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Heavy Metal Intake and Potential Carcinogenic Risks Through Consumption of Leafy
Vegetables in Mostar

Jelena Kuzman Katica', Aida Sukalié¢?*, Svetlana HadZi¢2, DZenita Alibegi¢?, Alma

Micijevié?
izvorni znanstveni rad (original scientific paper)
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Abstract

This study analyzed the concentrations of arsenic (As), lead (Pb), and cadmium (Cd) in Swiss chard
(Beta vulgaris subsp. cicla) and collard greens (Brassica oleracea var. acephala) available on the market
in the city of Mostar, with the aim of assessing potential carcinogenic risks for adults and children.
Given that heavy metals are present in the environment and can accumulate in plants, understanding
their concentrations and potential health impacts is particularly important. The United States
Environmental Protection Agency (USEPA) considers an acceptable carcinogenic risk to fall within the
range of 1x107¢to 1x107*. The measured concentrations of heavy metals (As, Cd, and Pb) in Swiss chard
(samples B1-B6) and collard greens (samples R1-R6) showed variability but were all below the
maximum permissible levels set by the Official Gazette of Bosnia and Herzegovina No. 68/14. The
estimated potential carcinogenic risk for adults ranged from 2.53x10~°to 2.64x107° for Swiss chard and
from 1.06x107° to 8.55x10°° mg/kg/day for collard greens. Higher risks were calculated for children,
ranging from 3.55x10° to 1.62x10° mg/kg/day for Swiss chard and from 1.13x1075 to 7.81x107°¢
mg/kg/day for collard greens. Although the concentrations of heavy metals in the analyzed samples were
low and the associated risks fall within the USEPA-recommended limits, continuous monitoring and

control of heavy metal concentrations are advised to ensure food safety and protect consumer health.

Key words: Swiss chard, collard greens, potential carcinogenic risk, children, adults.
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Introduction

Most toxic elements, including arsenic (As), cadmium (Cd), and lead (Pb), pose significant health risks
due to their high solubility in water. Even at very low concentrations, these elements can have
detrimental effects on human and animal health, as the body lacks efficient mechanisms for their
elimination. Although food and water serve as primary sources of essential nutrients, they also act as
pathways for exposure to toxic metals. The presence of these elements in food depends on several
factors, including soil quality, environmental conditions, plant genotype, the use of fertilizers and
pesticides that may contain metals, and contamination during production or through contact with
metallic surfaces. Given these factors, the accumulation of toxic elements in food has become a serious
concern in terms of food safety and potential health risks. Therefore, it is crucial to regularly monitor
heavy metal concentrations in food and ensure they remain within the maximum residue limits
established by national and EU regulatory authorities. In the absence of such limits, continuous
monitoring and comparison with available literature data are necessary. Assessing dietary intake and
monitoring metal levels in food are essential steps in risk assessment and in identifying potential
contamination that could threaten public health. Excessive intake of heavy metals through diet can lead
to numerous serious health problems. Since more than 90-95% of total daily exposure to heavy metals
originates from dietary intake - while other exposure routes include inhalation and dermal contact (Bocio
et al., 2005; Marti-Cid et al., 2008) understanding the risks associated with consuming contaminated
food is crucial. Arsenic is the only element classified as carcinogenic to humans, with confirmed
carcinogenic effects via both inhalation and ingestion. It is associated with various cancers, including
lung, liver, skin, and bladder cancer (IARC, 2004; Kapaj et al., 2006). Additionally, arsenic is highly
toxic and accumulates in the body. Cadmium has also been classified as ,,carcinogenic to humans®
(Group 1) by the International Agency for Research on Cancer (IARC, 1993) and as a Category 2
carcinogen by the European Union (OJEC, 2004). Although naturally present in soil, cadmium spreads
through the environment due to human activities and is highly toxic (Zhu et al., 2011). Similarly, lead
has no beneficial role in human metabolism and causes progressive toxic effects (Zhu et al., 2011). Lead
exposure has been linked to symptoms such as insomnia, fatigue, hearing loss, and weight loss.
Furthermore, the International Agency for Research on Cancer classified inorganic lead as ,,probably

carcinogenic to humans* (Group 2A) in 2006 (IARC, 2006).

