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1 Introduction
Bottled drinking water has become widely and increas-
ingly consumed due to its availability, low cost, and the 
perception of higher quality compared to tap water.1–3 
Although commonly considered a safe beverage, it must 
be thoroughly assessed to ensure compliance with estab-
lished safety and quality standards. One key aspect of this 
assessment is determining the metal content, as certain 
metals can be toxic and pose serious health risks upon ex-
posure. Essential trace metals are necessary for metabolic 
functions but are usually considered toxic or carcinogenic 
when present in excess, whereas non-essential heavy met-
als have no established biological role and are associated 
with adverse health effects.1,4,5 Heavy metals are among 
the most concerning environmental pollutants, particularly 
in water sources, due to their high toxicity even at low 
concentrations, environmental persistence, and potential 
for bioaccumulation and biomagnification.6,7 Drinking wa-
ter is considered one of the primary sources of exposure 
to heavy metals.1 These metals may contaminate water 
sources through multiple pathways, including both anthro-
pogenic activities and natural processes.6,8,9 

Exposure to heavy metals through the food chain, water 
consumption, inhalation, or dermal absorption can lead to 
severe health effects.7 Human health risk assessment is a 
fundamental approach for evaluating the potential health 
effects of heavy metal exposure, and provides essential in-
sights for researchers and policymakers to guide risk-man-
agement strategies.10 These assessments are typically cate-
gorised into carcinogenic and non-carcinogenic risks based 
on established risk levels.11 

Cadmium (Cd), chromium (Cr), and lead (Pb) are among 
the highest-priority contaminants in drinking water, and 
are included as monitoring parameters in water-quality 
regulations due to their well-known toxicity and adverse 
effects on human health.6 Prolonged exposure to Cd may 
lead to chronic kidney failure, anaemia, cardiovascular 
disorders, hypertension, bone demineralisation (such as 
osteoporosis), olfactory dysfunction, and cancer.3,6,8 Expo-
sure to Cr can adversely affect the respiratory system and 
is associated with an increased risk of lung cancer.12 Acute 
exposure to Pb can cause symptoms such as headache, 
loss of appetite, fatigue, abdominal pain, and high blood 
pressure. Prolonged or chronic exposure is associated with 
more severe health effects, including neurological and de-
velopmental disorders, long-term cognitive impairments, 
kidney damage, and muscle weakness.13 
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The extent of heavy metal exposure through bottled drink-
ing water and the associated health risks remain largely 
unexplored for the population of Bosnia and Herzego-
vina (B&H) due to limited research. This study aimed to 
evaluate the concentrations of Cd, Cr, and Pb in domestic 
and imported bottled drinking water, and to assess the car-
cinogenic and non-carcinogenic health risks among ado-
lescents, adults, and pregnant women in B&H. The find-
ings provide valuable insights into exposure and potential 
health risks, and emphasise the importance of addressing 
this public health concern. 

2 Materials and methods
2.1 Sampling

In July 2025, a total of 18 commercially available bottled 
drinking water samples from various brands were pur-
chased on the B&H market. The sample set included 11 
natural spring water samples and 7 still natural mineral wa-
ter samples. All samples were within their expiration dates 
and had volumes ranging from 0.33 to 1  l. The samples 
originated from B&H, Croatia, Serbia, and Italy, and rep-
resented the brands available during the sampling period. 
Each sample was kept in its original plastic bottle, stored 
away from direct sunlight, isolated from solvents and 
chemicals, and opened immediately prior to analysis.

2.2 Determination of heavy metal concentrations

A volume of 0.1 ml of concentrated nitric acid (69 %, Su-
pelco, Merck KGaA, Darmstadt, Germany) was added per 
100 ml of water sample to acidify the samples (pH < 2). 
The concentrations of Cd, Cr, and Pb were determined 
using atomic absorption spectrometry (AAS) with electro-
thermal atomisation in a graphite furnace, following the EN 
ISO 15586:2003 international standard for water quality 
(adopted as BAS EN ISO 15586:2005).14 Measurements 
were performed using an Agilent 280Z AA atomic absorp-
tion spectrometer (Agilent Technologies, Santa Clara, CA, 
USA). The results were expressed in µg l−1 as the average 
of two duplicate measurements. Analytical method param-
eters are shown in Table 1. 

