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ABSTRACT

Water quality of selected watercourses in Zasavje

Good surface water quality is one of the most important goals of sustainable water management, along
with sufficient quantity. This paper presents an analysis of water quality in the Medija, Trboveljs¢ica
and Boben watercourses in Zasavje (central Slovenia), which are not included in regular water quali-
ty monitoring. Water quality was assessed on the basis of own field and laboratory analysis of selected
physico-chemical parameters. In the period 2020-2021, 9 cyclical samplings were carried out at 16 loca-
tions at different times of the year. It was found that the rivers Trboveljs¢ica and Boben are significantly
polluted, while the river Medija is in a much better condition. In the headwaters, water pollution is rela-
tively low and mainly due to agricultural activities, which is also reflected in better water quality. In the
lower reaches, the Boben and Trboveljs¢ica rivers in particular are subject to significant pollution from
industry and households, which are also the main sources of pollution.

KEY WORDS
watercourse pollution, surface water quality, physico-chemical water parameters, Boben, Medija,
Trboveljscica

IZVLECEK

Kakovost vode izbranih vodotokov v Zasavju

Dobra kakovost povrsinskih voda je poleg njihovega ustreznega kolicinskega stanja eden kljucnih ciljev
trajnostnega upravljanja z vodami. V prispevku je predstavljena analiza kakovosti vode na zasavskih vodo-
tokih Medija, Trboveljs¢ica in Boben, ki niso vkljuceni v redni monitoring spremljanja kakovosti voda.
Kakovost vode smo ocenjevali na podlagi lastnih terenskih in laboratorijskih analiz izbranih fizikalno-
kemijskih parametrov. V obdobju 2020-2021 smo v razli¢nih letnih Casih izvedli 9 ciklicnih vzoréenj
na 16 lokacijah. Izkazalo se je, da sta Trboveljscica in Boben onesnaZena, medtem ko je Medija v bistve-
no boljsem stanju. V povirjih so obremenitve voda razmeroma majhne in vecinoma pogojene s kmetijsko
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dejavnostjo, kar se odraZa tudi na njihovem boljsem kakovostnem stanju. V spodnjem toku sta zlasti Boben
in Trboveljs¢ica izpostavljena znatnim pritiskom industrije in gospodinjstev, ki so tudi glavni razlogi za
onesnaZenost.

KLJUCNE BESEDE
onesnazenost vodotokov, kakovost povrsinskih tekocih voda, fizikalno-kemijski parametri vode, Boben,
Medija, Trboveljscica

The article was submitted for publication on May 13, 2024.
Urednistvo je prispevek prejelo 13. maja 2024.
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1 Introduction

Water quality reflects its physical, chemical and biological properties, which are assessed
depending on the type of water resource (e.g., rivers, lakes, groundwater) or the type of use (e.g.,
drinking water, industrial water, irrigation water) (Dobnikar Tehovnik et al. 2022). Water quality
degradation is mainly influenced by various anthropogenic pressures caused by agriculture, settlement
and urbanisation, industry, energy production, tourism and other activities (Meybeck, Peters and
Chapman 2005 ). Surface waters must be in good chemical and ecological status, which is defined
in the European Union Water Directive (Directive ... 2000) and in Slovenia in the Regulation on the
Status of Surface Waters (Uredba o stanju ... 2009). The chemical status of water bodies is assessed
on the basis of the content of 45 substances or groups of substances defined as priority substances
and eight other pollutants. The ecological status is assessed on the basis of the deviation of ecosys-
tems from their natural state, using selected physico-chemical, biological and hydromorphological
quality elements.

Water quality can also be assessed by analysing selected physico-chemical parameters, such as the
content of various nutrients, the pH value, the specific electrical conductivity, the biochemical and chem-
ical oxygen demand, etc. (Urbani¢ and Toman 2003; Boyd 2015; Panteli¢ et al. 2022).

Monitoring of the status of water bodies in the Republic of Slovenia is carried out by the Slovenian
Environment Agency (ARSO) on the basis of the Water Act (Zakon o vodah 2002) and the Environmental
Protection Act (Zakon o varstvu... 2022) and in accordance with the monitoring programme for five-
year periods (Dobnikar Tehovnik et al. 2022). It is carried out on larger watercourses or their sections,
the so-called water bodies (Pravilnik ... 2005), and in areas where water is abstracted for drinking water
supply, while smaller, subordinate tributaries are excluded, although they make up the majority of river
networks. Surface water bodies are defined as watercourses with a contributing area of more than 100 km?,
natural lakes with a water surface area of more than 0.5 km?, seas and brackish lakes, artificial canals
with a length of more than 3 km and water reservoirs on rivers and artificial lakes with a surface area
of more than 0.5km’. According to some estimates (Baattrup-Pedersen et al. 2018), 58% of the European
continent is covered by headwaters, and due to Slovenia’s pronounced headwater character, the situa-
tion is similar in Slovenia (Trobec 2011).

Due to the great natural and socio-geographical diversity of these catchments, the watercourses
often have very different physico-chemical, hydromorphological and other characteristics (Baattrup-
Pedersen et al. 2018; Trobec 2019).

Many authors in Slovenia and abroad have investigated the water quality of smaller, subordinate
watercourses by analysing selected physico-chemical parameters. Rusjan (2008) analysed the tempo-
ral dynamics of nutrient release in the area of the Padez stream. Kovacic¢ and Rupnik (2015; 2019) analysed
the quality of the water in Rakiski strzen. Trobec (2017; 2019; 2022), who sampled watercourses where
there is no official monitoring of water quality, determined the quality in the watercourses in Kamniska
Bistrica, Jezersko and Logki potok using a method similar to the one used in this study. Breznik and
Trobec (2022) analysed the quality of groundwater in the Mislinja aquifer, which is also not included
in official water quality monitoring.

Jarvie et al. (2008) investigated the concentrations of nitrogen and phosphorus compounds in the
Wye and Avon river catchments in the UK. Yue et al. (2019) also addressed a similar topic when they
monitored the contamination of karst aquifers with nitrates and the effects of different land uses on
the amount of pollutants. Nguyen and Cai (2019) monitored the quality of surface waters and ground-
water near Singapore by analysing similar parameters as in our research.

The Sava river has several smaller tributaries in the area of Zasavje in central Slovenia. Among them,
Medija, Trbovelj$¢ica and Boben stand out in terms of water content and length of the streams. Due
to their small catchment areas and modest water volume, the aforementioned watercourses are not con-
sidered as the so-called water bodies (Pravilnik ... 2005), therefore they are excluded from regular water
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quality monitoring and assessment of the chemical and ecological status of water, which is why we do
not know their quality.

There is very limited data and research available on the water quality of Zasavje watercourses, exclud-
ing the Sava river. The issue of pollution in these watercourses is partially addressed in the Environmental
Protection Program of the Municipality of Trbovlje (Tahir et al. 2009), which includes data on waste-
water discharge into the Trboveljs¢ica and Sava rivers.

In 2006, during the monitoring of surface water quality in Slovenia, ARSO reported elevated phos-
phate levels downstream of the confluence of the Boben and Sava rivers, identifying the chemical products
factory (Tovarna kemicnih izdelkov Hrastnik - TKI) in Hrastnik as a likely source of pollution (Cvitani¢
et al. 2008). Investigative monitoring conducted in 2009 measured mercury content in the Boben and
Trboveljicica basins, revealing elevated levels at the Boben’s confluence with the Sava. This was attrib-
uted to former pollution or the resuspension of mercury from the sediment, rather than current emissions
from TKI (Cyvitani¢ et al. 2013).

Due to persistently high mercury levels, regular monitoring was introduced at the Boben's confluence
with the Sava. Mercury concentrations at this site have remained above permissible levels for many years
now (Cvitani¢ et al. 2022).

Given the areas high population density, economic reliance on industrial and mining activities, anthro-
pogenic alterations to riverbeds, limited self-purification capacities, and high ecological sensitivity, we
assume significant pressures on the water quality of Medija, Trbovelj$¢ica, and Boben. These factors
underscore the importance of understanding the quality of these watercourses, which are also crucial
for maintaining the biodiversity and overall water quality of the Sava river in its middle course.

In this research, we conducted nine cyclic samplings across 16 locations over the course of one year
in Medija, Trboveljs¢ica, and Boben streams. We analysed selected physico-chemical water quality para-
meters and evaluated the water quality at these sites based on measured values and exceedances of
recommended and limit values.

2 Study area

The studied area, drained by the Medija, Trbovelj$¢ica, and Boben streams and their tributaries (Brnica,
Bevicica, Kotredr$cica, and Orehovica), is located in the Zasavje statistical region (central Slovenia),
encompassing the municipalities of Hrastnik, Trbovlje, and Zagorje ob Savi, north of the Sava river
(Figure 2). The total surface area of the region is 153.9km? The Medija basin constitutes the largest
portion, covering 97.5km?, while the Boben and Trbovelji¢ica basins span 30.8 km* and 25.5km?, respec-
tively. On average, the area receives between 1,200 and 1,400 mm of precipitation annually (ARSO 2021a).
The basins lie at altitudes ranging from 210 to 1,203 meters. The geological composition of the Boben
and Trboveljscica basins is similar. In the upper sections, non-carbonate rocks such as shales, sand-
stones, and conglomerates dominate, while carbonate rocks prevail in the middle and lower sections.
The Medija basin, being larger, has a more varied geological structure. Carbonate rocks (dolomite and
limestone) predominate in the upper, headwaters reaches, transitioning to non-carbonate rocks (sands
and sandstones) in the middle reaches near Kisovec, and returning again to carbonate rocks (limestone
and dolomite) in the lower reaches until its confluence with the Sava river (Buser 1979a; 1979b). Based
on data from the Zagorje hydrological station on Medija stream for the period 1981-2010, the stud-
ied watercourses exhibit a rain-snow discharge regime, characterized by pronounced autumn highs and
summer lows (Figure 1; Frantar and Hrvatin 2005). The mean annual discharge(sQs) of the Medija in
Zagorje was recorded at 2.1 m*/s, with a specific runoff (q) of 22.5 /(s x km?), slightly below the Slovenian
average of 27 /(s xkm?) (ARSO 2021c). Using flow values from the Medija and the basin size ratios
(Trobec 2008), the sQs of the Boben and Trboveljscica at their confluences with the Sava were estimated
at 0.7 m*/s and 0.6 m*/s, respectively.
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Figure I1: Hydrogram of Media near Zagorje ob Savi for the period 1981-2010 (data source: ARSO 2021c).

