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Abstract

In this study, Four types of vegetables were collected from Erbil city of
Iraq, some grown locally and some imported. The vegetables they stud-
ied were Pepper (Capsicum annuum), Eggplant (Solanum melongena),
Tomato (Lycopersicon esculentum), and Zucchini (Cucurbita pepo),
which are commonly found both locally and imported. Additionally, they
looked at 3 local vegetables: Radish (Raphanus raphanistrum), Cress
(Lepidium sativum), and Parsley (Petroselinum crispum). They collected
12 samples of each vegetable from the Erbil market The heavy metals
found in vegetables, such as silver (Ag), aluminum (Al), cadmium (Cd),
chromium (Cr), iron (Fe), manganese (Mn), nickel (Ni), lead (Pb), zinc
(Zn), and arsenic (As), were examined using inductively coupled plasma
(ICP). To identify health problems, the following metrics were calculated:
carcinogenic risks (CR), daily intake (DI), and target hazard quotient
(THQ). The majority of veggies generally had metal levels that were
under daily dietary guidelines. The amounts of cadmium and silver
in imported pepper, local and imported eggplant, imported zucchini,
imported tomatoes, radish, cress, and parsley were greater than those
deemed safe for daily use. There may be health dangers associated
with this. These veggies were determined to be unhealthy when we
examined several health hazard indices.

1. Introduction:
The presence of toxic metals in veggies is a global concern

since it can have serious consequences for food quality and
health for humans. Heavy metals are naturally occurring ele-
ments, however their presence in plants can be attributed to
both natural and anthropogenic causes. Lead (Pb), cadmium
(Cd), arsenic (As), and mercury (Hg) are among the heavy
metals commonly found in vegetables. Here’s a rundown of
the heavy metals found in veggies. [1]. Toxic metals pol-
lute the planet and are among the major toxins in our food
supply [2]. Crops are known to be capable of accumulating
substantial levels of harmful metals without altering their look
or yield [3]. Sufficient harmful metal buildup in agricultural
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soils due to sewage irrigation may cause soil pollution and in-
creased toxic metal absorption by legumes, affecting the safety
and purity of food [4]. Peppers are a colorful and adaptable
vegetable that come in a variety of hues and tastes, including
sweet bell peppers and hot chili peppers. They are a great
source of antioxidants and provide color and nutrition to food.
These also include a lot of vitamins A and C..[5]. Eggplant,
a vegetable with glossy purple color and a creamy texture, is
low in calories and high in vitamins, minerals, and dietary
fiber. It is frequently utilized in Asian and Mediterranean
cooking. [6].

Tomato widely enjoyed worldwide, tomatoes are not just
delicious but also nutritious. Rich in lycopene, a powerful
antioxidant, they are beneficial for heart health. Tomatoes can
be eaten raw in salads, cooked in sauces, or used in various
dishes [7]. Zucchini this mild-flavored summer squash is
a great source of vitamins and minerals, including vitamin
C and potassium [8]. Radish a crunchy and peppery root
vegetable, radishes are low in calories and high in vitamin C
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and potassium. They add a refreshing crunch to salads and
can be enjoyed raw or pickled [9]. Cress often referred to
as watercress, this leafy green is rich in vitamin K, vitamin
C, and calcium. Its slightly peppery taste makes it a great
addition to salads, sandwiches, and soups [10]. Parsley a
popular herb, parsley adds bright flavor to dishes and is an
excellent source of vitamin K and vitamin C. It’s commonly
used as a garnish, but it also enhances the taste of various
dishes, from salads to sauces. [11].

Regular consumption of vegetables plays a vital role in
reducing the risk of heart disease and several types of can-
cers, with a particular impact on lowering the risk of digestive
tract tumors [12]. Their inclusion in a balanced diet promotes
overall health and well-being. [13]. Veggies are high in nu-
trients such as fiber, vitamins, and minerals, and they have
antioxidant properties as well. Consuming poisonous metal-
contaminated veggies, on the other hand, may endanger the
well-being of people. Perhaps the most essential areas of food
quality assurance is harmful metal exposure [14]. One of
the major mechanisms for hazardous contaminants to reach
the human body is through contamination in the alimentary
chain. Harmful metal uptake in plants varies by species, and
the effectiveness of various species of plants in absorbing
dangerous metals is assessed using plant uptake or soil-to-
plant transfer factors [15]. oxic metals are ubiquitous in our
surroundings as a result of both natural and human activi-
ties, and individuals are exposed to them through a variety
of channels [13]. Nonetheless, eating greens grown in heavy
metal-contaminated soil can be harmful to a someone’s bio-
chemical and physiological processes [14].

Excessive use of inorganic as well as organic fertilizers
in agricultural areas might result in toxic metal deposition
in crop plants. This offers a serious threat to individuals
who consumes these items [15]. Concerns among experts
worldwide have escalated regarding the health implications of
elevated concentrations of hazardous substances found in soil,
water, and plants. The potential for harm arising from these
factors has raised significant alarms. Numerous documented
cases of heavy metal contamination in various products further
emphasize the seriousness of the issue. [16]. Due to their non-
biodegradable nature, heavy metals tend to accumulate in
the soil, posing a potential threat to the local environment,
including plants, animals, and humans. [17].

