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ABSTRACT   
Estimating the risk to public health from heavy metals can help address basic questions about 
their potential dangers. This is the first study aimed to assess the health risk for the residents of 
the municipality of Zenica, on the land closest to the steel industry, by examining the heavy metals 
Zn, Ni, Pb, Cd, Cr, and Cu in the soil and plant cultivars corn and chard that could be used for the 
potential remediation of such soil. Using the calculated data for HQ and HI, the non-carcinogenic 
and carcinogenic risks for adults and children were estimated based on heavy metals in the 
selected topsoil and plants commonly grown in the area of interest, through different routes of 
intake. The results showed that there is an unacceptable risk for children and adults due to long-
term consumption of investigated plant cultivars from soil contaminated with heavy metals. 
Constant monitoring and measures to reduce the heavy metal pollution, primarily Cd, Pb, and Cr, 
are necessary in the lands of the municipality of Zenica. Special caution is required for residents 
who intend to grow plant cultivars near the steel industry. 
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1. INTRODUCTION 
Risk analysis, as a paradigm, is science-
based, problem-oriented, performed with 
fresh data, draws on information from 
different sources, makes the best decision at 
the most appropriate time, and produces 
flexible, up-to-date decisions. Risk 
assessment is a complex process for 
determining the risks related to some types 
of hazards in food - biological, chemical, or 
physical [1,2]. Risk characterization aims to 
assess the nature and likelihood of harm as 
a result of human exposure to various 

pollutants from plants and the land where 
they are grown [1,2]. Furthermore, it 
provides structured information that helps 
decision makers identify interventions that 
have public health significance and 
provides a basis for the use of various 
options. These options include regulatory 
measures when necessary. Risk 
assessment can also be used to identify 
collected data and target research that 
should increase the value of the 
assessment. In the future, risk assessment 
can help in the planning of science-based 
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remediation plans [3,4]. Namely, the basis 
that can be used for risk assessment helps 
in the identification of hazards whose 
occurrence is possible [2,5,6,7]. The real 
benefit is that the hazard is defined as the 
risk of negative health consequences, before 
it becomes contamination in the food chain 
[8]. With the introduction of risk analysis 
posed to heavy metals pollution worldwide, 
a new way of thinking about problems has 
been introduced. Many problems (e.g., food 
and environmental safety) still occurred 
and increased. The steel industry-
associated activities, coal combustion, and 
intensive traffic in Zenica’s municipality 
have become the main anthropogenic 
routes by which residents are exposed to 
elevated levels of toxic elements (such as 
Zn, Ni, Pb, Cd, Cr, and Cu) exceeding normal 
background levels [1,9,10]. Urban and 
agricultural lands are the major sink for 
these metals released into the environment, 
whereas they can negatively affect the 
chemical and biological soil quality 
[6,11,12,13]. Because of their potential 
toxicity, persistence, and bioaccumulation, 
elevated levels of these elements in the 
environment pose a serious threat to the 
public health of Zenica’s population and 
cause serious concern, especially from 
malignant diseases [14,15,16]. Of particular 
concern is the increase in the number of 
patients and deaths from different kinds of 
cancer cause of heavy metal intoxications 
[17-20].  That is not surprising if it is known 
that in the winter months, a "cover" is 
formed over the small and narrow Zenica 
valley, under which all the toxic substances 
released from the chimneys and plants of 
the ironworks and other anthropogenic 
emissions remain as the toxic living 
atmosphere for the residents [11,15]. Many 
studies have confirmed similar health 
problems related to the toxic effects of 
heavy metals, especially in environments 
near various industrial plants, around the 
world [10,12,22,23,24]. The goal of this work 
was estimating the risk to adults and 
children health based on the content of 

heavy metals in the land of the potential 
agricultural area of the municipality of 
Zenica, where Zn, Ni Pb, Cd, Cr and Cu were 
identified as potential dangerous inorganic 
pollutants in the observed topsoil and plant 
cultivars, that are oftenly planted in this 
area and could serve for its potential 
phytoremediation. 
 