Blank samples (100 ml of deionised water and 0.1 ml of 
concentrated nitric acid, 69 %) were prepared following 
the same procedures used for each metal for quality-con-
trol purposes. Calibration curves were generated using a 
series of standard solutions prepared from a certified ref-

erence material (GF AAS Multi Element Standard XVIII, 
Ref. No. 109500.L1, CPAchem Ltd., Bogomilovo, Bul-
garia), with concentration ranges of 0.25–5 µg l−1 for Cd, 
1–20 µg l−1 for Cr, and 2–40 µg l−1 for Pb. Method recovery 
was determined by analysing six replicate measurements 
of a standard solution with nominal concentrations of Cd 
(3 µg l−1), Cr (8 µg l−1), and Pb (9.98 µg l−1). Repeatability 
was assessed using six replicate measurements of the same 
metals at these concentrations. The limits of detection 
(LOD) were calculated as three times (3×) the standard 
deviation of repeated measurements of a blank solution, 
while the limits of quantification (LOQ) were calculated as 
ten times (10×) the standard deviation of repeated meas-
urements of a blank solution. 

2.3 Health risk assessment

2.3.1 Exposure assessment

The health risk assessment was based on the estimated 
chronic daily intake (CDI) of heavy metals (μg/kg body 
weight/day) through the consumption of bottled drinking 
water. Two approaches were applied for the estimation. 
The first approach used water-intake data obtained from 
the EFSA Comprehensive European Food Consumption 
Database,15 while the second approach applied the EFSA 
adequate intake (AI) values for water16. 

In the first approach, CDI was estimated using Eq. (1):

CDI = C · DI · 10−3 (1)

where CDI is the chronic daily intake of a heavy metal 
through bottled drinking water consumption (μg/kg body 
weight/day); C is the individual, average, or maximum 
heavy metal concentration in a specific water category 
(μg  l−1); DI is the daily bottled water intake expressed as 
the 5th percentile, average, or 95th percentile for each wa-
ter category across different population groups (g/kg body 
weight/day); and 10−3 is the unit conversion factor.

Daily intake data (g/kg body weight/day) for two water cat-
egories across different population groups in B&H were 
obtained from the database and included only consum-
ers15. Samples were classified as “still bottled drinking 
water” or “still natural mineral water” (exposure hierar-
chy L7). The database provides food consumption data 
for adolescents, adults, and pregnant women in the B&H 
population, which were assessed separately due to their 
physiological differences. 

Table 1 – Chemical modifiers, instrument settings, and analytical method parameters

Metal Chemical 
modifier

Wavelength 
⁄ nm

Coefficient of 
determination (R2)

Recovery 
⁄ %

Repeatability
(%RSD)

Limit of detection 
⁄ µg l−1*

Limit of quantification 
⁄ µg l−1

Cd – 228.8 0.995 106 4.4 0.01 0.25
Cr – 357.9 0.99 105 3.4 0.05 1

Pb H3PO4/H2O 
(1 : 4) 283.3 0.998 91 6.7 0.06 2

* Instrument LOD



A. TURALIĆ et al.: Exposure to Cd, Cr, and Pb through Bottled Water Consumption..., Kem. Ind. 75 (7-8) (2026) 375−385  377

In the second approach, the CDI was assessed using Eq. (2):

CDI =   C AI
BW
⋅

(2)

where CDI is the chronic daily intake of a heavy metal 
through bottled drinking water consumption (μg/kg body 
weight/day); C is the individual, average, or maximum 
heavy metal concentration in a specific water category 
(μg  l−1); AI is the adequate daily water intake for adoles-
cents and adults (2.1 l/day for boys and 1.9 l/day for girls 
aged 9–13 years; 2.5  l/day for boys and 2  l/day for girls 
aged 14–18 years; 2.5 l/day for adult males and 2 l/day for 
adult females)16; and BW is the default body weight value 
(43.4 kg for adolescents aged 10–14 years; 61.3 kg for ad-
olescents aged 14–18 years; 70 kg for adults)17.

The EFSA Scientific Committee does not propose default 
body weight values for specific population subgroups, such 
as pregnant women17; therefore, pregnant women were 
not included in the second approach.