Heavy metal exposure can have major health consequences,
including malignancy, genetic abnormalities, and toxic effects.
Humans are most commonly exposed to these hazardous met-
als through uptake and intake. [18]. Because heavy metals
are consumed by humans, they are mostly exposed to certain
of these metals through the soil-crop system. [19]. The risk
evaluation of hazardous metals in regularly consumed vegeta-
bles is critical for a variety of causes. For starters, vegetables
are a vital source of nutrition for a huge number of the people
in Erbil, Iraq, and are an important element of the regional

food system. A number of investigations, however, have re-
vealed that hazardous elements such as lead, cadmium, and
mercury may accumulate in these veggies, which is harm-
ful to human health. Second, identifying harmful metals in
vegetables and determining their level of danger can aid in
changing food safety regulations and guidelines to safeguard
public health. By examining how much of these metals are
present in commonly consumed veggies, this study can give
local authorities with crucial information that they can utilize
to avoid or mitigate any health risks. The health risk evalu-
ation for harmful metals in frequently consumed vegetables
can thereby educate policymakers, safeguard public health,
and enhance public awareness of the potential dangers of in-
gesting food that has been tainted. The results achieved here
could represent a valuable and pertinent contribution to food
hygiene and overall wellness, especially in rural areas where
vegetables are a staple diet. [20]. A range of health complica-
tions may occur according to the form of heavy metal, such
as arsenic, chromium, and cadmium. These metals have been
associated to the occurrence of numerous malignancies, neu-
rotoxicity, respiratory problems, teratogenic and mutagenic
effects. Exposure to these heavy metals can also cause a va-
riety of other health issues [21]. Few comprehensive studies
are currently available on this subject. Some researchers has
worked in Iraq before like [22] conducted a study to deter-
mine the concentrations of potentially toxic elements (PTE)
in soils and the edible sections of field-grown vegetables in
order to estimate possible dangers to the health of the local
people. [23]. The study focused on the buildup of heavy
metals in vegetables grown in areas where wastewater is used
for irrigation, as well as the influence on human health. To
assess possible dangers to human health, the researchers used
bio-concentration factor (BCF), daily intake (DI), and health
risk index (HRI) estimates. Water, soil, and vegetables were
found to be contaminated with nickel (Ni), cadmium (Cd),
chromium (Cr), copper (Cu), lead (Pb), and zinc (Zn). Accord-
ing to the study, local farmers irrigating crops with untreated
wastewater caused a large accumulation of heavy metals in
soil and vegetables, posing a health risk to the surrounding
people. The major goal is to measure heavy metal levels in
locally grown and imported vegetables accessible in Erbil’s
city markets, as well as to investigate the possible health risks
linked with eating these veggies.

2. Materials and Methods:
2.1 Study Area:

Erbil, the capital of Iraqi Kurdistan, is a bustling city with
a population of over a million residents. Recently, a specific
location within the city has been chosen for a project. The
selected site is situated at Latitude 36.17803 (DD) Decimal
degrees and Longitude 43.922652 (DD) Decimal degrees; it is
the largest vegetable market in Erbil. All local and imported
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fruits and vegetables are distributed to all neighborhood shops
and supermarkets

2.2 Sampling:

Fresh vegetables were collected in 12 repetitions from
the sample zone and kept in marked polythene sampling
bags before being transported to the laboratory. Stainless
steel tool was employed to obtain edible parts of various
local and imported vegetables: the studied vegetables in-
clude eggplant (Solanum melongena L.), zucchini (Cucur-
bita pepo), tomato (Solanum sp. L.), and pepper (Capsicum
annuum) Pepper (Capsicum annuum), Eggplant (Solanum me-
longena) Tomato (Lycopersicon esculentum), and Zucchini
(Cucurbita pepo)and 3 types only local vegetables Radish
(Raphanus raphanistrum), Cress (Lepidium sativum), Parsley
( Petroselinum crispum) were collected from Erbil market.
Before checking the vegetables, we made sure they were re-
ally clean. We washed them a lot with regular tap water and
then rinsed them with distilled water to get rid of any dirt or
dust. Then, we cut the parts of the veggies that people eat into
small pieces and let them dry in the air for two days [13].

After that, we put them in an oven at 70 degrees Celsius to
make sure they were completely dry. Once they were all dried
out, we turned them into a powder using a special kitchen
blender. We kept this powder safe in plastic bags until we
were ready to use it for our tests [24]. For the wet digestion
process, 0.5 grams of the previously dried vegetable sample
were used. The digestion was carried out using a mixture of
hydrogen peroxide and sulfuric acid until transparent fumes
were observed. After digestion, the samples were allowed to
cool down, and then the solution was filtered using Whatman
filter paper no. 1 to remove any solid residues [13]. To achieve
the desired concentration, the filtered solution was adjusted by
adding distilled water, making the final volume of the solution
to 100 ml. This prepared solution is now ready for further
analysis and testing [24]. The concentrations of heavy metals
Silver (Ag), Aluminum (Al), Cadmium (Cd), Chromium (Cr),
Iron (Fe), Manganese (Mn), Nickel (Ni), Lead (Pb), Zinc (Zn),
and Arsenic (As) in digested edible parts of vegetables in each
Vegetables sample were determined by ICPE-9820 Shimadzu.
The method was conducted according to ICP multi – element
standard solution IV.

2.3 Health Risk Assessment:
2.3.1 Daily Intake of Heavy Metals (DITM):

The DITM value (expressed in mg kg−1 d−1) represents the
estimated amount of heavy metal intake per kilogram of body
weight per day from consuming the vegetables in question.
This calculation helps in evaluating the potential health risks
associated with the presence of heavy metals in the vegetables
that people consume regularly.

