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Abstract

Collard greens (Brassica oleracea var. acephala), a
biennial herbaceous plant from the Brassicaceae family,
were selected for this study due to their widespread
consumption in the Herzegovina region. Recent
research has demonstrated their high antioxidant
capacity, prompting an investigation into the potential
adverse effects of heavy metal intake through collard
greens consumption. Hence, the overall aim of our
research was to determine heavy metal concentrations
in a few locations in Bosnia and Herzegovina and
determine whether there is a potential impact on
human health.

The primary objective of this study was to determine
the concentrations of heavy metals -lead (Pb), cadmium
(Cd), copper (Cu), and arsenic (As) in collard greens
leaves cultivated in six locations in Herzegovina region:
Zitomislici, Opine, Blagaj, Jasenica, Rodoc, and Vrapcici.
Determination of trace elements - lead, cadmium, and
arsenic in fruit and vegetables was done by ICP-MS
(BAS EN 15763:2011), following microwave digestion
(BAS EN 13805:2015). Additionally, the estimated daily
intake (EDI) of these metals was calculated based on
their measured concentrations to assess their potential
impact on human health. Furthermore, a hazard
quotient index (HQI) was employed to evaluate non-
carcinogenic health risks for both adults and children,
providing insights into the potential threats posed by
these metals.

The findings indicate that Cu and Cd pose the
greatest health risks to both adults and children.

Children are at a higher risk due to increased intake
relative to body weight. Among the studied locations,
Vrapdi¢i and Jasenica exhibited the highest Cu and
Cd concentrations, with particularly concerning HQ
values in children (156.03% and 90.06%, respectively).
Although arsenic and lead did not reach critical levels,
continuous exposure may still pose long-term health
risks for both adults and children.

Given the presence of heavy metals such as Pb, Cd,
Cu, and As in soil and their translocation into plants,
this study provides valuable insights into the potential
impact of these contaminants on human health.

Key words: Collard greens, Heavy metals, Herzegovina,
Health risk assessment.

1. Introduction

Due to their toxicity, bioaccumulation, and irreversible
nature in the environment, heavy metals represent
a significant ecological and health issue. They are
particularly problematic in the food chain, where
they can enter through contaminated soil, water,
or atmospheric precipitation. Collard greens
(Brassica oleracea var. acephala), a traditional crop in
Herzegovina, are known for their ability to accumulate
certain metals, which may have implications for food
safety and public health.

Vegetables are vital in human nutrition and health,
particularly as sources of vitamin C, thiamine, niacin,
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pyridoxine, folic acid, minerals, and dietary fiber [1].
In general, vegetables are a common part of the diet
of various human populations worldwide due to their
richness in vitamins, minerals, fibers, and antioxidant
effects [2, 3].

Leafy vegetables grown on soils contaminated with
heavy metals accumulate higher levels of metals in
both edible and non-edible parts compared to those
grown on uncontaminated soils [4]. Plants like cabbage
are particularly recognized as good accumulators of
heavy metals from the soil [5]. Collard greens (Brassica
oleracea var. acephala) are a biennial leafy plant grown
for their dense leaves and nutritional value.

Consumption of contaminated cabbage has been
linked to cases of foodborne diseases in humans. This
vegetableis known forits therapeutic properties dating
back to ancient times, with its high vitamin content
providing excellent nutritional value. Additionally, it
has low levels of saturated fats and cholesterol and
is recognized as a good source of thiamine, calcium,
iron, magnesium, phosphorus, potassium, dietary
fiber, folate (vitamin B9), and manganese [1, 6]. Despite
its numerous advantages, cabbage can be a strong
accumulator of heavy metals from the soil, allowing
them to easily enter the food chain [6], which represents
asignificant cause for concern. Long-term deposition of
heavy metals in the soil used for vegetable cultivation
leads to the accumulation of these metals both in the
soil and in the vegetables. Frequent consumption of
vegetables contaminated with lead (Pb), copper (Cu),
and cadmium (Cd) can increase the risk of developing
cancer of the upper gastrointestinal tract [7].