The municipalities of Hrastnik, Trbovlje, and Zagorje ob Savi collectively house 41,461 inhabitants,
resulting in a population density of 180 people/km?, significantly above the Slovenian average. Most res-
idents are concentrated in the municipal centers located in valley bottoms. The municipality of Zagorje
ob Savi has the largest population, with 16,379 residents, followed by Trbovlje with 16,024 and Hrastnik
with 9,058 (Prebivalstvo ... 2021). Despite economic restructuring over the last decade, the area’s econ-
omy remains heavily industrial, with several factories situated adjacent to the studied watercourses, placing
additional pressure on the environment (Regionalni ... 2022). According to ARSO (2021b), the major-
ity of industrial wastewater in the studied municipalities is treated in sewage treatment plants. Forest is
the dominant land use across the basins, covering more than half of the area. This is followed by grass-
lands and built-up areas, with the Trbovelj$cica basin having the largest proportion of built-up land (18.5%)
(MKGP 2021). The studied watercourses are torrential, characterized by rapid responses to rainfall. Due
to urbanisation of floodplains, sections are regulated and heavily modified in exposed areas (Klabus 1995).

3 Methodology

Based on the characteristics of the river network and the physical and socio-geographical features of
the area, we selected 16 sampling sites across the watercourses and their tributaries. These sites were cho-
sen to capture the geographical diversity of the contributing areas as well as the potential impacts of key
sources of water pollution in the studied region. Examples include the chemical and glass industries in Hrastnik,
the influence of larger settlements (Trbovlje and Zagorje), and the effects of agricultural activities in the
upper reaches of the watercourses. Sampling was conducted at four locations in Boben basin, four loca-
tions in Trboveljécica basin and at eight locations in the Medija basin (Figures 2 and 3; Table 1) (Staut 2021).

Figure 2: Overview map of the study area with sampling sites. » page 34
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The measurements were conducted between March 15, 2020, and April 17,2021, during which we
performed nine sampling sessions (Table 2). This one-year sampling and analysis period offers pre-
liminary insights of seasonal variations in the physico-chemical parameters of the selected watercourses.
Initially, 12 sampling sessions were planned, but due to COVID-19 containment measures such as restric-
tions on movement within municipal boundaries and limited laboratory access, we completed nine
sessions only. Samples were collected in the morning at low water levels, at least one week after the rain-
fall, to ensure consistent conditions. The samples were stored in a cool, dark environment and analysed
later the same day. On-site measurements were performed using a multi-parameter meter, while the
remaining analyses were conducted in the laboratory.

We measured 11 parameters to assess water quality, namely: temperature (°C), pH, nitrate (mg/1
NO5), nitrite (mg/l NO,"), phosphate (mg/l PO,*-P), sulfate (mg/l SO,>), chloride (mg/l CI),
ammonium (mg/l NH,4"), oxidation-reduction potential (mV ORP), oxygen content (mg/1 O,), oxy-
gen saturation in water (% Oy), and specific electrical conductivity (uS/cm SEC). Nitrate, nitrite, chloride,

Table 1: Sample sites (the colours correspond to those in Figures 4-10: dark blue - the Boben river
basin, light blue - the Trboveljs¢ica river basin, green - the Medija river basin).

Sampling site Name of the sample site

Table 2: Dates of measurements according to meteorological seasons.

year winter spring summer autumn
2020 March 15 June 28 September 21
April 22 July 27
2021 December 23 March 7
February 12 April 17
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ammonium, and sulfate concentrations were measured using VISOCOLOR ECO colorimetric and titra-
tion tests, while phosphate was determined using the highly sensitive VISOCOLOR HE test, both
manufactured by Macherey-Nagel. Field measurements of pH, specific electrical conductivity
(SEC), oxygen content, oxygen saturation, and oxidation-reduction potential (ORP) were carried out
with a Hanna HI98196 multi-parameter meter. To evaluate the results, we relied on recommended

Figure 3: Sampling site M8, Trboveljscica before the confluence with Sava.

Table 3: Recommended and limit values of the parameters (*data applies to values in drinking water,
so we did not take it into account in the quality evaluation; *empirically estimated value based on
various sources) (data sources: VUredba o kakovosti ... 2002; @ Uredba o stanju. ... 2009; ®Boyd 2015;
#Basic principles ... 2021; ®)Nacionalni ... 2024).

parameter natural recommended limit measuring range unit
background value value of the tests
nitrate 5@ 7@ 9.5@ 0-120 mg/INO ;°
nitrite near 04 0.01 / 0-0.5 mg/INO,
chloride few mg/1® 2500 / 0-60 mg/l CI
phosphate 0.01%:4 / 0.15* 0-0.25 mg/l PO,-P
sulphate few mg/1® 15® 150) 25-200 mg/1SO >
ammonium 0.028) 0.04® I 0-3 mg/I NH,*
pH / 6-9 / 0-14 /
oxygen content / >7 (100% of 26 (100% of / mg/10,

measurements) measurements)
and >9 (50% of and >9 (50% of
measurements)? measurements)?

SEC 5000 / / 0-10,000 pS/cm
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and limit values specified in various Slovenian regulations (e.g., Uredba o kakovosti ... 2002; Uredba
o stanju ... 2009; Nacionalni ... 2024) (Table 3). For parameters without established limit values in Slovenia
(e.g., phosphate, electrical conductivity), we referenced international guidelines (Boyd 2015;
Basic ... 2021). For nitrate and sulfate, limit values for achieving good ecological status were used, while
recommended values corresponded to those for achieving a very good ecological status. For nitrite,
ammonium, pH, and oxygen content, the recommended and limit values applicable to salmonid waters
were used, considering the upper course nature of the analysed watercourses. To identify key pollu-
tion sources, we applied theoretical frameworks for assessing water quality through the analysis of selected
physico-chemical parameters (e.g., Urbani¢ and Toman 2003; Boyd 2015).

4 Results

The sampling results are presented as average values for each sample location, with outlier values
for individual parameters highlighted. The average pH values are relatively consistent across the basin,
ranging from 7.7 to 8.2 (Figure 4), indicating predominantly alkaline water. Only one measurement
deviated from this trend.

The highest pH value (8.54) was recorded at the confluence of the Medija with the Sava (sample
site M9), while the lowest pH value (6.61) was observed at the confluence of the Boben with the Sava
(sample site M4).

Chloride concentrations generally increase downstream, with the most significant rise observed
in the Boben and Trbovelji¢ica basins, particularly downstream of the settlements of Hrastnik and Trbovlje
(Figure 5). A more moderate increase is also seen in the Medija basin. The highest average chloride
concentration (43.4 mg/1) and the highest individual measurement (60 mg/1), which was at the upper
limit of the test’s measurement range, were recorded in the Boben basin, just upstream of its conflu-
ence with the Sava (sample site M4). A similar downstream increase is observed for nitrate concentrations
(Figure 5). The Boben and Trboveljscica rivers show a significant rise in nitrate levels downstream of
Hrastnik and Trbovlje. The highest nitrate concentration (70 mg/l) was recorded at sample site M4. In
contrast, the lowest nitrate values were measured in the Medija basin, where at the source, nitrate con-
centrations were below the sensitivity of the test (1 mg/l) in three sampling events. On average, nitrate
concentrations in the Medija basin remained within the expected natural background levels.

The average concentrations of nitrite, ammonium, and phosphate (Figure 6) exhibit similar trends
in both the Boben and Trbovelji¢ica basins, with a noticeable increase downstream from the settlements
of Hrastnik and Trbovlje. In the Trbovelj$¢ica basin, ammonium concentrations slightly decrease between
sample sites M6 and M8, while in the Boben basin, there is a marked increase in both ammonium and
phosphate levels at the confluence with the Sava (sample site M4). At this location, phosphate con-
centrations were consistently at the upper limit of the measurement range of the test (0.25 mg/1) throughout
all sampling events. In the Trboveljs¢ica basin, nitrite concentrations increased between sample sites
M6 and M8, despite the inflow from the Bevscica tributary, which has lower nitrite levels. A slight increase
in nitrite concentrations was also observed downstream in the Medija basin. The highest average nitrite
concentrations (0.46 and 0.43 mg/1) were measured at sample sites M6 and M8 in the Trboveljs¢ica basin,
where individual measurements occasionally reached the upper limit of the test's measurement range
(0.5mg/1). Similar elevated nitrite values were also occasionally detected in the Boben basin. The same
trend was observed for ammonium, with the highest concentrations (which were also at the test’s upper
limit of sensitivity, 3 mg/l) recorded at sample sites M4, M6, and M8, in the lower reaches of both the
Trbovelji¢ica and Boben streams. The highest average ammonium concentration (1.13 mg/I) was found
in the Trbovelj$¢ica basin at sample site M6.

Only the Boben and Trboveljs¢ica basins showed notable sulfate concentrations (Figure 7). As with
other parameters, elevated sulfate levels were primarily detected downstream from the settlements of
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Figure 5: Average values of chloride and nitrate at the sample sites.
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Figure 6: Average values of nitrite, ammonium and phosphate at the sample sites.
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Figure 7: Average value of sulfate at sample sites (The average is calculated only for sample sites where
sulfate was detected).
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Trbovlje and Hrastnik. In the Boben basin, sulfate concentrations above 25 mg/l, which is the lower
detection limit of the test, were only recorded at sample site M4. In the Trbovelj$¢ica basin, sulfate was
also detected at least once on all sample sites, though concentrations were slightly lower at sample site
M8 compared to M6, likely due to the inflow of Bevscica, which had lower sulfate levels. In the Medija
basin, sulfate was only detected once, on sample site M9. The measured sulfate concentrations ranged
from below 25 mg/1 (in most samples) to 150 mg/l at the confluence of Trboveljs¢ica and Sava (sam-
ple site M8).

The average oxidation-reduction potential (ORP) values ranged from 93 to 131 mV (Figure 8). The
lowest average value was recorded at sample site M1 in the upper reaches of the Brnica. On the
Trboveljicica, ORP values slightly decreased downstream, while in the Medija basin, it was highest just
before Zagorje, after which it decreased again. Throughout the measurement period, all sample sites
showed positive ORP values, indicating that oxidizing conditions prevailed. This suggests that there
was sufficient dissolved oxygen in the water to support aerobic decomposition processes.

Overall, the average values for dissolved oxygen and oxygen saturation at all sampling sites were
relatively high, ranging from 10.1 to 11.5mg/I for dissolved oxygen and 97% to 104.7% for oxygen sat-
uration (Figure 9). The differences between individual sample sites were minimal. In the Boben and
Trboveljscica basins, dissolved oxygen concentrations decreased downstream. Oxygen saturation also
declined downstream in the Boben basin, while in the Trboveljs¢ica basin, it remained largely
unchanged. In contrast, in the Medija basin, the dissolved oxygen levels were similar across most sam-
ple sites, with a slight increase in oxygen saturation observed downstream.

The average specific electrical conductivity (SEC) values at the sample sites ranged from 323 uS/cm
to 1070 uS/cm (Figure 10). As expected, these values generally increased downstream due to the higher
concentration of dissolved electrolytes in the water. In both the Boben and Trbovelj$¢ica basins, a sig-
nificant increase in SEC was observed downstream of the settlements of Trbovlje and Hrastnik. In contrast,
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Figure 8: Average value of ORP at sample sites.

