroselinum crispum 0.0103 0.0002 0.0575
Leek Allium ampeloprasum 0.0096 0.0002 0.0507
Coriander Coriandrum sativum 0.0121 0.0007 0.0722
Lettuce Lactuca sativa 0.0095 0.0010 0.0703
Mean veg. 0.0099 0.0005 0.0686
Max 0.0121 0.0010 0.0888
Min 0.0095 0.0002 0.0507
MTDI 0.0035 0.0010 0.300

MTDI: Maximum tolerable daily intake.

animal husbandry, and honey breeding. Therefore, the
control and protection of the environment, including the
agricultural soils of these areas, will be very important
to provide and maintain the health of food, and also, the
health of the consumers of agricultural products in these
areas.

Concentration of heavy metals in soil samples
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Table 6. Target hazard quotient (THQ), hazard index (HI), and target cancer risk (TCR) for adults and children

THQ TCR
Vegetable Scientific Name HI
Pb Cd Zn Pb Cd
A: Adult
Cress Lepidium sativum 1.78 0.32 0.18 2.28 5.28x10° 1.22x10%
Radish Raphanus sativus 2.00 0.32 0.16 2.46 5.95x10° 1.22x10%
Parsley Petroselinum crispum 1.77 0.14 0.12 2.03 5.25x10° 5.43x10°
Leek Allium ampeloprasum 1.64 0.11 0.10 1.85 4.89x%10° 4.07x10°
Coriander Coriandrum sativum 2.08 0.39 0.15 2.61 6.19x10° 1.49%x10*
Lettuce Lactuca sativa 1.62 0.57 0.14 2.33 4.83%x10° 2.17x10*
Mean - 1.82 0.31 0.14 2.26 5.40x10% 9.27x10%°
Max - 2.08 0.57 0.18 2.61 6.19x10% 2.17x10*
Min - 1.62 0.11 0.10 1.85 4.83x10° 4.07x10°
B: Children

Cress Lepidium sativum 2.96 0.58 0.30 3.80 8.80x10° 2.04x10*
Radish Raphanus sativus 3.33 0.54 0.24 4.1 9.92x10° 2.04x10*
Parsley Petroselinum crispum 2.94 0.24 0.19 3.37 8.75x10° 9.05x10°
Leek Allium ampeloprasum 2.74 0.18 0.17 3.09 8.15x10° 6.79%x10°
Coriander Coriandrum sativum 3.47 0.65 0.24 4.36 1.03x 10+ 2.49x10*
Lettuce Lactuca sativa 2.70 0.95 0.23 3.88 8.04x10° 3.62x10*
Mean - 3.02 0.52 0.23 3.77 9.00x10*® 1.96x10*
Max - 3.47 0.95 0.30 4.36 1.03x10* 3.62x10*
Min - 2.70 0.18 0.17 3.09 8.04x10° 6.79%x10°

One of the most important ways to ensure and maintain
the health of agricultural products of an area is to
investigate and determine the concentration of HMs in
the soil and vegetables used in it (23). In this study, the
concentration ranges of Pb, Cd, and Zn in the soil of
the studied areas were obtained as 28.5+4.8, 0.26 +0.08,
and 79.2+18.7 mg/kg, respectively. According to the
background concentration of Pb, Cd, and Zn in the soil of
the world including 35, 0.35, and 90 mg/kg, respectively, as
well as the maximum permissible amounts of these metals
according to the recommendations of the Environmental
Protection Agency (EPA) (37), the obtained data of Pb,
Cd, and Zn in the soil of the studied areas is acceptable.
In the study of Hu et al in the vegetable growing areas of
China, the concentration of Pb, Cd, and Zn in the soil of
these areas was found to be 41.94, 0.5, and 75.38 mg/kg,
respectively (21). In another study, the average Cd and Zn
concentrations in the around area of Marrakech city were
9.94 and 85.69 mg/kg, respectively (42). The reasons for
the difference in the concentrations of Pb, Cd, and Zn in
the soil of the agricultural areas around the cities can be
attributed to the disposal of municipal sludges and solid
wastes, the natural and geological characteristics of the soil,
the irrigation of agricultural lands with untreated sewage,
and the excessive consumption of chemical fertilizers,
and contaminated organic (44,45). For example, in the
suburban areas of northern Algeria, the main source of
HMs was long-term wastewater irrigation, which might

lead to the accumulation of Cd and Zn in soil (45). Luo
et al have estimated that 6.6% of the HMs added to the
soil annually came from wastewater irrigation in China
(46). According to the data from the National Bureau of
Statistics of China, the Cd content in agricultural soils is
significantly correlated with the Cd concentration in the
phosphate fertilizers and livestock manure applied (47).
Moreover, the application of pesticides could also lead to
the accumulation of Cd in soil (41).