DIT M =
DIV ×C

BW
(1)

Where C reflects the concentration of metals in the edible part
of the vegetable in mg kg−1, DIV is a daily intake (the daily
vegetable consumption rate for adult residents was 40.62,
38.58, 89.62, 36.63, 26.29, 8.86, and 5.61 g fresh weight
basis for Pepper, Eggplant, Tomato, Zucchini, Radish, Cress,
and Parsley, respectively, according to the responses to the
questionnaire survey of this study (350 sample), and BW
indicates body weight in (kg) which assumed 70 kg for adult.

2.3.2 Target Hazard Quotient:

The Target Hazard Quotient (THQ) is a statistic for assess-
ing possible health concerns linked with hazardous element
exposure, notably in compounds such as vegetables. This eval-
uation entails estimating the ratio of a given harmful element’s
exposure level to its matching reference dosage. The refer-
ence dosage is particular to each trace element and specifies
the maximum quantity that may be taken without generating
negative health consequences. The THQ is a useful measure
for determining noncarcinogenic health hazards associated
with toxic element exposure. A THQ value less than one
indicate that there is no estimated possible health risk because
the exposure amount is less than the safe reference dosage. A
THQ value greater than one, on the other hand, indicates the
probability of unfavorable health effects owing to exposure
beyond the safe limit. Importantly, a THQ score greater than
one does not inherently indicate an increased risk of cancer
or other serious health problems. The THQ calculation ad-
heres to EPA guidelines, ensuring a standardized and reliable
assessment of potential health risks associated with exposure
to toxic elements in the environment, including those found
in veggies and other food-related substances [25].

T HQ =
EFR ×Ed ×EIR ×C
R f D×BWa×AT n

×10−3 (2)

Where EFR is that people are exposed to the trace component,
Ed is the period of being exposed, Ed is the exposure dura-
tion (70 years), E IR is the food consumption rate in grams
per day for the appropriate food item, C is the trace ele-
ment concentration in a wet weight in the given food item,
and RfD is the oral reference dose of the trace element in,
mg.kg−1.day−1 The oral reference dosages were calculated
using on 0.0003, 0.0005, 1.5,1, 0.004, 0.02, 0.033, 0.7, 0.3
and 0.005 mg.kg−1.day−1 for As, Cd, Cr, Al, Pb, Ni, Mn, Fe,
Zn and Ag respectively, [26]

BWa is the reference body weight of 70 kg and ATn is the
averaged exposure time (365 days × 70yrs) and 103 is the unit
conversion factor(convert the result from g.kg−1 to mg.kg−1).
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Totaling the target hazard quotients of the items evaluated
for each food category yields the hazard index (HI). The HI
presupposes that a single serving of a certain meal would
expose a person to several potentially harmful substances.
Consistent eating may have negative health consequences
even if the THQs of the food’s constituent components are
below unity on their own. Non-cancerous health problems
may occur if the HI is greater than 1 [25].The equation for HI
is:

HI = Σ
i
N=1T HQn (3)

2.3.3 Cancer Risk:

A statistic called the Cancer Risk (CR) is used to evaluate
the possible risk associated with a person’s lifetime exposure
to carcinogenic chemicals. An oral slope factor is used to
estimate the Target Hazard Quotient (THQ) in place of an oral
reference dose. This component influences the likelihood of
an elevated cancer risk throughout the course of the exposed
person’s lifetime, along with the dosage of the carcinogenic
material. The following is the equation used to determine CR:

CR =
EFR ×Ed ×EIR ×C×CPSa

BWa×AT c
×10−3 (4)

In the overall meaning of this calculation, EFR denotes
the frequency of arsenic exposure, ED denotes the duration
of exposure (set at 70 years), F IR denotes the food ingestion
rate measured in grams per day for the specific food item, and
C denotes the trace element concentration in wet weight in
the given food item. The oral cancer slope factors for arsenic
(As), cadmium (Cd), and chromium (Cr) are 1.5, 0.38, and
0.5, respectively, in milligrams per kilogram per day. BWa
is the reference body weight of 70 kg, ATc is the averaged
carcinogen exposure time (calculated as 365 days multiplied
by 70 years), and 10−3 is the unit conversion factor. [27].

TCR is an aggregated metric that analyzes the total cancer
risk associated with all carcinogenic target heavy metals. The
combined cancer risk (TCR) rating criteria are the same as
the individual cancer risk (CRi). [28]. When the CR and
TCR value is less than (10−6 - 10−4), no potential health risk
consequences are anticipated. If the CR and TCR is > 10−4

there is the potential for adverse carcinogenic health effects.
The equation used for calculating TCR was:

TCR =
i

∑
N=1

CRn (5)

3. Results and Discussion:
For the purpose of this investigation, we carefully selected

seven distinct types of vegetables in the city of Erbil. These

vegetables included Pepper, Eggplant, Tomato, Zucchini, Rad-
ish, Cress, and Parsley. The rationale behind the selection
of these particular vegetables stems from the fact that they
constitute the most commonly consumed vegetables by the
population residing in the city of Erbil. Pepper, Eggplant,
Tomato, Zucchini, Radish, Cress and Parsley heavy metal
concentrations show in Table 1.

