
Leafy plants and vegetables, which are grown and 
consumed on almost every continent, are vital to 
the human diet. It is well known that these plants 
mainly provide trace elements, vitamins, minerals, 
and fibres (Mateos-Maces et al. 2020, Sarkar et al. 
2022). In addition to the nutritional benefits of leafy 
plants, most of them accumulate higher amounts of 
heavy metals because they absorb metals in their 
edible parts (Saleem et al. 2020). 

Heavy metal accumulation in plants depends on soil 
and metal types, soil conditions, plant species, growth 
stages, weather, and environmental factors (Zhang et 
al. 2020). Leafy plants grown in contaminated soils 
have a greater chance of accumulating heavy metals 
than plants grown in uncontaminated soil (Proshad et 

al. 2020). Anthropogenic activities such as industrial 
processing and mining are the primary causes of en-
vironmental heavy metal pollution. Furthermore, the 
widespread use of agrochemicals such as metal-based 
pesticides and fertilisers contributes significantly to 
the contamination of various plants and vegetables 
(Briffa et al. 2020, Aloud et al. 2022). Therefore, 
several studies are directed toward examining heavy 
metals in leafy plants and their impact on human 
health. According to numerous toxicological stud-
ies, daily consumption of heavy metal-polluted leafy 
plants can have an adverse effect on the food chain 
and may have a negative impact on human health, 
including anaemia, hypertension, cardiovascular 
diseases, metabolic problems, psychological disor-
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ders, etc. (Ahmed et al. 2022). The consumption of 
Atriplex hortensis, Spinacia oleracea, Urtica dioica, 
Beta vulgaris, and Brassica oleracea by the popula-
tion in Mramor near Tuzla may become a possible 
route for human exposure to heavy metal pollution 
from the populated mining area. The Tuzla Canton 
of Bosnia and Herzegovina (B&H) has recently drawn 
some attention due to studies that found high levels 
of heavy metals in agricultural and industrial soils, 
and this poses a significant health risk (Huremović 
et al. 2017). Tuzla Canton is the region of B&H with 
the highest population density, is home to many pol-
luting industries, such as several large salt and coal 
mines, and most agricultural land is located nearby 
(Husejnović et al. 2021).

Metals analysed in this study, such as Cu, Co, Fe, 
Ni, Cr, Mn and Zn, are commonly known as essential 
for various physiological and biochemical activi-
ties in humans, while their consumption at higher 
concentrations is toxic and may interrupt protein 
metabolism and cause a diverse illness (Engwa et 
al. 2019, Barboiu et al. 2020). Besides, the ingesting 
and use of leafy plants that contain Cd, Cr, and Pb in 
small amounts led to acute and chronic toxicities in 
humans, which can be associated with the develop-
ment of tumour disorders.

This study aims to determine the content of heavy 
metals in leafy plants grown in the inhabited mining 
area. Furthermore, the use of the obtained data for 
the calculation of the estimated daily intake (EDI), 
target hazard quotient (THQ), carcinogenic health 
risk index (CRI), total carcinogenic health risk (TCRI) 
and hazard index (HI) for non-carcinogenic health 
risk in the presence of heavy metals in leafy plants 
for children and adults is an innovation in this study.

MATERIAL AND METHODS

Leafy plants collection. Samples of organi-
cally grown leafy plants (Table 1) were collected 
in an inhabited mining area Mramor (coordinate: 

44°35'32.33''N, 18°33'55.66''E) near Tuzla city. The 
sampling area is distant fifteen kilometres from Tuzla 
city, which lies in the northeastern part of Bosnia, 
settled just underneath the Majevica mountain range 
(Figure 1). 

According to the Federal Institute of Agropedology, 
Sarajevo, B&H, the physical and chemical character-
istics of the soil (Vertisol) from the sampling area 
are as follows: pHKCl value = 5.45–7.02, Corg (%) = 
0.27–1.71, CaCO3 (%) = 0.15–8.87, Norg (%) = 0–0.19, 
P (mg/kg) = 0.13–0.44, and K (mg/kg) 7.97–17.02.