2. EXPERIMENTAL PART 
Topsoil and related plant cultivars (corn 
and chard) were collected and prepared 
from selected areas in the municipality of 
Zenica, near the steel company 
ArcelorMittal Zenica [2,25]. Specific 
locations (about 1000 m2 each) for 
investigation were: Tetovo 44 13’52’’N, 17 
53’18’’E, Podbriježje  44 21’17’’N, 17 88’70’’E, 
and Gradišće 44 24’04’’N, 17 87’66’’E, where 
the selected plants: corn and chard were 
cultivated. All samples were analyzed for 
the total content of the heavy metals by 
using an AAS method (Perkin Elmer 
spectrometer 3110), according to standard 
ISO 11466 and the Official Gazette of the 
Federation of Bosnia and Herzegovina [26]. 
In the accredited labs of the “Kemal 
Kapetanović” Institute, University of Zenica, 
all chemical analyses were performed.  
 
a) Calculation of health risk assessment 

for soil:  
The potential health risk assessment 
calculated for a lifetime of exposure 
(ingestion, inhalation, and dermal) based on 
USEPA model [27-32]., was determined as 
the cumulative carcinogenic and non -
carcinogenic risk. The value of the total 
hazard index is calculated for the maximum 
content of heavy metals for adults and 
children. Non-carcinogenic and 
carcinogenic effects of heavy metals in soil 
were estimated by using equations: 
 

𝐴𝐷𝐷𝑖𝑛𝑔 = 𝐶𝑀 𝑋 
𝐼𝑛𝑔𝑅 𝑋 𝐸𝐹 𝑋 𝐸𝐷 𝑋 𝐶𝐹

𝐵𝑊 𝑋 𝐴𝑇
   

  

𝐴𝐷𝐷𝑖𝑛ℎ = 𝐶𝑀 𝑋 
𝐼𝑛ℎ𝑅 𝑋 𝐸𝐹 𝑋 𝐸𝐷

𝑃𝐸𝐹 𝑋 𝐵𝑊 𝑋 𝐴𝑇
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𝐴𝐷𝐷𝑑𝑒𝑟

= 𝐶𝑀 𝑋 
𝑆𝐴 𝑋 𝐴𝐹 𝑋 𝐴𝐵𝑆 𝑋 𝐸𝐹 𝑋 𝐸𝐷 𝑋 𝐶𝐹

𝐵𝑊 𝑋 𝐴𝑇
  

Where ADDing - Average daily doses (mg/kg 
day) via ingestion; ADDinh - Average daily 
doses (mg/kg day) via inhalation, and 
ADDder - Average daily doses (mg/kg day) via 
dermal contact. 
Hazard identification basically aims to 
investigate pollutants that are present at 
any given location, their content, and 
spatial distribution. In the study area, Zn, Ni, 
Pb, Cd, Cr, and Cu were identified as possible 
hazards for the community. The non-
carcinogenic effects of the elements were 
assessed by calculating the hazard 
coefficient and hazard index. 
 

𝐻𝑄 =
𝐴𝐷𝐷

𝑅𝑓𝐷
 

where HQ-hazard coefficient, RfD- Chronic 
reference dose (mg/kg day) of specific 
heavy metal, and HI-hazard index. 
 

𝐻𝐼 =  ෍ 𝐻𝑄௞

௡

௞ୀଵ

=  ෍
𝐴𝐷𝐷௞

𝑅𝑓𝐷௞

௡

௞ୀଵ

  

The risk index (RI) predicts the potential 
cancer risk for children and adults in the 
study area by integrating all gathered 
information to produce quantitative 
estimates of cancer risk and hazard indices. 
Due to the lack of available values for slope 
factors (SF), we estimated carcinogenic risk 
only for exposure to Cd, Pb, and Cr, whose 
concentrations were the highest among the 
measured concentrations in the tested 
samples. 
 

𝑅𝐼௣௔௧௛௪ = ෍ 𝐴𝐷𝐷௞ 

௡

௞ୀଵ

𝐶𝑆𝐹௞ 

where RI is unitless probability of an 
individual developing cancer over a 
lifetime; ADDk is Average daily intake (mg/ 
kg day) for kth heavy metal, and CSFk is  
Cancer slope factor (mg/ kg day)-1 for kth 
heavy metal. 