40



Geografski vestnik 96-1, 2024 Papers/Razprave

106

105

104

103

102

101

mg/l
%0,

100

M1 M2 M3 M4 M5 M6 M7 M8 M9 MI10 M1l M12 MI13 M14 MI15 M16

@ Oxygen (% O,) € Oxygen (mg/l)
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in the Medija basin, no notable increase was observed after passing through larger settlements. The
most pronounced increase was recorded at sample site M4 in the Boben basin, near its confluence with
Sava, where we measured not only the highest average SEP but also the highest individual conductiv-
ity value (2264 uS/cm).

5 Discussion

At the sampling site M1 (the upper stream of Brnica), the values for nitrates were mostly in line
with the expected natural background (0 to 5 mg/1). A particularly high value (50 mg/l) was measured
only once in the spring, directly after the end of the restriction on the fertilization of agricultural land
on March 1 (Uredba o varstvu ... 2009). The value decreased slightly until the sample site M2 (the lower
stream of Brnica), but still remained very high (30 mg/1). In the Brnica basin, we also measured high-
er nitrite values several times, namely in sampling 7 (winter 2021) and 9 (spring 2021), which
exceeded the recommended value for nitrite in water (0.01 mg/1). The values of phosphate and chlo-
ride were low during the year. The limit value for phosphate (0.15 mg/1) was reached only once. Similarly,
chloride values don’'t show an increased anthropogenic influence. In the Brnica basin (sample sites M1
and M2) the sulfate value was always below the lower limit of the test's measurement range (25 mg/1).

At the sample site M3 (the upper stream of Boben), the values of nitrate, sulfate, chloride and ammo-
nium were below the limit values all the time, and in one measurement the limit value for phosphate
was exceeded.

At the sample site M4 (Boben before confluence with Sava), several parameters exceeded the limit
values all the time. Large fluctuations in the values of various parameters during the year are also notice-
able, which do not correspond to the seasonal dynamics of the content of organic nutrients in the upper
stream. The chemical and glass industries are in the area of influence. The stream bed is fully regulat-
ed from the confluence of Boben and Brnica to the M4 sampling site and in some places, it flows in
a closed channel. Except for three measurements in the winter months (6 (winter 2021), 7 (winter 2021)
and 8 (spring 2021)), the chloride values were at the upper limit of the measurement range of the test
(60 mg/1). The limit value for nitrates was exceeded only in the eighth measurement (spring 2021), when
the nitrate concentration was also elevated at sample sites M1 and M2. The dynamics of changes in
the concentration of nitrates at the time is interesting, as it decreases downstream in the Brnica stream
(from 50 to 30 mg/l). At the confluence of Boben and Sava we again measured a much higher value
(70 mg/1). Nitrite values were also exceeded several times, reaching the upper limit of the measuring
range of the test (0.5 mg/1) in three samples. In the second (spring 2020) and third measurement (sum-
mer 2020), we measured increased ammonium values (3 mg/1), which exceeded the limit values (1 mg/1)
and were at the same time at the upper limit of the measurement range of the test. At each sampling,
we also measured high phosphate values at this location, which were at the same time at the upper limit
of the test's measurement range (0.25 mg/1). We also detected occasional sulfate pollution. The values
reached up to 100 mg/l, which is still below the limit value for sulfate (150 mg/1), but at the same time
above the recommended level (15 mg/1). Sulfates were measured in the Boben basin only at sample site
M4, so their most likely source is industry. An indicator of pollution is also extremely high SEC val-
ues (the average measurement is 1180 uS/cm, and the maximum measured value is 2264 uS/cm), which
indicates a significantly increased amount of pollutants that act as electrolytes when dissolved in water.
This is significantly above values typical for the electrical conductivity of temperate zone liquid waters,
which typically do not exceed 500 uS/cm (Boyd 2015). For sample sites M1, M2 and M3 in the Boben
headwaters, the main source of pollution is agriculture, as evidenced by the annual dynamics of the
nutrients that are washed off agricultural land. With the exception of individual households outside
the agglomerated settlements, the settlements are connected to the sewage system, which leads to the
Hrastnik municipal sewage treatment plant, which has an outlet downstream of the confluence of the
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Boben and Sava rivers and therefore has no influence on the sample sites. For the sample site M4 at
the mouth to the Sava, we can conclude that the main source of pollution is industry due to the con-
tinuously high values of chlorides, phosphates, SEC, and repeatedly increased values of nitrate, nitrite,
ammonium and phosphate. In front of this causal site, right next to the water, there is a chemical prod-
ucts factory (TKI), in which, among other things, phosphates, chlorine products and cleaning products
are produced (TKI ... 2021). Most of the waste water produced by TKI is discharged into the Hrastnik
municipal treatment plant, while part of the waste water, which contains adsorbable organic halogens,
hydrocarbons in the form of mineral oils and free chlorine, flows into Boben. According to ARSO, chlo-
rides, sulfates and ammonium nitrogen produced by the production process at TKI Hrastnik flow into
the sewage system, which ends with a municipal treatment plant. According to data on industrial waste-
water (ARSO 2021b), the source of sulfates and chloride detected at this sample site may also be the
outflow of wastewater from the Trbovlje-Hrastnik Coal Mine.

The amount of pollutants in Trbovelji¢ica generally increases downstream. At sample site M5
(Trboveljs¢ica above Trbovlje), nitrite levels were occasionally elevated in the water. The recommended
value (0.01 mg/l) was exceeded at every measurement, most significantly at the third (summer 2020)
and fifth (autumn 2020) measurements, where we measured 0.2 mg/l. Higher values occurred in sum-
mer. In the first (spring 2020) and second (spring 2020) measurements, we also detected a slightly elevated
value of ammonium. Chlorides and nitrates are mostly within the range of values that do not indicate
amajor anthropogenic influence. The SEC value was always lower at this sample site than at the down-
stream sample sites M6 and M8, which is probably partly due to the dominance of non-carbonate bedrock
in the hinterland, and partly due to the lower overall presence of electrolyte pollutants. Judging by the
land use and the increased values of organic nutrients, we can assume that the main source of pollu-
tion was agriculture. At sample site M6 (Trboveljscica below Trbovlje) compared to sample site M5,
the values of most parameters indicating the presence of pollutants increased. Compared to sample site
M5, the chloride content increased, up to 20 mg/l. We measured relatively high nitrate values, which
were below the limit value in only three measurements. The values of nitrite were also high, reaching
the upper limit of the sensitivity of the test in two thirds of the measurements. Increased levels of phos-
phate were measured in the water several times. Elevated sulfate values were also measured at each
sampling; the highest value was measured at the first sampling (150 mg/l). The main source of pollu-
tion is probably inadequately regulated industrial outflows, especially the outflow of industrial water
loaded with sulfates from the Trbovlje-Hrastnik Coal Mine. According to official data, the annual amount
of sulfate introduced into the watercourse by discharges from the mine in the Trbovelj$¢ica basin
(5047 kg/year) is less than in the Boben basin (8079 kg/year) (ARSO 2021b), but our measurements
do not confirm this, since we measured higher sulfate values in Trbovelji¢ica basin than in Boben basin.
A limited influence of households is also possible, since despite 97.7% of households connected to the
sewage treatment plant, some areas of the town still do not have sewage connection (ARSO 2021b;
Znidar$i¢ et al. 2021). The area of influence also includes the cardboard packaging production plant
and the DINOS landfill with potentially harmful leachate, which, according to ARSO (2021b), is dis-
charged to the Trbovlje treatment plant. At sample site M7, chloride and ammonium values were always
below the limit values; ammonium values exceeded the recommended value only in one measurement.
Nitrate values exceeded the limit three times. Elevated values for nitrite, when it reached 0.2 mg/l, were
measured in one measurement. Since the elevated nitrite content was measured only once in winter,
it is most likely the result of leaching from agricultural land. Phosphate levels were also elevated, reach-
ing or exceeding the limit five times (0.15 mg/1). However, we measured relatively low but fairly constant
sulfate values around 40 mg/l. The SEC values are slightly higher due to the carbonate background.

At sample site M8 (Trbovelj$¢ica before the confluence with Sava), we measured the highest aver-
age values for all measured parameters in the Trboveljs¢ica basin. We detected increased chloride values,
which reached 40 mg/1 in the spring months (measurements 1 (spring 2020) and 9 (spring 2021)). Limit
values for nitrate were exceeded in five measurements. Elevated values of nitrites and phosphates were
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also common, which in both cases reached the highest value of the measuring range of the test at least
in six measurements (0.5 mg/1 for nitrite and 0.25 mg/1 for phosphate). In two measurements, the ammo-
nium values exceeded the limit value and in one case also the highest value of the measuring range of
the test. Sulfate values were slightly lower than at the upstream sampling site M6, which is probably
the result of the inflow of Bevs¢ica, which is less loaded with sulfate.

Chloride values in the Medija basin nowhere exceeded 12 mg/l, and the lowest values were gener-
ally at the source and in the upper reaches. The same applies to the values of nitrate (with the exception
of one measurement at sample site M14 in Orehovica) and phosphate, which were below the limit value
at all sample sites, while the highest average values in the basin were at sample site M9. Elevated nitrite
values were occasionally measured at sample sites M11 and M14. In the third measurement (summer
2020), 0.3 mg/1 of nitrite was measured at sample site M11. At sample site M 14, however, the increase
occurred in late summer and autumn, when 0.5 mg/1 nitrite was measured, which is also the highest
value of the test’s measuring range. Nitrite is also the only parameter that exceeded the recommend-
ed value in several sample locations in the Medija basin. In the fourth measurement (summer 2020),
we measured elevated ammonium values at sample sites M 9, M11, M12, M13 and M14. Ammonium
was not detected at other sample sites. In this measurement, 3 mg/l of ammonium was measured at
sample site M 11, which exceeds the limit value and is also the highest value of the measurement range
of the test. In the ninth measurement (spring 2021), slightly elevated sulfate values (25 mg/l) were mea-
sured before the confluence of the Medija and Sava (M9), which was also the only case when sulfates
were detected in the water in the Medija basin. According to the results of the measurements, it is obvi-
ous that, in general, the water quality in the Medija basin is better than in the Boben and Trbovelji¢ica
basins. According to the measured values of the studied parameters, the main sources of pollution are
probably discharges from households that are not connected to the public sewage network, agricul-
ture and, to a lesser extent, industry. 97% of households in the immediate vicinity of Zagorje ob Savi
and in the vicinity of Kisovec are connected to a municipal sewage treatment plant. In Izlake, 40% of
households are connected to public sewerage, which drains water directly into watercourses. Other set-
tlements do not have a sewage network (Komunala ... 2019; 2021).