Leafy plants Atriplex hortensis, Spinacia oleracea, 
Urtica dioica, Beta vulgaris, and Brassica oleracea 
were collected. Selected leafy plants are grown and 
consumed in B&H in relatively considerable amounts.

All plants were sampled directly from the land. 
After collection, the plant samples were cleaned of 
impurities and damaged parts and then subjected 

Table 1. Description of leafy plants examined in this study

Plant species Family English name Part analysed
Atriplex hortensis L. Amaranthaceae Garden orache leaves
Spinacia oleracea L. Amaranthaceae Spinach leaves
Urtica dioica L. Urticaceae Nettle leaves
Beta vulgaris L. Amaranthaceae Swiss chard leaves
Brassica oleracea L. Brassicaceae Collard Green leaves

Figure 1. Location of the study area and sampling site 
Mramor (Tuzla Canton, Bosnia and Herzegovina) 

 

Study area
Basin of lignite
Basin of brown coal

 

Tuzla Canton
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to drying. The Laboratory for Plant Systematics at 
the University of Sarajevo – Faculty of Science used 
keys and iconographies to verify the authenticity of 
plant samples (Hayek 1927, Trinajstić 1975–1986, 
Jávorka and Csapody 1991, Domac 1994).

Digestion of samples. The leaves of samples were 
cut into small pieces after thoroughly washing with 
tap water and deionised water. Drying was carried 
out in a dark and airy place at room temperature. 
After drying, samples were milled and sieved (1 mm 
stainless-steel mesh) for wet digestion. 1.00 g of the 
dried sample was transferred into polytetrafluoro- 
ethylene (PTFE) vessels, and then 30 mL of 65% HNO3 
was added. After evaporating the nitrogen oxides, 
the vessels were closed and allowed to react for 18 h 
at 90 °C. The digest was cool to room temperature, 
filtered, transferred to a volumetric flask of 50 mL, 
and filled up with redistilled water up to the mark. 
The digestion samples and blank were made in trip-
licate. A blank procedural probe was also prepared 
following all steps except adding of the samples.

Heavy metals analysis. A flame atomic absorp-
tion spectrometry (Varian AA240FS, Santa Clara, 
USA) was used to measure the concentrations of 
Mn, Fe, Pb, and Zn, and a graphite furnace (Varian 
AA240Z, Santa Clara, USA) was used to measure 
the concentrations of Cd, Co, Cr, Cu, and Ni. The 
standard solutions were prepared by dilution of 
1 000 mg/L stock single-element atomic absorption 
standard solutions (Certipur Grade, Merck, Darmstadt, 
Germany) and used to develop calibration curves. 
The analysis was based on analytical-grade chemicals 
and reagents. Chemicals were purchased from Merck 
(Darmstadt, Germany) and used for sample prepara-
tion. The mean value was obtained by subtracting the 
value of the blank procedural probe. The accuracy 
and precision of the analysis were evaluated using the 
standard reference material (1570A, National Institute 
of Standards and Technology USA), and the obtained 
results were in the range of the reference material.

Health risk assessment. The USEPA model was 
used to calculate the health risks related to heavy 
metals ingested through leafy plants (USEPA 2011, 
2012, 2017, Liu et al. 2021). To assess the human health 
risk of heavy metals, it is necessary to calculate the 
estimated daily intake (EDI) according to the Eq. 1 
(Liu et al. 2021, Salihović et al. 2021):

where: chm – mean concentrations of heavy metals in plant 
samples (mg/kg); IR – daily consumption of leafy plants for 

adults and children is 2.44E-01 and 1.86E-01 kg/person/
day, respectively (Liu et al. 2021); EF – exposure frequency 
(365 days/year); ED – exposure duration for adults 30 years, 
and for children 7 years; ET – exposure time is calculated as 
365 × ED; BW – body weight (70 kg for adults and 26 kg for 
children) (Liu et al. 2021, Pazalja et al. 2022).

The target hazard quotient (THQ) was used to as-
sess the non-carcinogenic risk caused by consuming 
heavy metals contaminated leafy plants. Furthermore, 
hazard in the index (HI) was calculated as the sum 
of the THQ of each heavy metal analysed in plants, 
representing the total non-carcinogenic risk. THQ 
and HI were calculated by following Eqs. 2 and 3 
(USEPA 2011, 2012, 2017):

where: RfD – oral reference consumption dose of the heavy 
metals (mg/kg/day) (USEPA 2012). 

