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ABSTRACT

Introduction: The Republic of Croatia (HR) has significantly invested in monitoring the quality of inland bathing areas
during the past 10 years. The aim of this paper was to analyze the results obtained during the 2014-2019 period and
to compare them with the Region (non-European Union [EU] countries neighboring Croatia) and EU. Moreover, bathing
water quality data at two bathing areas of Zagreb (lakes Jarun and Bundek) were processed in more detail.

Methods: The quality of inland bathing areas in the HR is monitored in five rivers and five lakes in nine Croatian coun-
ties; 19 of the 35 monitored sites are located in Zagreb County. Escherichia coli (EC) was determined by EN ISO 9308-3:
1998, while intestinal enterococci (ENT) were defined by EN ISO 7899-2: 2000. Statistical processing of the results was
performed using the Microsoft Excel Statistical Package (Redmond, USA) and Statistica 13.5. (Stat.Sof.Inc., Tulsa, USA);
the significance level was set to p < 0.05.

Results: During the study period, the worst Croatian inland water quality was recorded in 2019 (excellent quality for only
25.9% of the bathing areas), while the best quality was recorded in 2015 (excellent quality in 57.1%). On average (2014-
2019), the share of bathing areas with excellent quality in Croatia was 46.3% (i.e., under the EU average of 85.3%);
with no poor locations (EU average was nearly 2%). A significant positive correlation was found between fecal indicators
(EC&ENT) and the amount of precipitation, while a negative correlation with water and air temperature in lakes.
Conclusions: The quality of Croatian inland bathing areas is significantly lower than the European average, while EU
water quality is improving. Regarding the countries bordering Croatia, Italy, Slovenia, and Hungary have achieved better
results, while Montenegro, Serbia, and Bosnia and Herzegovina are still in the process of developing the monitoring of
the bathing water quality.
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INTRODUCTION

Swimming at numerous beaches across Europe is one of the
favorite activities of European Union (EU) citizens during
the summer months, while the quality of the water is one of
the essential criteria for choosing a destination (1-4).

Pollution of recreational waters by fecal wastewaters has
been ubiquitous in the past, exposing bathers to increased
health risks. For these reasons, the monitoring of bathing
water quality in Europe began more than four decades ago.
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The publication of the 1975 EU Bathing Water Directive
(EEC 76/160) constitutes the relevant legal basis (5).
‘This Directive’s content was revised in 2006 (EZ 2006/7/
EZ) (6), in line with scientific and technological progress.
Although Croatia has a long tradition of monitoring the
quality of marine bathing areas, which have been system-
atically tested since 1989, monitoring the quality of inland
waters is a relatively new program, implemented since
2011. Initially, only four locations (in the cities of Karlovac
and Orahovica) were tested. The following year, Zagreb,
Slavonski Brod, and Petrinja were added to the program,
and the number of locations grew to 27. In the subsequent
seasons, many other cities and counties were added. The
regulation prescribes monitoring of inland water quality

in Croatia on bathing water quality (OG 51/14) (7). The
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said regulation specifies the classification of bathing waters
of surface waters, water management, and informing the
public about the quality of bathing waters (7), with the pri-
mary aim of preserving human health and environmental
quality protection. According to this regulation, bathing
water quality is assessed based on the concentration of two
microbiological indicators, Escherichia coli (EC), and intes-
tinal enterococci. Prescribed microbiological indicators are
globally accepted as indicators of fecal contamination. The
detection of pathogens in water is very complex, both due
to the complexity of the detection methods and challeng-
ing sampling and the very low concentrations in which
pathogens are present in the environment. At present, EC
and intestinal enterococci are considered the most accurate
and specific fecal indicator bacteria (FIB = Fecal Indicator
Bacteria) (8).

These bacteria reach coastal waters through wastewater dis-
charge (in the event of wastewater drainage system disrup-
tions or septic tank outflow), rain, melting snow, or other
precipitation types. While EC is considered a better indi-
cator for assessing the risk of infectious diseases in inland
aquatic systems (9), intestinal enterococci are considered a
more effective indicator of fecal marine pollution (10) due
to greater tolerance to high salinity and more prolonged
survival compared to EC (11,12).

