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Abstract

This study aimed to shed light on the contamination of the most important foods
with heavy metals, which were collected from vendors in the most crowded
markets in the Wasit Province, Irag. The content of lead and cadmium in eleven
types of vegetables and fruits were estimated, as they are among the most
dangerous toxic foods contaminated with heavy metals, which are among the most
important components of the basic meals of Iragi citizens. An atomic absorption
spectrophotometer (Model Phoenix—986 AAS) was used to assess heavy metals.
The results showed that the concentration of lead in some vegetables ranged
between (0.021 to 1.05 pg/g) and in fruits it reached (0.25 to 0.39 ug/g). As for the
cadmium element, the results showed that its concentration was less than the
concentration of lead, as it reached (0.073 to 0.182 ng/g) in vegetables and (0.065
to 0.133 pg/g) in fruits. The study revealed potential health risks associated with
the consumption of different types of vegetables and fruits. The results showed that
the concentration of lead and cadmium in most of the studied samples exceeded the
permissible limit recommended by the World Health Organization and the Food
and Agriculture Organization, which may assist Iragi regulatory bodies in
developing new strategies to reduce risks to humans.
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Introduction
Heavy metal contamination is one of the forms of
environmental pollution resulting from human
industrial or agricultural activity, and in recent
years scientists have been interested in studying
heavy elements in terms of their presence in the
environment, their biological effects, and their
relationship to human health. Food is one of the
main sources of human exposure to these elements
[1,2].
Vegetables and fruits have long constituted an
important component of the human diet, and their
importance derives from their high nutritional
value, as they contain elements and trace minerals
essential for human health [3], where the heavy
metal content of vegetables and fruits varies not
only according to the accumulation of these
minerals during their growth but also because of
their pollution during harvesting processes [4].
Contamination with heavy elements in the soil
leads to major environmental and health problems
such as the high concentration of these elements to
the point of toxicity in plants, animals and humans
[5, 6]. Heavy metal contamination of vegetables
and fruits cannot be underestimated as they are an
important part of our diet. Consumption of fruits
and vegetables contaminated with heavy metals
introduces health-damaging toxins into the target
organs of the body [7]. These toxins continue to
metabolize and accumulate directly in the
bloodstream and cell tissues [8].

The food offered in the markets and streets

of cities is one of the most vulnerable foodstuffs to

heavy metal pollution, so access to these foods is
easy and affordable for the population because of
its low monetary value compared to other
foodstuffs, Therefore, this study aims to assess the
lead and cadmium content of selected vegetables
and fruits and to evaluate their safety relative to
the maximum limits set by the World Health
Organization and the Food and Agriculture
Organization.

2. Materials and methods

2.1. Study design and sampling

A field study was conducted for nine months, from
November 2023 to July 2024, in Wasit province,
Irag. Eleven different types of vegetable and fruit
samples were collected from six different local
Wasit The
investigated areas were Al-Suwaira, Al Aziziyah,
Al Numaniyah, Badara, Al Kut and Al Hayy.

Sampling sites are shown in Figure 1, which was

markets located in province.

generated using ArcGIS 10.5 software. For each
type, three replicate samples of vegetables and
fruits were collected from each market. In total,
198 samples were collected from six local markets.
The samples were collected in sterile plastic bags
as follows: 144 samples of vegetables (tomatoes,
eggplants, potatoes, cucumbers, peppers, onions,
lettuce, carrots), and 54 samples of fruits (oranges,
apples, bananas). All samples were washed, stored
in fresh plastic bags and brought to the laboratory

for analysis.
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Figure (1): Sampling site of the study, Wasit province, Iraq prepared by GIS software

2.2. Laboratory Procedures

All the collected vegetable and fruit samples were
prepared according to [9]. All the glass equipment
used for the analysis as well as the study samples
were cleaned with deionized water.

All the samples were then oven dried at 105°C to
remove all moisture and ground with the help of
mortar. 10 g of the sample was weighed into a
digestion flask and 20 mL of concentrated nitric
acid was added and the flask was left for a quarter
of an hour. It was then placed on a hot plate until
its contents became 3-5 mL. 20 mL of nitric acid,
10 mL of H2SO4, and 8 mL of HCIO4 were
added,

evaporated to about 5 mL. When the solution

and the contents of the flask were

became colorless, it was cooled to room
temperature and 5 mL of HNO3 and 2 mL of
HCIO4 were added and heated until white fumes
rose. If the solution was colored, the steps were
repeated from the beginning until the color
disappeared. Then 10 mL of deionized water was

added to the cooled flask and heated for 10

minutes until white vapors rise. The mixture was
then cooled to room temperature, and the clear
solution was filtered using filter paper and the
volume was completed to 25 mL with deionized
water.