The carcinogenic risk index (CRI) was calculated 
by multiplying the estimated daily intake by the oral 
cancer slope factor (CSF) for corresponding heavy 
metals. As described by Li et al. (2021), Eq. 4 was 
used to calculate the CRI: 

CRI = EDI × CSF

The CRI was calculated for Pb, Cr, Ni and Cd. The 
values for CSF for Pb, Cr, Ni and Cd were defined 
by USEPA (2012, 2017) and Li et al. (2021). The CSF 
values for Pb, Cr, Ni and Cd are 8.50E-03, 0.50, 0.84 
and 0.38 mg/kg/day, respectively. 

The total carcinogenic risk index (TCRI) of potential 
carcinogens is the sum of potential carcinogenic risk 
of each heavy metal. The following Eq. 5 was used 
for calculation of the TCRI (Li et al. 2021):

Statistical analyses. Results were evaluated us-
ing IBM SPSS Statistics for Windows, Version 24.0. 
(IBM Corp, 2016, Armonk, USA). P-value < 0.05 was 
considered significant.

RESULTS AND DISCUSSION

Levels of heavy metals in leafy plants. The levels 
of heavy metals in leafy plants cultivated and usu-
ally consumed in B&H has been investigated. The 
result represents the mean values of three replicate 

(1)

(2)

(3)

(4)

(5)

EDI =  
chm ×  IR ×  EF ×  ED

ET ×  BW
 

THQ =  
EDI
RfD
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determinations and is presented in Table 2. The total 
concentration of nine tested metals was expressed 
as the sum of the concentration of the metals in 
the leafy plants. The total concentration of heavy 
metals ranged from 93.27 mg/kg DW (dry weight) 
(Brassica oleracea) to 737.33 mg/kg DW (Spinacia 
oleracea). The mean concentration of heavy metals 
in analysed plants decreases as follows Fe > Zn > 
Mn > Pb > Cu > Co > Ni > Cd > Cr. In all samples, 
except for Atriplex hortensis, the highest Fe content 
was found among all metals. Therefore, leafy plants 
are a valuable source of iron and can increase the 
bioavailability of iron in the daily diet, which will 
help reduce the occurrence of iron deficiency anemia.

The level of Mn and Fe in leafy plants ranged 
from 11.63 to 58.57 mg/kg DW and from 41.97 to 
539.15 mg/kg DW, respectively. The lowest concentra-
tion of Mn and Fe was found for Brassica oleracea and 
the highest for Spinacia oleracea. The results showed 
that the obtained concentrations for Mn in Spinacia 
oleracea, Beta vulgaris, and Brassica oleracea are higher 
than those reported by Mahmood and Malik (2014).

The levels of Zn and Cu were found to be from 10.40 
to 99.48 mg/kg DW and from 5.85 to 15.68 mg/kg 
DW, respectively. The lowest concentration of Zn 
and Cu was found in the analysed sample of Brassica 
oleracea, and the highest Zn content was recorded 
in Spinacia oleracea, while the highest Cu content 
was verified in Urtica dioica. The Cu content in the 
analysed Urtica dioica leaves is three times higher 
than the content published by Nica et al. (2013). 
The accumulation of copper in soils and plants is 
mainly due to anthropogenic origins, such as mining 
or industrial activities. Agricultural use of copper-
containing products is also widespread, especially 

in pesticides used in orchards and vineyards (Tóth 
et al. 2016).

The Ni concentration in plant samples was found 
in the range of 1.02 (Brassica oleracea) to 5.08 mg/kg 
DW (Urtica dioica). The Co concentration ranged 
from 0.38 (Beta vulgaris) to 8.15 mg/kg DW (Urtica 
dioica). The content of Ni and Co in the Urtica dioica 
is higher than in the study carried out by Barboiu 
et al. (2020) and Nica et al. (2013). The increased 
concentration of Ni and Co, and other metals can be 
related to the fact that Urtica dioica is a wild plant 
that often grows in landfills and can accumulate heavy 
metals. Consequently, this plant has great potential as 
a photo indicator of environmental pollution. However, 
the information about heavy metal content in Urtica 
dioica collected from the investigated area is missing.