According to Directive 2006/7/EC (6), at least 16 datasets
need to be collected for a final assessment of bathing water
quality, while there is a requirement for sampling during
four successive bathing seasons. Based on the examined
microbiological indicators” values, water is classified into
one of four categories: Excellent, good, sufficient, and defi-
cient. In cases of less than required data, no final estimate
is made. This is the case when new sampling locations are
defined (due to too short time of data collection), clos-
ing off specific areas due to the occurrence of pollution or
changes at a particular site that may affect water quality.

The aim of this paper was to document the quality of
Croatian inland bathing areas in the 6-year period from
2014 to 2019. The quality of bathing water in Zagreb’s
bathing areas (Jarun and Bundek), which constitutes most
Croatian inland sampling points, was analyzed in more
detail. The correlation of hydrometeorological indicators
(air temperature, water temperature, and precipitation)
with EC and intestinal enterococci concentrations was
examined for these lakes. Moreover, a review of the qual-
ity of inland bathing waters in EU countries, the 6-year
trend of results, and the Croatian ranking in this context
are provided.

METHODS

Study period and sampling sites

‘The research covers a 6-year period, from 2014 t0 2019. The
inland water quality testing program comprised 35 locations
in nine Croatian counties. The largest number of testing
points was placed in Zagreb County, where water quality is
controlled in lakes Jarun (16 locations) and Bundek (3 loca-
tions) (Figure 1). Remained locations were located in Split-
Dalmatia County (four locations), Brod-Posavina County,
Osijek-Baranja County and Virovitica-Podravina County
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(three locations each), Karlovac County, Sisak-Moslavina
County, Primorje-Gorski Kotar County, and Lika-Senj
County (1 location each).

Microbiological methods

The Bathing water quality Regulation (7) prescribes methods
for testing bathing water for EC and intestinal enterococci.
The official laboratory in Zagreb County uses the “Most
Probable Number” (MPN) method (EN ISO 9308-3: 1998)
for the determination of EC (13). The diluted sample is inoc-
ulated into a microtiter plate containing a dehydrated nutrient
medium with 96 wells. The microtiter plate is exposed to a
Ultraviolet lamp at a wavelength of 366 nm after previous incu-
bation lasting 26-72 hours at 44°C + 0.5°C. The presence of
EC is evidenced by the appearance of blue fluorescence, result-
ing from the hydrolysis of 4-methylumbelliferyl-B-D-glucu-
ronide. The results are expressed as the MPN of bacteria per
100 ml of sample. Intestinal enterococci are determined by the
EN ISO 7899-2: 2000 method, using the membrane filtra-
tion technique (14). The method is based on filtering a specific
water volume through a membrane filter, which is then trans-
ferred to a solid nutrient selective medium (Slanetz Bartley
agar). If an increase in typical colonies on the agar membrane
(red, brown, or purple colonies) is observed after incubation
(36 % 2°C for 44 + 4 hours), a confirmatory test is required.
For this purpose, the filter is transferred to Bile Aesculin agar,
and after incubation, all colonies that show a yellowish-brown
to black color are counted as intestinal enterococci (9).

Statistical analysis

Descriptive statistics describe the test results: Calculating the
total number of measurements, arithmetic mean, relative
frequency, and graphical. The normality of data distribution
was tested using the Kolmogorov—Smirnov test. Since the
testing of bathing water quality did not follow the Gaussian
darta distribution, non-parametric tests were used for statis-
tical analysis. The Kruskal-Wallis H test was used to deter-
mine the statistically significant difference of the observed
microbiological indicators during different years and
months. The Mann—Whitney U-test was used to determine
the difference between the two Zagreb lakes. Spearman’s
correlation coefficient was used to evaluate the analyses and
define the relationship between hydrometeorological indi-
cators (air temperature, water temperature, and precipita-
tion) and the values of microbiological indicators EC and
intestinal enterococci in the bathing waters of lakes Jarun
and Bundek, Zagreb. These lakes were the bathing areas
with the highest number of tested locations during 2014-
2019. Statistical analysis of the results was performed using
the Microsoft Excel Statistical Package (Redmond, United
States of America) and Statistica 13.5. Data on precipitation
and air temperatures for the studied period were provided
by the Croatian Meteorological and Hydrological Service,
values measured at the Zagreb — Gri¢ meteorological station.