𝑅𝐼௧௢௧௔௟ =  𝑅𝐼௜௡௚ +  𝑅𝐼௜௡௛ +  𝑅𝐼ௗ௘௥    
 
where RIing, RIinh, and RIder are risk 
contributions through ingestion, inhalation, 
and dermal pathways. 
The assessment is based on the following: If 
the elemental content of the metal is less 
than Rf, then HQ ≤ 1, which means that there 
are no adverse health effects. In the case 
that elemental content value is above Rf (HQ 
> 1), then adverse health effects are probable 
[28]. An HQ value higher than 10 indicates a 
high chronic risk for carcinogenic effects of 
the elements [22]. HI is the sum of all non-
carcinogenic hazard quotients of the 
elements across all three exposure routes. If 
HI < 1, there is no risk of non-carcinogenic 
effects, while HI > 1 indicates a probability of 
adverse health effects. The RI is the 
probability that an individual will develop 
any type of cancer in their lifetime due to 
exposure to carcinogenic hazards. If the 
calculated RI < 10-6, the carcinogenic health 
risk can be considered negligible. If the RI is 
in the range of 1 × 10-6 to 1 × 10-4, then these 
values are within the acceptable risk to 
human health. If RI > 10-4, then there is a 
high risk for developing cancer in humans. 
 
b) Calculation of health risk assessment for 

plant cultivars consumption 
To estimate the non-carcinogenic and 
carcinogenic health risk from consuming 
the plant cultivars (alfalfa, corn, and chard) 
contaminated with heavy metals, the target 
hazard quotient (THQ) was calculated as per 
the US EPA Region III Risk- Based 
Concentration Table. The THQ is calculated 
by the following equation:      
 

𝑇𝐻𝑄 =
𝐸𝐷𝐼

𝑅𝑓𝐷
 

where EDI is estimated daily intake; target 
hazard coefficient THQ is non-carcinogenic 
risk and is dimensionless; RfD is the 
reference dose of individual metal (mg/kg/ 
day).  
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Table 1. Parameters for health risk assessment of heavy metals in soil samples [27] 

 
 

Table 2. Reference doses and Cancer Slope factors for heavy metals [29] 

 
The reference oral dose (mg/kg/day) of 
selected metals is given in Table 2. To 
assess the overall potential health risk 
posed by different plant cultivars, the total 
hazard coefficient (TTHQ) was also 
calculated, where TTHQ <1 is safe, and 
TTHQ >1 is hazardous. To estimate the 
overall potential for non-carcinogenic 
health risk from all investigated heavy 
metals, HI can be calculated by the sum of 
the TTHQ metals of each plant cultivar [13]. 
Furthermore, carcinogenic risk (CR) was 
calculated using an equation: 
 
𝐶𝑅 = 𝐸𝐷𝐼 𝑋  𝐶𝑆𝐹 𝑜𝑟𝑎𝑙 
 
Generally, total CR values lower than 1 x 
106 are considered to be minor, above 1 x 10-

4 are unacceptable, and lying in the range 
of 1x10-6 to 1x10-4 is an acceptable range. 

Quality control: The pre-cleaned tools, 
high-quality reagents, and standards were 
used, and three sample replicates were 
done during the AAS measurements of 
heavy metal content in topsoil and plant 
cultivars. Measured data for the total 
content of heavy metals were the subject 
of descriptive statistics. Relevant USEPA 
guidelines and ISO standards, and the 
environmental Bosnia and Herzegovina 
rulebook were used for performing the 
chemical analysis [26,33]. The calculations 
were done using Microsoft Excel software. 

3. RESULTS AND DISCUSSION 
Heavy metals topsoil analysis resulted in 
the following average data ranges  
(mg/kg): 30-100 for Zn, 40-120 for Ni, 20-70 
for Pb, <1 for Cd, 30-180 for Cr and 20-40 for 
Cu. Generally, the results obtained from 
AAS measurements of selected heavy 

Factor Definition Unit 
Value 

Adults Children 

CM 
Heavy metal content in soil or 
plants mg/kg   

IngR Ingestion rate of soil mg/day 100 200 
EF Exposure frequency days/year 350 350 
ED Exposure duration years 30 6 

BW 
Body weight of the exposed 
individual kg 70 15 

AT Average time days 365ED 365ED 
InhR Inhalation rate of soil m3/day 20 10 
PEF Particle emission factor m3/day 1.36x109 1.36x109 
SA Exposed skin surface area cm2 5700 2800 
AF Skin adherence factor mg/cm2 0.07 0.2 
CF Calculation factor kg/mg 10-6 