Silver (Ag) concentrations in vegetables were found to
range from 66 to 149 mg kg−1. Notably, local Zucchini and
several imported vegetables, including Pepper and Tomato, ex-
hibited levels higher than the safe limits set by WHO2004/FAO
1994. On the local vegetables only zucchini levels higher than
the safe limits, unintentional accumulation in vegetable may
result from the increased concentration of silver linked to agri-
cultural activities, such as the use of fertilizers or pesticides
containing silver, their incorrect application, or their overuse
because Upon conducting an investigation and consulting with
farmers, it became evident that the usage of pesticides was
the source of the rise in silver, about 80 pesticide products
are registered which contain silver as an active ingredient.
[29].However, regarding the imported vegetables that con-
tain silver deviated from the permissible level, because the
imported farmer is unknown, we have to explain the reason
in the form of possibilities and hypotheses, Silver particles
can be present in the vegetables may be due to Contaminated
Soil, Atmospheric Deposition, Water Contamination, Silver
Nanoparticles, Silverware or Containers [30].

Vegetables containing greater than recommended quan-
tities of silver cause health issues. Extended exposure to
high concentrations of silver can cause argyria, a disorder
characterized by bluish-gray staining of the skin, eyes, and
internal organs. [31]. This discolouration is irreversible and
may cause psychological and social problems. Additionally,
consuming large amounts of silver can upset your stomach
and cause diarrhea. Therefore, in order to protect the public’s
health, it is important to monitor and control the use of prod-
ucts containing silver in agriculture and make sure that safe
limits are followed. Additionally, precautions should be taken
to avoid any potential health risks related to excessive silver
accumulation in vegetables, especially those that are meant
for consumption. [32].

Most vegetables did not have amounts of aluminum (Al)
or chromium (Cr) above FAO/WHO guidelines. However,
it was discovered that the Al values for both imported and
locally grown tomatoes and eggplant were greater than the
FAO/WHO recommended levels. These particular veggies
may have a higher than average amount of aluminum because
of their special capacity to absorb and transfer metal from the
soil into their edible portions, which may be different from
previous studies conducted on different vegetables [33]. It is
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Table 1. Heavy metal concentration of vegetable samples (mg.kg−1).

Heavy metals as mg.−1

Vegetables Ag Al Cd Cr Fe Mn Ni Pb Zn As

Pepper (local) N.D. 291 5.88 0.12 84 8.00 N.D. 24.43 13.40 0.21

Pepper (import) 118 387 13.20 0.18 110 19.30 0.12 53.50 16.80 0.90

Eggplant(local) N.D. 232 10.43 1.02 103 11.05 N.D. 37.55 16.15 0.36

Eggplant(import) 66 1755 10.83 5.07 89 13.16 10.95 62.47 29.53 0.79

Tomato (local) N.D 1490 7.97 1.06 81 8.57 N.D. 46.10 20.90 0.32

Tomato (import) 120 1510 11.90 1.90 101 9.70 0.32 40.70 16.80 0.43

Zucchini (local) 149 704 11.80 0.45 98 13.60 2.34 39.80 32.90 0.30

Zucchini(import) 125 503 12.90 1.23 132 26.70 4.54 53.00 17.40 N.D

Radish N.D. 391 12.00 0.38 101 12.20 N.D. 59.80 11.60 0.43

Cress 66 792 11.09 2.15 98 12.14 10.95 53.27 19.09 0.53

Parsley N.D. 979 11.31 2.53 96 12.50 N.D. 58.51 20.08 0.58

FAO 1.50 1000 0.20 2.30 450 300 67.00 0.30 60.00 0.43

N.D.: Not detected
Minimum concentration
Maximum concentration

noteworthy that the elevated aluminum concentrations found
in tomatoes and eggplants may provide health hazards if in-
gested on a regular basis, beyond the recommended thresholds
established by global health bodies. Protecting the public’s
health and averting negative consequences from excessive
aluminum consumption may be achieved by ensuring food
safety and following advised recommendations. [34]. Parsley
was found to have high amounts of chromium (Cr), beyond
WHO/FAO recommended limits. This is probably because
Erbil’s vegetable farms are located close to sewage regions,
iron and other industrial factories, and other manufacturing
facilities [35].

The veggies may absorb pollutants during growing as a
result of being close to these sources of pollution. [36]. Con-
sequently, these tainted veggies are shipped to the vegetable
market in Erbil where they are sold to customers. To address
the sources of pollution, guarantee food safety, and safeguard
public health, immediate action is required. The concentra-
tions of Fe, Mn, Ni, and Zn did not above the FAO/WHO-
established limitations. Numerous variables, including as soil
type, farming techniques, climate, and plant genetics, can
affect the concentration of important metals such as iron (Fe),
zinc (Zn), nickel (Ni), and manganese (Mn) in vegetables.
Although the buildup of heavy metals may be concerning in
some situations, it’s crucial to remember that these vital met-
als are necessary for plants to grow and develop normally and
are also vital nutrients for human health. [37].

The results showed that the Cd, Pb, and as were the metals
high accumulated by plants, compared to other metals (Table
1). Cd, Pb, and as concentration exceed the limits determined
by FAO/WHO, (0.20, 0.30, and 0.43). This explains that
there is significant risk in terms of the and concentrations in
studied vegetables, except the concentration of As in local
tomato and local Zucchini was under limits determined by
FAO/WHO. Salano [38] concluded that Cd is very hazardous
and has been linked to multiple incidents of food contamina-
tion; little amounts of Cd produce harmful alterations in the
arteries of human kidneys; and Cd biochemically substitutes
zinc, causing high blood pressure and kidney damage, and
also, replaced Ca and caused Itai-Itai disease (is a painful and
debilitating condition that affects the bones and kidneys).