RESULTS

Number of locations
In the period 2014-2018, regular monitoring of bath-
ing water quality in Croatia (HR) was conducted at
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27 bathing areas, while during the past bathing season
(2019), the number of locations increased to 35. At
the EU level, according to the report of the European
Environment Agency for 2019 (15), of 26 member states
that monitor the quality of inland waters, Germany, has
the largest number of locations (n = 1924), followed by
France (n = 1304), while Greece (n = 3), and Romania
(n = 1), have the smallest number. Finally, with 35 loca-
tions, Croatia ranks 16" (Figure 2) on the list. The number
of locations in the EU increased by 449 (7%) in 2014-
2019, from 6500 to 6949.

INLAND BATHING WATER QUALITY IN THE PERIOD
2014-2019 IN CROATIA AND THE EU

In the period 2014-2019, the average quality of bathing
water at EU inland bathing areas was generally higher
compared to Croatia (15-20). Nevertheless, no location in
Croatia was assessed as poor, while at the EU level, poor
sites ranged from 1.6% (2016) to 2.5% (2014) (Figure 3A).
The share of Croatian locations rated as excellent was
42.9% (2014); then, for the next 4 years (2015-2018), it
ranged between 50% and 60%, while in the last year of
the survey (2019), it fell significantly to 25.9% (Figure 3B).
In EU countries, the share of tested sites rated as excellent
varied within a narrow range of 83.3% (2014) to 86.4%
(2018) over the same period (Figure 3B). In the last year of
the survey, the share of sites rated as excellent fell slightly
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to 85.9%. However, considering the research period at the
EU Member State level, an ascending trend is noted. In
contrast, a declining trend in the Croatian share of excellent
grades was recorded in the same period (Figure 3B).

The 6-year average of locations considered as of excellent
quality in Croatia is 46.3%, while the respective stan-
dard at the EU Member State level is significantly higher
(85.3%). According to the criteria of the Directive, the
average share of European bathing areas of poor quality
is only 2.0%, while in Croatia, no location is assessed as
poor (Figure 4).

During the 6-year study period, the largest share of sites
classified as of poor quality was recorded in Spain (12.6%;
the average of 30 locations per year), followed by Ireland
(5.6%; the average of 1 location per year), the Netherlands
(3.9%; the average of 24 locations per year), and France
(3.6%; the average of 45 locations per year). Apart from
Croatia, Lithuania, Slovenia, Luxembourg, the UK, Greece,
and Bulgaria showed non-poor grades (Figure 5). During
the 2019 season, Spain had the largest share of “red” loca-
tions (12.7%).

Considering the results collected from EU Member States
during the 2019 (15) bathing season, and the rated locations
only, the country with the best result was Luxembourg, with
100% bathing sites rated as excellent (Total N_ = 12), fol-
lowed by Austria with 98.8% (Total N_ = 260). Other
countries with 295% excellent locations included Finland
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FIGURE 1. Map of lakefront beaches (a) Jarun (b) Bundek. Red points indicate sampling locations.
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FIGURE 2. Total number of inland bathing waters monitoring sites in European Union member states (2019).

39



www.jhsci.ba

Dominik Gali¢, et al.Quality of Croatian inland bathing areas. Journal of Health Sciences 2021;11(1):37-46

m Excellent quality ~ ® Good and sufficient quality ~ ® Poor quality
100 2.5 1.9 1.6 1.8 2.0 2.0
» 80
g
E
o 00
(=
&
S 40
[
o
X 20
0
a HR EU HR EU HR EU HR EU HR EU HR EU
2014 2015 2016 2017 2018 2019
®HR ®EU --Trend HR --Trend EU
100
£ 9 833 84.7 85.6 85.7 86.4 85.9
g [FEEEER — - - 2 et |
2 80 = =
£ y =0.520x + 83.447
@ 70
5 57.1
v 60
- B 51.9
1| —— e —
- =
s 40 €« Uy AN
g 40 po -
L y=-2.872x +56.349 "\ 25.9
20
b 2014 2015 2016 2017 2018 2019

FIGURE 3. (a) Croatian (HR) and European Union (EU) inland bathing water quality, 2014-2019 period (only rated locations are considered); )b) The average
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FIGURE 4. 6-year average of Croatian (HR) and European Union
inland bathing water quality, 2014-2019 period (only rated locations are
considered).