ABF Dermal absorption factor none 0.1 0.1 

Heavy 
metal 

RfDing 

(mg/kg/dan) 
RfDinh 

(mg/kg/dan) 
RfDder 

(mg/kg/dan) 
Oral 
CSF 

Inhalation 
CSF 

Zn 3.00×10-1 3.00× 10-1 6.00×10-2   
Ni 1.00×10-1 2.00×10-3 5.00×10-3  8.40×10-1 
Pb 3.00×10-1 3.00×10-3 5.00×10-4 8.50×10-3 4.20×10-2 
Cd 1.00×10-3 1.00×10-3 1.00x10-5 15 6.30 
Cr 3.00×10-3 2.00×10-4 7.00×10-3 5.00×10-1 4.10×101 
Cu 4.00×10-2 4.00×10-1 1.00×10-2   
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metals indicated mild to moderate 
pollution of the investigated land area in 
Zenica.  Enrichment factors (EF) were also 
calculated (as a ratio between the content 
of heavy metal in polluted soil and content 
of heavy metal in control soil), and 
obtained data were in the range: 0.7-1.3 for 
Zn, 0.8-3.6 for Ni, 0.7 -3.7 for Pb, 1 for Cd, 0.8 
-1.4 for Cr, and 0.8 -1 for Cu. EF was 
calculated as a ratio to assess the pollution 
level of selected lands, where EF < 2 
indicates anthropogenic non-harmful 
pollution, and EF 2-5 indicates moderate 
pollution. The results showed the highest 
heavy metal pollution in the Gradišće area, 
in the following order: Ni > Pb > Zn > Cr > 
Cd > Cu. Similar results were obtained in 
other studies [1,9-11]. Furthermore, heavy 
metals analysis of selected plant cultivars 
resulted in the following average data 
ranges (mg/kg): 1-14 for Zn, 11-53 for Ni, 1-
53 for Pb, 1-3 for Cd, 1-44 for Cr, and 1-39 for 
Cu. Regular monitoring of these lands is 
necessary in the goal of measuring the 
heavy metal content related to the soil 
matrix and possible enrichment caused by 
human activities and industrial 
emissions. 
 
a) Soil non-carcinogenic and carcinogenic   
risk assessment 
The values of average daily doses for 
adults and children are presented in 
Tables 3 and 4. 
Due to soil exposure, the non-carcinogenic 
HQ and  HI for adults and children were 

estimated using the 95th percentile value 
of the total metal concentration. The 
obtained results of the health risk of non-
carcinogenic substances for adults and 
children, based on maximum metal 
concentrations in the tested soil and 
exposure through three different routes 
(ingestion, inhalation, and through the 
skin), are presented in Tables 5 and 6. 
The data on risk pathway and total risk for 
adults and children are presented in 
Tables 7 and 8. 
Potential carcinogenic risk will occur from 
Cr for children, as shown by the obtained 
results. Similar findings were obtained in 
foreign works where heavily polluted 
lands were investigated [13, 34]. 
 
b) Plants non-carcinogenic and 
carcinogenic risk assessment 
The data of estimated daily intake, overall 
THQ, and HI for adults and children are 
presented in Tables 9 and 10 
Results (Table 9) showed that the highest 
EDI contributions were of Pb and Cu from 
corn, especially for children.  
This is in accordance with other similar 
investigations related to long-term 
consumption of cereals and vegetables 
cultivated in the polluted areas worldwide 
[3,6,13,35]. Corn is a plant cultivar with a 
very high bioaccumulation factor of 
investigated heavy metals [3, 36]. 
 
 
 

 
 
Table 3. Calculated values of ADD (mg/kg/day) of soil samples for adults 

Heavy metals 
pathway 

ADD (mg/kg/day) 

Zn Ni Pb Cd Cr Cu 

ingestion 1.4 × 10-4 1.7 × 10-4 9.8 × 10-5 1.4 × 10-6 2.5 × 10-4 5.6 × 10-5 

inhalation 2.8 × 10-8 2.4 × 10-8 1.4 × 10-8 2 × 10-10 3.6 × 10-8 8 × 10-9 

dermal 3.3 × 10-5 3.4 × 10-5 2.3 × 10-5 3.3 × 10-7 5.9 × 10-5 1.3 × 10-5 

total 3.4 × 10-3 2 × 10-4 1.2 × 10-4 2.1 × 10-6 3.1 × 10-4 6.9 × 10-5 
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Table 4. Calculated values ADD (mg/kg/day) of soil samples for children 
Heavy metals 

pathway 
ADD (mg/kg/day) 