Pb poisoning in children and adults may cause brain and
immune system abnormalities, anemia, cardiovascular dis-
ease, bone metabolism, renal and reproductive failure [39].
Arsenic can have serious health effects on humans. Long-
term exposure to high levels of arsenic can lead to cancer,
skin lesions, and other health problems. In addition to cancer,
chronic exposure to arsenic can cause neurological effects,
cardiovascular disease, diabetes and reproductive harm. [39].

3.1 Health Risk Assessments:

The human health risks resulting from eating vegetables
watered with wastewater or well water were assessed using
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Table 2. Heavy metal concentration of vegetable samples (mg.kg−1).

Daily intake ×10−3

Vegtables Ag Al Cd Cr Fe Mn Ni Pb Zn As

Pepper (local) N.D 18.55 0.37 0.01 5.36 0.51 N.D 1.56 0.85 0.01

Pepper (import) 7.52 24.66 0.84 0.01 7.03 1.23 0.01 3.41 1.07 0.06

Eggplant(local) N.D 14.04 0.63 0.06 6.28 0.67 N.D 2.27 0.98 0.02

Eggplant(import) 4.04 106.25 0.66 0.31 5.42 0.80 0.66 3.78 1.79 0.05

Tomato (local) N.D 16.13 0.50 0.02 4.17 0.50 N.D 2.47 0.48 0.02

Tomato (import) 0.93 11.03 0.15 0.03 1.36 0.17 0.15 0.74 0.27 0.01

Zucchini (local) N.D 8.63 0.10 0.02 0.85 0.11 N.D 0.52 0.18 0.01

Zucchini(import) N.D 209.49 1.12 0.15 11.51 1.20 N.D 6.48 2.94 0.04

Radish 16.96 212.30 1.67 0.27 14.26 1.36 0.04 5.72 2.36 0.06

Cress 7.22 28.90 0.74 0.07 7.59 1.53 0.26 3.05 1.00 N.D

Parsley 8.56 40.45 0.68 0.03 5.63 0.78 0.13 2.29 1.89 0.02

RfD. 0.005 1 0.0005 1.5 0.7 0.033 0.02 0.004 0.3 0.0003

N.D.: Not detected
Minimum concentration
Maximum concentration

four standard metrics: the Daily Index (DI), the Hazard Quo-
tient (HQ), and the Carcinogenic Risk (CR). These measures
were used to evaluate the possible dangers to human health
caused by ingesting vegetables cultivated using such irrigation
strategies. Table 2 illustrates the daily intake of hazardous
metals. Human exposure to these metals can occur through
various pathways, including soil, water, air, and food [19].

Table 2 shows DIM values. The values of daily metal
consumption in vegetables were within the RfD limits, except
for Ag from imported Pepper, imported tomato, Radish, Cress
and Parsley, Cd from imported Pepper, local and imported
Eggplant, imported Zucchini , Radish, Cress and Parsley were
higher the RfD. These studies imply that consuming these
may harm for people [27].

3.2 Non- Carcinogenic Risk:
3.2.1 Target Hazard Quotient (THQ)

Table 3 displays the findings of the THQ and HI calcu-
lations, which were designed to assess the health hazards
associated with the ingestion of metals found in vegetables.
The THQ, which is defined as the ratio of a pollutant’s com-
puted dosage to a reference dose level, is used to assess the
possible dangers caused by contaminated vegetables to adult
populations. Toxicological Hazard Quotient (THQ) values
greater than one suggest an elevated risk of sickness in indi-
viduals exposed. The metals Ag, Cd, Pb, and As were found

to be more than unity in all vegetables except local Eggplant,
local and imported tomato, local Zucchini, and Parsley for
As, whereas Al was found to be greater than unity (THQ >
1) in imported eggplant, imported Zucchini, Radish, Cress,
and Parsley. The other remaining metals had THQ 1, indi-
cating the substantial possible health concerns linked with
all vegetable eating. According to the statistics, people of
the region may be at risk for adverse health impacts from Cd
and Pb ingestion from all vegetables, as well as Al and Ag in
select vegetables. Several prior researches have verified this
observation. [18], [40], [41], [42], [43].

The HI was used to examine the potential threats to hu-
man health since it illustrates how everything interacts. Table
3 shows that eating vegetables increases HI. Noncarcinogenic
adverse health effects are present at an alarmingly high level,
as demonstrated by the HI ranges of (3.19-86.63), Pepper,
Eggplant, Tomato, Zucchini, Radish, Cress, and Parsley had
HI values for Ag, Al, Cd, Cr, Fe, Mn, Ni, Pb, Zn, and as
that were significantly higher than recommended levels. This
implies that persons living in the investigated location are at
risk of having negative health impacts, and that steps should
be done to reduce heavy metal concentrations and protect the
local population.

3.2.2 Carcinogenic Risks (CR):
Arsenic, cadmium, and chromium are all classified as ”car-

cinogenic to humans” by the International Agency for Re-
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Table 3. Estimated THQ, and HI. for metals.