(97.2%; Total N = 217), Denmark (95.7%; Total N__ =
115), and Germany (95.0%; Total N = 1896) (Figure 6).
Countries with <60% excellent quality sites included Spain
(55.2%; Total N = 266), Croatia (25.9%; Total N =

35), Bulgaria (25.0%; Total N = 4), and Romania (0%;
N. =1).

sites
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INLAND BATHING WATER QUALITY IN THE 2019
SEASON IN CROATIA AND THE REGION

During the season of 2019 in Croatia, the share of inland
bathing water classified as excellent has halved (compared
to 2018), while locations classified as good dominated with
63% of the share (Figure 7).

Considering the state of the river and lake waters in the
countries surrounding Croatia, they can be classified into
three groups: (1) EU Member States (Italy, Slovenia, and
Hungary), (2) candidates for EU membership (Serbia and
Montenegro), and (3) potential candidates for EU mem-
bership (Bosnia and Herzegovina). Regarding the EU
Member States surrounding Croatia, Italy, had the largest
share of locations rated excellent in 2019 (91.7%). In terms
of the total number of locations, Italy is also at the top of
the list compared to all EU Member States where bath-
ing water quality is tested (a total of 5535 of which 671
are inland and 4864 sea locations). Hungary follows Italy
with 76.8% (a total of 257 inland locations) and Slovenia
(69.2%, a total of 26 inland locations) in terms of the share
of locations rated as excellent, Figure 8. EU candidates and
potential candidates (Montenegro, Serbia, and Bosnia and
Herzegovina) are still establishing monitoring of inland
bathing waters.

According to the latest available data (for the year 2018),
the quality of surface water used for recreation in Serbia
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FIGURE 8. The share of bathing areas with excellent quality of inland bathing
waters in Croatia and European Union neighboring countries (2019 season).

was analyzed at 72 locations, of which 33 in Vojvodina
and 39 in Central Serbia. During the same year, 765 water
samples were tested for microbiological safety, of which, in
accordance with the National criteria (21), 65 (8.5%) were
non-compliant. When compared to the previous year, this
represents a decrease of 10%. At a district level, the highest
percentage of non-compliant samples (100%) was found in
the North Banat District. At the same time, the best results
were obtained in the South Backa, Srem, Bor, Jablanica,
and Belgrade districts (0% non-compliant samples) (22).

Regarding Montenegro for the year 2018, the water of
13 rivers (36 measuring points) and three lakes (11 mea-
suring points) used for bathing were analyzed. The testing
was carried out in four series of measurements, from April
to November, when water pollution was at its highest, as
was their use, particularly in terms of recreation (bathing).
In that year, 79.7% of the analyzed lake water samples
fell under the required quality class, according to national
Regulation (23). On the other hand, for river waters, this
percentage was 69.4% (24).

The inland water quality results for the Federation of Bosnia
and Herzegovina (FBiH) were not available.
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Water quality of Zagreb bathing sites — lakes Jarun
and Bundek

Ninteen out of 35 Croatian locations, that is, 54%), are located
in Jarun and Bundek, Zagreb’s bathing areas. Therefore, the
water quality of these bathing areas was analyzed in more
detail. The Kruskal-Wallis H test was used to examine the dif-
ferences in the values of EC and intestinal enterococci in par-
ticular years and months during the study period. As regard
the years, year 2019 was the most microbiologically loaded
year; enterococcal concentrations were highest in Lake Jarun
(median 1.8 log CFU/100 ml, IQR 1.6-2.1; H [5, n = 796] =
114.1, p < 0.0001) and Bundek (2.2 log CFU/100 ml, IQR
1.6-2.1; H[5, n = 150] = 36.2, p < 0.0001) (Figures 9A). In
the same year, the highest values of EC were recorded in Lake
Bundek (median 2.05 log MPN 100 ml, IQR 1.8-2.3; H [5,
n = 150] = 20.5, p = 0.001), while in Lake Jarun a peak was
measured in year 2014 (median 2.3 log MPN/100 ml, IQR
1.9-2.5; H [5, n = 796] = 144.2, p < 0.0001) (Figure 9B).