In Mostar, as well as in other parts of Bosnia and Herzegovina, Swiss chard and collard greens play an
important role in the local diet, particularly in traditional cuisine. These vegetables are widely used in
various dishes due to their nutritional value and versatility in food preparation.
Swiss chard is highly popular, especially in Mediterranean cuisine. In Mostar, it is frequently used in
salads, stews, soups, and side dishes. Swiss chard is rich in vitami — particularly vitamin K and folic

acid — minerals, dietary fiber, and antioxidants. Its widespread use in the region is attributed to its flavor
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and ease of preparation, and it is commonly consumed with potatoes or other vegetables. Collard greens
also hold a significant place in the traditional cuisine of Mostar. They are often used in cooked dishes
such as stews, soups, and meat-based meals (especially with lamb). Collard greens are rich in vitamins,
calcium, and fiber, making them a particularly healthy dietary choice. Although not as widely consumed
as Swiss chard, collard greens remain a valued component of Bosnian cuisine. The World Health
Organization (WHO) and the Food and Agriculture Organization (FAQO) recommend a minimum daily
intake of 400 grams of fruits and vegetables (excluding potatoes and other starchy tubers) for the

prevention of chronic diseases such as cardiovascular disease, cancer, diabetes, and obesity.

Materials and Methods

During 2024, samples of Swiss chard and collard greens were collected from six different locations in
the wider area of Mostar. The Swiss chard samples were labeled B1 to B6, while the collard greens
samples were labeled R1 to R6. The heavy metal concentrations in the plant material were analyzed
using appropriate laboratory methods. After collection, Swiss chard leaves were prepared for analysis
by chopping and homogenizing 50 leaves per location. From each site, three composite samples were

prepared, and the average value was used for final calculation.

Analytical Methods

The determination of trace elements - lead (Pb), cadmium (Cd), and arsenic (As) in fruits and vegetables
was performed using inductively coupled plasma mass spectrometry (ICP-MS) in accordance with the
standard BAS EN 15763:2011, following microwave digestion as specified in BAS EN 13805:2015.
For sample preparation, 1 g of homogenized plant material was weighed and treated with 20 mL of
60 % nitric acid (HNQOs). The mixture was gently heated for 2 hours. After cooling, 3 mL of hydrogen
peroxide (H20:) was added, followed by an additional 15 minutes of heating. This hydrogen peroxide
treatment step was repeated. Upon cooling, 2 mL of perchloric acid (HCIO4) was added, and the mixture
was gently evaporated until dense white fumes of perchloric acid appeared. After cooling, 5 mL of
hydrochloric acid (HCl) was added, and the samples were quantitatively transferred into 50 mL
volumetric flasks. The flasks were then filled to the mark with distilled water. The resulting solution
was filtered through quantitative filter paper. Measurements were conducted using flame atomic
absorption spectrometry (AAS) with an acetylene-air flame. The concentrations of heavy metals in the
analyzed plant material were assessed against the maximum permissible levels (MPLs) established by
the national Regulation on Maximum Allowed Levels for Certain Contaminants in Food (Official

Gazette of BiH, 68/14).
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Health Risk Assessment
Health risk is defined as the probability of adverse health effects occurring in an individual due to
exposure to specific contaminants or groups of contaminants. This risk depends on three key factors:
the type of contaminants present in food, the level of exposure, and the toxicity of the contaminants.
The integration of these factors forms the foundation of most risk assessment protocols. Health risk
assessment serves as a valuable tool for evaluating potential hazards associated with chemical exposure.
Risk assessment specialists must possess the ability to conceptualize risk, predict and analyze its
potential impacts, and make informed decisions based on these evaluations. A health risk assessment
provides an overview of past, present, and future exposure to hazards in food, and it can be either
qualitative and/or quantitative. It is based on scientific understanding of the contaminants' properties,
exposure, dose, and toxicity (Sukalic’ et al., 2025). Two dimensions of risk, which are a combination of
the probability or frequency of an adverse event and the magnitude of its consequences, must be
considered. Risk assessment is a scientifically-based process for evaluating potential harmful impacts,
consisting of: hazard identification, hazard characterization, exposure assessment, and risk
characterization (Koese et al., 2023). Risk assessment is calculated using the equation provided by the