The measurement results indicate a significant anthropogenic impact on water quality, especially
in the Boben and Trbovelji¢ica basins, where the values of some measured parameters often exceed-
ed both recommended and limit values or were even at the upper limit of the measurement range of
the tests used. The latter allows for the possibility that the pollution of Boben and Trbovelj$¢ica is actu-
ally significantly higher than found. In the upper, less populated part of the basins of both watercourses,
the main pressure on the waters is agricultural activity, while in the lower, more densely populated part,
mainly sewage from households that are not yet connected to a sewage treatment plant and industries.
The measurements carried out confirm that, in accordance with the escalation of pressure on the waters
downstream, the quality of Boben and Trboveljs¢ica is also progressively worse. In the Medija basin,
the analysis of physico-chemical parameters showed that the influence of anthropogenic pressures on
the waters was significantly smaller. The cause is probably the smaller number of industrial plants with
burdensome discharges, the lower population density and the approximately three times larger area
of the basin and, as a result, the greater flow of water, which affects the more effective dilution of pol-
lutants. Despite this, even in the Medija basin, there is a noticeable increase in the values of some
parameters at individual tributaries and in the lower reaches of the Medija, where the pressures on the
waters are more concentrated.

In the case of Medija, Trbovelj$¢ica and Boben, it has been shown that even smaller, headwater streams
that are exempt from regular water quality monitoring can be quite polluted, especially when they flow
through larger settlements and industrial areas and are consequently exposed to significant pressures.
The latter is a major challenge for the management of such watercourses and at the same time raises
the question of the adequacy of existing norms for determining water bodies (Pravilnik ... 2005). The
main factor in determining water bodies is the size of the contributing area, which must exceed 100 km?,
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while the aspect of existing pressures on the water (except in the part that refers to physical and hydro-
morphological changes in the water course) is not considered. Exemption of watercourses from regular
monitoring of water quality at the level of the European Union is also addressed by Baattrup-Pedersen
et al. (2018), who notes that for comprehensive management of river basins, it is expedient to classify
as independent water bodies also those smaller, upstream watercourses that can have a potentially sig-
nificant negative impact on the water quality of larger water bodies, which also applies to the influence
of Boben, Trboveljs¢ica and Medija on the Sava river. Until the end of the 20th century, also due to the
aforementioned polluted tributaries, Sava was ranked in the fourth, worst quality class according to
the methodology for assessing water quality, and its condition only improved after the modernisation
of some industrial plants and the closure of the coal mines in Zasavje region (Cvitani¢ et al. 2017;
Ob¢ina ... 2024). If not before, the influence of tributaries on the quality of the Sava will become rel-
evant with the possible construction of a chain of hydroelectric power plants on the middle Sava (mainly
the Trbovlje and Suhadol power plants). These will change the drainage regime of the Sava, reduce its
self-purification abilities and increase its water-ecological sensitivity, which will make the river more
susceptible to any kind of pollution.

6 Conclusion

Between March 15, 2020 and April 17, 2021, we carried out measurements of selected physico-chem-
ical parameters of water quality in the Medije, Trboveljs¢ica and Boben basins. We performed 9
measurements at 16 sampling sites and in this way gained an insight into the load of the studied water-
courses with selected pollutants. We found that the water quality in Boben and Trbovelji¢ica is poor,
as the limit and recommended values of the measured parameters were often exceeded there. The state
of water quality in the Medija basin is better. In general, due to the increasing pressures, the presence
of pollutants increases downstream on all watercourses, and water quality deteriorates. The latter is again
more pronounced in Boben and Trbovelj$¢ica, where the value of some studied parameters between
the upper reaches and the discharge to the Sava increases by tenfold or more, while in Media the down-
ward trend in water quality is less pronounced.

In the upstream of Boben and Trboveljicice, elevated values of physico-chemical parameters indi-
cating the influence of fertilization (nitrate, nitrite, ammonium and phosphate) often appeared in spring
and summer, while in the colder part of the year the values were mostly close to the expected natural
background. The latter shows the dominant influence of agriculture on water quality, which is most-
ly seasonal. The main sources of pollution in the lower reaches of Boben and Trboveljs¢ica are most
likely industry (especially TKI in Hrastnik, Hrastnik Glassworks, Trbovlje-Hrastnik Mine and some
other plants) and households or settlements (mainly washing-off from urban areas and discharge from
the Trbovlje water treatment plant). We also detected large fluctuations in the values of some parameters,
which can have a negative impact on ecosystems and biodiversity. Pressures on water quality in the Media
basin are lower. Occasionally, elevated values of the studied parameters appeared mainly in some trib-
utaries, while at Medija, they occurred only in its lower reaches.

The measurements carried out covered a relatively small number of physico-chemical parameters
and are therefore of a distinctly preliminary nature, as a result of which the obtained results cannot in
any way replace the results of regular national monitoring and complex assessment of the chemical and
ecological status of watercourses. Nevertheless, they provide an insight into the water quality of the stud-
ied watercourses and reveal some challenges in managing the Zasavje watercourses. Furthermore, they
can serve as a basis for targeted research into sources of pollution and the creation of proposals for mea-
sures to improve water quality. To improve the condition of Medija, Trbovelj$¢ica and Boben, it would
be necessary to better treat the industrial waste water, introduce control over potential unauthorized
discharges, connect the remaining households to sewer system and municipal or smaller treatment plants,
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reduce and more efficiently use fertilizers on agricultural land, and renaturalize and sustainably man-
age watercourses to ensure greater self-purification capability. It would also be reasonable to designate
the studied watercourses as independent water bodies or a group of water bodies, due to the signifi-
cant pressures in their basins and their potential impact on the declining quality of the Sava, and to
introduce regular monitoring of water quality.
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KAKOVOST VODE IZBRANIH VODOTOKOV V ZASAV]JU

1 Uvod

Kakovost vode je odraz njenih fizikalnih, kemijskih in bioloskih znacilnosti, ki se vrednotijo glede
na pojavno obliko vode (na primer reke, jezera, podzemne vode) ali vrsto rabe (na primer pitna voda,
industrijska voda, voda za namakanje) (Dobnikar Tehovnik s sodelavci 2022). Na slabso kakovost vode
vplivajo predvsem najrazli¢nej$i antropogeni pritiski, ki jih povzrocajo kmetijstvo, poselitev in urba-
nizacija, industrija, proizvodnja energije, turizem in druge dejavnosti (Meybeck, Peters in Chapman
2005). Tekoce povrsinske vode morajo biti v dobrem kemijskem in ekoloskem stanju, kar v Evropski
uniji opredeljuje Vodna direktiva (Directive ... 2000), v Sloveniji pa Uredba o stanju povrsinskih voda
(Uredba o stanju ... 2009). Kemijsko stanje vodnih teles se ocenjuje glede na vsebnost 45 snovi ali sku-
pin snovi opredeljenih kot prednostne snovi ter osem drugih onesnazeval, ekolosko pa glede na odmik
ekosistemov od naravnega stanja, in sicer glede na izbrane fizikalno-kemijske, bioloske ter hidromor-
foloske elemente kakovosti. Kakovost vode pa je mozno ocenjevati tudi z analizo smotrno izbranih
fizikalno-kemijskih parametrov, kot so na primer vsebnost razli¢nih hranil, pH, specifi¢na elektri¢na
prevodnost, biokemijska in kemijska potreba po kisiku (Urbani¢ in Toman 2003; Boyd 2015; Panteli¢
s sodelavci 2022).

Monitoring stanja voda v Sloveniji izvaja Agencija Republike Slovenije za okolje (ARSO) na pod-
lagi Zakona o vodah (2002) in Zakona o varstvu okolja (2022) ter v skladu s programom monitoringa
za petletna obdobja (Dobnikar Tehovnik s sodelavci 2022). Izvaja se na vecjih vodotokih oziroma nji-
hovih odsekih, tako imenovanih vodnih telesih (Pravilnik ... 2005), ter na obmogjih, kjer se voda odvzema
za oskrbo s pitno vodo, medtem ko so izvzeti manjsi, povirni vodotoki nizjega reda, ¢eprav predsta-
vljajo vecino re¢ne mreze. Vodna telesa povrsinskih voda so dolo¢ena za vodotoke s prispevno
povrsino ve¢jo od 100 km?, naravna jezera s povrsino vodne gladine, ve¢jo od 0,5 km?, morja in somor-
nice, umetne kanale, daljse od 3 km ter vodne zadrzevalnike na rekah in umetne ojezeritve s povrsino
gladine, ve¢jo od 0,5 km?. Po nekaterih ocenah (Baattrup-Pedersen s sodelavci 2018) so povirna obmo¢-
ja na 58 % evropske celine, stanje pa je zaradi izrazito povirnega znacaja Slovenije podobno tudi pri
nas (Trobec 2011). Zaradi velike naravno- in druzbenogeografske pestrosti teh porecij imajo vodoto-
ki pogosto zelo razli¢ne fizikalno-kemijske, hidromorfoloske in druge lastnosti (Baattrup-Pedersen
s sodelavci 2018; Trobec 2019).

Stevilni avtorji v Sloveniji in tujini so se na podlagi analize izbranih fizikalno-kemijskih parame-
trov ukvarjali s preu¢evanjem kakovosti voda manjsih, povirnih vodotokov nizjega reda. Rusjan (2008)
je preuceval ¢asovno dinamiko spro$¢anja hranil na obmodju potoka Padez. Kovacic¢ in Rupnik (2015;
2019) sta preucevala kakovost vode Rakiskega strzena. Na obmocju Kamniske Bistrice, Jezerskega in
Loskega potoka je s podobno metodo kot v nasi raziskavi kakovost ugotavljal Trobec (2017; 2019; 2022),
ki je vzor¢il vodotoke, na katerih ni uradnega monitoringa kakovosti voda. Breznik in Trobec (2022)
sta preucevala kakovost podtalnice v vodonosniku ob Mislinji, ki ravno tako ni vklju¢en v uradni moni-
toring kakovosti voda. Jarvie s sodelavci (2008) so preucevali koncentracije dusikovih in fosforjevih
spojin v pore¢jih rek Wye in Avon v Veliki Britaniji. S podobno tematiko se je ukvarjal tudi Yue s sode-
lavci (2019), ko so spremljali onesnazenost kraskih vodonosnikov z nitrati in vpliv razli¢ne rabe zemljis¢
na koli¢ino onesnazeval. Nguyen in Cai (2019) pa sta z analizo podobnih parametrov kot v nasi razi-
skavi spremljala kakovost povrsinskih in podzemnih voda v okolici Singapurja.