Heavy metals and their compounds can adversely
affect any human organ or physiological system. The
nature and severity of toxicity depend on the type of
metal, its chemical and valence state, duration and
level of exposure (acute or chronic), as well as the age
of the exposed individual. Children and young people
are particularly sensitive to heavy metal intoxication.

Toxic effects can be identified through targeted or
end organs. According to the EPA IRIS program, “target
organimpact may be the critical effect, the first adverse
effect, or its known precursor, occurring in the most
sensitive species as a response to the agent’s dose.
The organs most affected by heavy metal exposure
include the central and peripheral nervous systems,
cardiovascular, renal, hematopoietic, gastrointestinal,
musculoskeletal,immune, and integumentary systems
[8l.

The primary aim of this research is to assess the

potential health hazards associated with the
consumption of collard greens contaminated with
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heavy metals in the broader Herzegovina region,
using the risk assessment methodology of the US EPA
(Environmental Protection Agency). The study findings
will be crucial for monitoring pollution and preventing
potential diseases caused by soil and vegetable
contamination.

2. Materials and Methods

The study was conducted by selecting the locations of
Zitomislici, Opine, Blagaj, Jasenica, Rodoc, and Vrapcici
on family farms where collard greens are cultivated.
The analysis of heavy metal content was carried out
using the method: Determination of trace elements
- lead, cadmium, and arsenic in fruits and vegetables
by ICP-MS (BAS EN 15763:2011), with the application
of microwave digestion (BAS EN 13805:2015). For the
determination of copper in leafy vegetables, flame
atomic absorption spectroscopy (FAAS) was used.

The risk assessment included: estimating the daily
consumption of collard greens, estimating the
daily intake of heavy metals through collard greens
consumption, and calculating the Hazard Quotient
Index (HQI) for both adults and children.

2.1 Determination of heavy metal content in collard
greens

The heavy metal content analysis was performed
according to the method: Determination of trace
elements - lead, cadmium, and arsenic in fruits and
vegetables, using ICP-MS (BAS EN 15763:2011) after
microwave digestion (BAS EN 13805:2015) [9]. A 1
g sample was weighed and covered with 20 mL of
60% HNO,. Mild heating was applied for 2 hours.
After cooling, 3 mL of H,O, was added, and heating
continued for 15 minutes. The procedure with
peroxide was repeated. After cooling, 2 mL of HCIO,
was added, and mild evaporation was performed until
dense white fumes of perchloric acid appeared. After
cooling, 5 mL of HCl was added, and the samples were
quantitatively transferred to 50 mL flasks. The flasks
were filled to the final volume with distilled water. The
solution was filtered through quantitative filter paper.
Measurement was performed using flame atomic
absorption spectrometry with acetylene/air.

The heavy metal content in collard greens relative to
the MDK (maximum allowable concentration) was
defined according to the Regulation on Maximum
Allowed Levels for Certain Contaminants in Food [10],
where the MDK values for arsenic and lead are 0.3 mg/
kg, for cadmium 0.2 mg/kg, and for copper 5 mg/kg.
For the determination of copper in leafy vegetables
using flame atomic absorption spectroscopy (FAAS),
the sample was first digested through acid digestion.
Microwave digestion was performed with 5 - 10 mL of
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concentrated HNO; (65%) and 1 - 2 mL of H,0, (30%)
per sample (~0.5 g of dried sample). After digestion,
the solution was diluted with deionized water to
the final volume (50 mL). Calibration was performed
with standard copper solutions in the range of 0.1 -
5 mg/L, and absorbance was measured at 324.7 nm.
After harvesting the collard green leaves, they were
prepared for analysis by grinding and homogenizing
50 harvested leaves (Figure 1). Three average samples
were made from each location, and the mean value
was used in the calculations.

Figure 1. Samples

The locations were selected to ensure that samples
were collected over a wider area of the City of Mostar
(Figure 2).

Opine, 3. Blagaj, 4. Rodoc, 5. Jasenica, 6. Zitomislici

The geographical coordinates of these locations are
presented in Table 1.