Considering the months, the highest concentrations of
both examined microbiological indicators were measured
in September in samples from both the Zagreb lakes. The
median enterococcal concentration for Lake Jarun was 2.1
log cfu/100 ml, IQR 1.8-2.3; (H [4, n = 762] = 101.6,
2 <0.0001) and for Lake Bundek 1.9 log cfu/100 ml, IQR
1.6-2.4; (H[4,n=103] =20.2, p=0.0005) (Figure 10A). The
median EC values for both lakes were highest in September;
for Lake Jarun the median was 1.9 log MPN/100 ml,

IQR 1.5-2.3; (H [4, n = 762] = 20.3, p = 0.0004), and for
Lake Bundek 2.1 log MPN/100 ml, IQR 1.8-2.7; (H [4,
n=103] = 10.8, p = 0.029) (Figure 10B).

Concentrations of microbiological indicators in lakes
Jarun and Bundek were compared. It was observed that
the concentration of EC in Lake Bundek (median 1.9 log
MPN/100 ml, IQR 1.6-2.2) was statistically significantly
higher (Mann—Whitney U, Z = -3.887; p < 0.0001) when
compared to Jarun (median 1.7 log MPN/100 ml, IQR
1.3-2.1). No difference was found in enterococcal values.
Considering the meteorological conditions, Figure 11
shows that for the observed period 2014-2019, the average
monthly air temperature was lowest in May (17.4°C) and
September (18.1°C) while precipitation was most abundant
in September (average monthly precipitation 128.1 mm).

A significant negative correlation between the number of
EC and air temperature (rs = -0.1, p < 0.05) and water tem-
perature (rs = -0.2, p < 0.05) was determined by means of
Spearman’s correlation coefficient. Moreover, a significant
negative correlation was found between the concentration
of intestinal enterococci and water temperature (rs = -0.1,
2 < 0.05). The amount of precipitation on the day of
sampling was significantly positively correlated with EC
(rs = 0.1, p < 0.05). Both microbiological indicators, EC
(rs = 0.2, p < 0.05), and intestinal enterococci (rs = 0.3,
2 < 0.05) showed the strongest positive correlation for the
3-day precipitation amount (Table 1).
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(Source: Croatian Meteorological and Hydrological Service).

DISCUSSION

According to the EU report (15), the quality of bathing
water during the 2019 season was tested at 22,295 loca-
tions, of which one-third were inland bathing areas (riv-
ers and lakes). The number of onshore bathing areas has
been continuously increasing at the EU level since 2015,
and during 2014-2019 it increased by 449 locations (7%),
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from 6500 to 6949 (15). The highest number of new loca-
tions subjected to water quality testing are in Poland (by
327; 281%), Spain (by 30; 13%), Italy (by 28; 4%), and
Portugal (by 27; 25%). During the 2014-2019 period, the
number of continental bathing sites in Croatia increased
by eight locations (30%), and in the year 2019 amounted
to 35.
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TABLE 1. Spearman’s correlation coefficients for the examined variables. Statistically significant correlations are highlighted in bold

T/°C T/)°C Escherichia coli Intestinal enterococci Precipitation (1 day) Precipitation (3 days)
Ta/'C -
Tw/'C 0.85 -
Escherichia coli -0.14 -0.15 -
Intestinal enterococci -0.06 -0.08 0.50 -
Precipitation (1 day) -0.36 -0.24 0.12 -0.06 -
Precipitation (3 days) -0.39 -0.40 0.17 0.25 0.35 -