United States Environmental Protection Agency (USEPA, 2012, USEPA, 1989) (1):

__ CxIRXEFXED
T ATxBW

CDI (1)

Where:

CDl is chronic daily intake

C is the concentration of the metal (mg/L);

IR is the chronic intake of vegetables in Europe, 51.55 g/day for adults and 29.74 g/day for children
(Comprehensive European Food Consumption Database, Leafy vegetables, leafy brassica, EFSA,
2024);

ED is the exposure duration, 30 years for adults and 10 years for children;

EF is the frequency of exposure (days/year), 365 days/year for both adults and children;

BW is body weight (kg), 70 kg for adults and 25 kg for children;

AT is the average time of exposure in years for carcinogenic effects, calculated as ED x 70 years.

For carcinogens, risk is assessed as the incremental probability that an individual will develop cancer
during their lifetime as a result of exposure to a potential carcinogen (Sukali¢ et al., 2025; Kuzman
Katica et al., 2024). The carcinogenic risk assessment was calculated using the model for estimating

carcinogenic hazards (2):

RiSkinput method = Z;cl=1 CDIy CSFy (2)
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It is considered that risks below 1 x 107¢ do not present significant health effects, risks between 1 x 10°
and 1 x 107° are considered to have minor significant health effects, risks between 1 x 10 and 1 x 10
are of moderate range, risks between 1 x 10 and 1 x 1073 are considered to have high health effects,

and health effects above 1 x 107" are considered to have very high health effects (USEPA, 1989).

Table 1. CSF (Cancer Slope Factor) according to the literature data

Cancer slope factor (mg/kg/day)
Element Carcinogenic Classification according to
Oral CSF USEPA ©
Cadmium (Cd) 3,8x107!2 1
Arsenic (As) 1,52 1
Lead (Pb) 8,5x1073 20 B2

a) (Fouladi et al., 2021; Sukali¢ et al., 2025)
b) (Integrated Risk Information System; Leto et al., 2020)

¢) 1 — Proven carcinogen to humans, B2 — Probable carcinogen to humans

Results and discussion

Table 2 presents the average concentrations of heavy metals in samples of Swiss chard (Beta vulgaris
subsp. cicla) and collard greens (Brassica oleracea var. acephala), along with the maximum permitted

levels established by relevant regulations.

Table 2. Average concentrations of heavy metals in Swiss chard and collard greens samples (mg/kg)

Sample Arsenic (As) Cadmium (Cd) Lead (Pb)
R1 0.009 0.013 <LOQ
R2 0.011 0.049 <LOQ
R3 0.009 0.036 <LOQ
R4 0.01 0.049 0.02
RS 0.009 0.013 <LOQ
R6 0.011 0.049 <LOQ
Bl 0.014 0.038 0.046
B2 0.006 0.045 <LOQ
B3 0.004 0.046 <LOQ
B4 0.005 0.025 <LOQ
BS 0.012 0.034 0.047
B6 0.012 0.051 <LOQ
MDK (Official Gazette
( 68/14) 0.3 0.20 0.30

The average concentrations of cadmium in cabbage reported by Juri¢ et al. (2016) ranged from 0.015 to
0.018 mg/kg, arsenic from 0.018 to 0.029 mg/kg, and lead from 0.020 to 0.027 mg/kg. In comparison
with our study, cadmium concentrations were slightly higher but remained below the Maximum

Allowed Concentration (MAC), while arsenic levels were lower (0.004-0.014 mg/kg). Lead was
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detected in only three samples, with concentrations ranging from 0.020 to 0.047 mg/kg. These findings
are consistent with those reported by Juri¢ et al. (2016).

Table 3. presents the concentrations of As, Cd, and Pb in vegetables and their contamination sources

according to various international studies.