The level of Pb and Cd in leafy plants ranged from 
9.90 to 18.92 mg/kg DW and from 0.77 to 1.93 mg/kg 
DW, respectively. The lowest concentration for Pb and 
Cd was found for Beta vulgaris and the highest for 
Spinacia oleracea. Pb and Cd are examples of heavy 
metals that can accumulate in various parts of plants 
and living beings despite not being essential compo-
nents or playing any role in cell metabolism (Okereafor 
et al. 2020). The levels of Pb and Cd obtained in this 
study were found to exceed the allowable limit value 
for leafy vegetables defined by the Food Safety Agency 
of B&H (Food Act, Official Gazette B&H No. 50/04). 
According to the food act defined by the Food Safety 
Agency of B&H, the limit values for Pb and Cd in 
fresh samples of leafy plants are 0.30 and 0.20 mg/kg.

The content of Cr in leafy plants ranged between 
0.08 mg/kg DW (Brassica oleracea) to 0.33 mg/kg 
DW (Beta vulgaris). Although chromium is important 
for hormone and enzyme activity, increased concen-

Table 2. Levels of heavy metals (mg/kg dry weight) in selected leafy plants consumed in Bosnia and Herzegovina

Metal Atriplex 
hortensis

Spinacia 
oleracea

Urtica 
dioica

Beta 
vulgaris

Brassica 
oleracea Mean P-value

Mn 18.28 ± 0.08 58.57 ± 0.31 25.29 ± 0.33 22.05 ± 0.13 11.63 ± 0.19 27.16 0.029
Fe 85.17 ± 0.33 539.15 ± 0.77 51.30 ± 0.18 217.17 ± 0.08 41.97 ± 0.08 186.95 0.116
Co 8.08 ± 0.28 0.55 ± 0.05 8.15 ± 0.20 0.38 ± 0.03 5.32 ± 0.21 4.50 0.059
Ni 3.13 ± 0.13 53.72 ± 0.15 5.08 ± 0.28 3.00 ± 0.15 1.02 ± 0.13 3.19 0.008
Zn 92.32 ± 0.51 99.48 ± 0.58 20.18 ± 0.37 22.85 ± 0.36 10.40 ± 0.36 49.05 0.064
Cu 12.43 ± 0.35 14.84 ± 0.29 15.68 ± 0.28 11.02 ± 0.28 5.85 ± 0.39 11.96 0.002
Cd 1.32 ± 0.15 1.93 ± 0.16 1.45 ± 0.20 0.77 ± 0.08 1.33 ± 0.10 1.36 0.002
Pb 17.00 ± 0.10 18.92 ± 0.33 12.12 ± 0.16 9.90 ± 0.33 15.75 ± 0.20 14.74 0.001
Cr 0.30 ± 0.05 0.18 ± 0.03 0.12 ± 0.06 0.33 ± 0.03 0.08 ± 0.03 0.20 0.015
Total 238.03 737.33 139.37 287.46 93.27 299.12 –
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trations are toxic to living organisms. Permissible 
limits for Cr in vegetables and food set by European 
Union (2006) have a value of 1.00 mg/kg DW. The 
values obtained for the analysed leafy plants in our 
study are significantly lower than the permissible 
values, which is significant because the chromium 
content is often not reduced by the cooking process 
(Saraiva et al. 2021).

The total content of heavy metals in analysed 
leafy plants decreases as follows Spinacia oleracea > 
Beta vulgaris > Atriplex hortensis > Urtica dioica > 
Brassica oleracea. The highest total metal content 
was recorded for plants of the Amaranthacea family, 
and the plants of this family can be used for phy-
toremediation to clean heavy metal-contaminated 
areas (Devi and Swapna 2022).

Obtained results were tested for normality using 
the Kolmogorov-Smirnov and Shapiro-Wilk tests, 
and all data showed a normal distribution, and the 
one sample T-test was used for data analysis, and 
the difference at the P < 0.05 level was considered 
statistically significant. As shown in Table 2, a sta-
tistically significant difference was found in the 
content of Mn, Ni, Cu, Cd, Pb, and Cr (P < 0.05). 
The content of the mentioned heavy metals differs 
statistically significantly in these five different plants 
that were analysed.