Table 1. Sample collection locations with geographic
latitude and longitude

Location Geographic Geographic  Elevation
latitude (°N) longitude (°E) (m)
Zitomislici 43°12'36" 17°47'19" 24
Opine 43°18'49” 17°50'22" 111
Blagaj 43°15'27" 17°53'23" 52
Jasenica 43°16'51" 17°48'23" 46
Rodoc 43°18'25" 17°48'13" 58
Vrapcici 43°22'40" 17°52'07" 106

The approximate distance between the locations is
about 35 km. The Zitomislici location is approximately

17 km south of Mostar, along the Neretva River, towards
Capljina. The Opine location is about 4 km northwest
of the center of Mostar. Blagaj is approximately 12 km
southeast of Mostar, known for the source of the Buna
River and the Blagaj Tekke. Rodoc is about 5 km south
of the center, located between Mostar and Jasenica.
Jasenica is approximately 8 km south of Mostar, along
the main road towards Citluk. Vrapcici is located about
7 km north of Mostar, along the M-17 highway towards
Jablanica. The total distance is 43.27 km.

2.2 Estimation of daily collard greens consumption

The estimation of daily collard greens intake was based
on the EFSA database:

- EFSA Comprehensive European Food Consumption
Database. The daily collard greens consumption
value was taken as the average consumption of leafy
vegetables (Category: Leafy vegetables - Leafy brassica)
for adult consumers: 101.36 g per day for acute intake,
and children: 59.25 g per day for acute intake.

2.3 Estimation of daily heavy metal intake from
collard greens consumption

The calculation of the average daily intake used the
following equations recommended by the US EPA (1):

EDI (ug/kg body weight per day) =

Cx Ud/TM ()

Where: C = the average concentration of heavy metals in the tested
samples (ug/kg), Ud = average daily intake of collard greens (g/day),
TM = average body weight (kg).

The average body weight for adults is 70 kg, while
for children, it is 15 kg, according to the World Health
Organization (WHO) recommendations.

2.4 Hazard Quotient Index (HQI) calculation

The HQI calculation and risk level assessment were
performed by comparing the determined EDI values
with health-based toxicological values for arsenic in
food - TDI (Tolerable Daily Intake).

The EFSA recommended values for TWI (Tolerable
Weekly Intake) were used: 25 ug/kg TM for lead (EFSA,
2010), 2.5 pug/kg TM for cadmium (EFSA, 2011), and 15
pg/kg TM for arsenic (EFSA, 2009). The TDI values were
taken as equivalent to TWI: 3.57 pug/kg TM for lead, 0.36
pg/kg TM for cadmium, and 2.14 pg/kg TM for arsenic.
The ADI for copper is 0.07 mg/kg TM (EFSA, 2023).

3. Results and Discussion

The content of heavy metals in the collard greens
samples collected from selected locations was lower
than the Maximum Allowable Limits (MAL) prescribed
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by the Regulation on Maximum Allowable Levels of
Certain Contaminants in Food [10] (Table 2).

The average heavy metal concentrations in collard
greens ranged as follows: Copper (Cu): from 400 ug/
kg (Opine) to 3,950 pg/kg (Vrapcici); Arsenic (As):
from 9 ug/kg (Zitomislici, Blagaj) to 11 pg/kg (Opine);
Cadmium (Cd): from 13 pg/kg (Zitomislici) to 69 pg/kg
(Jasenica, Vrapcici); Lead (Pb): from 15 pg/kg (Jasenica)
to 20 pg/kg (Rodoc).

In the study “Health risk assessment associated with
consumptionofheavymetal-contaminated vegetables:
a case study in the southern part of northeastern
Thailand,"Tongprung et al., [11], reported the following
concentrations of heavy metals in cabbage samples:
Lead (Pb): 0.05 - 0.15 mg/kg; Cadmium (Cd): 0.01 - 0.05
mg/kg; and Copper (Cu): 0.10 - 0.30 mg/kg. Collard
greens in this study contained more copper and
cadmium compared to the study by [11], while lead
content was significantly lower.