THQ THQ THQ THQ THQ THQ THQ THQ THQ THQ
Vegetables Ag Al Cd Cr Fe Mn Ni Pb Zn As HI

Pepper (local) N. D 0.23 4.68 0.0001 0.1 0.19 N. D 4.87 0.04 0.42 10.53

Pepper (import) 18.8 0.31 10.52 0.0001 0.13 0.47 0.005 10.65 0.04 1.79 42.71

Eggplant(local) N. D 0.18 7.89 0.001 0.11 0.25 N. D 7.1 0.04 0.68 16.25

Eggplant(import) 10.1 1.33 8.2 0.003 0.1 0.3 0.41 11.81 0.07 1.49 33.81

Tomato (local) N. D 0.2 6.19 0.0001 0.07 0.19 N. D 7.71 0.02 0.56 14.94

Tomato (import) 2.32 0.14 1.93 0.0002 0.02 0.06 0.1 2.32 0.01 0.23 7.12

Zucchini (local) N.D 0.11 1.24 0.0002 0.02 0.04 N.D 1.61 0.01 0.16 3.19

Zucchini(import) N.D 2.62 14.01 0.001 0.21 0.46 N.D 20.25 0.12 1.39 39.05

Radish 42.39 2.65 20.91 0.002 0.25 0.52 0.03 17.88 0.1 1.89 86.63

Cress 18.06 0.36 9.27 0.001 0.14 0.58 0.16 9.52 0.04 N.D 38.12

Parsley 21.41 0.51 8.48 0.0002 0.1 0.3 0.08 7.15 0.08 0.54 38.63

Minimum concentration
Maximum concentration

Table 4. Estimated THQ, and HI. for metals.

Cancer risk (CR) and Target cancer risk (TCR) ×10−3

Vegetables CR As CR Cr CR Cd TCR

Pepper (local) 0.25 0.05 0.005 0.30

Pepper (import) 1.08 0.07 0.011 1.16

Eggplant(local) 0.41 0.39 0.008 0.80

Eggplant(import) 0.89 1.92 0.008 2.82

Tomato (local) 0.33 0.10 0.006 0.44

Tomato (import) 0.14 0.19 0.002 0.33

Zucchini (local) 0.10 0.14 0.001 0.24

Zucchini(import) 0.83 0.93 0.014 1.78

Radish 1.13 1.67 0.021 2.82

Cress N.D. 0.44 0.009 0.45

Parsley 0.32 0.16 0.008 0.49

Minimum concentration
Maximum concentration

search on Cancer (IARC), since they can have both noncar-
cinogenic and carcinogenic effects depending on exposure
levels. [44]. Table 4 displays the results of estimated veg-
etable consumption. In all veggies, the As, Cd, and Cr CR
values ranged from 0.10 × 10−4 to 1.13 × 10−3 , 0.5 × 10−3

to 1.92 × 10−3 , and 0.001 × 10−3 to 0.021 × 10−3 , respec-
tively. Because the CR values for As and Cr are above the

threshold value (CR > 10−4), except for local and imported
Pepper (CR < 10−4), and Cd is below the threshold value
(CR >10−4), these elements may provide a cancer risk to
individuals who consume the analyzed vegetables. (Pepper,
Eggplant, Tomato, Zucchini, Radish, Cress and Parsley). The
Target cancer risk (TCR) for the present study ranged from
0.24 × 10−3 to 2.82 × 10−3 in this research, with the highest
TCR observed at imported eggplant and Radish while the
lowest TCR reported at local Pepper. Consuming (Pepper,
Eggplant, Tomato, Zucchini, Radish, Cress and Parsley) col-
lecting in Erbil market provides a potential cancer risk to the
adult population because to the presence of As, Cd, and Cr.

4. Conclusion:
1. In most cases, the amount of metals in vegetables you

eat every day is usually lower than what experts recom-
mend. However, some vegetables like imported Pepper,
imported Tomato, Radish, Cress, and Parsley have more
Silver than what’s considered safe. Also, imported Pep-
per, local and imported Eggplant, imported Zucchini,
Radish, Cress, and Parsley have more Cadmium than
the recommended levels.

2. Eating vegetables from this area, like imported pep-
per, eggplant, zucchini, and radishes, can be bad for
your health. It’s because they have too much Cadmium
(Cd) and Lead (Pb) in all veggies and Silver (Ag) and
Aluminum (Al) in imported Eggplant, Zucchini, and
Radish. In fact, based on this study, all the vegetables
are not safe to eat.
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3. The levels of Arsenic (As) and Chromium (Cr) in the
vegetables studied, like pepper, eggplant, tomato, zuc-
chini, radish, cress, and parsley, are higher than what’s
considered safe. This means that people who eat these
vegetables might be at risk of developing cancer.
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[36] A. Zwolak, M. Sarzyńska, E. Szpyrka, and K. Stawar-
czyk. Sources of soil pollution by heavy metals and their
accumulation in vegetables: A review. Water, air, soil
pollution, 230: 1–9, 2019, doi:10.1007/s11270-019-4221-
y.

[37] N. Gupta, KK. Yadav, V. Kumar, S. Krishnan, S. Kumar,
ZD. Nejad, and et. al. Evaluating heavy metals contami-
nation in soil and vegetables in the region of north india:
Levels, transfer and potential human health risk analy-
sis. Environmental Toxicology and Pharmacology, 82:
103563, 2021, doi:10.1016/j.etap.2020.103563.

[38] E. Salano. Assessment of heavy metal pollution in soils
and water of samburu county, Kenya. Kenyatta University,
10-15: , 2013, doi:10.32474/AOICS.2020.04.000197.

[39] SSAA. Hasson, JKZ. Al-Busaidi, and TA. Sallam. The
past, current and future trends in DNA vaccine immunisa-
tions. Asian Pacific Journal of Tropical Biomedicine, 5(5):
344–353, 2013, doi:10.32474/AOICS.2020.04.000197.