Sava ima na obmodju Zasavja ve¢ manjsih pritokov. Med njimi po vodnatosti in dolZini toka izsto-
pajo Medija, Trboveljs¢ica in Boben. Zaradi majhnih vodozbirnih zaledij in skromne vodnatosti se ti
vodotoki ne uvr§¢ajo med t. i. vodna telesa (Pravilnik ... 2005), zato so izvzeti iz rednega monitorin-
ga kakovosti voda ter ocenjevanja kemijskega in ekoloskega stanja voda, zaradi ¢esar tudi ne poznamo
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njihove kakovosti. Za zasavske vodotoke je (razen za Savo) na voljo zelo malo podatkov in raziskav o kako-
vosti vode. Delno je problematika onesnazenosti zasavskih vodotokov obravnavana v Programu
varstva okolja ob¢ine Trbovlje (Tahir s sodelavci 2009), kjer so zbrani podatki o koli¢ini izpustov odpad-
nih voda v Trboveljs¢ico in Savo. Leta 2006 je ARSO v monitoringu kakovosti povr$inskih vodotokov
v Sloveniji zaznal povisane vrednosti fosfata dolvodno od sotocja Bobna in Save ter kot verjetni vir ones-
nazenja navedel Tovarno kemi¢nih izdelkov (TKI) v Hrastniku (Cvitani¢ s sodelavci 2008). V preiskovalnem
monitoringu so leta 2009 merili vsebnost zZivega srebra v pore¢jih Bobna in Trboveljscice ter ugotovili
povisane vrednosti na izlivu Bobna v Savo, kar naj bi bila posledica starega bremena oziroma resuspenzije
zivega srebra iz sedimenta in ne posledica aktualnih emisij TKI (Cvitani¢ s sodelavci 2013). Zaradi povi-
$anih vrednosti so uvedli redni monitoring zivega srebra na izlivu Bobna v Savo, kjer vrednosti za ta
parameter Ze vrsto let ostajajo presezene (Cvitani¢ s sodelavci 2022).

Zaradi velike gostote poselitve, gospodarske usmerjenosti obmocja v industrijsko in rudarsko dejav-
nost, antropogene preoblikovanosti strug, skromnih samocistilnih sposobnosti in velike vodno-ekoloske
obcutljivosti predvidevamo, da so pritiski na kakovost Medije, Trbovelj$¢ice in Bobna veliki. Zaradi
teh razlogov je pomembno, da poznamo kakovost njihovih voda. Ti vodotoki so poleg tega pomemb-
ni za ohranjanje biotske pestrosti in kakovost Save v srednjem toku. V raziskavi smo na Mediji,
Trboveljscici in Bobnu na 16 lokacijah v obdobju enega leta izvedli 9 cikli¢nih vzorcenj in analizirali
izbrane fizikalno-kemijske parametre kakovosti vode. Na izbranih lokacijah smo na podlagi meritev
ter preseganj priporocenih in mejnih vrednosti ocenili kakovost vode.

2 Preucevano obmocje

Preucevano obmocje, ki ga odmakajo Medija, Trboveljé¢ica in Boben ter njihovi pritoki Brnica,
Bevscica, Kotredrscica in Orehovica, je v zasavski statisti¢ni regiji (ob¢ine Hrastnik, Trbovlje in Zagorje
ob Savi), severno od Save (slika 2). Njegova povrsina je 153,9 km?. Glavnino obmod¢ja predstavlja pore¢-
je Medije (97,5km?), pore¢ji Bobna in Trbovelj$¢ice pa merita 30,8 km? oziroma 25,5 km?. Obmo¢je
v povprecju prejme med 1200 in 1400 mm padavin (ARSO 2021a). Porecja preucevanih vodotokov lezi-
jomed 210 in 1203 m nadmorske vi$ine. Geoloska sestava porecij Bobna in Trboveljs¢ice je podobna.
Povirni del je ve¢inoma iz nekarbonatnih kamnin (glinovci, pes¢enjaki in konglomerati), v srednjem
in spodnjem delu pore¢ja pa prevladujejo karbonatne kamnine. Zaradi ve¢je povrsine ima porecje Medije
nekoliko bolj raznovrstno geolosko zgradbo. V povirju in zgornjem toku prevladujejo karbonatne kam-
nine (dolomit in litotamnijski apnenec), v srednjem toku, v okolici naselja Kisovec so nekarbonatne
kamnine (peski in pe$¢enjaki), nato pa vse do soto¢ja s Savo ponovno karbonatne kamnine (apnenec
in dolomit) (Buser 1979a; 1979b). Sode¢ po podatkih vodomerne postaje Zagorje na Mediji za obdob-
je 1981-2010 imajo preucevani vodotoki dezno-snezni re¢ni pretocni rezim z izrazitim jesenskim viskom
in poletnim nizkom (slika 1; Frantar in Hrvatin 2005). Povprecni obdobni pretok (sQs) je na Mediji
pri Zagorju 2,1 m®/s, specifi¢ni odtok (q) pa 22,5 1/(sxkm?) (ARSO 2021c), kar je bilo nekoliko pod
slovenskim povpre¢jem (27 1/(sxkm?)). Glede na preto¢ne vrednosti Medije in razmerje v velikosti pore-
¢ij (Trobec 2008) sQs Bobna in Trbovelji¢ice na izlivu v Savo ocenjujemo na 0,7 m?/s oziroma 0,6 m?/s.

V ob¢inah Hrastnik, Trbovlje in Zagorje ob Savi Zivi 41.461 prebivalcev. Gostota poselitve je 180
prebivalcev/km?, kar je znatno nad slovenskim povpre¢jem. Vecina jih Zivi v treh ob¢inskih sredis¢ih
na dnu dolin. Najvecje $tevilo prebivalcev ima obcina Zagorje ob Savi (16.379), sledi obcina Trbovlje
(16.024) in Hrastnik (9058) (Prebivalstvo ... 2021). Gospodarstvo na preu¢evanem obmocju je kljub
prestrukturiranju v zadnjem desetletju $e vedno mo¢no usmerjeno v industrijo, ki je obremenjujoca
za okolje; nekateri obrati so tik ob preu¢evanih vodotokih (Regionalni ... 2022). Ve¢ina odpadne vode
iz industrije se po podatkih ARSO (2021b) odvaja v ¢istilne naprave v vsaki od preucevanih ob¢in.
Prevladujoca raba zemljis¢ v preucevanih poredjih je gozd, ki povsod obsega vec kot polovico zemljisc.
Sledijo travniki in pozidana zemlji$¢a. Slednja najvecji delez (18,5 %) zasedajo v poreéju Trboveljs¢ice
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Slika 1: Hidrogram Medije pri Zagorju za obdobje 1981-2010 (vir podatkov: ARSO 2021c).

(MKGP 2021). Preucevani vodotoki so hudourniski. Zaradi hitrega odziva na padavine in pozidave
na poplavnih obmo¢jih so na izpostavljenih mestih regulirani in mo¢no preoblikovani (Klabus 1995).

3 Metodologija

Izhajajo¢ iz znacilnosti re¢ne mrezZe ter naravno- in druzbenogeografskih lastnosti obmocja smo
na vodotokih in njihovih pritokih izbrali 16 vzor¢nih mest, s katerimi smo poskusali zajeti tako razli-
ke v geografsko pogojeni pestrosti prispevnih obmo¢ij kot tudi potencialne vplive pomembnejsih
pric¢akovanih virov obremenjevanja voda, na primer: kemi¢na in steklarska industrija v Hrastniku, vpliv
vecjih naselij (Trbovlje in Zagorje), vplive kmetijstva v zgornjem toku vodotokov. V porecjih Bobna
in Trbovelj$¢ice smo vzor¢ili na $tirih lokacijah, v pore¢ju Medije pa na osmih (sliki 2 in 3; pregledni-
ca 1) (Staut 2021).

Meritve smo izvajali v obdobju med 15. marcem 2020 in 17. aprilom 2021, ko smo izvedli 9 vzor-
¢enj (preglednica 2). Enoletno obdobje vzoréenj in analiz vode omogoca preliminaren vpogled
v sezonsko spreminjanje vrednosti merjenih fizikalno-kemijskih parametrov na izbranih vodotokih.
Zaradi ukrepov preprecevanja $irjenja Covid19 (omejenost gibanja na meje ob¢ine bivanja) in ome-
jenega dostopa do laboratorija smo namesto sprva nacrtovanih 12, izvedli le 9 meritev. Vzorce smo pobirali
v dopoldanskem ¢asu, ob nizkem vodostaju, vsaj teden po dezju. Vzorce smo do izvedbe laboratorij-
skih analiz kasneje istega dne hranili v hladnem in temnem prostoru. Z ve¢ parametrskim merilcem
smo izvedli meritve na samem mestu vzorcenja, ostale analize pa v laboratoriju.

Merili smo 11 parametrov: temperatura (°C), pH, nitrat (mg/l NO,"), nitrit (mg/l NO,’), fosfat
(mg/1 PO,-P), sulfat (mg/1 SO,*), klorid (mg/L CI'), amonij (mg/l NH, *), oksidacijsko-redukcijski

Slika 2: Pregledni zemljevid preucevanega obmocja z vzroénimi mesti. » str. 52
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potencial (mV ORP), vsebnost kisika (mg/1 O,) in nasicenost kisika v vodi (% O,) ter specificna elek-
tri¢na prevodnost (uS/cm SEP). Za merjenje nitrata, nitrita, klorida, amonija, in sulfata smo uporabili
kolorimetri¢ne in titracijske teste VISOCOLOR ECO, za merjenje fosfata pa visoko obcutljiv test VISO-
COLOR HE proizvajalca Macherey-Nagel. Terenske meritve pH, specifi¢ne elektri¢ne prevodnosti (SEP),
vsebnosti in nasicenosti kisika ter oksidacijsko-redukcijskega potenciala (ORP) smo opravili z ve¢ para-
metrskim merilcem Hanna HI98196.

Slovenija ima v razli¢nih dokumentih dolo¢ene priporoc¢ene in mejne vrednosti za ve¢ino merje-
nih parametrov (Uredba o kakovosti ... 2002; Uredba o stanju ... 2009; Nacionalni ... 2024), na katere
smo se opirali pri vrednotenju rezultatov (preglednica 3). Za mejne vrednosti, ki v Sloveniji niso dolo-
Cene (fosfat, elektri¢na prevodnost), smo uporabili podatke iz tujine (Boyd 2015; Basic... 2021). Pri
nitratu in sulfatu smo kot mejne vrednosti upostevali mejne vrednosti za doseganje dobrega ekoloskega
stanja, kot priporocene vrednosti pa mejne vrednosti za doseganje zelo dobrega ekoloskega stanja voda.
Pri nitritu, amoniju, pH in vsebnosti kisika smo glede na povirni znacaj analiziranih vodotokov za

Preglednica 1: Vzoréna mesta (barve ustrezajo barvam na slikah 4-10: temnomodra - porecje Bobna,
svetlomodra - porecje TrboveljsCice, zelena - porecje Medije).

vzoréno mesto ime vzor¢nega mesta

Preglednica 2: Datumi vzorcenja glede na meteoroloske letne ¢ase.

leto zima pomlad poletje jesen
2020 15. marec 28. junij 21. september
22. april 27. julij
2021 23. december 7. marec
12. februar 17. april
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priporocene in mejne vrednosti privzeli tiste, ki veljajo za salmonidne vode. Pri dolo¢anju klju¢nih virov
onesnazevanja smo se oprli na teoretske osnove preucevanja kakovosti voda na podlagi analize izbra-
nih fizikalno-kemijskih parametrov vode (na primer: Urbani¢ in Toman 2003; Boyd 2015).