2.3.2 Non-carcinogenic risk assessment

Non-carcinogenic health risk was characterised by calcu-
lating the hazard quotient (HQ) using Eq. (3):

HQ =  CDI
HBGV

(3)

where HQ is the hazard quotient; CDI is the chronic dai-
ly intake of a heavy metal through bottled drinking water 
consumption (μg/kg body weight/day); and HBGV repre-
sents the health-based guidance value (μg/kg body weight/
day).

The health-based guidance values (HBGV) included the 
oral reference dose (RfD) for Cr and the BMDL10/10 and 
BMDL01/10 for Pb. The RfD represents the daily intake rate 
estimated to pose no appreciable risk of adverse health ef-
fects, including for sensitive populations, over a specific ex-
posure period.11 The RfD for Cr is 0.9 μg/kg body weight/
day.18,19 

Neither EFSA nor the U.S. EPA provides a tolerable intake 
level or RfD for Pb. Therefore, a BMDL10 value of 0.63 μg/kg 
body weight/day (linked to the prevalence of chronic kid-
ney disease) and a BMDL01 value of 1.5 μg/kg body weight/
day (linked to systolic blood pressure effects) were used.20 
EFSA considers a margin of exposure ≥ 10 to indicate no 
appreciable risk, corresponding to a daily exposure lower 
than one-tenth of the BMDL.20,21 

The hazard index (HI), a quantitative tool used to assess 
the cumulative non-carcinogenic risks from exposure to 
multiple heavy metals, was calculated using Eq. (4):

i1
HI HQ  n

i=
= ∑ (4)

where HQᵢ represents the hazard quotient of each individ-
ual metal.

HQ (or HI) values >  1 indicate a potential for non-car-
cinogenic health effects, whereas values <  1 suggest no 
expected non-carcinogenic health risks.11

2.3.3 Carcinogenic risk assessment

The carcinogenic risk (CR) was calculated using Eq. (5):

CR = CDI · CSF (5)

where CR is the carcinogenic risk; CDI is the chronic dai-
ly intake of a heavy metal through bottled drinking water 
consumption (μg/kg body weight/day); and CSF is the oral 
cancer slope factor (μg/kg body weight/day)−¹.

The oral cancer slope factors used for the calculation were: 
2.7 · 10−4 per μg/kg body weight/day for Cr and 8.5 · 10−6 
per μg/kg body weight/day for Pb.18,19

The total carcinogenic risk (TCR) was calculated by sum-
ming the risks associated with carcinogenic heavy metals, 
as indicated in Eq. (6):

1
TCR     n

i
CDI CSF

=
= ⋅∑ (6)

The U.S. EPA has established the range of generally accept-
able risks for known or suspected carcinogens as 1 · 10−6 
to 1  · 10−4.11 Risks less than 1 · 10−6 generally are of no 
concern, whereas risk levels exceeding 1 · 10−4 are usually 
considered unacceptable.11

2.4 Data analysis

Microsoft Excel (Office Professional Plus 2016, Version 
2504) was used to calculate CDI and human health risk 
indices. Graphical representations were created using 
GraphPad Prism 10.5.0.

3 Results and discussion
3.1 Heavy metal concentrations

The determined concentrations of heavy metals in the bot-
tled water samples are presented in Table 2.

The difference between natural spring water and still nat-
ural mineral water lies primarily in their source, compo-
sition, and regulatory definitions. Spring water is bottled 
at the source and intended for consumption in its natural 
form. Natural mineral water is characterised by its purity at 
the source and a constant level of minerals.22 

Water quality varies depending on the source and is largely 
influenced by both natural processes and human activi-
ties.23 In particular, the chemical composition of ground-
water, as the main source of bottled water, is influenced by 
a combination of anthropogenic activities such as urban-
isation, industrialisation, mining, and agriculture, as well 
as natural processes including soil erosion, volcanism, rock 



378   A. TURALIĆ et al.: Exposure to Cd, Cr, and Pb through Bottled Water Consumption..., Kem. Ind. 75 (7-8) (2026) 375−385

weathering, and evaporation.3,6,7,9 These factors determine 
the quality of drinking water and, consequently, influence 
human health. 