Table 3. Examples of vegetable contamination with heavy metals and potential sources of pollution in

different countries

Vegetables sty Ll Sources of Contamination Comitiy )
(mg/kg) Reference
Brassica L. spp., Cucurbita L.
spp., Solanum L. spp., Cucumis
sativus L., Phaseolus vulgaris L.,
Amaranthus tricolor L.,
Cichorium endivia L., Lactuca
sativa L., Apium graveolens L.,
Allium  tuberosum Rottler ex Contaminated irrigation
Spreng., Vigna  unguiculata As (0.006 — water. use of fertilizers and
subsp. sesquipedalis (L.) Verdc., 0.019), Cr 2 o China
L . pesticides, emissions from .
Zizania caduciflora (Turcz. ex | (0.017 —0.103), industrial and transport sases (Liang G. et
Griscb) Turcz. ex-Stapf, Lufa | - Pb(0.029— |} F0 e Storapg ) & |l 2019)
cylindrica (L.)  M.Roem., 0.123) marketing’processes ’
Capsicum annuum L., Spinacia
oleracea L., Benincasa hispida
(Thunb.) Cogn., Raphanus
sativus L., Glebionis coronaria
(L.) Cass. ex Spach, Solanum
lycopersicum L., Coriandrum
sativum L.
Cu (0.92-9.29), South Africa
Cabbage, carrot, onion, spinach, | Mn  (0.04 — | Organic  and  inorganic | (Bvenura C.
tomato 373.38), Zn | fertilizers, agrochemicals & Afolayan
(4.27 — 89.88) AJ., 2012)
. Irrigation water from Tivers or China (Chen
Rice and leafy vegetables, nearby reservoirs, mining
Cd (0.01 —3.61) o H.etal.,
legumes and stalks activities (manganese,
. . 2018)
vanadium, and pyrite)
USA
Vegetables (lettuce, Swiss chard, | As (0.43 — 0.8), . (Cooper
and strawberry) Pb (0.84) Urban community gardens AM.etal.,
2020)
Vegetables  (tomato, potato, | Cd (0.89), Pb Soil . contammajupn, Serbia
spinach, onion, beetroot, parsley) | (5.81), Cr (3.67) atmospheric deposition | (Arsenov D.
P ’ ’ P Y T ' during transportation et al., 2016)

Research on heavy metal concentrations in vegetables reveals significant variations attributable to
different contamination sources. In China, studies of Brassica species reported arsenic levels of 0.006-
0.019 mg/kg, chromium 0.017-0.103 mg/kg, and lead 0.029-0.123 mg/kg, with primary contamination

sources including polluted irrigation water, fertilizer and pesticide use, industrial and transport
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emissions, as well as harvesting, storage, and sales processes (Liang et al., 2019). South African analyses
of cabbage, carrots, onions, spinach, and tomatoes detected copper (0.92-9.29 mg/kg), manganese (0.04-
373.38 mg/kg), and zinc (4.27-89.88 mg/kg), with contamination linked to organic/inorganic fertilizers
and agrochemicals (Bvenura and Afolayan, 2012). Additional Chinese research identified cadmium
concentrations of 0.01-3.61 mg/kg in rice, leafy vegetables, legumes, and stems, primarily originating
from contaminated river and irrigation water, as well as mining activities involving manganese,
vanadium, and pyrite (Chen et al., 2018). In the United States, analysis of urban shared agricultural land
revealed arsenic (0.43-0.8 mg/kg) and lead (0.84 mg/kg) concentrations in lettuce, chard, and
strawberries, indicating the impact of urban pollution (Cooper A.M. et al., 2020). A study conducted in
Serbia indicates the presence of cadmium (0.89 mg/kg), lead (5.81 mg/kg), and chromium (3.67 mg/kg)
in tomatoes, potatoes, spinach, onions, beets, and parsley, with the sources of contamination linked to
industrial soil pollution and atmospheric deposition during transport (Arsenov D. et al., 2016). These
results highlight the global problem of vegetable contamination with heavy metals, with sources of
pollution associated with agricultural practices, "%l emissions, mining, and urban pollution.
Continuous monitoring and the implementation of appropriate measures are necessary to reduce the
accumulation of these toxic elements in the food chain. Table 4 shows the CDI for arsenic, lead, and
cadmium in chard and collard greens, and based on the obtained results, the total risk (RI) for adults was
calculated. The results indicate different risk levels depending on the type of vegetable, with particular
attention given to cadmium, which is considered one of the most dangerous heavy metals for human

health.