LENART STAUT

Slika 3: Vzorc¢no mesto (M8) na Trboveljs¢ici pred izlivom v Savo.

Preglednica 3: Priporocene in mejne vrednosti parametrov (*podatek velja za vrednosti v pitni vodi,
zato ga pri vrednotenju kakovosti nismo upostevali; **empiricno ocenjena vrednost na podlagi razlicnih
virov) (Viri podatkov: W Uredba o kakovosti ... 2002; @ Uredba o stanju ... 2009; ®'Boyd 2015;

@ Basic ... 2021; ®Nacionalni ... 2024).

parameter naravno priporocena mejna merilno obmocje enota
ozadje vrednost vrednost testov

nitrat 5@ 7@ 9,5@ 0-120 mg/INO;
nitrit blizu 04 0,01 / 0-0,5 mg/INO,
klorid nekaj mg/1® 2500 / 0-60 mg/l CI
fosfat 0,010 / 0,15 0-0,25 mg/l PO,-P
sulfat nekaj mg/1®) 15® 150@ 25-200 mg/1SO >
amonij 0,028 0,04® 1o 0-3 mg/I NH,*
pH / 6-9 / 0-14 /
vsebnost / >7(100% >6 (100 % / mg/10,
kisika meritev) in meritev) in

29 (50% 29 (50%

meritev)® meritev)?
SEP 500 / / 0-10.000 pS/cm
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4 Rezultati

Rezultati vzorcenj so prikazani s povpre¢nimi vrednostmi na posameznem vzorénem mestu, nave-
dene pa so tudi izstopajoce vrednosti posameznih parametrov. Povpre¢ne vrednosti pH so znotraj poredji
podobne in se gibljejo na med 7,7 in 8,2 (slika 4). Vse meritve razen ene kazejo na bazi¢no vodo. Najvisjo
vrednost pH (8,54) smo izmerili na izlivu Medije v Savo (vzor¢no mesto M9), najnizjo (6,61) pa na
izlivu Bobna v Savo (vzor¢no mesto M4).

Vrednosti klorida se v splo$nem povecujejo po toku navzdol. Najizraziteje je to opazno na Bobnu
in Trboveljs¢ici dolvodno od naselij Hrastnik in Trbovlje (slika 5). Vrednosti naras¢ajo tudi na Mediji,
vendar manj izrazito. Najvisjo povprecno (43,4 mg/l) in absolutno vrednost (60 mg/1) klorida, ki je bila
hkrati tudi na zgornji meji merilnega obmocdja testa, smo izmerili na Bobnu pred izlivom v Savo (vzor-
¢no mesto M4).

Podoben potek nara$¢anja vrednosti po toku navzdol opazimo tudi pri nitratu (slika 5). Za Boben
in Trbovelj¢ico je znacilno izrazito povecanje vrednosti dolvodno od naselij Hrastnik in Trbovlje. Najvisjo
vrednost (70 mg/1) smo izmerili na vzorénem mestu M4. Najnizje vrednosti smo izmerili v pore¢ju Medije,
kjer so bile te na izviru pri treh vzorcenjih celo manjse od obcutljivosti testa (1 mg/l), sicer pa v pov-
pre¢ju vec¢inoma znotraj pricakovanega naravnega ozadja.

Povprecne vrednosti nitrita, amonija in fosfata (slika 6) se na Bobnu in Trbovelj$¢ici gibljejo pod-
obno, saj v obeh primerih pride do izrazitega povecanja dolvodno od naselij Hrastnik in Trbovlje.
Vrednosti amonija na Trboveljs¢ici med Trbovljami in izlivom v Savo (vzoréni mesti M6 in M8), neko-
liko upadejo, medtem ko na Bobnu opazimo mo¢no povecanje amonija in fosfata na izlivu v Savo (vzor¢no
mesto M4), kjer so bile izmerjene vrednosti pri fosfatu ob vseh meritvah na zgornji meji merilnega obmoc¢-
ja testov (0,25 mg/l). V porecju Trboveljicice so se vrednosti nitrita med vzorénima mestoma M6 in
M8, kljub pritoku z nitriti manj obremenjene Bevscice, povecale. Rahlo povecanje vrednosti po toku

8,3

8,2

8,1

pH

7,9

7,8

7,7

7,6

Ml M2 M3 M4 M5 M6 M7 M8 M9 MI10 M1l M12 MI13 MI14 M15 MI16

¢ pH

Slika 4: Povprecne vrednosti pH na vzorcnih mestih.
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Slika 5: Povprecne vrednosti klorida in nitrata na vzorcnih mestih.
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Slika 6: Povprecne vrednosti nitrita, amonija in fosfata na vzorénih mestih.
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navzdol smo zaznali tudi na Medjiji. Najvisje povpre¢ne vrednosti nitrita (0,46 in 0,43 mg/1) so bile na
Trboveljscici na vzor¢nih mestih M6 in M8, kjer so bile posamezne vrednosti veckrat na zgornji meji
merilnega obmocja testa (0,5 mg/l). Taksne vrednosti nitrita smo ob¢asno izmerili tudi v pore¢ju Bobna.
Podobno je tudi pri amoniju, kjer smo najvisje vrednosti, ki so hkrati tudi zgornja meja obcutljivosti
testa (3 mg/1), izmerili na vzorénih mestih M4, M6 in M8, v spodnjem toku Trboveljécice in Bobna.
Najvisja povpre¢na vrednost amonija je bila na Trbovelj$¢ici na vzorénem mestu M6 in je znasala 1,13 mg/1.

S sulfati sta bila obremenjena le Boben in Trboveljs¢ica (slika 7). Podobno kot pri ostalih parame-
trih, smo to spojino v ve¢jih koli¢inah zaznali $ele dolvodno od naselij Trbovlje in Hrastnik. V pore¢ju
Bobna smo vsebnost sulfata nad 25 mg/l, kolikor je spodnja meja obcutljivost testa, izmerili le na vzor-
¢nem mestu M4, v porec¢ju Trboveljicice pa smo ga vsaj enkrat zaznali tudi na vzorénih mestih gorvodno
od Trbovelj. Vrednosti na Trbovelj$¢ici so bile na vzorénem mestu M8, v primerjavi z vzorénim mestom
M6, nekoliko nizje zaradi dotoka s sulfatom manj obremenjene Bevscice. V pore¢ju Medije smo sul-
fat zaznali le enkrat pred izlivom v Savo. Izmerjene vrednosti sulfata so se gibale od manj kot 25 mg/1
(vecina vzorcenj) do 150 mg/l na izlivu Trboveljicice v Savo (vzor¢no mesto M8).

Povprecne vrednosti ORP so se gibale med 93 in 131 mV (slika 8). Najnizje povprecje je bilo na
vzorénem mestu M1 v zgornjem toku Brnice. Na Trbovelj$¢ici je vrednost po toku navzdol rahlo upa-
dala, na Mediji pa je bila najvisja tik pred Zagorjem, nato pa se je ponovno znizala. Zaradi pozitivnih
vrednosti so na vseh vzor¢nih mestih ves ¢as merjenja vladali oksidacijski pogoji, kar pomeni, da je
bilo v vodi raztopljenega dovolj kisika, da potekajo procesi razgradnje, ki potrebujejo kisik.

V splo$nem sta bili povpre¢ni vrednosti za koli¢ino v vodi raztopljenega kisika in nasi¢enost s kisi-
kom na vseh vzor¢nih mestih visoki in sta se gibali med 10,1 in 11,5 mg/l ter 97 in 104,7 % O, (slika 9).
Razlike med posameznimi vzor¢nimi mesti so majhne. Koli¢ina v vodi raztopljenega kisika v pore¢ju
Bobna in Trboveljicice je po toku navzdol upadala. Nasi¢enost s kisikom v pore¢ju Bobna je po toku
navzdol upadala, medtem ko se v porecju Trboveljs¢ice ni bistveno spreminjala. V porecju Medije pa
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Slika 7: Povprecna vrednost sulfata na vzorénih mestih (povprecje je izracunano le za vzoréna mesta,
kjer smo zaznali sulfat).
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Slika 8: Povpre¢na vrednost ORP na vzorcnih mestih.
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Slika 9: Povprecna vrednost v vodi raztopljenega kisika in nasi¢enosti s kisikom na vzorcnih mestih.
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Slika 10: Povpre¢na vrednost SEP na vzorcnih mestih.

je bila koli¢ina v vodi raztopljenega kisika na vecini vzor¢nih mest podobna, nasicenost s kisikom pa
se je po toku navzdol nekoliko povecevala.

Povprecne vrednosti SEP so bile na vzor¢nih mestih med 323 puS/cm in 1070 uS/cm (slika 10). Na
preucevanih vodotokih se zaradi vse ve¢ v vodi raztopljenih elektrolitov vrednosti po toku navzdol v splos-
nem povecujejo. Do izrazitega povecanja na Bobnu in Trboveljs¢ici ponovno pride dolvodno od naselij
Trbovlje in Hrastnik, medtem ko na Mediji izrazito povec¢anje po prehodu ve¢jih naselij ni bilo opa-
zno. Na Bobnu je mo¢no izstopalo vzoréno mesto M4 na izlivu v Savo, kjer smo poleg najvecje povprecne
izmerili tudi najve¢jo absolutno prevodnost (2264 pS/cm).

5 Razprava

Na vzor¢nem mestu M1 (zgornji tok Brnice) so bile vrednosti za nitrate ve¢inoma v skladu s pri-
¢akovanim naravnim ozadjem (0 do 5mg/l). Izrazito visoko vrednost (50 mg/1) smo izmerili le enkrat
v pomladanskem ¢asu, neposredno po prenehanju omejitve gnojenja kmetijskih zemljis¢ s 1. marcem
(Uredba o varstvu ... 2009). Vrednost se je do vzorénega mesta M2 (Spodnji tok Brnice) nekoliko zni-
zala, a vseeno ostala zelo visoka (30 mg/l). V poreéju Brnice smo veckrat izmerili tudi vi$je vrednosti
nitritov, in sicer pri meritvah 7 (zima 2021) in 9 (pomlad 2021), ki so presegle priporo¢eno vrednost
za nitrit v vodi (0,01 mg/1). Vrednosti fosfata in klorida so bile med letom ve¢inoma na razmeroma nizki
ravni. Mejna vrednost za fosfat (0,15 mg/1) je bila dosezena le enkrat. Tudi vrednosti kloridov ne naka-
zujejo na povecan antropogen vpliv. Na Brnici (vzoréni mesti M1 in M2) je bila vrednost sulfatov vedno
pod spodnjo mejo merilnega obmogja testa (25 mg/1).