Concentration of heavy metals in vegetables samples

In this study, the maximum and minimum concentration
of Pb was obtained in coriander (2.04+0.2 mg/kg) and
lettuce (1.6+0.3 mg/kg), respectively. In this study, cress
and leek had the highest and lowest Zn concentrations
(149+14 and 8.5+1 mg/kg), respectively. In the
literature, the oldest study related to the analysis of Pb in
cress in Iran is related to the study of Shariatpanahi and
Anderson, which reported a mean concentration of 0.8
mg/kg for Pb (48). In cress, the highest Pb concentration
(17.00 mg/kg) is related to the study of Jalali and Meyari
(49), and subsequently, to the study of Maleki et al 13.11
mg/kg (26). In the present study, the mean concentration
of Pb for parsley obtained was 1.73 mg/kg. For parsley, a
mean concentration of 0.2 mg/kg was found by Tajdar-
Oranj et al (50). Many differences between the results
of different articles can be caused by the difference in
extraction methods and analysis methods. In addition, it
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should be related to different geographical areas and the
physical and chemical properties of the soil of different
regions, such as the difference in the pH and Total organic
carbon (TOC) percentage of soils (44,46,51). In this study,
the average concentration of Pb was found as follows
coriander >radish > cress > parsley > leek > lettuce . In the
present study, the average concentration of Cd in total
vegetable samples was 0.09 mg/kg. Also, the maximum
Cd concentration (0.16 £0.01 mg/kg) was in lettuce and
the minimum one was (0.03 +0.006 mg/kg) in leek. Many
studies have revealed that leaf vegetables have strong
capabilities to take up Cd compared to other vegetable
varieties, which is consistent with the results of the present
study (49). The rank order of mean concentration of Cd
was lettuce > coriander >radish > cress > parsley > leek.
Jalali and Meyari reported an average Cd concentration of
1.46 mg/kg in coriander (49). In another study by Khajeh
et al, a mean Cd concentration of 0.06 mg/kg was obtained
(52). The highest mean concentration of Cd in Iran for dill
vegetables was reported 2.5 mg/kg in the study by Jalali
and Meyari (49). In the study by Bahrami et al, the mean
Cd concentration of 0.07 mg/kg was determined in some
vegetable samples (53), which is consistent with the results
of the present study. In this study, the mean concentration
of Cd in parsley was 0.4 mg/kg. In the studies by Seid-
Mohammadi et al (54) and Derakhshan et al (55), the mean
concentrations of Cd in parsley were reported 0.02 and
0.05 mg/kg, respectively. Various parameters such as the
geographical area from where the samples were gathered
or the number of samples and the analysis method can
play a role in the heterogeneity of the results (43,45).

Non-carcinogenic and carcinogenic indexes in health risk
assessment

In this study, the average EDI of Pb in children and adults
through consumption of studied vegetables was 0.0106
and 0.0064 mg/kg/d, respectively. Also, the average EDI of
Cd and Zn in children and adults through consumption
of the studied vegetables were 0.0005 and 0.0686 mg/
kg/d; 0.0003 and 0.0412 mg/kg/d, respectively. According
to the MTDI of Pb, Cd, and Zn set by the World Health
Organization (WHO) (0.0035, 0.0010, and 0.3 mg/kg/d)
(40), it is clear that the Pb EDI obtained in this study is
higher than the guideline of the WHO, but the values
related to Cd and Zn are lower than the limit.

Since the THQ for Pb metal was shown to be higher
than 1 in all the vegetables studied, the HI values for
all the vegetables were higher than 1, which means that
consumption of all the vegetables studied poses non-
carcinogenic risks for both populations. As shown,
coriander has the highest non-carcinogenic risk values
with HI =4.36 and HI = 2.62 for children (B) and adults (A)
populations, respectively. Su et al assessed the health risks
associated with the human intake of vegetables in South
China. In their study, Cd, As, Hg, Cu, Ni, Pb, Zn, and Cr

in soil and vegetables were evaluated for contamination.
They showed that the total non-cancer risk (HI) of HMs
ingested through vegetables was 2.3 for children and
0.96 for adults (56) that like the present study, the non-
carcinogenic risk in children is almost twice that of adults.
Singh et al found that chromium, nickel, copper, and Pb
in Indian vegetables had THQ>1 for both children and
adults. Their study revealed contamination of these HMs
in vegetables, posing health risks to local residents, except
for Zn (57). Abuzed Sadee et al determined HMs in some
vegetables consumed in Erbil city of Iraq and HQ caused
by HMs. They reported that the HQ of Cd and Pb were
in the range of 0.60-3.32 and 0.83-2.23, respectively. The
findings of their study revealed that there would be a non-
carcinogenic health risk to the population of Erbil city by
both metals (Pb and Cd), unlike the present study (only
Pb) (4). Long-term exposure to high concentrations of
HMs through contaminated food can cause chronic HM
deposition in humans’ liver, kidneys, and bones, which
can result in renal, cardiovascular, neurological, and
bone issues (13).