[40] AH. Adedokun, KL. Njoku, MO. Akinola, AA. Adesuyi,
and AO. Jolaoso. Potential human health risk as-
sessment of heavy metals intake via consumption of
some leafy vegetables obtained from four market in La-
gos Metropolis, Nigeria. Journal of Applied Sciences
and Environmental Management, 20(3): 530–539, 2016,
doi:10.4314/jasem.v20i3.6.

[41] KA. Hawrami, NM. Crout, G. Shaw, and EH. Bailey.
Assessment of potentially toxic elements in vegetables
cultivated in urban and peri-urban sites in the kurdistan
region of iraq and implications for human health. Envi-
ronmental Geochemistry and Health, 42(5): 1359–1385,
2020, doi:10.1007/s10653-019-00426-z.

[42] A. Latif, M. Bilal, W. Asghar, M. Azeem, MI. Ah-
mad, A. Abbas, and et. al. Heavy metal accumulation
in vegetables and assessment of their potential health
risk. International Journal of Environmental Analytical
Chemistry, 5(234): 2380–2391, 2018, doi:10.4172/2380-
2391.1000234.

[43] S. Rezapour, B. Atashpaz, SS. Moghaddam, and CA.
Damalas. Heavy metal bioavailability and accumu-
lation in winter wheat (triticum aestivum l.) irrigated
with treated wastewater in calcareous soils. Sci-
ence of the Total Environment, 656: 261–269, 2019,
doi:10.1016/j.scitotenv.2018.11.288.

[44] D. Loomis, N. Guha, AL. Hall, and K. Straif. Identify-
ing occupational carcinogens: an update from the IARC
Monograph. Occupational and Environmental Medicine,
75(8): 593–603, 2018, doi:10.1136/oemed-2017-104944.

Kirkuk J. Sci. Vol. 18, Iss. 4, p 54-64, 2023

https://doi.org/10.1007/s11270-019-4221-y
https://doi.org/10.1007/s11270-019-4221-y
https://doi.org/10.1016/j.etap.2020.103563
https://doi.org/10.32474/AOICS.2020.04.000197
https://doi.org/10.32474/AOICS.2020.04.000197
https://doi.org/10.4314/jasem.v20i3.6
https://doi.org/10.1007/s10653-019-00426-z
https://doi.org/10.4172/2380-2391.1000234
https://doi.org/10.4172/2380-2391.1000234
https://doi.org/10.1016/j.scitotenv.2018.11.288
https://doi.org/10.1136/oemed-2017-104944


Assessment of Heavy Metals in Some Local and Imported Vegetables...64

ÉJ
K. P

@

�
�ñ� ú




	
¯
�
èXPñ

�
J�ÖÏ @ð

�
éJ
ÊjÖÏ @

�
H@ðQå

	
�
	
mÌ'@

	
�ªK. ú




	
¯
�
éÊJ


�
®
�
JË @

	
àXAªÖÏ @ Õæ



J

�
®
�
K

�
��
ðPX

	QK

	Q« XA

�
�ËX ,

∗
�

	
�ñK


Q�

�
�Ó PXA

�
®Ë @YJ.«

.
�
�@QªË@ , ÉJ
K. P


@ , 	áK
YË@ hC�

�
éªÓAg. , ÐñÊªË@

�
éJ
Ê¿ ,

�
é

J�
J. Ë @ ÐñÊ«ð

�
éj�Ë@ Õæ�

�
¯

abdulqader.younis@su.edu.krd : Èð

ñ�ÖÏ @

�
IkAJ. Ë @

∗

�
é�C

	
mÌ'@

. XPñ
�
J�Ó AîD

	
�ªK. ð AJ
Êm

× ¨P 	QK
 AîD
	
�ªK. ,

�
�@QªË@ ú




	
¯ ÉJ. K
P@

�
éî
	
DK
YÓ

	áÓ
�
H@ð@Qå

	
�
	
mÌ'@ 	áÓ ¨@ñ

	
K @

�
éªK. P@

�
IªÔg

.
,
�
é�@PYË@ è

	
Yë ú




	
¯

, (Lycopersiconesculentum) Ñ£AÒ¢Ë@, (Solanummelongena) 	
àAm.

�
	
' 	XAJ. Ë @ , (Capsicumannuum) É

	
®Ê
	
®Ë @

�
I

	
KA¿ ú




�
æË @

�
H@ðQå

	
�
	
mÌ'@

XA
�
�QË@ , (Raphanusraphanistrum) Éj.

	
®Ë @

�
éJ
ÊjÖÏ @

�
H@ðQå

	
�
	
mÌ'@ 	áÓ ¡

�
®
	
¯ ¨@ñ

	
K

@

�
é
�
KC

�
Kð (Cucurbitapepo) A�ñºË@ð

Ð@Y
	
j
�
J�@ Õç

�
' . ÉJ
K. P


@

�
�ñ� ú




	
¯

�
H@ðQå

	
�
	
mÌ'@ , É¿ ú




	
¯ P@Qº

�
K 12 ©Ôg

.
Õç
�
' (Petroselinumcrispum) �

	
�ðY

�
®J. Ë @ , (Lepidiumsativum)

É¾J

	
JË @ð

	Q�

	
J
	
ª
	
JÖÏ @ð YK
Ym

Ì'@ð ÐðQºË@ð ÐñJ
ÓXA¾Ë@ð ÐñJ

	
JÖÏ

B@ð

�
é
	
�

	
®Ë @ ½Ë

	
X ú




	
¯ AÖß. ,

�
éÊJ


�
®
�
JË @

	
àXAªÖÏ @ ÉJ
Êj

�
JË

�
ImÌ'AK.