T,: Air temperature; T, . Water temperature

Considering the rated locations only (i.e., excluding
“non-classified” locations), the annual percentage of EU
bathing areas rated as excellent quality followed an upward
trend from 2014 (83.3%) to 2019 (85.9%), with the high-
est share of excellent ratings in the 2018 (86.4%). During
the same period, the largest increase in the share of bath-
ing areas rated excellent was recorded in the UK (28.8%),
Slovenia (26.9%), and Portugal (22.7%), while the larg-
est deterioration was recorded in Bulgaria (75% decrease
in excellent locations) and Croatia (16.9%). However, the
overall improvement in bathing water quality at the EU
level over the past 40 years and since the implementation
of the EU Bathing Water Directive points to a successful
implementation of water policy as well as to the imple-
mentation of several different Directives, significant invest-
ments in wastewater treatment plants upgrading, and the
construction of sewerage networks. Consequently, certain
urban bathing areas, where bathing was not possible in the
past, are now excellent water quality locations (15).

More than 3% of poor locations were recorded in Spain,
Ireland, the Netherlands, and France (12.6%, 5.6%,
3.9%, and 3.6%, respectively). Bathing at microbiologi-
cally loaded locations increases the health risks for bathers
(9,25,26). The most common disorders are gastroenteritis,
followed by febrile respiratory illness (AFRI), ear infections,
and skin problems (26,27). At the end of the current year,
the bathing area rated poor (annual grade) is closed for
bathing for the following season. Test results are not avail-
able to the public and that sampling point is excluded from
the national report. It is necessary to identify the causes and
sources of pollution at such locations and implement mea-
sures that will reduce the risk for human health. If a specific
site is classified as poor for 5 consecutive years, a permanent
ban on bathing is required. For complex and unclear pol-
lution sources, new tools are available, such as Microbial
Source Tracking (28,29), which in the past decade has
become indispensable for detecting the origin of microbial
contamination in various aquatic systems. Genetic markers
forming part of certain fecal microbes are closely related to
a specific host (e.g., humans, livestock, dogs, and seagulls).
They can be used as markers of fecal contamination origi-
nating from a particular host.

Among the EU countries in its neighborhood, Croatia
achieved the poorest result. The main reason is the low con-
nection of the population to public wastewater drainage
systems (43.6%). At the same time, Croatian wastewater
treatment services cover only 27% of the population (30).
This low connection rate is far below the European average,
around 97% in Western and Central Europe and roughly
70% in southern, south-eastern, and eastern European
countries (31). Ninety-nine wastewater treatment plants
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have been built in Croatia, but their distribution is not uni-
form. Most of them are second-stage purification plants,
while only eight-third stage plants (32). Looking at partic-
ular years, Croatia performed poorest in 2019 and 2014,
which can be attributed primarily to the locations of the
City of Zagreb (only three out of 19 were rated as excellent
in the year 2019). In the 2019 season, only 25.9% of inland
locations rated excellent.

In the Federation of Bosnia and Herzegovina, no bathing
criteria have been adopted. Under the EU project “Capacity
Building in the Water Sector in BiH,” an assessment of
the compliance of national bathing water provisions with
Directive 2006/7/EC (6) was made. Recommendations
for this EU Directive’s transposition were made, which are
planned to be implemented by subsequent amendments
to the Water Act (Official Gazette N° 70/06). At pres-
ent, the Decree on the classification of waters and waters
of the coastal sea of ex-Yugoslavia within the ex-Socialist
Republic of Bosnia and Herzegovina is the existing bylaw. It
determines the general division of waters into four classes,
according to their degree of pollution and purpose, giving
the parameters and their limit values for each class (33).
This Decree, which is applied as a federal regulation until
the bylaw’s adoption on the classification of waters in the
territory of the Federation of Bosnia and Herzegovina,
determines that the II class of water is suitable for bath-
ing. However, this Decree, which serves as the basis for
determining recreation and bathing areas, is not harmo-
nized with the effective Water Act. Article 72 of the Water
Act (34) prescribes the adoption of a bylaw on the criteria
for bathing areas, but these criteria have not been adopted
yet. As there is no compliance with Directive 2006/7/EC
in the Federation of Bosnia and Herzegovina, and no regu-
lation prescribing such monitoring, the Institute of Public
Health of the Federation of Bosnia and Herzegovina,
exceptionally, at the request of the Agency for the Adriatic
Sea Basin (which is not the case for the Sava River Basin),
monitors the quality of surface bathing water at the loca-
tions traditionally used for bathing (35). Following the
Water Management Strategy of the Federation of Bosnia
and Herzegovina 2010-2022, identifying sites suitable for
the development of water sports and recreation is foreseen.
This strategy also envisages establishing a monitoring and
information system for bathing water quality, following
Directive 2006/7/EC of the European Parliament and of
the Council.