The consumption of HM-contaminated dietary stuff
for long-term exposure throughout life daily is considered
to be carcinogenic effects (cancer in different parts of
the body). The US EPA stated that if cancer risk values
lie between 10° to 10, it causes tolerable risk, but if it
is less than 10 it can be ignored, and while TCR values
more than 10*is unacceptable (58-61). The assessment
of carcinogenic risk associated with lead exposure
through vegetable consumption revealed that in the adult
population (A), the risk falls within the range of 10°to 10
for all vegetables studied. This suggests a tolerable level of
risk from lead exposure in this population. However, in the
children population (B), the carcinogenic risk from lead
in coriander exceeds 10 (1.03x 10*), indicating a risk of
carcinogenesis associated with lead exposure through the
consumption of this vegetable among children in this city
(Table 6). Moreover, carcinogenic risks associated with Cd
were noted in the adult and children populations from
the consumption of some these vegetables (cress, radish,
coriander, and lettuce). Many studies have investigated the
health risk including non-carcinogenic and carcinogenic
risks of consuming vegetables contaminated with HMs
(62-66). For example, Osae et al showed that the HI for
adults (0.46-41.16) and children (3.88-384.12) were
high for all vegetables tested and was associated with
cancer risk due to high levels of chromium and Pb. They
concluded that vegetables grown in the Coral Lagoon
catchment are unsuitable for consumption due to
associated adverse health effects (3). In the study of Mizan
et al, the TCR exceeded the acceptable value (1 x 10°°) and
showed greater risks to children than adults, especially for
Cr in soil (67). In the study of Su et al, the total cancer
risk for children was 2.54x 10 and 1.07 x 10 for adults,
both of which exceeded acceptable levels. They reported
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that children are more susceptible to health risks due to
the consumption of contaminated vegetables than adults,
which is consistent with the findings of the present study
(56). Due to the rising cancer incidence, the carcinogenic
risk connected with HMs is a global concern (3). Some
studies reported management practices to avoid health
risks associated with the consumption of HM-polluted
vegetables. Wang et al evaluated the effects of some
foliar fertilizers (fortified zinc fertilizer (ZnSO,+silicon
surfactant); Nano-silicon fertilizer (SINA); fortified
silicon-zinc (Na,SiO,+ZnSO,); and compound fertilizer)
on vegetable production, promoted nutrient values, and
mitigated Cd transport to edible parts in pepper and
eggplant, as well as their effects on the health risk indexes
like HI and CR. The results concluded that the application
of composed foliar fertilizers was most effective, and
could be a promising alternative for the improvement
of vegetable production and decreasing of vegetable
accumulation in the studied vegetables and human health
risks (68). In the study of Saman et al, the application of
EDTA in the mitigation of HMs stress in different varieties
of Brassica juncea was investigated. It was deduced that
the application of EDTA had significantly decreased the
translocation of Pb in the soil through to the Brassica
juncea roots, shoots, and food chain (69). In another study,
the effects of foliar utilization of mineral elements such
as Si, Se, and Zn on HMs contents in wheat grains were
investigated. This study showed that foliar application with
Si could significantly increase the production and plant
height, and reduce the content of arsenic and Pb in wheat
grains. Furthermore, foliar application with selenium and
Zn can significantly reduce Cd, arsenic, and Pb (70). Guo
et al evaluated the effectiveness of four soil amendments
containing sepiolite (SE), single super phosphate, triple
super phosphate, and calcium magnesium phosphate in
combination with one foliar fertilizer zinc sulfate (Zn
SO,) on Cd and Pb immobilization in contaminated
soils. The results indicated that the application of these
amendments and foliar fertilizer significantly decreased
Cd availability in soils and Cd accumulation in wheat
(P<0.05); however, the soil amendments plus Zn fertilizer
did not significantly decrease Cd and Pb concentrations
in wheat (71). In another study, Augustsson et al reported
that washing vegetables with water can remove 56% of Pb
and Co, 55% of Cr, 45% of As, and 7% of Cd, as well as
Zn-rich particles on vegetables (72).

Conclusion

In general, the concentration of Pb, Cd, and Zn in the soil
of different agricultural areas in this study was lower than
the permissible limit of the WHO. While the amount of Cd
in all consumed vegetables was lower than the permissible
limit, this amount of Pb was higher than its permissible
limit in vegetables. The THQ of Pb in all vegetable samples
was more than 1, indicating that there is a possibility of

adverse health effects in the adults and children population
of these locations. While this type of risk has not been
assessed in any of the studied vegetables by Cd and Zn. In
this study, the cancer risk (TCR) of Cd in some vegetables
of total locations has been observed in both children and
adults. Various methods can be proposed to reduce the
entry of HMs into the human body, and also, to reduce the
values of health risk indexes. Regarding HMs with high
accessibility and dissolution in the soil like Cd, to reduce
their transfer into vegetables, soil protection measures
such as not using chemical fertilizers, pesticides, and
sewage sludge, and also, using chemical compounds that
stabilize HMs such as amendments and foliar fertilizers
like calcium magnesium phosphate, triple phosphate, and
zinc sulfate in combination is suitable. Concerning HMs
with low solubility and potential availability such as Pb,
cobalt, and arsenic, significant amounts of these metals
can be removed by washing contaminated vegetables with
water. Also, the choice of cultivated vegetables can be a
good strategy to manage urban agriculture under high
HM foliar deposition, and the transfer and consumption
of vegetables with little availability potential to HMs are
recommended.
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