In the study conducted in Peru by Quispe et al., [12],
the concentrations of heavy metals in vegetables
grown at agricultural locations in Arequipa were: Lead
(Pb): 0.02 - 0.32 mg/kg; Cadmium (Cd): 0.01 - 0.08 mg/
kg; and Arsenic (As): 0.01 - 0.09 mg/kg. Compared to
our study, cadmium values were similar, while the lead
concentrations in collard greens were lower than the
maximum value recorded in Peru.

Estimated Daily Intake (EDI) and Hazard Quotient Index
(HQI) for adults are presented in Table 3.

From Table 3, the following values can be observed:

3.1 Copper (Cu)

The EDI for copper ranges from 0.58 pg/kg (Opine)
to 5.72 pg/kg (Vrapcici). These values fall within the
normal concentration range of copper in food. Given
that the HQI varies from 5.79% (Opine) to 57.20%
(Vrapcici), the risk of copper toxicity is very low at all
locations, and the HQI values do not exceed safety
thresholds. Therefore, copper does not represent a
significant health risk for adults at these locations.

3.2 Arsenic (As)

The EDI for arsenic ranges from 0.013 pg/kg (Zitomislici,
Blagaj) to 0.071 pg/kg (Opine), which are also low
concentrations. The HQI for arsenic varies from 0.61%
to 2.03%, indicating that the risk of arsenic exposure
for adults at these locations is not concerning.
Arsenic is known for its toxic properties, but at these
concentrations, its impact on adult health will be
minimal.

3.3 Cadmium (Cd)

The EDI for cadmium ranges from 0.019 ug/kg
(Zitomislici) to 0.100 pg/kg (Vrapcici, Jasenica). These
concentrations could be cause for concern, as the HQI
for cadmium ranges from 5.23% (Zitomislici) to 27.75%
(Jasenica, Vrapcici), indicating a potentially higherriskin
theseareas.Althoughnotalarming, prolongedexposure
to cadmium at higher concentrations could lead to
negative effects on the kidneys and other vital organs.

Table 2. Average heavy metal concentrations by location and MAL values according to the Regulation (68/14)

Location Cu [ng/kg] As [pg/kg] Cd [pg/kg] Pb [pg/kg]
Zitomislici 530+ 10 9+1 13+1 <LOQ
Opine 400+ 10 11+1 49+ 1 <LOQ
Blagaj 420+ 10 9+1 36+2 <LOQ
Rodoc 420+ 10 10£1 49+2 20
Jasenica 2,280+ 10 101 31+1 <LOQ
Vrapcici 3,950+ 10 10£1 69+ 1 <LOQ
LOQ - 0.004 0.004 0.020
MAL Regulation (68/14) [mg/kg] 5 0.3 0.2 0.3

Table 3. EDI and HQI for adults
EDI

EDI

EDI

EDI

. (ng/kg BM HQl (%) (ng/kg BM HQl (%) (ng/kg BM HQl (%) (ng/kg BM HQl (%)
Location daily)

Cu As Pb Pb
Zitomislici 0.77 7.67 0.013 0.61 0.019 5.23 - -
Opine 0.58 5.79 0.016 0.74 0.071 19.71 - -
Blagaj 0.61 6.08 0.013 0.61 0.052 14.48 - -
Rodoc 0.61 6.08 0.014 0.68 0.045 12.47 0.029 0.81
Jasenica 3.30 33.01 0.014 0.68 0.100 27.75 - -
Vrapcici 5.72 57.20 0.014 0.68 0.100 27.75 - -
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3.4 Lead (Pb)

The EDI for lead is very low at all locations, with values
not exceeding 0.029 ug/kg (Rodoc). The HQI for lead is
also very low (0.81% at Rodoc), meaning that lead does
not currently pose a risk to adults at these locations.
Lead is known for its cumulative health effects, but in
this study, its concentration is not sufficient to raise
concerns.

Based on the EDI and HQI values, the risk of consuming
heavy metals at these locations is not significant for
adults. Copper and arsenic concentrations are low, and
the HQI for these metals shows minimal risk. Cadmium
presents a higher risk at locations such as Vrapcici and
Jasenica, but it remains within safety limits. Long-term
exposure could cause health problems.