Pri vzor¢nem mestu M3 (zgornji tok Bobna) so bile vrednosti nitrata, sulfata, klorida in amonija
ves ¢as pod mejnimi vrednostmi, pri eni meritvi pa je bila presezena mejna vrednost za fosfat.
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Na vzor¢nem mestu M4 (Boben pred izlivom v Savo) je ve¢ parametrov ves ¢as presegalo mejne
vrednosti. Opazna so tudi velika nihanja vrednosti razli¢cnih parametrov med letom, ki se ne skladajo
s sezonsko dinamiko vsebnosti organskih hranil v zgornjem toku. Na vplivnem obmo¢ju sta kemi¢na
in steklarska industrija. Struga potoka je od soto¢ja Bobna z Brnico do vzor¢nega mesta M4 v celoti
regulirana in na nekaterih mestih tece v zaprtem kanalu. Vrednosti klorida so bile razen pri treh merit-
vah v zimskih mesecih (6 (zima 2021), 7 (zima 2021) in 8 (pomlad 2021)) na zgornji meji merilnega
obmodja testa (60 mg/l). Mejna vrednost za nitrate je bila presezena le pri osmem merjenju (pomlad
2021), ko je bila koncentracija nitratov povisana tudi na vzorénih mestih M1 in M2. Zanimiva je teda-
nja dinamika sprememb koncentracije nitratov, saj se je ta na Brnici po toku navzdol zmanjsevala (s 50
na 30 mg/1), pri izlivu Bobna v Savo pa smo ponovno izmerili precej visjo vrednost (70 mg/1). Veckrat
so bile presezene tudi vrednosti nitrita, ki so pri treh vzorcenjih dosegle zgornjo mejo merilnega obmoc-
ja testa (0,5 mg/1). Pri drugi (pomlad 2020) in tretji meritvi (poletje 2020) smo izmerili povisane vrednosti
amonija (3 mg/1), ki presegajo mejne vrednosti (1 mg/l) in so hkrati na zgornji meji merilnega obmoc-
ja testa. Ob vsakokratnem vzoréenju smo na tem mestu izmerili tudi visoke vrednosti fosfata, ki so bile
hkrati na zgornji meji merilnega obmocja testa (0,25 mg/1). Zaznali smo tudi obcasno onesnazenje s sul-
fati. Vrednosti so dosegle do 100 mg/l, kar je $e vedno pod mejno vrednostjo za sulfat (150 mg/1), a hkrati
nad priporoceno (15 mg/l). Sulfate smo v pore¢ju Bobna izmerili le na vzorénem mestu M4, zato je nji-
hov najverjetnejsi vir industrija. Indikator onesnazenosti so tudi izrazito visoke vrednosti SEP (povprecje
meritev je 1180 uS/cm, najvedja izmerjena vrednost pa 2264 pS/cm), kar kaze na izrazito povecano koli-
¢ino onesnazeval, ki raztopljene v vodi delujejo kot elektroliti. To je znatno nad vrednostmi za elektri¢no
prevodnost teko¢ih voda zmernega pasu, ki obi¢ajno ne presegajo 500 uS/cm (Boyd 2015).

Zavzoréna mesta M1, M2 in M3 v povirju Bobna je glavni vir onesnazevanja kmetijstvo, kar doka-
zuje letna dinamika prisotnih hranil, ki se spirajo s kmetijskih zemljis¢. Naselja so, razen posameznih
gospodinjstev zunaj strnjenih naselij, priklju¢ena na kanalizacijo, ki vodi do komunalne ¢istilne
naprave Hrastnik, ki ima izpust dolvodno od soto¢ja Bobna in Save in zato nima vpliva na vzoréna mesta.
Za vzoréno mesto M4 na izlivu v Savo lahko zaradi neprestanih visokih vrednosti kloridov, fosfatov,
SEP, veckrat poviSanih vrednosti nitrata, nitrita, amonija in fosfata sklepamo, da je glavni vir onesna-
zevanja industrija. Pred tem vzro¢nim mestom se namre¢ tik ob vodi nahaja TKI, v katerem med drugim
proizvajajo fosfate, izdelke iz klora in ¢istila (TKI ... 2021). Ve¢ina odpadnih voda, ki jih proizvede TKI,
se odvaja v komunalno ¢istilno napravo Hrastnik, del odpadnih voda, ki vsebujejo adsorbljive organ-
ske halogene, ogljikovodike v obliki mineralnih olj in prosti klor, pa se izliva v Boben. Kloridi, sulfati
in amonijev dusik, ki nastanejo zaradi proizvodnega procesa v TKI Hrastnik, se po podatkih ARSO
stekajo v kanalizacijo, ki se zaklju¢i s komunalno ¢istilno napravo. Vir sulfatov in klorida, ki smo jih
zaznali na tem vzor¢nem mestu, pa je, glede na podatke o odpadnih vodah iz industrije (ARSO 2021b),
lahko tudi iztok odpadne vode iz Rudnika Trbovlje-Hrastnik.

Koli¢ina onesnazeval se na Trbovelj§¢ici po toku navzdol v splo$nem povecuje. Na vzorénem mesto
M5 (zgornji tok Trboveljscice) so bile v vodi ob¢asno poviSane vrednosti nitrita. Priporocena vrednost
(0,01 mg/1) je bila presezena ob vsaki meritvi, najbolj obcutno pri tretji (poletje 2020) in peti (jesen 2020),
kjer smo izmerili 0,2 mg/l. Visje vrednosti se pojavljajo poleti. Pri prvem (pomlad 2020) in drugem
(pomlad 2020) merjenju smo zaznali tudi nekoliko povisano vrednost amonija. Kloridi in nitrati so
ve¢inoma v okviru vrednosti, ki ne nakazujejo na vecji antropogen vpliv. Vrednost SEP je bila na tem
vzorénem mestu vsaki¢ nizja kot na dolvodnih vzor¢nih mestih M6 in M8, kar je verjetno deloma
posledica prevlade nekarbonatne mati¢ne podlage v zaledju, deloma pa manjse celokupne prisotno-
sti onesnazeval v obliki elektrolitov. Sode¢ po rabi zemlji$¢ in povi$anih vrednostih organskih gnojil,
lahko predpostavimo, da je glavni vir onesnazeval kmetijstvo.

Na vzoré¢nem mestu M6 (Trboveljs¢ica pod Trbovljami) se v primerjavi z vzorénim mestom M5
vrednosti vec¢ine parametrov, ki nakazujejo na prisotnost onesnazeval, poviSajo. V primerjavi z vzor-
¢nim mestom M5 se povecajo vsebnost klorida, do 20 mg/1. Izmerili smo razmeroma visoke vrednosti
nitrata, ki so bile le pri treh merjenjih pod mejno vrednostjo. Visoke so bile tudi vrednosti nitirta, ki
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so pri dveh tretjinah meritev dosegle zgornjo mejo obcutljivosti testa. V vodi smo veckrat izmerili povi-
$ane vrednosti fosfata. Vsaki¢ smo izmerili tudi povi$ane vrednosti sulfata, najve¢ pri prvem merjenju
(150 mg/1). Glavni vir onesnazevanja so verjetno pomanjkljivo urejeni odtoki iz industrije, predvsem
iztok industrijske vode, obremenjene s sulfati iz Rudnika Trbovlje-Hrastnik. Letna koli¢ina sulfata, ki
ga vnesejo v vodotok izpusti iz rudnika v porecju Trboveljscice (5047 kg/leto), je po uradnih podatkih
manjsa kot v pore¢ju Bobna (8079 kg/leto) (ARSO 2021b), ¢esar pa nase meritve ne potrjujejo, saj smo
na Trboveljs¢ici izmerili vi$je vrednosti sulfata kot na Bobnu. MozZen je tudi omejen vpliv gospodinj-
stev, saj kljub 97,7 % priklju¢enih gospodinjstev na ¢istilno napravo, nekaj obmocij mesta $e vedno nima
urejene kanalizacije (ARSO 2021b; Znidarsi¢ s sodelavci 2021). Na vplivnem obmodju je tudi obrat proiz-
vodnje kartonske embalaze in deponija DINOS s potencialno obremenjujo¢imi izcednimi vodami, ki
pa se po podatkih ARSO (2021b) odvajajo na ¢istilno napravo Trbovlje.

Na vzor¢nem mestu M7 so bile vrednosti klorida in amonija vedno pod mejnimi vrednostmi; vred-
nosti amonija so pri eni meritvi presegle priporoceno vrednost. Vrednosti nitrata so trikrat presegle
mejno vrednost. Poviane vrednosti za nitrit, ko je ta dosegel 0,2 mg/l, smo izmerili pri eni meritvi. Ker
smo povisano vsebnost nitrita izmerili samo pri eni meritvi, in to pozimi, gre najverjetneje za posle-
dico spiranja s kmetijskih zemljis¢. Povi$ane so bile tudi vrednosti fosfata, ki so petkrat dosegle ali presegle
mejno vrednost (0,15 mg/1). Izmerili pa smo relativno nizke, a precej konstantne vrednosti sulfata okoli
vrednosti 40 mg/l. Vrednosti SEP so zaradi karbonatnega zaledja nekoliko visje.

Na vzor¢nem mestu M8 (Trboveljsc¢ica pred izlivom v Savo) smo izmerili najvi$je povpre¢ne vred-
nosti za vse merjene parametre v porecju Trboveljs¢ice. Zaznali smo povisane vrednosti kloridov, ki
so v pomladanskih mesecih (meritvi 1 (pomlad 2020) in 9 (pomlad 2021)) dosegli 40 mg/l. Pri petih
meritvah so bile presezene mejne vrednosti za nitrat. Pogoste so bile tudi povi$ane vrednosti nitritov
in fosfatov, ki so v obeh primerih vsaj pri $estih meritvah dosegle najvisjo vrednost merilnega obmoc-
jatesta (0,5 mg/l za nitrit in 0,25 mg/l za fosfat). Pri dveh meritvah so vrednosti amonija presegle mejno
vrednost ter v enem primeru tudi najvisjo vrednost merilnega obmocja testa. Vrednosti sulfata so bile
nekoliko niZje kot na gorvodnem vzorénem mestu M6, kar je verjetno posledica dotoka s sulfatom manj
obremenjene Bevscice.