Zn Ni Pb Cd Cr Cu 

ingestion 6.4 ×10-4 7.7 ×10-4 4.5 ×10-4 6.4 ×10-6 3.1 ×10-3 2.6 ×10-4 

inhalation 4.7 ×10-8 5.6 ×10-8 3.3 ×10-8 4.7 ×10-10 8.5 ×10-8 1.9 ×10-8 

dermal 2.2 ×10-4 2.6 ×10-4 1.5 ×10-4 2.2 ×10-6 4 ×10-4 8.8 ×10-5 

total 8.6 ×10-4 1 ×10-3 6.4 ×10-4 8.6 ×10-6 3.5 ×10-3 3.5 ×10-4 
 
Table 5. Calculated HQ and HI values for adults 

Different 
pathway 

HQ 

Zn Ni Pb Cd Cr Cu 

ingestion 4.7 ×10-4 8.5 ×10-3 2.7 ×10-2 2.8 ×10-3 8.3 ×10-2 1.5 ×10-3 

inhalation 9.3 ×10-8 1.2 ×10-5 4.7 ×10-6 3.5 ×10-6 1.8 ×10-4 - 

dermal 4.4 ×10-4 6.7 ×10-3 4.6 ×10-2 6.6 ×10-4 8.4 ×10-3 5.4 ×10-4 

HI 9.1 ×10-4 1.5 ×10-2 7.3 ×10-2 3.5 ×10-3 9.2 ×10-2 2 ×10-3 
 

Table 6. Calculated HQ and HI values for children 
Different 
pathway 

HQ 

Zn Ni Pb Cd Cr Cu 

ingestion 2 ×10-3 3.9 ×10-2 1.3 ×10-1 1.3 ×10-2 1 7 ×10-3 

inhalation 1.6 ×10-7 2.8 ×10-5 1.1 ×10-5 8.2 ×10-6 4.3 ×10-4 - 

dermal 2.9 ×10-3 4.6 ×10-2 3 ×10-1 4.4 ×10-3 5.7 ×10-2 3.7 ×10-3 

HI 4.9 ×10-3 8.5 ×10-2 4.3 ×10-1 1.7 ×10-2 1.1 1.1 ×10-2 
 
 
Table 7. Calculated risk pathway and total 
risk for adults 

Different 
pathway 

Risk pathway 

Pb Cd Cr 

ingestion 8.3 ×10-7 2.1 ×10-7 1.3 ×10-6 

inhalation 5.9 ×10-10 12.6 ×10-10 1.5 ×10-8 

total tisk 8.3 ×10-7 2.1 ×10-7 1.3 ×10-6 
 
 

Table 8. Calculated Risk pathway and total 
risk for children 

Different 
pathway 

Risk pathway 

Pb Cd Cr 

ingestion 3.8 ×10-7 9.6 ×10-5 1.6 ×10-3 

inhalation 1.4 ×10-9 2.9 ×10-9 3.5 ×10-6 

Total Risk 3.8 ×10-7 9.6 ×10-5 1.6 ×10-3 
 

Table 9. Calculated EDI (mg/kg/day) for adults (a) and children (c) 

Plant 
cultivar 

EDI (mg/kg/day) 
Zn Ni Pb Cd Cr Cu 

a c a c a c a c a c a c 
corn 0.001 0.007 0.020 0.096 0.032 0.152 0.002 0.010 0.010 0.048 0.031 0.147 

chard 0.001 0.007 0.030 0.144 0.001 0.007 0.003 0.016 0.001 0.007 0.001 0.007 
 
 
 
 
 
 
 



Šapčanin et al. Health risk assessment of heavy metals in the lands and plant cultivars of 
Zenica municipality, Bosnia and Herzegovina 

 

 
Journal of Sustainable Technologies and Materials 21 

 

Table 10. THQ, TTHQ, and HI data for adults (a) and children (c) 

Plant 
cultivar 

THQ 
Zn Ni Pb Cd Cr Cu 

a c a c a c a c a c a c 
corn 0.005 0.022 1.005 4.745 9.057 43.4 4.2 20.2 3.3 16 0.77 3.685 

chard 0.005 0.022 1.505 7.205 0.400 1.91 6.6 31.2 0.47 2.2 0.035 0.168 
TTHQ 0.010 0.044 2.510 11.950 9.457 45.31 10.8 51.4 3.77 18.2 0.805 3.853 

HI adult 18.337 
HI children 42.705 

 

As the THQ data in Table 8 showed, 
potential non-carcinogenic risk posed to 
Cd, Pb, Cr, and Ni is seriously high for 
children as well as for adults for long-term 
consumption, especially of corn in the 
investigated lands. Similar results for the 
highest values of THQ and HI were found 
in the papers about health risk assessment 

of soil and edible plants in different 
countries, especially in areas near heavy 
industries - steel, petrochemical, etc. [5,6, 
13,34]. 
The data of CR and total CR for adults and 
children are presented in Table 11.  
 