For comparison, the literature minimum and maxi-
mum values of heavy metals content in similar investi-
gations of edible leafy plants are presented in Table 3. 
Analysing the results from Table 3, the heavy metals 

studied in leafy plants consumed in B&H are relatively 
high. Similar research results have been published, 
showing that green leafy plants generally accumulate 
heavy metals more than non-leafy plants (Cai et al. 
2015, Ahmed et al. 2022). The study area’s high con-
centrations of heavy metals in the plant samples are 
most likely the result of anthropogenic activities like 
mining and car exhaust pollution. Other authors also 
reported high levels of heavy metals in various vegeta-
bles and crops grown in the mining areas. Musilová 
et al. (2021, 2022) reported elevated heavy metal lev-
els in the soils of the Middle Spiš and Gemer region 
(Slovakia), which has a degraded environment due 
to centuries of mining activities. This is reflected in 
their accumulated home-grown vegetables, especially 
potatoes, in the Middle Spiš region. The Gamer area 
is characterised by high concentrations of cadmium, 
lead, and mercury, either in bioavailable or pseudo-
total form. Nevertheless, agricultural crops in this area 
do not show elevated accumulation of risk elements, 
and, in the case of cadmium, the levels were below the 
detection limit. The availability of heavy metals from 
the soil to plants is affected by many factors, including 
pH, macronutrient content, redox state, availability, 
temperature and water content (Kowalska 2021).

The accumulation of metals in the leaves of plants 
could directly impact the health of nearby inhabitants. 
The leaves of plants growing in the area under study 
are consumed mainly locally. Thus, we assessed the 
potential health risk of heavy metals in leafy plants 
the local inhabitants consume.

Table 3. Comparison of obtained values of heavy metals in analysed leafy plants with similar studies

Leafy plants Mn Fe Co Ni Zn Cu Cd Pb Cr References

Atriplex 
hortensis – 1.43 – – 3.70 

–214
3.55 

–10.7
2.08 
–4.9

0.23 
–40 – Prisacaru et al. (2017), 

Lăcătușu (2014)

Spinacia 
oleracea

0.14 
–0.71

1 220 
–3050 – 3.13 

–5.49
14.51 

–36.24
4.03 

–4.12
0.013 
–0.89

56.38 
–204.11

2.03 
–168.99 Ahmed et al. (2022)

Urtica 
dioica – 375.67 

–1436.36
0.42 

–6.00
4.36 

–6.18 31.80 7.47 
–9.71

0.65 
–1.26

0.25 
–2.77 0.90

Murtić et al. (2021), 
Prisacaru et al. (2017), 
Barboiu et al. (2020), 
Bislimi et al. (2021)

Beta 
vulgaris

3.91 
–10.45 – 1.57 

–6.23
1.78 

–6.03
0.2 

–5.83
0.55 

–3.97
0.27 

–0.69
0.11 

–0.64
0.55 

–2.17
Mahmood 

and Malik (2014)

Brassica 
oleracea

3.76 
–8.18 – 2.18 

–6.16
1.92 

–4.97
1.11 

–7.02
0.12 

–1.87
0.01 

–0.46
0.01 

–0.38
0.20 

–1.98
Mahmood 

and Malik (2014)

This study 11.63 
–58.57

41.97 
–539.15

0.38 
–8.15

1.02 
–5.08

10.40 
–99.48

5.85 
–15.68

0.77 
–1.93

9.90 
–18.92

0.08 
–0.33 –
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Health risk assessment

Estimated daily intake of heavy metals. The EDI is 
calculated to determine the effects of heavy metals in 
leafy plants on adults and children’s health. The EDI 
of non-carcinogenic and carcinogenic heavy metals 
for adults and children is listed in Table 4. The results 
for Mn, Cd, Pb, Cu, and Zn were above the RfD value 
in all plants for adults and children. The intake of Ni, 
Cr, and Co for adults, and Cr for children from the 
consumption of studied plants were below the RfD 
limit (USEPA 2012). A higher intake of Pb, Cd, and 
Mn from the consumption of all samples was found, 
whereas a higher intake of Zn for Amaranthaceae 
plants. Therefore, the health risk for heavy metals 
through the consummation of leafy plants could be 
a great concern for the local population.

Non-carcinogenic health risk. The non-carci-
nogenic health risk (THQ) of the analysed heavy 
metals through the consumption of leafy plants for 
adults and children inhabitants of the study area 
were determined and presented in Table 4. For adults 
risk level of target hazard quotient (THQ > 1) was 
observed for Cd and Pb in all leafy plants, Mn for 

Spinacia oleracea, Zn for Atriplex hortensis and 
Spinacia oleracea and Co for Atriplex hortensis and 
Urtica dioica. For all samples, the values for Cu were 
relatively close to the maximum limit. A similar pat-
tern of THQ, with Cu and Pb dominance in mining 
areas, was reported by other authors (Gebeyehu and 
Bayissa 2020, Manea et al. 2020). Due to chromium’s 
high RfD, the health risk was the lowest for adults 
and children when compared to other investigated 
metals. For children risk level of THQ was observed 
for most heavy metals; the exception is chromium. 
Similar observations have been reported previously 
by Sultana et al. (2017).

Further, the non-carcinogenic risks for leafy plants 
were expressed as the hazard index, the sum of in-
dividual metal THQ (Figure 2). All leafy plants have 
non-cancerogenic HI > 1 for adults and children. 
The lowest and highest HI values were found in 
the present study for Beta vulgaris and Spinacia 
oleracea, respectively. When the HI exceeds 1, it is 
considered a significant risk and potential health 
hazard (Sultana et al. 2017). Further, HI showed Pb 
and Cd as the dominant contaminants in leafy plants. 
It implies that the population from the sampling area 

Figure 2. Hazard index for non-carcinogenic risk for (A) adults and (B) children due to heavy metals intake via 
consumption of leafy plants
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may be exposed to some potential health risks as 
a result of heavy metal intake. Therefore, it is crucial 
to take proper measures to reduce Pb, Cd, and other 
heavy metals pollution in this area to save the local 
population from non-carcinogenic risks.

Carcinogenic health risk. The obtained results 
of cancer risks for Pb, Cr, Ni, and Cd are listed in 
Table 5. The cancer risk for adults and children varied 
from minimum values 1.39E-04 and 2.06E-04 for Cr 
in Brassica oleracea to 1.49E-02 and 3.05E-02 for Ni 
in Urtica dioica, respectively. Compared to the other 
three metals (Cd, Cr, and Pb), Ni appeared to be the 
most dangerous contaminant, followed by Cd, Pb, 
and Cr. Table 5 shows the TCRI values calculated 
to assess the total carcinogenic health risk of heavy 
metals from the consumption of leafy plants from 
the mining area near Tuzla city.

A wide range of TCRI was calculated. For adults 
from 5.35E-03 to 1.74E-02 and children from 
1.10E-02 to 3.56E-02. Urtica dioica had the highest 
values, while Brassica oleracea acquired the lowest 
values. All samples had carcinogenic risks that ex-
ceeded the tolerable range of 1E-06 to 1E-04 (USEPA 
2012). Most scientists reported similar trends inves-
tigating the carcinogenic risk from heavy metals to 
the population through the consumption of different 
vegetables (Gebeyehu and Bayissa 2020, Proshad et al. 
2020). Gebeyehu and Bayissa (2020) reported that in 
the Mojo area in central Ethiopia, the total cancer risk 
(TCR) of As, Cr, and Ni due to tomato consumption 
was larger than the maximum limit value. Similarly, 
TCR values for As, Cd, Cr, and Ni due to the con-
sumption of cabbage also exceeded the maximum 
limit value. High TCRI values for analysed samples 
from Mramor near Tuzla indicated that the local 
population consuming leafy plants from the mining 
area suffered a significantly increased carcinogenic 
risk. Prompt action should be needed to remediate 
heavy metal contamination in soil and environment 
and to reduce metal content in edible leafy plants in 
this area, and their implications for human health 
should be identified urgently by in-depth studies.
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