Vrednosti klorida v pore¢ju Medije nikjer niso presegle 12 mg/l, najniZje pa so bile praviloma na
izviru ter v zgornjem toku. Podobno velja za vrednosti nitrata (z izjemo ene meritve na vzorénem mestu
M14 na Orehovici) in fosfata, ki so bile na vseh vzor¢nih mestih pod mejno vrednostjo, najvisje pov-
pre¢ne vrednosti v porecju pa so bile na vzorénem mestu M9. Na vzorénih mestih M11 in M14 smo
obcasno izmerili povi$ane vrednosti nitrita. Na vzor¢nem mestu M11 smo pri tretji meritvi (poletje
2020) izmerili 0,3 mg/1 nitrita. Na vzorénem mestu M14 pa je do povisanja prislo v pozno poletnem
in jesenskem casu, ko smo namerili 0,5 mg/1 nitrita, kar je hkrati tudi najvisja vrednost merilnega obmoc-
ja testa. Nitrit je tudi edini izmed parametrov, ki je v pore¢ju Medije na ve¢ vzor¢nih mestih presegel
priporoceno vrednost. Pri ¢etrti meritvi (poletje 2020) smo izmerili povi$ane vrednosti amonija na vzor-
¢nih mestih M9, M11, M12, M13 in M14. Na drugih vzor¢nih mestih amonija nismo zaznali. Na vzorénem
mestu M11 smo pri tej meritvi izmerili 3 mg/l amonija, kar presega mejno vrednost in je hkrati tudi
najvisja vrednost merilnega obmodja testa. Pri deveti meritvi (pomlad 2021) smo pred soto¢jem Medije
s Savo (M9) izmerili rahlo povisane vrednosti sulfatov (25 mg/1), kar pa je bil tudi edini primer, ko smo
v pore¢ju Medije v vodi zaznali sulfate. Glede na rezultate meritev je ocitno, da je gledano v splosnem
v porec¢ju Medije kakovost voda boljsa kot v pore¢jih Bobna in Trboveljs¢ice. Glavni viri onesnazeva-
nja so glede na izmerjene vrednosti preuc¢evanih parametrov verjetno izpusti iz gospodinjstev, ki niso
priklju¢ena na javno kanalizacijsko omrezje, kmetijstvo ter v manjsi meri industrija. Gospodinjstva v nepo-
sredni okolici naselja Zagorje ob Savi in v okolici Kisovca so v 97 % prikljuceni na komunalno c¢istilno
napravo. Na Izlakah je 40 % gospodinjstev priklju¢enih na javno kanalizacijo, ki pa vodo odvaja nepo-
sredno v vodotoke. Ostala naselja nimajo urejenega kanalizacijskega omrezja (Komunala ... 2019; 2021).

Rezultati meritev kazZejo na pomemben antropogeni vpliv na kakovost vode predvsem v porecju
Bobna in Trboveljscice, kjer so vrednosti nekaterih merjenih parametrov pogosto presegale tako
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priporocene kot mejne vrednosti ali pa so bile celo na zgornji meji merilnega obmoc¢ja uporabljenih
testov. Slednje dopusc¢a moznost, da je onesnazenost Bobna in Trboveljscice dejansko Se bistveno vecja
od ugotovljene. V zgornjem, redkeje poseljenem delu porecij obeh vodotokov, je glavni pritisk na vode
kmetijska dejavnost, v spodnjem, gosteje poseljenem, pa predvsem odplake iz gospodinjstev, ki $e niso
prikljucena na ¢istilno napravo in industrije. Izvedene meritve potrjujejo, da se v skladu s stopnjeva-
njem pritiskov na vode po toku navzdol tudi kakovost Bobna in Trbovelj$¢ice progresivno poslabsuje.
V poredju Medije smo z opravljenimi analizami fizikalno-kemijskih parametrov vpliv antropogenih
pritiskov na vode zaznali v bistveno manjsi meri. Vzrok je verjetno v manjsem $tevilu industrijskih obra-
tov z obremenjujo¢imi izpusti, manjsi gostoti poselitve ter priblizno trikrat ve¢ji povr$ini poreéja in
posledi¢no ve¢jemu pretoku Medije, ki vpliva na u¢inkovitejSe red¢enje onesnazeval. Kljub temu pa
je tudi v pore¢ju Medije mestoma opazno povecevanje vrednosti nekaterih parametrov na posamez-
nih pritokih ter v spodnjem toku Medije, kjer so pritiski na vode bolj zgosceni.

Na primeru Medije, Trboveljs¢ice in Bobna se je pokazalo, da so lahko tudi manjsi, povirni vodo-
toki, ki so izvzeti iz rednega monitoringa kakovosti voda, precej onesnazeni, $e posebej kadar tecejo
skozi ve¢ja naselja in industrijska obmocja ter so posledi¢no izpostavljeni znatnim pritiskom. Slednje
je velik izziv za upravljanje s takimi vodotoki ter hkrati odpira vprasanje o ustreznosti obstojec¢ih nor-
mativov za dolo¢anje vodnih teles (Pravilnik ... 2005). Glavno vodilo pri dolo¢anju vodnih teles je velikost
prispevnega obmo¢ja, ki mora presegati 100 km?, medtem ko vidik obstoje¢ih pritiskov na vode (razen
v delu, ki se nanasa na fizi¢ne in hidromorfoloske spremembe na vodotoku) ni upostevan. Problematiko
izklju¢enosti manjsih, povirnih vodotokov iz rednega monitoringa kakovosti voda na ravni Evropske
unije naslavlja tudi Baattrup-Pedersen s sodelavci (2018), ki ugotavlja, da bi bilo za celovito upravlja-
nje s porecji med samostojna vodna telesa smotrno uvrstiti tudi tiste manjse, povirne vodotoke, ki imajo
potencialno pomemben negativen vpliv na kakovost vode vecjih vodnih teles, kar velja tudi za vpliv
Bobna, Trbovelj$c¢ice in Medije na Savo. Sava je bila namre¢ do konca 20. stoletja, tudi zaradi omenje-
nih onesnazenih pritokov, po tedanji metodologiji ocenjevanja kakovosti voda uvr§¢ena v najslabsi cetrti
kakovostni razred, njeno stanje pa se je izboljsalo $ele po sanaciji nekaterih industrijskih obratov ter
zaprtju premogovnikov v Zasavju (Cvitanic s sodelavci 2017; Obéina ... 2024). Ce ne prej, bo vpliv nje-
nih zasavskih pritokov na kakovost Save postal aktualen ob morebitni izgradnji verige hidroelektrarn
na srednji Savi (predvsem elektrarn Trbovlje in Suhadol). Te bodo namre¢ spremenile odto¢ni rezim
Save, zmanjsale njene samocistilne sposobnosti in povecale njeno vodno-ekolosko ob¢utljivost, zara-
di ¢esar bo reka bolj dovzetna za vsakr$no onesnazevanje.

6 Sklep

Med 15. marcem. 2020 in 17. aprilom 2021 smo izvajali meritve izbranih fizikalno-kemijskih para-
metrov kakovosti vode v pore¢jih Medije, Trbovelj$¢ice in Bobna. Opravili smo devet meritev na Sestnajstih
vzor¢nih mestih in na ta nacin dobili vpogled v obremenjenost preucevanih vodotokov z izbranimi ones-
nazevali. Ugotovili smo, da je kakovost vode Bobna in Trboveljic¢ice slaba, saj so bile tam pogosto presezene
mejne in priporocene vrednosti merjenih parametrov. Stanje kakovosti voda v porecju Medije je bolj-
$e. Na splo$no se zaradi stopnjevanja pritiskov prisotnost onesnazeval na vseh vodotokih po toku navzdol
povecuje, kakovost vode pa poslabsuje. Slednje ponovno pride bolj do izraza pri Bobnu in Trboveljscici,
kjer se vrednost nekaterih preucevanih parametrov med zgornjim tokom in izlivom v Savo poveca
tudi za deset- in veckrat, medtem ko je pri Mediji trend slab$anja kakovosti vode po toku navzdol manj
izrazit.

V zgornjem toku Bobna in Trbovelji¢ice so se povi$ane vrednosti fizikalno-kemijskih parametrov,
ki nakazujejo na vpliv gnojenja (nitrat, nitrit, amonij in fosfat), pogosto pojavile spomladi in poleti,
v hladnejsem delu leta pa so bile vrednosti ve¢inoma blizu pri¢akovanega naravnega ozadja. Slednje
kaze na prevladujo¢ vpliv kmetijstva na kakovost voda, ki je ve¢inoma sezonsko pogojen. Glavni viri

62



Geografski vestnik 96-1, 2024 Razprave/Papers

onesnazevanja v spodnjem toku Bobna in Trbovelj$cice so najverjetneje industrija (zlasti TKI v Hrastniku,
Steklarna Hrastnik, Rudnik Trbovlje-Hrastnik in nekateri drugi obrati) in gospodinjstva oziroma pose-
litev (predvsem spiranje z urbanih zemlji$¢ ter izpusti iz ¢istilne naprave Trbovlje). Zaznali smo tudi
velika nihanja vrednosti nekaterih parametrov, kar lahko negativno vpliva na ekosisteme ter biotsko
raznovrstnost. Pritiski na kakovost vode v pore¢ju Medije so manj$i. Obcasno so se povisane vredno-
sti preucevanih parametrov pojavile predvsem na nekaterih pritokih, na Mediji pa le v spodnjem toku.

Izvedene meritve so zajele razmeroma majhno $tevilo fizikalno-kemijskih parametrov in so zato
izrazito preliminarnega znacaja, zaradi ¢esar dobljeni rezultati nikakor ne morejo nadomestiti izsled-
kov rednega drzavnega monitoringa ter kompleksnega ocenjevanja kemijskega in ekoloskega stanja
vodotokov. Vseeno pa nudijo vpogled v kakovost vode preucevanih vodotokov ter razkrivajo nekate-
re izzive na podrodju upravljanja z zasavskimi vodotoki. Nadalje lahko sluzijo kot podlaga za ciljno
raziskovanje virov onesnazevanja ter snovanje predlogov ukrepov za izbolj$anje kakovosti vode. Za izbolj-
$anje stanja Medije, Trboveljs¢ice in Bobna bi bilo treba bolje ocistiti odpadne industrijske vode, uvesti
nadzor nad morebitnimi nedovoljenimi izpusti, prikljuciti preostala gospodinjstva na kanalizacijo ter
komunalne in druge vrste manjsih ¢istilnih naprav, zmanjsati in bolj smotrno uporabljati gnojila na
cistilnih sposobnosti. Smiselno bi bilo tudi, da bi preucevane vodotoke zaradi znatnih pritiskov
v njihovih pore¢jih ter njihovega potencialnega vpliva na slabso kakovost Save, dolo¢ili za samostoj-
na vodna telesa ali skupino vodnih teles in na njih uvedli redni monitoring spremljanja kakovosti vode.

Zahvala: Clanek je nastal v okviru raziskovalnih programov Geografije Slovenije (P6-0101) in
Trajnostni regionalni razvoj Slovenije (P6-0229) ter programa Mladi raziskovalec (MR-56874), ki jih finan-
cira Javna agencija za znanstvenoraziskovalno in inovacijsko dejavnost Republike Slovenije.

7 Viri in literatura

Glej angleski del prispevka.
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