 

 
Table 11. CR and total CR data for adults (a) and children (c) 

Plant cultivar CR 
Cd Pb Cr 

a c a c a c 
corn 3.2 × 10-2 1.5 × 10-3 2.7 × 10-4 1.3 × 10-3 5 × 10-3 2.4 × 10-2 
chard 5 × 10-2 2.3 × 10-3 2 × 10-5 5.7 × 10-5 7 × 10-4 3.4 × 10-3 
Total CR 8.2 × 10-2 3.8 × 10-3 2.9 × 10-4 1.3 × 10-3 5.7 × 10-3 2.7 × 10-2 

 
Results showed that the potential 
carcinogenic risk calculated for target 
metals such as Cd, Pb, and Cr is 
unacceptable for children as well as for 
adults in the municipality of Zenica, as the 
CR values were above the safe limit of 10-4. 
 
4. CONCLUSIONS 
Our study assessed both non-carcinogenic 
and carcinogenic health risk due to 
exposure to heavy metals Zn, Ni, Pb, Cd, Cr, 
and Cu through the soil - plant human 
contamination pathway next to the typical 
steel industry in the area of the 
municipality of Zenica. The soil was 
polluted with different metals, which was 
shown by the results of the chemical 
analysis of the selected metals and the 
calculated EF data. Particularly worrisome 
data were obtained for Cd, Ni, Pb, and Cr 
after the evaluation of the health risk for the 
soil and the tested plant cultivars through 

different routes of intake of these heavy 
metals. Our study could serve as a model for 
similar estimations that would deal with 
public health risk assessment in areas that 
are particularly contaminated by known 
industrial emitters. 
 
Acknowledgements 
This work was supported by the Federal 
Bosnia and Herzegovina Environmental 
Protection Fund and was carried out within 
the framework of the project „Study of the 
effect of chelate addition to the 
phytoremediation potential of plants at soils 
contaminated with heavy metals”  (Grant 
no. 01-09-2-3535/2024, dated 16.07.2024). 
 
Conflict of Interest 
The authors declare no conflict of interest. 
 
5. REFERENCES 
[1] S. Murtić, J. Jurković, E. Bašić, E. Hekić, 

Assessment of wild plants for 



Šapčanin et al. Health risk assessment of heavy metals in the lands and plant cultivars of 
Zenica municipality, Bosnia and Herzegovina 

 

 
22 Journal of Sustainable Technology and Materials 

 

phytoremediation of heavy metals in soils 
surrounding the thermal power station, 
Agronomy Research, 17 (2019) 1, pp. 234- 244 

[2] A. Šapčanin, E. Pehlić, S. Korać, E. Ramić, B. 
Pehlivanović, Consumption of cereals in 
Bosnia and Herzegovina - the health risk 
calculation. In: New Technologies, 
Development and Application IV, NT 2021. 
Lecture Notes in Networks and Systems, 
Isak Karabegović Eds., Springer Nature: 
Switzerland 472, 2022, pp. 823-829 

[3] O. T. Aladesanmi, J. G. Oroboade, C. P. 
Osisiogu, A. O. Osewole, Bioaccumulation 
factor of selected heavy metals in Zea mays. 
Journal of Health & Pollution, 9 (2019) 24, pp. 
2-19 

[4] A. K. Priya, M. Muruganandam, S. S. Ali, M. 
Kornaros, Cleanup of Heavy Metals from 
Contaminated Soil by Phytoremediation: A 
Multidisciplinary and Eco-Friendly 
Approach, Toxics, 11 (2023) 5, pp. 422-446 

[5] L. Cao, C. Lin, C. Sun, L. Xu, L. Zheng, Health 
risk assessment of trace elements exposure 
through the soil-plant (maize)-human 
contamination pathway near a petrochemical 
industry complex, Northeast China, 
Environmental Pollution, [Online], 263 (2020), 
114414 

[6] A. Adam, L. N. Sackey, L. A. Ofori, Risk 
assessment of heavy metals concentration 
in cereals and legumes sold in the Tamale 
Aboabo market, Ghana, Heliyon, [Online], 8 
(2022), 10162 

[7] V. Antunović, D. Blagojević, R. Baošić, D. 
Relić, A. Lolić, Health risk assessment of 
heavy metals in soil, plant, and water 
samples near “Gacko” power plant, in Bosnia 
and Herzegovina, Environ Monit Asses,  195 
(2023), pp. 596-605 

[8] B. R. Shetty, P. B. Jagadeesha, S. A. Salmataj, 
Heavy metal contamination and its impact 
on the food chain: exposure, 
bioaccumulation, and risk assessment. 
CyTA - Journal of Food, [Online], 23 (2025) 1, 
2438726 

[9] J. Alijagić, R. Šajn, Distribution of chemical 
elements in an old metallurgical area, Zenica 
(Bosnia and Herzegovina). Geoderma, 162 
(2011) 1-2, pp. 71- 85 

[10] S. Beganović, H. Prcanović, M. Duraković, A. 
Adrović, Heavy metal bioaccumulation in 
Zea Mays L. I Medicago Sativa L. in the area 
of Zenica, International Journal of Advanced 
Research (IJAR), 13 (2025) 3, pp. 112-119 

[11] M. Duraković, A. Husika, H.S. Prcanović, S. 
Beganović., M. Šišić, Environmental burden 
by total sediment dust in the city of Zenica, 
International Journal of Advanced Research 
(IJAR), 10 (2022) 11, pp. 125-132 

[12] A. Ene, A. Sion, C. Stihi, A. I. Gheboianu, V. 
Basliu, A. M. Ceoromila, S. Gosav, Metal 
Contamination and Human Health Risk 
Assessment of Soils from Parks of 
Industrialized Town (Galati, Romania). 
Applied Sciences, [Online], 14 (2024), 10379 

[13] A. I. Chowhudury, L. C. Shill, M. M. Raihan, R. 
Rashid, N. H. Bhuiyan, S. Reza, M. R. Alam, 
Human health risk assessment of heavy 
metals in vegetables of Bangladesh. 
Scientific Reports, [Online], 14 (2024), pp. 
5616-5632 

[14] S. Durmišević, S. Kubat, J. Durmišević 
Serdarević, M. Lelić, Air pollution effect on the 
malignant disease mortality rate in the city of 
Zenica, In: 17th International Research/Expert 
Conference-TMT: proceedings, Istanbul, 
Turkey, 2013, pp. 285-288 

[15] H. Hodžić, M. Bazardžanović, S. Jagodić, M. 
Hiroš, M. Kulovac, M. Oruč, M. Mahmić-
Kaknjo, Clinical importance of dependent 
prognostic factors for renal parenchymal 
carcinoma and possibility of predicting the 
treatment outcome, Med Glasnik, 11 (2014) 1, 
pp. 145-151 

[16] S. Sivić, Mortality associated with seasonal 
changes in ambient temperature and 
humidity in Zenica-Doboj Canton, Med 
Glasnik, 18(2021) 2, pp. 516-521 

[17] M.  Radfard, H. Hashemi, M. A. Baghapour, 
M.R. Samaei, M. Yunesian, H. Soleimani, A. 
Azhadarpoor, Prediction of human health 
risk and disability-adjusted life years 
induced by heavy metals exposure through 
drinking water in Fars Province, Iran, 
Scientific Reports, [Online], 13 (2023), 19080 

[18] D. Caradduzza, A. Congiargiu, E. Azara, I. M. 
A. Mamani, M. De Miglio, A. Zinellu, C. Carru, 
S. Medici, Heavy metals in biological 
samples of cancer patients: a systematic 
literature review, BioMetals, [Online], 37 
(2024), pp. 803-817 

[19]  A. H. Khoshakhlagh, M. Mohammadzadeh, A. 
Gruszecka-Kosowska, The preventive and 
carcinogenic effect of metals on cancer: a 
systematic review, BMC Public Health, 
[Online], 24, (2024), 2079 

[20] M. M. Tomlison, F. Pugh, A. N. Nail, K. Udoh, 
S. Abraham, S. Kavalukas, B. Guinn, R. M. 



Šapčanin et al. Health risk assessment of heavy metals in the lands and plant cultivars of 
Zenica municipality, Bosnia and Herzegovina 

 

 
Journal of Sustainable Technologies and Materials 23 

 

Tamimi, F. Laden, H. S. Iyer, J. C. States, M. 
Ruther, C. T., Ellis, N. DuPre, Heavy–metal 
associated breast cancer and colorectal hot 
spots and their demographic and 
socioeconomic characteristics. Cancer 
Causes and Control, [Online], 35 (2024), pp. 
1367-1381 

[21] X. Qing, Z. Zutong, L. Shenggagao, Assessment 
of heavy metal pollution and human health 
risk in urban soils of steel industrial city 
(Anshan), Liaoning, Northeast China, 
Ecotoxicology and Environmental Safety, 
[Online], 120 (2015), 377-385 

[22]  S. Salmani-Ghabeshi, M. R. Palomo-Marin, 
E. Bernalte, F. Rueda-Holgado, C. 
MiroRodriguez, F. Cereceda-Balic, X. Fadic, 
V. Vidal, M. Funes, E. Pinilla-Gil, Spatial 
gradient of human health risk from 
exposure to trace elements and radioactive 
pollutants in soils at the Puchuncavi-
Ventanas industrial complex, Chile. 
Environ. Pollut., [Online], 218 (2016), pp. 322–
330 

[23] A. Kharazi, M. Leili, M. Khazaei, M. Z. 
Alikhani, Human health risk assessment of 
heavy metals in agricultural soil and food 
crops in Hamadan, Iran, Journal of Food 
Composition and Analysis, [Online], 100 
(2021), 103890 

[24] M. Šljivić Husejnović, S. Janković, D. Nikolić, 
B. Antonijević, Human health risk 
assessment of lead, cadmium, and mercury 
co-exposure from agricultural soils, Arhiv za 
higijenu rada i toksikologiju, 72 (2021) 4, pp. 
268-279 

[25] A, Šapčanin, E. Pehlić, S. Korać, E. Ramić, B. 
Pehlivanović, Estimating the health risk of 
heavy metals in edible plants to the general 
population in Sarajevo, B&H, In New 
Technologies, Development and Application 
IV. NT 2021. Lecture Notes in Networks and 
Systems, Isak Karabegović Eds., Springer 
Nature: Switzerland, 233, 2021, pp. 883-889  

[26] Pravilnik o utvrđivanju dozvoljenih količina 
štetnih i opasnih materija u tlu Federacije 
Bosne i Hercegovine i metodama njihovog 
ispitivanja, Službene novine Federacije 
Bosne i Hercegovine, Sarajevo: Federacija 
Bosne i Hercegovine; 2009, broj 72/09.   

[27] WHO, World Health Organization, 
Environmental Health Criteria Series, EHC 
228. Principles and Methods for the 
Assessment of Risk from Essential Trace 
Elements. WHO Geneva, 2002 

[28] USEPA, Supplemental Guidance for 
Developing Soil Screening Levels for 
Superfund Sites, OSWER 9355.4-24, Office of 
Solid Waste and Emergency Response, 2001 

[29] US EPA, A review of the reference dose and 
reference concentration processes. 
EPA/630/P-02, 2002 

[30] USEPA, Risk Assessment Guidance for 
Superfund Volume I: Human Health 
Evaluation Manual (Part A). Office of 
Emergency and Remedial Response, 
Washington, DC. 2004 

[31] US EPA, United States Environmental 
Protection Agency, in Quantitative Risk 
Assessment Calculations 7–9, 2015 

[32] [32] USEPA US Environmental Protection 
Agency, Resident Soil Table, 2017. 

[33] International Standard Office ISO 11466: 1996, 
Soil quality –Extraction of trace elements 
soluble in aqua regia, 2016 

[34] X. Xiao, J. Zhang, H. Wang, X. Han, J. Ma, Y. 
Ma, H. Luan, Distribution and health risk 
assessment of potentially toxic elements in 
soil around coal industrial areas: a global 
meta-analysis. Sci. Total Environ, [Online], 
713 (2020), 135292 

[35] A. Wodkowska, A. Gruszecka-Kosowska, 
Dietary exposure to potentially harmful 
elements in edible plants in Poland and the 
health risk dynamics related to their 
geochemical differentiation, Scientific 
Reports, [Online], 13 (2023), 8521 

[36] C. Rubio-Armendariz, S. Paz, A. J, Gutierrez, 
D. Gonzales-Weller, C. Revert, A. Hardisson, 
Human exposure to toxic metals (Al, Cd, Cr, 
Ni, Pb, Sr) from the consumption of cereals in 
Canary Islands, Foods, [Online], 10 (2021) 6, 
1158 