Table 4. Assessment of Carcinogenic Risk (RI) for Adults from Heavy Metal Intake through
Consumption of Swiss Chard and collard greens:

CDI As | CDI CDI
Sample (mg/kg/ Pb(mg/kg/ | Cd(mg/kg/ | RI
day) day) day)

Bl 1.48x1075 | 2.76x 107 | 1.02x10° | 2.53x10°5

B2 6.36x 0°° 1.21x10° | 1.84x10°
Swiss | B3 4.24x10°¢ 1.23x10° | 1.66x10°
chard | B4 5.30x10° 6.71x10° | 1.20x10°°

B5 1.27x1075 | 2.82x 107 | 9.12x10°¢ | 2.21x10°5

B6 1.27x10°° 1.37x10° | 2.64x10°
Total risk Y, B1+
B2+ B3+ B4+ 5.61x10° | 5,58x 107 | 6.41x107° | 1,21x 10
B5 + B6

R1 4.25x10°° 1.55x10° | 5.80x10°°

R2 5.19x10°° 5.86x10° | 1.11x107
Collard | R3 4.25x10°¢ 4.31x10° | 8.55x10°
greens | R4 4.72x10 | 5.35x 10% | 5.86x10° | 1.06x10°°

RS 4.72x10°° 3.71x10° | 8.4310°°

R6 4.72x10°¢ 8.25x10° | 1.30x10°
Total risk Y R1+
R2+R3+ R4+ 2.79x107° | 5.35x10% | 2.95x107 | 5.75x107
R5 +R6

33



Jelena Kuzman Katica, Aida Sukalié, Svetlana Hadzié, Denita Alibegié, Alma Micijevi¢ / Heavy
Metal Intake and Potential Carcinogenic Risks ... / Glasilo Future (2025) 8 (1-2) 27-41
Interpretation of Potential Risks for Adults
Swiss Chard:

Arsen (As) is present in all analyzed samples, with the highest intake recorded in sample B1 (1.48x10°
mg/kg/day). The total risk from arsenic is 5.61x107° mg/kg/day, which represents a moderately high risk
that requires careful monitoring, as arsenic can cause long-term negative effects, including cancer and
damage to internal organs (Smith et al., 2002). Lead (Pb) is present in very low concentrations,
especially in sample B1 (2.76x 10-7 mg/kg/day), which results in a very low total risk from lead (2.82x
10-7 mg/kg/day). This level is well below critical thresholds, and the risk from lead is considered
negligible, which is consistent with findings from other studies that also indicate low lead presence in

plant crops (Jiang et al., 2017).

Cadmium (Cd) is present in significant amounts, especially in sample B1 (1.02x107° mg/kg/day). The
total risk from cadmium is 6.41x10, indicating a moderate risk. Given that cadmium can cause serious
health problems, including kidney and bone damage, attention must be given to its concentration in food
(WHO, 2011). The total risk for Swiss Chard is 1,21x 107, which indicates a moderate risk, with

particular emphasis on cadmium and arsenic.

Collard greens:

Arsen (As) is also present in significant quantities in all analyzed samples, with the highest intake
recorded in sample R1 (4.25x 107 mg/kg/day). The total risk from arsenic is 5.61x107°, indicating a
moderate risk similar to that of Swiss Chard, but with slightly higher risk due to higher concentrations
in several samples. Lead (Pb), as in Swiss Chard, has very low intake, with the highest concentration
recorded in sample R4 (5.35% 10" mg/kg/day), resulting in a minimal total risk from lead (2.82x 107
mg/kg/day). This level does not raise concern either. Cadmium (Cd) is present in all analyzed samples,
with the highest intake observed in sample R2 (5.86x 107¢ mg/kg/day). The total risk from cadmium for
collard greens is 6.41x107° mg/kg/day , indicating a moderate risk, but slightly higher compared to Swiss
Chard due to higher concentrations of cadmium in some samples. The total risk for collard greens is
1.21x 10™* mg/kg/day, which is a slightly higher risk compared to Swiss Chard. The higher risk results
from a combination of higher concentrations of arsenic and cadmium in some samples, which requires
more careful monitoring of the consumption of this plant. Although both vegetables, Swiss Chard and
collard greens, had low risk for lead in most samples, arsenic and cadmium still represent significant
sources of risk. Given their presence in the analyzed samples, it is recommended to carefully monitor
the consumption of these foods, especially for long-term health effects. Collard greens shows a slightly
higher total risk due to higher concentrations of arsenic and cadmium in some samples, while Swiss
Chard shows a moderate risk with significant influence from cadmium and arsenic. This research aligns

with broader literature on human health and the impact of heavy metals from food. Similar studies have
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been conducted by Jiang et al. (2017), who also highlighted the risk of cadmium and arsenic in
vegetables, and by Smith et al. (2002), who emphasized the long-term health consequences of arsenic
exposure through diet. In Table 5, the CDI values for arsenic, lead, and cadmium in Swiss Chard and
collard greens are presented, and based on the obtained results, the total risk (RI) for children is
calculated. The results show differences in risk depending on the type of vegetable, taking into account
specific factors for children, who are more susceptible to contamination due to their lower body mass

and greater absorption of heavy metals.

Table 5. Assessment of carcinogenic risk (RI) for children from the intake of heavy metals through the
consumption of Swiss Chard and collard greens:

Sample |CDI CDI CDI RI
As (mg/kg/|Pb (mg/kg/|Cd (mgkg/
day) day) day)
Bl 2.00x10°  |3.72x 107 |1.37x10° |3.41x10°
B2 8.56x10°6 1.63x10°  |2.48x10°
Swiss chard B3 5.70x10° 1.66x10° |2.23x10°
B4 713%10° 9.0310°  |1.62x10°
B5 1.71x10  |3.80x 107 |1.23x10° |2.98x10°
B6 1.71x10°5 1.84x10°  |3.55x10°
I‘};tigi_li% 6§B1+B2+B3 7.56x10° | 7.52x 107 | 8.63x10~ | 1.63% 10~
R1 5.72x10° 2.09x10° |7.81x10
R2 6.99x10° 789x10° |1.49x10°
Collard greens |2 572x10° 580x10° |1.15x10°
R4 63610° |72x 10°  |7.89x10° |1.43x10°
R5 6.36x10° 4.99x10° |1.13x10°
R6 6.36x10° L11x10° |1.75x10°
Igjiﬁi_ﬁ% 6§R1+R2+R3 3.75x10 | 7.2x10% | 3.98x10-5 | 7.73x10°5

Interpretation of potential risks for children

Swiss Chard.:

Arsen (As) is present in all analyzed samples, with the highest intake recorded in sample B1 (2.00x10°
mg/kg). The total risk from arsenic for children is 7.56x10~° mg/kg/day, indicating a moderate risk.
Considering that children have a higher sensitivity to toxins, arsenic exposure could increase the risk of
developing cancer and other chronic diseases (Smith et al., 2002). Lead (Pb) is present in very low
concentrations, especially in sample B1 (3.72x 1077 mg/kg/day), which results in a very low total risk
from lead (7.52x 107 mg/kg/day). While lead can negatively affect children's development, its presence
in Swiss chard is minimal, suggesting a low threat to children's health in this case. Cadmium (Cd) is
present in significant amounts, particularly in sample B1 (1.37x107° mg/kg/day). The total risk from
cadmium for children is 8.63x107, indicating a moderate risk. Cadmium is known for its negative

impact on kidneys and bone development, especially in children, making it a significant factor in
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assessing the risk of food contamination (WHO, 2011). The total risk for Swiss chard is 1.63x 10~

mg/kg/day, representing a moderate risk for children, with particular emphasis on cadmium and arsenic.
Collard Greens:

For collard greens, the total risk for children is calculated as follows:

Arsenic (As) is present in all analyzed samples, with the highest intake recorded in sample R1 (5.72x
10¢ mg/kg/day). The total risk from arsenic for children is 3.75x10~° mg/kg/day , indicating a moderate
risk, although it is lower than in Swiss chard. Given the risks associated with chronic arsenic exposure,
it is recommended to limit the consumption of vegetables with higher concentrations of this metal. Lead
(Pb) is present in minimal concentrations in all analyzed samples, with the highest intake recorded in
sample R4 (7.2x 10-8 mg/kg/day). The total risk from lead for children is 7.2x 10 mg/kg/day, indicating
a negligible risk. Cadmium (Cd) is present in all analyzed samples, with the highest intake recorded in
sample R2 (7.89x 10° mg/kg/day). The total risk from cadmium for children is 3.98x10~° mg/kg/day,
which is a moderate risk. Given cadmium's negative impact on kidney and bone development in
children, it is important to monitor the concentration of this metal in vegetables. The total risk for collard
greens is 7.73x107° mg/kg/day , indicating a moderate risk, with emphasis on cadmium and arsenic. This
risk is slightly lower than that for Swiss chard, but caution is still advised in consumption, especially for
children. Although both types of vegetables, Swiss chard and collard greens, had low risk for lead in
most samples, the greatest risk comes from cadmium and arsenic. This underscores the importance of
carefully monitoring dietary habits and the consumption of vegetables that may be contaminated with
these heavy metals. Given their presence in the analyzed samples, it is recommended to carefully
monitor the consumption of these foods, particularly for long-term health effects. Further research is
also recommended to ensure the safe consumption of these plants, especially in areas with potential soil
and water contamination. Collard greens show a slightly higher total risk due to higher concentrations
of arsenic and cadmium in some samples, while Swiss chard shows a moderate risk, with significant

effects from cadmium and arsenic.

In Table 6, a comparative review of the total potential carcinogenic risk is shown, as well as the

increased risk for children compared to adults.

For chard, the total carcinogenic risks for children are higher compared to adults, with arsenic (As) risk
increased by 1.95 times, lead (Pb) by 1.94 times, and cadmium (Cd) by 2.22 times. For collard greens,
the risk is also higher for children, although to a lesser extent; arsenic (As) risk increased by 0.96 times,
lead (Pb) by 1.85 times, and cadmium (Cd) by 1.03 times. The increased risk for children can be
explained by several factors. First, children have lower body weight and faster metabolic rates, making
them more susceptible to toxic substances. Additionally, due to their rapid growth and development,

there is a higher potential for bioaccumulation of heavy metals. Moreover, children typically have a
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higher food intake per kilogram of body weight, which may further elevate their exposure to toxic
substances in plants. Also, children’s typical diets may differ from those of adults in terms of the types
of vegetables consumed, which can influence the amount of heavy metals ingested. Hernandez et al.
(2018) reported that children are particularly vulnerable to heavy metal poisoning due to their lower
body weight and increased food consumption relative to adults. Pifieiro et al. (2021) discussed how
dietary intake of heavy metals can affect children's health, particularly in contexts where local diets are
rich in vegetables that may be contaminated with pollutants, including cadmium and arsenic. The WHO
(2014) also emphasized that children are more sensitive to toxins, including heavy metals, due to their
developmental stage, specific metabolism, and greater nutrient needs for growth. In the study
»Assessment of Non-Carcinogenic and Carcinogenic Health Risks from Heavy Metals in Cooked Beans
and Vegetables in Punjab, Northern India,” (Kharkwal et al., 2023) concentrations of heavy metals (Pb,
Cd, As, Cr, Ni, Cu, and Zn) were analyzed in cooked bean and vegetable samples collected from
different locations. The highest concentrations of As, Cd, and Pb were recorded in samples from urban

areas (1.44 x 1075, 8.21 x 107, 1.30 x 107%), while lower values were found in rural areas.
Table 6. Comparative Overview of Total Risk (RI)