Cd, Cr, and Pb, as some of the most significant heavy-metal 
contaminants in drinking water, may enter water sources 
through various pathways, including industrial effluents, 
agricultural runoff containing pesticides and chemical fer-
tilisers, corrosion within water distribution systems, and 
other environmental and anthropogenic sources.6,8 

A key requirement for marketing bottled drinking water is 
compliance with the parametric values set by regulatory 
authorities. The maximum contaminant levels (MCL) de-
fined in the Regulation on Natural Mineral and Natural 
Spring Waters (Official Gazette of Bosnia and Herzegovina, 
No. 26/10)24 are as follows: 3 μg l−1 for Cd in still natural 
mineral water and 5 μg l−1 in natural spring water, 50 μg l−1 
for Cr, and 10  μg  l−1 for Pb. These values are consistent 
with the limits established in Directive (EU) 2020/218425 
on the quality of water intended for human consumption. 
This regulation serves as a key reference for evaluating 
drinking water quality and guiding regulatory measures to 
protect public health. 

Cd, Cr, and Pb levels in all samples complied with the regu-
latory limits. Cd concentrations were below the LOD in all 
samples, consistent with the results reported by Ristić et al.2 
for bottled waters from the Serbian market, and Ungure-
anu et al.3 for bottled waters from the Romanian market. 

Cr was quantified in one natural spring water and one still 
natural mineral water, with concentrations well below the 
established MCL for Cr (Table 2). The determined Cr con-
tent was similar in both water types. In all other samples, 
Cr levels were below the LOD or the LOQ. 

Pb was quantified in three natural spring waters and one 
still natural mineral water, while in the other samples it was 
below the LOD or LOQ (Table 1). The determined Pb con-
centration of 8.63 μg l−1 in one natural spring water is close 
to the MCL for Pb. Mirzaei et al.26 reported a similarly high 
Pb concentration of 7 μg l−1 in bottled water from the Ira-
nian market. According to Directive (EU) 2020/218425, the 
parametric value for Pb in drinking water is 10 μg l−1 until 
2036, after which a stricter limit of 5 μg l−1 will apply. This 
makes the result particularly important in the context of fu-
ture regulatory compliance. Anthropogenic activities such 
as mining, industrial manufacturing, and the combustion 
of fossil fuels have significantly contributed to the accumu-
lation of Pb and its compounds in various environmental 
compartments, including the air, water, and soil.13

In general, variations in heavy metal concentrations in bot-
tled waters can be attributed to differences in pollution lev-
els of water sources (especially springs), as well as the treat-
ment methods used (e.g., water purification processes).1 

While the determined heavy metal concentrations re-
mained within regulatory limits, potential health risks can-
not be entirely ruled out, as the frequency and duration of 
consumption are also key factors in health risk assessment.

Table 2 – Heavy metal concentrations in bottled drinking water

Water category Country of origin Cd ⁄ µg l−1 MCL for Cd Cr ⁄ µg l−1 MCL for Cr Pb ⁄ µg l−1 MCL for Pb

na
tu

ra
l s

pr
in

g 
w

at
er

 

B&H <LOD 5 <LOD 50 5.16 10
B&H <LOD <LOD <LOD
B&H <LOD <LOD 4.41
B&H <LOD <LOD <LOD
B&H <LOD <LOD <LOQ
B&H <LOD <LOD 8.63
B&H <LOD <LOD <LOD
B&H <LOD 1.56 <LOD
B&H <LOD <LOD <LOD
B&H <LOD <LOD <LOD

Croatia <LOD <LOD <LOD

sti
ll 

na
tu

ra
l m

in
er

al
 w

at
er Serbia <LOD 3 <LOD 50 <LOD 10

Serbia <LOD <LOD <LOD
Serbia <LOD 1.40 <LOD
Italy <LOD <LOQ <LOD
B&H <LOD <LOD <LOD
B&H <LOD <LOQ 4.29

Croatia <LOD <LOD <LOD
* MCL – maximum contaminant level



A. TURALIĆ et al.: Exposure to Cd, Cr, and Pb through Bottled Water Consumption..., Kem. Ind. 75 (7-8) (2026) 375−385  379