The heavy metal determination was carried out
Phoenix-986 AAS atomic

absorption spectrometer [10].

using a Model

3. Results and discussion

The analytical results of the present study indicate
the presence of lead and cadmium in the selected
fruits and vegetables collected from production
and marketing sites in Wasit province, Irag. The
observed Pb and Cd concentrations in fruits and
vegetables were compared to the recommended
limit as set by FAO/WHO in 2007 to assess food
contamination levels. The mean concentration and
permissible limit of heavy metals (Pb and Cd)
found in vegetables and fruit sampled from the
local markets, are summarized as shown in Table
(1) and Table (2).
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Table (1): Pb Concentration in fruit and vegetables (ng/g)

Vegetables

Pb

Tomatoes
Potatoes
Cucumber
Eggplant
Pepper
Carrots
Onions

Lettuce

1.52
0.33
0.96
0.45
0.78
0.21
0.93
1.29

Fruits

Orange
Apple

Banana

0.32
0.39
0.25

WHO/FAO limits

0.3

Table (2): Cd Concentration in fruit and vegetables (ng/g)

Vegetables

Cd

Tomatoes
Potatoes
Cucumber
Eggplant
Pepper
Carrots
Onions

Lettuce

0.182
0.09
0.11
0.087
0.073
0.052
0.095
0.17

Fruits

Orange
Apple

Banana

0.065
0.133
0.082

WHO/FAO limits

0.1

Lead (Pb): It is one of the most dangerous
elements that may be present in the environment
and has a significant impact on humans [11]. The
Pb may enter from erosion and leaching from the
soil and the release of industrial and domestic

waste and as a result of lead dust in the atmosphere

and the combustion of coal products in addition to
pesticides that are applied during agriculture and
the use of contaminated water in irrigation [12,
13]. The contamination of the environment with
lead is reflected in food contamination, whether in

vegetables or fruits, which affects the health and
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safety of consumers, especially children, as lead is
characterized by its ability to cross the placenta,
causing low birth weight and irreversible damage
to the fetal brain [14].

As shown in Table (1) and Figure (2), the
concentration of lead in fruits was lower than in
vegetables, with values reaching 0.25 pg/g, 0.32
ng/g, and 0.39 pg/g for bananas, oranges, and
While  the
concentration was recorded in tomatoes (1.52

apples,  respectively. highest
ug/g), lettuce (1.29 pg/g), cucumber (0.96 pg/g),
and onions (0.93 ug/g), the lowest concentrations
were in carrots, potatoes, eggplant, and peppers,
with values of 0.21 pg/g, 0.33 pg/g, 0.45 pg/g, and

0.78 png/g, respectively.

The main reason for the increase in lead
concentration in vegetables and fruits is due to the
pollution of the surrounding and densely populated
area, as well as car exhaust and waste near
residential areas, which play a role in increasing
concentrations of pollutants. Moreover, the high
concentration of lead, especially in tomatoes, is
likely related to its larger surface area, since there
is a direct proportion between the size/surface area
of the fruit and the degree of surface
contamination [15].

On the other hand, leafy vegetables are more
susceptible to heavy metal accumulation,
reflecting the ability of leafy plants to absorb and
store heavy elements, particularly lead, in their

leaves [16].

Mean concentrations of Lead
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Figure (2): Concentration of Pb in vegetables and fruits

Cadmium (Cd): It is one of the most dangerous
heavy elements for human health and cadmium
reaches the atmosphere as a by-product of coal
burning operations in power plants, moving with
dust resulting from the transfer of coal to
surrounding areas and settling in the bodies of
living organisms, soil, or water sources. It enters
the body mainly through inhalation of airborne
dust and affects the work of the kidneys as it may

cause cancer and in the case of inhalation in high

concentrations, it leads to severe pain in the lungs
and heart disorders, and may also lead to high
blood pressure, liver disease, and anemia [17, 18].

The mean concentrations of cadmium found in
vegetables and fruits sampled from the local
markets are summarized in Table (2) and shown in
Figure (3). The results showed that the levels of
Cd in the fruit content were close to the vegetable
content, where the content was 0.065 pg/g, 0.082
ug/g, and 0.133 pg/g for oranges, bananas, and
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apples respectively. While tomatoes were 0.182
pg/g, lettuce 0.17 pg/g, and cucumbers 0.11 pg/g,
the lowest concentrations were found in carrots,
peppers, eggplant, potatoes, and onions, with
values of 0.052 pg/g, 0.073 pg/g, 0.087 ng/g, 0.09
ug/g, and 0.095 pg/g, respectively.

The different concentrations of cadmium in
vegetables and fruits are due to the different sites
contaminated with heavy metals. On the other

hand, the danger of cadmium comes as one of the
heavy elements with a negative impact on human
health, as it moves from the soil to the plant and
the plant bears high levels of it, but even low
concentrations of it affect human and animal
health; it is highly toxic and causes kidney failure,
and it affects the bones, causing fragility, as it
replaces calcium in bone tissue [19, 20].

Mean concentrations of cadmium
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Figure (3): Concentration of Cd in vegetables and fruits

Conclusion and Recommendation

The present study revealed that an excess of lead
and cadmium was present in most of the samples
studied, and this leads to long-term effects that
directly affect human health. This study showed
that the effects of car waste, irrigation operations,
and excessive use of pesticides were major reasons
for the increase in heavy metal concentration in
vegetables and fruits. Therefore, vegetables and
fruits must be covered in markets, especially near
intersections and crowded areas with cars. Also,
fruits and vegetables should be washed effectively
before eating to remove accumulated mineral dust.
Moreover, modern pest control methods, such as
organic pesticides, should be used instead of

hazardous chemical pesticides. The cultivation of

fruits and vegetables along roadsides, main streets,
and near factories and large cities should be
avoided to prevent contamination with heavy

metals and other hazardous compounds.
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