Lead does not present a serious risk at any of the
locations in this study, as the concentrations are very
low.

Estimated Daily Intake (EDI) and Hazard Quotient Index
(HQI) for children are shown in Table 4.

From Table 4, the following values can be observed:

3.5 Copper (Cu)

The EDI for copper in children ranges from 1.58 pg/
kg (Opine) to 15.60 pg/kg (Vrapcici). Since copper
is an essential micronutrient, it is important to
monitor these concentrations, as higher levels can
lead to negative health effects (e.g., stomach or liver
problems). The HQI for copper ranges from 15.80%
(Opine) to 156.03% (Vrapcici). For children, these high
values (especially in Vrapcici) may pose a risk of toxicity,
particularly since children are more sensitive to high
metal concentrations. In Vrapcici, the HQI exceeds
100%, suggesting a serious risk.

3.6 Arsenic (As)

The EDI for arsenic in children ranges from 0.036 ug/kg
(Zitomislici, Blagaj) to 0.194 pg/kg (Opine). Although

Table 4. EDI and HQI for children

these values are relatively low, arsenic is known for its
cumulative toxic effects, especially on the long-term
health of children. The HQI for arsenic ranges from
1.66% (Zitomislici, Blagaj) to 2.03% (Opine), indicating
a low risk. However, it is important to note that
children have a higher sensitivity to the toxic effects
of arsenic due to their faster metabolism and smaller
body volume.

3.7 Cadmium (Cd)

The EDI for cadmium in children ranges from 0.051
pg/kg (Zitomislici) to 0.273 pg/kg (Vrapcici, Jasenica).
Cadmium is highly toxic, especially to the kidneys and
renal function. At higher concentrations, it can cause
serious health problems. The HQI for cadmium ranges
from 14.26% (Zitomislici) to 75.71% (Vrapcici, Jasenica),
showing a significant risk, particularly in Vrapcici and
Jasenica. These cadmium concentrations exceed
safety thresholds and can have negative impacts on
children’s health, including potential kidney damage
and harm to other internal organs.

3.8 Lead (Pb)

The EDI for lead in children is unavailable for most
locations, but for Rodoc, the EDI is 0.079 ug/kg, which
is an extremely low concentration. The HQI for lead is
2.21%, indicating that the risk of lead poisoning is not
concerning at this location. Although the values for
lead are low, it should be noted that lead can cause
serious healthissuesin children, including neurological
effects and developmental disorders. However, in this
case, the HQl indicates a very small risk.

Copper in Vrapcici poses a significant risk to children
due to the high HQI (156.03%). Measures to reduce
exposure should be taken to prevent negative
consequences. Arsenic and cadmium also present
concerns, particularly in Vrapcici and Jasenica, where
the HQI for cadmium exceeds 70%, indicating a serious
risk to children’s health. These concentrations require
further investigation and potential interventions.
Lead does not pose a significant risk to children at the
analyzedlocations, as both the HQland EDl are very low.

EDI HQl EDI HQI (%) EDI HQI EDI
. (ng/kg BM (%) (ng/kg BM (ng/kg BM (%) (ng/kg BM
pocaticn daily) daily)
Cu As cd Pb

Zitomislici 2.00 20.94 0.036 166 0.051 14.26 - -
Opine 158 15.80 0.043 2,03 0.194 53.76 - -
Blagaj 166 16.59 0.036 166 0.142 39.50 - -
Rodoc 166 16,59 0.040 185 0122 3401 0.079 2.21
Jasenica 9.01 90.06 0.040 185 0273 7571 ; -
Vrapcici 15.60 156.03 0.040 185 0273 7571 - -
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In their study, the authors [13] state that the average
daily intake of lead from nectarine consumption
in the Hercegovina region does not exceed the
recommended tolerable values, and there is no
acute health risk for adults. This is consistent with the
findings of this study, as there are no acute health risks
for adults or children. Additionally, lead content was
below the quantification limit at all locations, except
for Rodoc.