Regarding the two studied lakes in Zagreb, the relationship
between hydrometeorological parameters (air temperature,
water temperature, and precipitation) and the values of the
analyzed microbiological indicators were examined using
Spearman’s correlation coefficient. A weak but statistically
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significant negative correlation was found between air and
water temperature and EC and intestinal enterococci values.
The increase in air temperature, and thus water tempera-
ture, resulted in a decrease in the concentrations of EC and
intestinal enterococci in the waters of Jarun and Bundek
lakes. In their study, Whitman et al. (36) also examined
the effect of weather conditions on EC concentrations in
Lake Michigan. They found that the concentrations of EC
in water decreased exponentially with day length and expo-
sure to the sun on sunny days. This was in contrast with
rainy days when EC inactivation was reduced. The load of
both EC and intestinal enterococci was most significant in
September in both studied lakes and was also characterized
by the lowest mean air temperature (18.1°C).

Concerning the changes in the concentration of microbi-
ological indicators per month during the bathing season, a
peak is observed for both indicators and both Zagreb lakes
in September, the month with the most abundant precip-
itation (128.1 mm). The strongest positive correlation was
found between the 3-day precipitation value (precipitation
amount on the day of sampling and the previous 2 days)
and both microbiological indicators. The effect of precipi-
tation on the concentrations of EC at eight beaches of Lake
Michigan was studied by Kleinheinz et al. (37). In their
study, samples were collected no later than an hour and a
half after the meters recorded more than 5 mm of rain in
24 hours. The study showed that for six of the eight beaches,
there was a significant correlation between precipitation
amount and elevated concentrations of EC in the studied
lake. Laureano-Rosario et al. (38) studied the influence of
environmental factors on enterococcal concentrations in
the recreational waters in San Juan (Puerto Rico). A sig-
nificant positive correlation was found between precipita-
tion amount and enterococcal concentrations in the waters,
especially after 4 consecutive days of rain. Comparing the
water quality of the two studied Zagreb lakes, it can be con-
cluded that the quality is somewhat poorer in Lake Bundek,
given that the concentrations of EC are statistically signifi-
cantly higher compared to Lake Jarun.

‘The aforementioned results show that there is a lot of room
for improving the water quality in inland bathing areas of
Croatia. One of the essential preconditions for assessing
the real situation is implementing a monitoring program
aiming not only at the protection of human health but
also at the preservation of the aquatic environment. Public
awareness about the negative effects of polluted recreational
waters and bathers and visitors’ responsibility should be
raised.

CONCLUSION

The number of Croatian and EU inland locations where
bathing water quality is systematically tested is contin-
uously increasing. However, the percentage of Croatian
bathing areas rated as excellent is significantly below the EU
Member States average. While a growing number of excel-
lent locations are found in the EU, the number is declin-
ing in Croatia. Therefore, along with Bulgaria, Croatia is
experiencing the steepest decline in the share of excellent
ratings. Of the countries neighboring Croatia, Italy has the
largest share of locations rated excellent.
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It should be noted that Italy has the largest number of
beaches (inland and coastal). Nevertheless, Croatia has
the poorest performance of all direct EU neighbors (Italy,
Slovenia, and Hungary). Montenegro, Serbia, and Bosnia
and Herzegovina are still developing their monitoring of
inland bathing areas, with no legal obligation to report the
European Commission results.

At Zagreb’s bathing sites, Jarun and Bundek, EC, and
enterococci’s values were significantly negatively correlated
with air and water temperature. A positive correlation was
found with the amount of precipitation, and in particular
cumulative precipitation, 3-days before sampling. The end
of the bathing season (i.e., September), which is character-
ized by lower air temperature and the highest amount of
precipitation, is associated with Zagreb’s beaches with the
highest microbiological contamination highest recorded in
Lake Bundek. The year 2019 was the worst season of the
6-year study period.
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