3.2 Health risk assessment 

The potential non-carcinogenic and carcinogenic risks 
from Cr and Pb exposure through bottled drinking water 
consumption were assessed for adolescents, adults, and 
pregnant women in B&H. To estimate these risks, the CDI 
of heavy metals, HQ, HI, CR, and TCR were calculated. 
The health risk assessment was based exclusively on the 
concentrations of heavy metals quantified in the sam-
ples, which accounted for approximately 30 % of the total 
number of analysed samples. Therefore, the average Cr 
concentrations were assumed to be equal to the individ-
ual quantified concentrations within each water category. 
For Pb, the average concentration in natural spring water 
was calculated from the three quantified values, while in 
still natural mineral water, it was considered equal to the 
individual quantified Pb concentration. This approach is 
considered more conservative than assuming zero concen-
trations for samples with heavy metal levels below the LOD 
or LOQ. Cd was excluded from the assessment since all 
samples contained levels below the LOD.

3.2.1 Non-carcinogenic risk analysis

HQ values were calculated for each metal exposure sce-
nario to evaluate whether the exposed population groups 
are at risk of potential non-carcinogenic health effects. To 
assess the total non-carcinogenic risk, HI values were cal-
culated for each scenario as the sum of individual HQs for 
Cr and Pb. HI values > 1 indicate a potential for non-car-
cinogenic health effects, while values HI < 1 suggest that 
such effects are unlikely.11

When the CDIs of selected heavy metals were estimated 
using water intake data from the EFSA Comprehensive Eu-
ropean Food Consumption Database, almost all HI values 
across exposure scenarios and population groups were 
below 1 for both natural spring water (Fig.  1a) and still 
natural mineral water (Fig. 1b). The only exception (HQ 
and HI > 1) was observed for adolescents in the exposure 
scenario where the CDI was estimated using the maximum 
Pb concentration and the 95th percentile of natural spring 
water intake, related to the effects on the prevalence of 
chronic kidney disease. In this case, only the highest wa-
ter intake level, when combined with the maximum Pb 
concentration, lead to non-carcinogenic risk exceeding the 
threshold. A similar result was observed for adults in the 
same exposure scenario (HQ and HI ≈ 1). In all other ex-
posure scenarios, Pb-related effects on the prevalence of 
chronic kidney disease are unlikely. HQ and HI values in-
dicate that non-carcinogenic effects of Cr, as well as Pb-re-
lated effects on systolic blood pressure, are also unlikely 
across all exposure scenarios.

As expected, the use of EFSA adequate intake values for 
water in the CDI calculations resulted in higher HQ and HI 
values compared to the first approach. In this approach, 
almost all HI values across exposure scenarios and popu-
lation groups were above 1 for both natural spring water 
(Fig. 2a) and still natural mineral water (Fig. 2b). The only 
two exceptions (HI  <  1) were observed in female ado-
lescents (14–18  years) and adult females, specifically in 

relation to the consumption of still natural mineral water. 
In these cases, the HI values, calculated as the sum of the 
HQ for Cr and the HQ for Pb related to effects on systolic 
blood pressure, remained below the threshold. 

Pb was found to be the main contributor to the observed 
HI values, as the HQ values for Cr were negligible across all 
exposure scenarios and under both assessment approach-
es. Therefore, this approach indicates that non-carcino-
genic effects of Cr are unlikely, while suggesting a potential 
for Pb-related effects on the prevalence of chronic kidney 
disease in all exposure scenarios, as well as Pb effects on 
systolic blood pressure in most exposure scenarios.

Since not all heavy metals were analysed in this study, the 
obtained HI values provide an initial insight rather than a 
definitive assessment. As the HI estimates the cumulative 
risk from exposure to multiple non-carcinogenic substanc-
es, it is important to note that other heavy metals poten-
tially present in drinking water may additionally influence 
the overall risk profile and contribute to an even more pro-
nounced health risk.

However, it should be pointed out that the reference 
values for total water intake established by EFSA include 
water from drinking water (tap and bottled), all types of 
beverages, and food moisture.16 In the second approach, 
metal exposure was assessed under the assumption that 
the adequate intake is achieved exclusively through bot-
tled drinking water. This may explain the higher CDI, HQ, 
and HI values observed when using adequate intake val-
ues for water, compared to those from the first approach, 
which relied on EFSA data with clearly specified intake 
values for different types of drinking water. Nevertheless, 
it is unlikely that the entire daily water intake will be ob-
tained solely from bottled sources, and this approach may 
therefore lead to an overestimation of metal intake through 
bottled water.

It is also important to consider the possibility of water con-
sumption exceeding the adequate intake, which could po-
tentially result in even higher HQ and HI values. Addition-
ally, since water is not the primary source of Pb exposure, 
elevated HQ values or values close to 1 are of concern, es-
pecially when taking into account other significant sources 
that contribute more substantially to the overall exposure.

3.2.2 Carcinogenic risk analysis

Carcinogenic risk (CR) represents the incremental proba-
bility that an individual will develop cancer over a lifetime 
due to exposure to a carcinogenic substance.11 CR values 
were calculated for each exposure scenario to evaluate 
whether the exposed population groups are at risk of po-
tential carcinogenic health effects associated with the pres-
ence of Cr and Pb in bottled water. Total carcinogenic risk 
(TCR) was obtained by summing the CR values for each ex-
posure scenario. TCR (or CR) values between 1 · 10−6 and 
1 · 10−4 represent generally acceptable risks for known or 
suspected carcinogens. Risks below 1 · 10−6 are generally 
considered negligible, while risk levels exceeding 1 · 10−4 
are usually regarded as unacceptable.11 
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When the CDIs of selected heavy metals were estimated 
using water intake data from the EFSA Comprehensive 
European Food Consumption Database, most of the TCR 
values across different exposure scenarios and population 
groups fell within the generally acceptable risk range for 
both natural spring water (Fig. 3a) and still natural mineral 
water (Fig. 3b).

In adults, exposure scenarios where the CDI for Cr was cal-
culated using the 5th percentile natural spring water intake 
combined with the determined Cr concentration, and the 
CDI for Pb calculated using the 5th percentile intake com-
bined with either the average or maximum Pb concentra-
tion, resulted in TCR values below 1 · 10−6, indicating a risk 
generally considered negligible. Similarly, the 5th percen-
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Fig. 1 – HI values across exposure scenarios and population groups, based on CDI estimates for se-
lected heavy metals using water intake data from the EFSA Comprehensive European Food 
Consumption Database for (a) natural spring water, and (b) still natural mineral water. Bars 
are labelled as follows, for (a): a = HQCr + HQPb average (effects on prevalence of chronic kidney disease); 
b = HQCr + HQPbmax (effects on prevalence of chronic kidney disease); c = HQCr + HQPb average (effects on systolic blood 

pressure); d = HQCr + HQPbmax (effects on systolic blood pressure); for (b): a = HQCr + HQPb (effects on prevalence of 

chronic kidney disease); b = HQCr + HQPb (effects on systolic blood pressure)
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tile still natural mineral water intake resulted in TCR val-
ues corresponding to risk generally considered negligible 
in adolescents, adults, and pregnant women. Therefore, 
none of the TCR values exceeded the threshold of 1 · 10−4.

The use of EFSA adequate intake values for water in the 
CDI calculations resulted in higher TCR values compared 
to the first approach; however, all values remained with-

in the generally acceptable risk range. All TCR values re-
mained below 1 · 10−4 across all exposure scenarios and 
both water categories in this approach as well (Fig. 4a and 
4b).

The observations from the first approach were supported, 
with Cr identified as the main contributor to the observed 
TCR values.
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Fig. 2 – HI values across exposure scenarios and population groups, based on CDI estimates for 
selected heavy metals using EFSA adequate intake values for (a) natural spring water, and 
(b) still natural mineral water. Bars are labelled as follows, for (a): a = HQCr + HQPb av-
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It should be acknowledged that a comprehensive health 
risk assessment requires the inclusion of other heavy met-
als and parameters relevant to water safety, as well as a 
larger, more representative sample set. The limited number 
of samples in this study makes this assessment preliminary; 
however, it serves as a valuable starting point and provides 
important insight for future research. Moreover, other po-
tential sources and exposure pathways should also be con-

sidered for a more reliable total risk assessment. A broader 
analysis covering the B&H population would contribute to 
a clearer understanding of this important public health is-
sue. Notably, most of the quantified heavy metals were de-
tected in bottled waters originating from B&H. Therefore, 
these results are relevant not only for domestic consumers, 
but also for neighbouring countries that commonly import 
these products. 
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4 Conclusion
Concentrations of Cd, Cr, and Pb in bottled waters availa-
ble on the B&H market complied with current regulatory 
requirements. However, regulatory compliance does not 
preclude potential health risks, underscoring the need for 
thorough health risk assessment. The potential for non-car-
cinogenic effects depended strongly on the water intake 
values used, particularly for Pb, since non-carcinogenic ef-
fects were unlikely for Cr due to its HQ values consistently 

below 1. Some exposure scenarios indicated potential 
Pb-related effects on systolic blood pressure and the prev-
alence of chronic kidney disease, whereas other scenari-
os suggested these effects were unlikely. The carcinogenic 
risk across all exposure scenarios and population groups 
remained within the generally acceptable or negligible risk 
ranges. 

Assessing the risks of both carcinogenic and non-carcino-
genic effects associated with heavy metal exposure re-
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quires continuous monitoring and comprehensive analysis 
of water quality to ensure public health safety. Health risk 
assessment serves as a valuable tool for guiding regulato-
ry decisions and prioritising remediation efforts aimed at 
reducing heavy metal exposure from drinking water. The 
findings of this study underscore the persistent challeng-
es posed by heavy metals and highlight the need for con-
tinuous monitoring and effective management strategies 
to protect public health, with particular emphasis on Pb. 
Importantly, the development of effective and sustaina-
ble strategies depends on strong collaboration among re-
searchers, public health professionals, and policymakers. 
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SAŽETAK
Izloženost Cd, Cr i Pb kroz konzumaciju flaširane vode za piće: 

preliminarna procjena zdravstvenog rizika
Amila Turalić,a* Jasmina Đeđibegović,a Dragan Krešić,b Emina Muftić,a 

Amir Čaušević c,d i Elma Omeragić a

Koncentracije Cd, Cr i Pb analizirane su u 18 uzoraka flaširane vode za piće s tržišta Bosne i Her-
cegovine (BiH), klasificirane kao prirodna izvorska voda ili prirodna negazirana mineralna voda. 
Koncentracije metala određene su pomoću atomske apsorpcijske spektrometrije s elektrotermič-
kom atomizacijom u grafitnoj peći. Cr je kvantificiran u dva uzorka, Pb u četiri uzorka, dok su 
koncentracije Cd bile ispod granice detekcije u svim uzorcima. Sve izmjerene koncentracije bile 
su unutar granica propisanih važećim pravilnikom.
Zdravstveni rizici povezani s ekspozicijom Cr i Pb putem konzumacije flaširane vode procijenjeni 
su za adolescente, odrasle osobe i trudnice izračunavanjem kvocijenta opasnosti (HQ), indeksa 
opsanosti (HI), karcinogenog rizika (CR) i ukupnog karcinogenog rizika (TCR). U određenim sce-
narijima izloženosti bile su prekoračene granične vrijednosti za HQ i HI, što ukazuje na poten-
cijalne nekarcinogene učinke, prvenstveno uslijed izloženosti Pb. Vrijednosti CR i TCR su u svim 
scenarijima izloženosti bile ispod granične vrijednosti, što upućuje na prihvatljiv ili zanemariv 
karcinogeni rizik.
S obzirom na ograničenu veličinu uzorka, podatci o sadržaju Cd, Cr i Pb, kao i procjena zdravstve-
nog rizika, mogu se smatrati preliminarnim te poslužiti kao polazna točka za buduća istraživanja. 
Imajući u vidu zdravstvene implikacije izloženosti teškim metalima, kontinuirani monitoring kvali-
tete vode i sveobuhvatnija procjena zdravstvenog rizika koja uključuje i druge teške metale i veći 
uzorak su neophodni jer usklađenost s propisima ne podrazumijeva nužno odsutnost zdravstvenih 
rizika.

Ključne riječi 
Flaširana voda za piće, teški metali, procjena zdravstvenog rizika, nekarcinogeni rizik, 
karcinogeni rizik
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