In the study on the potential health risks from daily
vegetable consumption, Baghaie and Fereydoni
[14] report the average daily intake of Pb, Cd, and
As from cabbage consumption: 0.00144 - 0.0126;
0.00024 - 0.00034; and 0.00027 - 0.00024 mg/kg/day,
respectively. The study conducted on the consumption
of collard green“Rastika”in this case covers the average
daily intake of Pb, Cd, and As for adults and children:
0.022 - 0.079; 0.019 - 0.273; and 0.013 - 0.040 pg/kg/
day, respectively.

In the study “Health Risk Assessment of Vegetable
Consumption Contaminated with Heavy Metals: A
Case Study from Southern Northeastern Thailand,”
the authors analyzed the daily intake of heavy metals
through the consumption of various vegetables,
including cabbage. According to their findings, the
estimated daily intake (EDI) of heavy metals from
cabbage consumption was as follows: Lead (Pb): 0.005
- 0.015 mg/day; Cadmium (Cd): 0.001 - 0.005 mg/day;
and Copper (Cu): 0.01 - 0.03 mg/day. Considering
the EDI, the research by Quispe et al., [12], identified
cadmium and lead as major sources of potential health
risks, which aligns with the findings in this study.

Inarecentstudy by Liangetal.,[15],atwo-factor ANOVA
analysis of the data revealed significant differences in
heavy metal concentrations between leafy and non-
leafy vegetables. Our study (for Herzegovina) showed
that the highest EDI values were recorded for copper
(Cu) and cadmium (Cd), with children being at greater
risk due to the intake-to-body mass ratio. Localities of
particular concern are Jasenica and Vrapcici, where the
EDI for Cu in children reached 15.60 ug/kg body mass/
day and for Cd 0.273 pg/kg body mass/day.

Compared to the data we obtained, much lower
concentrations of Pb, Cd (0.055; 0.005; and 0.013 mg/
kg in cabbage, respectively) were reported by Chen
et al., [16], while As (0.013 mg/kq) is similar to those
found in this study. Adedokun et al., [17], investigated
the potential intake of heavy metals among various
population groups, including those with low body
mass, individuals with increased health sensitivity,
pregnant women, and those consuming heavy metal-
contaminated vegetables (Pb, Cr, Zn, Cu, Cd, and Ni).
For risk assessment, they used indicators such as the
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Health Risk Index (HRI), Daily Intake of Metals (DIM),
and Target Hazard Quotient (THQ). Based on the
established exposure sequence Pb > Cu > Cd > Ni> Zn
> Cr, they concluded that residents of Lagos consuming
leafy vegetables from local markets are significantly
exposed to risks associated with these metals.

4, Conclusions

- The results of this study show that collard green
“Rastika” (Brassica oleracea var. acephala) grown in
Hercegovina contains heavy metal concentrations (Cu,
Cd, As, and Pb) that vary by location, with the highest
concentrations of copper (Cu) and cadmium (Cd),
especially at the Vrapcici and Jasenica sites.

- Health risk assessment through the calculation of
Estimated Daily Intake (EDI) and Hazard Quotient Index
(HQI) shows that children are at greater risk of exposure
to heavy metals compared to adults, primarily due to
the higher intake relative to body mass. The highest
health risks, according to the assessments, arise from
copper and cadmium intake, while arsenic and lead
have not reached critical levels but still pose potential
chronic risks.

- The Vrapcici and Jasenica locations show the highest
heavy metal concentrations, making them the most
problematic for consumption, particularly for children.
Therefore, it is crucial to continuously monitor
contamination levels in vegetables and take measures
to reduce risks, including consumer education and
appropriate regulations to protect public health.

- Additionally, this research can provide
recommendations for the safe consumption of these
vegetables and raise awareness of the dangers
that heavy metals pose to health, particularly for
vulnerable groups like children. In the context of
agricultural production, this work offers insights into
the connection between environmental factors and
food safety, which is essential for the development of
sustainable and safe agricultural practices.
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