�
é
	
KQ
�
�
�
®ÖÏ @ AÓ 	PCJ. Ë @

	
àA£Qå�ÊË

�
éJ. �.�ÖÏ @ Q£A

	
jÖÏ @ð

	
¬Yî

�
D�ÖÏ @ Q¢

	
mÌ'@ É�Agð ú



×ñJ
Ë @ ¼Cî

�
D�B@ H. A�k Õç

�
'ð ,

�
H@ðQå

	
�
	
mÌ'@ ú




	
¯ qJ


	
KP 	QË @ð ½

	
K 	QË @ð �A�QË@ð

¼Cî
�
D�CË AîE. úæ�ñÖÏ @ XðYmÌ'@ 	áÖÞ

	
� �

éJ

	
KYªÓ

�
HAK
ñ

�
J�Ó úÎ«

�
H@ðQå

	
�
	
mÌ'@ Ñ

	
¢ªÓ ø



ñ
�
Jm�
�
' , ÐA« É¾

�
��. .

�
éJ
j�Ë@

	
¬ðA

	
jÖÏ @ YK
Yj

�
JË

, XA
�
�QË@ , Éj.

	
®Ë @ ,

�
èXPñ

�
J�ÖÏ @ Ñ£AÒ¢Ë@ , XPñ

�
J�ÖÏ @ É

	
®Ê
	
®Ë @ ú




	
¯

�
é
	
�

	
®Ë @

�
HAK
ñ

�
J�Ó .

�
éÊJ
Ê

�
¯

�
H@ZA

	
J
�
J
�
��@ ¼A

	
Jë

�
I

	
KA¿ ,½Ë

	
X ©Óð . ú



×ñJ
Ë @

, XA
�
�QË@ , Éj.

	
®Ë @ ,

�
èXPñ

�
J�ÖÏ @

�
é�ñºË@ , XPñ

�
J�ÖÏ @ð ú



ÎjÖÏ @

	
àAm.

�
	
' 	XAJ. Ë @ , XPñ

�
J�ÖÏ @ É

	
®Ê
	
®Ë @ ú




	
¯ ÐñJ
ÓXA¾Ë@

�
HAK
ñ

�
J�Ó ½Ë

	
Y»ð ,�

	
�ðY

�
®J. Ë @ð

�
H@Qå

�
�

ñÓ úÍ@


A
	
KQ

	
¢
	
� AÓY

	
J« .

�
éÊÒ

�
JjÖÏ @

�
éJ
j�Ë@ Q£A

	
jÖÏ @

	
à

A
�
��.

	
¬ðA

	
m× Q�


�
JK
 @

	
Yë . ú



×ñJ
Ë @ ¼Cî

�
D�CË A

	
JÓ
�
@ Q�.

�
JªK
 AÜØ úÎ«


@

�
I

	
KA¿ ,�

	
�ðY

�
®J. Ë @ð

. É¿

CË

�
éJ.�A

	
JÓ Q�


	
«

�
H@ðQå

	
�
	
mÌ'@ è

	
Yë

	
à

@ Yg. ð ,

�
é
	
®Ê
�
J
	
jÖÏ @

�
éJ
j�Ë@ Q£A

	
jÖÏ @

.
�
H@ðQå

	
�
	
mÌ'@ ; (CR) 	

àA£Qå�Ë @ Q£A
	
m× ; (HQ) Q£A

	
jÖÏ @ É�Ag ;

�
éÊJ


�
®
�
JË @

	
àXAªÖÏ @ ;

�
éJ
j�Ë@ Q£A

	
jÖÏ @ Õæ



J

�
®
�
K :

�
éË @YË @

�
HAÒÊ¾Ë@

. Yg. ñK
B : ÉK
ñÒ
�
JË @

. Èð

ñ�ÖÏ @

	
Ë


ñÖÏ @ 	áÓ AîD

.
Ê£ 	áºÖß


�
éÓY

�
®ÖÏ @

�
é�@PYË@ l .

�

'A
�
J
	
JË

�
éÔ«@YË@

�
HA

	
KAJ
J. Ë @ ©J
Ô

g
.
:
�
HA

	
KAJ
J. Ë @ Q

	
¯ñ
�
K

	
àAJ
K.

:
�
H@P@Q

�
¯@

. lÌ'A�ÖÏ @ ú



	
¯ H. PA

	
�
�
� ÑîE
YË ��
Ë é

	
K

@
	
àñ

	
®Ë

ñÖÏ @ Q

�
®K
 : lÌ'A�ÖÏ @ H. PA

	
�
�
�

.
�
éªk. @QÖÏ @ YJ


�
¯

�
I��
Ë Aî

	
E

@ AÒ» ,øQ

	
k

@
�
éÊj. ÖÏ AêÖß
Y

�
®
�
K ð


@
�
é£ñ¢

	
jÖÏ @ Qå

�
�
	
� Õ

�
æK
 ÕË :

�
éJ

�
¯C

	
g

B@

�
é
�
®
	
¯ @ñÖÏ @

Kirkuk J. Sci. Vol. 18, Iss. 4, p 54-64, 2023


	Introduction:
	Materials and Methods:
	Study Area:
	Sampling:
	Health Risk Assessment:
	Daily Intake of Heavy Metals (DITM):
	Target Hazard Quotient:
	Cancer Risk:


	Results and Discussion:
	Health Risk Assessments:
	Non- Carcinogenic Risk:
	Target Hazard Quotient (THQ)
	Carcinogenic Risks (CR):


	Conclusion:
	Acknowledgment:

