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SUMMARY - The municipality of Bogati¢, part of Maéva District, belongs to the Pannonian
Basin, where high concentrations of arsenic in artesian wells were detected. Numerous epidemiological
studies have confirmed the association of exposure to arsenic in drinking water and bladder cancer
(C67). This retrospective ten-year analysis included age-standardized incidence rates (ASRs) and
age-specific incidence rates of C67 in the municipality of Bogati¢ and rural municipalities of Macva
District. The concentration of arsenic in drinking water was determined at Sabac Public Health
Institute (PHI) laboratories in 2015. ASRs were estimated using data from regional cancer registries
at Sabac PHI and compared by use of the Mann-Whitney U test. Control population was recruited
from an area where there were no artesian wells or hydrogeological conditions that would indicate
elevated concentrations of arsenic in drinking water. Arsenic levels in all artesian wells in Bogati¢
municipality were 1.4 to 41 times higher than the maximum permissible concentration (mean 120
pg/L+165). Female subjects from Bogati¢ municipality had higher ASRs of C67 compared with the
populations in rural municipalities of Macva District (p<0.01), while the incidence of bladder cancer
was by 13% greater than that in central Serbia (standardized incidence ratio, 113; 95% CI 96.97-
131.35). Male subjects from Bogati¢ municipality had higher ASRs of C67 but the difference was not
statistically significant (p>0.05). Our analyses suggested that exposure to arsenic in drinking water
could triple the risk of bladder cancer. These results support the conclusions of previous studies that
there may be an association between higher concentrations of arsenic in drinking water and higher
ASRs of bladder cancer in both male and female subjects.
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Introduction

The presence of arsenic in groundwater used for
water supply is a problem faced by many countries
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in the world'. The presence of inorganic arsenic in
groundwater in the Pannonian Basin has been known
for decades®’, and its penetration into groundwater
occurs as a consequence of the process of dissolution
under different hydrogeological conditions®. In this
study, the term ‘artesian well’ denotes deep drilled well
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used for water supply where groundwater flows to
the land surface under pressure. Chronic exposure to
inorganic arsenic >10 pg/L is related to an increased
incidence of type 2 diabetes™®, cardiovascular and
respiratory diseases”!’, skin hyperpigmentation'™'?,
and malignant neoplasms (lung, bladder, kidney,
skin)¥8. Argos ef al."’ estimated that the contribution
of arsenic from drinking water was 21.4% in total
mortality and 23.5% in mortality from chronic diseases
in Bangladesh population for concentrations of arsenic
>10 pg/L. Mortality from cancer of the bladder,
kidney and lung due to chronic arsenic exposure has
a very long latency, with increased risks manifesting
up to 40 years after a decrease in arsenic exposure®.
Key evidence for arsenic carcinogenicity exists in
epidemiological studies with arsenic >10 pg/L, but
there still are insufficient epidemiological studies to
evaluate the carcinogenic effects of arsenic at low to
moderate concentrations in drinking water. A meta-
analysis conducted by Mink e# a/. in 2007 found no
association between exposure to low levels <10 pg/L
of arsenic in drinking water and bladder cancer®.
However, an environmental study conducted in the
United States supports the association between low
and moderately elevated concentrations of arsenic in
drinking water (1.5-15.4 pg/L) and an increase in the
incidence of bladder cancer®.

Based on the 2018 Globocan estimates at
International Agency for Research on Cancer (IARC),
the incidence of malignant bladder neoplasms is 6™
in male, 17* in female, and 10 overall, with an age-
standardized incidence rate (ASR) of 5.7 per 100,000
inhabitants (male to female, 9.6:2.4)*. According to
data reported by the Institute of Public Health of
Serbia (2006-2015)*, the incidence of malignant
bladder neoplasms in central Serbia is 4" in male
and 8" in female. The incidence cannot be accurately
estimated due to significant heterogeneity in the
way it is reported in national registries and different
methodologies used on data analysis across countries.

Material and Methods

Research area

The municipality of Bogati¢ is one of eight
municipalities in the Macva District, part of central
Serbia, belonging to the Pannonian Basin. The presence
ofarsenicin mineral and thermal waters, as hydrological

56

deposits, in the area of Bogati¢ municipality has been
described in previous studies indicating the presence
of arsenic in rocks and clay layers, which enables its
easy penetration into groundwater as a result of the
process of dissolution under different hydrogeological
conditions?, while data on its presence in artesian
wells, which have been used for alternative or
regular water supply to the population for about 40
years, did not exist until 2015. The municipality of
Bogati¢ decided to organize control of water quality
in artesian wells and asked the Sabac Public Health
Institute for assistance. The Sabac Public Health
Institute then conducted extended analyses for the
first time with respect to the parameter that could
be expected in high-depth drinking water, as well
as stipulated parameters in the Book of Regulations
on the Hygienic Quality of Drinking Water 98/42
(1998)*. Given the specificity of artesian wells, the
parameters of hygienic-epidemiological significance
(suspected presence of arsenic above the maximum
permissible concentration (MPC) in drinking water)
were determined to check their suitability as a source
of water supply. Previously, controls were carried out
on inspection orders for basic stipulated parameters by
the rule book (A range of analyses), which do not imply
determination of arsenic concentration, although
according to the Constitution of the Republic of
Serbia (2006)%*, access to an appropriate water supply
as a fundamental human right presents a failure to
monitor artesian wells by local authorities as owners.
According to the 2002 census, the population in the
territory in which there were artesian wells included
15,359 inhabitants out of a total of 32,990 inhabitants
in the territory of the municipality of Bogati¢?. The
2002 census reported that out of 9510 inhabited
apartments in the municipality of Bogati¢, 6492 had
public and individual water supply facilities, whereas
3018 inhabited dwellings in Bogati¢ municipality did
not own water objects in 2002 (31.7%)*. Based on
this information, we can assume that the population
of these housing units used artesian wells as sources
of water supply, whereby we cannot exclude the
possibility of using drinking water from artesian wells

by other households.
The rural municipalities of the Macva District
include municipalities with less than 30,000

inhabitants; these are Bogati¢, Vladimirci, Koceljeva,

Krupanj, Mali Zvornik and Ljubovija (Fig. 1).
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Fig. 1. Map of the research area. rural municipalities of
the Macva District.

Methods

Laboratory testing of water samples for arsenic
content from all 8 artesian wells in the territory of
Bogati¢ municipality in 2015 was performed in the
following places: Crna Bara (two artesian wells),
Sovljak, Bogati¢, Glusci, Uzvece, and Banovo Polje
(two artesian wells), which represented the sources
of water supply. Water sampling for the analysis of
arsenic was carried out by an accredited laboratory
according to SRPS ISO/IEC 17025 and SRPS
ISO 9001 standards®. Current Serbian regulations
limit arsenic levels at 10 pg/L*». Ten-year ASRs for
bladder cancer in the municipality of Bogati¢, in
the territory where arsenic concentrations >10 pg/L
were detected in drinking water, and in the rural
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municipalities of the Macva District where there were
no artesian wells for water supply (Koceljeva, Krupanj,
Ljubovija, Mali Zvornik and Vladimirci) were tested
by Mann-Whitney U test. Control population of the
Macva District were recruited from a rural area with
demographic characteristics similar to the exposed
area and where there were no industries or artesian
wells or hydrogeological conditions that would
indicate elevated concentrations of arsenic in drinking
water. Ten-year linear trend of ASRs (time trend) was
presented and the standardized rate ratio (SRR) and
standardized incidence ratio (SIR) in the municipality
of Bogati¢ were calculated.

Results

Arsenicvalues in all artesian wells in the municipality of
Bogati¢ were 1.4 to 41 times greater than MPC (mean
120+165 pg/L; range 14-410 pg/L) (Table 1). During
the observed period, 156 bladder cancer patients
were registered in the surveyed rural municipalities
of the Macva District, of which 140 were males and
33 females. The mean ten-year ASRs per 100,000
population for bladder cancer in the municipality of
Bogati¢ were higher than in the surveyed municipality
of the Macva District (Table 2). No cases of bladder
cancer disease were reported in young people under
30 in rural municipalities of the Macva District.
Considering ASRs for bladder cancer in the study
populations, the risk of developing bladder cancer
was calculated. On average, the population of Bogati¢
municipality was 3 times more likely to develop
bladder cancer than the Macva District surveyed
population over a ten-year observation period. In the
male population, the risk of bladder cancer was 1.33
times higher in the municipality of Bogati¢ (ranging
from 1.04 to 1.53), whereas in females this risk was
4.65 times higher (ranging from 1.24 to 9.1) (Table
3). Among females, ASRs for bladder cancer were
higher in Bogati¢ municipality than in the surveyed
municipalities of the Macva District, where there
are no artesian wells with high arsenic concentration
(p=0.01) (Table 4). The incidence rates were higher
for males in Bogati¢ municipality compared to the
male population of other surveyed municipalities in
the Macva District, but these differences were not
statistically significant (p>0.05) (Table 5).
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Table 1. Arsenic values in all artesian wells in the municipality of Bogatic

Artesian well

AWI |AWII

AWIII | AW IV

AWV | AW VI

AW VII | AW VIII

Mean | SD

Arsenic (pg/L)

52 45

22 18

14 40

360 410

120 +165

AW = artesian well; SD = standard deviation

Table 2. Mean ten-year ASRs per 100,000 population for bladder cancer in the municipality of Bogatic in the Macva
District (2006-2015)

Municipality Sex glslgber of Crude rate ASR M:F
Male 49 30 16.16

Bogati¢ 2.96
Female 15 33.27 5.46
Male 17 22.65 10.59

Koceljeva 2.36
Female 6 8.15 4.42
Male 17 17.65 10.59

Krupanj 7.06
Female 5 4.27 1.5
Male 19 23.58 13.48

Ljubovija 10.06
Female 3 3.85 1.34
Male 14 20.7 15.55

Mali Zvornik 14.81
Female 1 1.48 1.05
Male 24 24.39 11.99

Vladimirci 19.98
Female 3 3.12 0.6

ASR = age-standardized incidence rate; M:F = male to female ratio

Table 3. Standardized rate ratio (SRR) for bladder cancer (C67) in the municipality of Bogatic compared with rural
municipalities of the Macva District (2006-2015)

Municipality/ Bogati¢ and Bogati¢ and Bogati¢ and Bogati¢ and Bogati¢ and
sex Koceljeva Ljubovija Mali Zvornik Vladimirci Krupanj
SRR males 1.53 1.2 1.04 1.35 1.53
SRR females 1.24 4.07 52 9.1 3.64
58 Acta Clin Croat, Vol. 63, No. 1, 2024
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Table 4. 1dentified differences in standardized incidence rates for bladder cancer among females in the municipality of
Bogatic compared with rural municipalities of the Macva District (2006-2015)

Municipality (females) As group N Median Minimum Maximum p-value*
As >10 10 5.100 0.0 12.9

Bogati¢/Koceljeva As <10 10 1.450 0.0 12.2 0.45
Total 20 4.450 0.0 12.9
As >10 10 5.100 0.0 12.9

Bogati¢/Ljubovija As <10 10 0.000 0.0 2.0 0.001
Total 20 1.250 0.0 12.9
As >10 10 5.100 0.0 12.9

Bogati¢/Mali Zvornik As <10 10 0.000 0.0 10.5 0.003
Total 20 0.750 0.0 12.9
As >10 10 5.100 0.0 12.9

Bogati¢/Vladimirci As <10 10 0.000 0.0 2.0 0.002
Total 20 2.000 0.0 12.9
As >10 10 5.100 0.0 12.9

Bogati¢/Krupanj As <10 10 0.000 0.0 9.7 0.01
Total 20 2.950 0.0 12.9

*Mann-Whitney U test; As = arsenic

Table 5. Identified differences in standardized incidence rates for bladder cancer among males in the municipality of
Bogatic compared with rural municipalities of the Macva District (2006-2015)

Municipality (males) As group N Median Minimum Maximum p-value*
As >10 10 14.700 7.2 25.1

Bogati¢/Koceljeva As <10 10 10.850 0.0 19.9 0.15
Total 20 13.900 0.0 25.1
As >10 10 14.700 7.2 25.1

Bogati¢/Ljubovija As <10 10 10.500 4.7 34.9 0.13
Total 20 13.450 4.7 34.9
As >10 10 14.700 7.2 25.1

Bogati¢/Mali Zvornik As <10 10 8.350 0.0 64.9 0.13
Total 20 13.450 0.0 64.9
As>10 10 14.700 7.2 25.1

Bogati¢/Vladimirci As <10 10 9.350 0.0 24.8 0.17
Total 20 13.800 0.0 25.1
As >10 10 14.700 7.2 25.1

Bogati¢/Krupanj As <10 10 8.600 0.0 28.3 0.11
Total 20 13.450 0.0 28.3

*Mann-Whitney U test; As = arsenic
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Study results suggest that the ten-year incidence of
bladder cancer among females in the municipality of
Bogati¢ was by 13% higher than expected based on
average age-specific incidence rates for central Serbia
(SIR=113; 95% CI=96.97-131.35). Among males,
there was no significant difference in bladder cancer
between Bogati¢ and central Serbia (SIR=100.58;
95% CI=92.37-109.32). In female population from
Bogati¢ municipality, the peak in developing the

disease was 55-59 years, which was not the case in
other municipalities, where the peak was recorded at
the age above 75 years. Males from the municipality
of Bogati¢ had higher age-specific incidence rates
in older age groups (>70 years) than in the surveyed
municipalities of the Mac¢va District.

Figures 2 and 3 show that the number of patients
affected by age varied irregularly due to the small
number of new patients and small population (one
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Fig. 2. Bladder cancer trends: age-standardized incidence rates among males in the Macva District (2006-2015).
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Fig. 3. Bladder cancer trends: age-standardized incidence rates among females in the Macva District (2006-2015).
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year it rose, and declined in the next year), so we
cannot claim with confidence the growing trend of
ASRs for bladder cancer, except that ASRs for bladder
cancer were on average greater in the municipality
of Bogati¢ than in other rural municipalities of the
Magva District. An exception was the municipality
of Mali Zvornik, which recorded a linear upward
trend of 24% (R2=0.33) in the male population due
to high ASRs for C67 in 2014 and 2015, whereas in
previous years ASRs for C67 were lower in relation to
the exposed population of the municipality of Bogatic.
Therefore, the observed trend could not be considered
statistically significant due to the small population
and small number of registered new cases during the
ten-year observation period. In the female population
of Bogati¢, significantly higher ASRs were observed
for bladder cancer compared to other surveyed
municipalities, where, based on a linear trend model, a
0.36 per 100,000 increase of ASRs for bladder cancer
was observed in Bogati¢ municipality for each year of

observation from 2006 to 2015.

Discussion

This is the first study on the distribution of arsenic
in public water supply systems in the municipality of
Bogati¢ and in Macva District. The values of arsenic
in all artesian wells in the municipality of Bogati¢
were 1.4 to 41 times higher than the MPC?. It shows
large variation in arsenic levels in the region. The mean
arsenic levels were much higher than those reported in
other countries in the Pannonian Basin®. In some parts
of the municipality of Bogati¢, the arsenic content in
drinking water is higher than in public water supply
systems across ten municipalities in Vojvodina Region,
Serbia (median ranged from 2 to 250 pg/L; maximum
value ranged from 5 to 349 pg/L)*. The municipality
of Bogati¢ population was largely supplied with water
from individual water facilities or public drinking
fountains (referred to as artesian wells in the paper),
but accurate data on the number of those exposed to
arsenic in drinking water and the length of exposure
are not available. According to data from the local
authority of the municipality of Bogati¢ and Statistical
Office of the Republic of Serbia, artesian wells
have been used for about 40 years, and over 30% of
households out of the total number of households in
the territory of the municipality of Bogati¢ have been
supplied with water for drinking and cooking from

Acta Clin Croat, Vol. 63, No. 1, 2024

artesian wells?®. It should be emphasized that there are
no data on concentrations of and exposure to arsenic
from artesian wells used as individual water bodies, but
it can be assumed that the percentage of exposure in
the municipality Bogati¢ is higher.

Based on the average ten-year ASRs for bladder
cancer, the highest ASRs were observed in the
municipality of Bogati¢ compared to the surveyed
municipalities in the Macva District, which may be
related to arsenic exposure in drinking water from
artesian wells as one of the predictors of high rates
of bladder cancer®. Inorganic arsenic belongs to the
first group of carcinogens according to the IARC
classification® and group A of carcinogens according
to the US Environmental Protection Agency*. Toxic
effects of arsenic on the human body depend on a
number of factors, such as the concentration of arsenic
or its compounds in water, its valence, the length of
exposure, the way of intake into the body, individual
sensitivity of the human body, methylation capacity,
age, gender, nutritional status, smoking status, etc.**.
Trends in age-specific incidence rates in our study
showed similarity to the available literature data, which
report an increase in the incidence with age, most often
after 55 years in both sexes, with the highest incidence
in the population aged over 65%. Data showed the
peak age-specific incidence of bladder cancer among
females at the age 55-59 years in the municipality of
Bogati¢, which was not the case in other municipalities,
where the peak was observed at the age above 75 years,
which is in accordance with previous studies®.

The ratio of male to female bladder cancer in the
municipality of Bogati¢ was 2.96, lower than that in
the examined municipalities of the Macva District
(mean 10.85+6.82) and may be associated with a small
population of surveyed municipalities. Studies show
that the rates in males are three to four times those in
females, with ASR-W 10.1 per 100,000 for males and
2.5 per 100,000 for females worldwide*'.

Among residents of the Bogati¢ municipality, we
found a significantly increased risk of developing
bladder cancer in males and females, with SRRs of 1.33
and 4.65, respectively. The findings were consistent with
those reported previously in the arseniasis-endemic
area in southwestern and northeastern Taiwan**, A
very high risk of bladder cancer has been reported in a
previously conducted study in rural areas of Argentina
(males 13.8 and females 12.7)*. The SIR for females
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was by 13% higher than in central Serbia, while this
trend was not observed in males. The results of a study
conducted in 22 rural Victoria municipalities do not
support the association between arsenic exposure and
bladder cancer in both sexes, but the study was limited
by low potency and exposure misclassification®.

In our study, females in the Bogati¢ municipality
had statistically significantly higher ASRs for bladder
cancer than females in the rural parts of the Macva
District (p=0.01), which may be associated with
hormone-dependent arsenic methylation and different
enzyme metabolic activity**. It is also thought that
the increased incidence in women may be related to
their daily role in preparing food in rural families
(cooking food). The mechanisms underlying these
gender differences are not sufficiently known.

Where the concentration of arsenic in drinking
water is 10 pg/L or greater, this will be the dominant
source of intake, according to the World Health
Organization report®. In circumstances where soups
or similar dishes are a staple part of the diet, the
contribution of drinking water through preparation of
food will be even greater™. In its updated evaluation,
the World Health Organization concluded that,,... the
concentration of arsenic in drinking water below which
no effects can be observed remains to be determined,
and there is an urgent need for identification of the
mechanism by which arsenic causes cancer, which
appears to be the most sensitive toxicity end-point™.

Conclusion

This ten-year study found an association between
higher levels of arsenic in drinking water and
higher ASRs for bladder cancer in men and women.
These results support the findings of previous
studies suggesting an association between higher
concentrations of arsenic in drinking water and higher
ASRs for bladder cancer in males and females. Timely
detection of exposure to arsenic and other harmful
substances found in drinking water in rural areas, as
well as the implementation of public health measures
by the competent authorities, local authorities and
water facility owners should be a priority in reducing
the risks of drinking water to human health.
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Sazetak
1ZLOZENOST ARSENU U VODI ZA PICE I RIZIK OD RAKA MOKRACNOG MJEHURA

M. Sreckovic, D. Backovic, T. Dugandzija, 1. Dragicevic, Lj. Pajic Nikolic, M. Muli¢ i B. Damnjanovic

Opéina Bogati¢, dio Macvanskog okruga, pripada Panonskom bazenu gdje su otkrivene visoke koncentracije arsena u
arteskim bunarima. Brojne epidemioloske studije su potvrdile povezanost izloZenosti arsenu u vodi za pice i raka mokraénog
mjehura (C67). Ova retrospektivna desetogodisnja analiza obuhvatila je standardizirane stope incidencije (ASRs) i za dob
specifi¢ne stope incidencije C67 u opéini Bogati¢ i ruralnim opéinama Macvanskog okruga. Koncentracija arsena u vodi
za pice odredena je u laboratoriju Zavoda za javno zdravlje Sabac (ZZJZ) 2015. godine. ASRs su procijenjene koritenjem
podataka iz regionalnog registra za rak ZZJZ Sabac i usporedene koristenjem Mann-Whitney U testa. Kontrolna populacija
je regrutirana iz podrucja gdje nije bilo arteskih bunara ili hidrogeoloskih uvjeta koji bi ukazivali na poviSene koncentracije
arsena u vodi za pice. Razine arsena u svim arteskim bunarima u opéini Bogati¢ bile su 1,4 do 41 puta vise od maksimalno
dozvoljene koncentracije (prosjek 120165 ug/L). Zenske ispitanice iz opéine Bogati¢ su imale vise ASRs za C67 u usporedbi
s populacijama u ruralnim opéinama Macvanskog okruga (p<0,01), dok je incidencija raka mjehura bila za 13% vecéa nego u
centralnoj Srbiji (standardizirani odnos incidencije, 113; 95% CI 96,97-131,35). Muski ispitanici iz opéine Bogati¢ su imali
vise ASRs za C67, ali razlika nije bila statisticki znacajna (p>0,05). Nase analize su ukazale na to da izlozenost arsenu u
vodi za pi¢e moze utrostruditi rizik od raka mjehura. Ovi rezultati podupiru zaklju¢ke prethodnih studija da moze postojati
povezanost izmedu visih koncentracija arsena u vodi za pice i visth ASRs raka mjehura kod oba spola.

Kljuéne rijeci: Macvanski okrug; Arsen; Rak mokracnog mjehura; Arteski bunari; Desetogodisnja analiza
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