Metal Total Risk | Total Risk | Risk Total Risk | Total Risk | Risk

(Swiss (Swiss Increase (Collard (Collard Increase
Chard) - | Chard) - in greens) —  greens) —  in
Adults Children Children | Adults Children Children
As (Arsenic) | 5.61x10° | 7.56x10° | 1t 1.95 | 2.79x10° | 3.75x10° 1 0,96
increased increased
Pb (Lead) 5.58x 107 1 1.94 | 5.35x10% | 7.2x10% 1 1,85
increased increased
Cd 1 2,22 1 2.95x10° | 3.98x10° |1 1.03
(Cadmium) increased increased
RI  (Total 1 0,42  5.75x10° | 7.73x10° 1 1.98
risk index) increased increased

The plant species with the highest cadmium accumulation was spinach, where Cd concentrations in
leaves exceeded maximum allowable levels (MAL) in more than half of the analyzed samples from
various sites (54%). Lead (Pb) concentrations in spinach also exceeded MAL values (3.0 ug/g, Serbian
regulation) in 46% of all tested samples (Pajevi¢ et al., 2018). In our study, the concentrations of As,
Cd, and Pb were within legally prescribed limits. R. Sharifi et al. (2018) calculated cancer risk (CR) and
determined that consumption of cultivated leafy vegetables could result in cancer development in 50 out
of 10,000 adults and 200 out of 10,000 children. The analysis of carcinogenic risk associated with the
intake of heavy metals through vegetable consumption shows significant differences across countries
and types of vegetables. In a study conducted in the United States, carcinogenic risk was identified in

lettuce, chard, and strawberries for arsenic (2.48 x 107*) and lead (2.48 x 10™*), while cadmium was not
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present in significant amounts (Cooper A.M. et al., 2020). In Serbia, high values of carcinogenic risk
were recorded in tomatoes, potatoes, spinach, onions, beets, and parsley for cadmium (5.81 x 107*) and
lead (5.81 x 10™*) (Arsenov D. Et al., 2016). In Turkey, carcinogenic risk in tomatoes, potatoes, spinach,
and peppers was estimated for arsenic (5 x 107°) and lead (4 x 107#), while cadmium was not found in
significant concentrations (Yilmaz S. Et al., 2015). A similar study in India reported carcinogenic risk
for arsenic (1.2 x 10™) and lead (1.6 x 10™*) in tomatoes, spinach, and peppers, with cadmium not being
detected in significant amounts (Chakraborty et al., 2019). The highest carcinogenic risk values were
observed in leafy vegetables in China, where arsenic reached 3.50 x 107*, cadmium 2.58 x 1073, and lead
4.91 x 10°¢ (Huang et al., 2024). These findings suggest that leafy vegetables may pose a higher risk
due to their ability to accumulate heavy metals from both soil and atmosphere. Overall, the results
indicate a global concern regarding the contamination of vegetables with carcinogenic heavy metals,
with various factors such as industrial pollution, pesticide use, and soil quality significantly affecting
the level of risk. Ongoing monitoring and the implementation of appropriate measures to reduce

contamination are essential for protecting public health.

Conclusion

This research is of great importance as it provides insight into the levels of heavy metal contamination
in agricultural products available on the market. Given that the consumption of food contaminated with
heavy metals can have serious health consequences, the study contributes to a better understanding of
the risks faced by the consumer population. The analyzed samples from the Mostar market enabled the
identification of potential sources of contamination and highlighted specific issues related to food safety.
The most significant findings of the study pertain to the detection of heavy metal concentrations in
various agricultural products, particularly in kale (collard greens) and other types of vegetables. These
results indicate the need for stricter quality control in the market, as well as increased oversight of
agricultural production and food transportation. This research also emphasizes the importance of
education and raising awareness among consumers regarding the risks associated with consuming
contaminated food, as well as the need for better regulation and standardization of the food market. The
results suggest that additional efforts should be made to improve agricultural practices and to implement
rigorous controls in the marketplace to ensure food safety and protect consumer health. In addition, the
study points to the necessity for continued monitoring of heavy metal levels in food available on the
market, along with the introduction of effective control mechanisms and preventive measures that can
minimize health risks. The implementation of these recommendations could contribute to reducing

negative impacts on human health and preserving ecological balance in the region.
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