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Abstract: The aim of this study was to determine the quality of rainwater and the possibility of using 
it for various purposes in the Roztocze National Park (RNP), Poland. This study was carried out in 
2021–2022. Samples of rainwater that drained from the roofs of farm buildings in the RNP were 
tested for their organoleptic, physicochemical and microbiological qualities. The organoleptic tests 
were run to evaluate the water for a foreign odour and the threshold odour number. The physical 
and chemical tests included turbidity; colour; pH; conductivity; concentrations of ammonium ions, 
nitrates, nitrites, manganese, iron and chlorides; and general hardness. The microbiological tests 
included total microbial counts at 36 °C and 22 °C, coliform bacteria, Escherichia coli, intestinal en-
terococci and Pseudomonas aeruginosa. The rainwater quality results were compared with the quality 
parameters of surface water collected from the River Świerszcz, as well as with the Polish drinking 
water standards. The findings indicated that rainwater collected in the RNP had good organoleptic, 
physicochemical and microbiological properties, which, in some cases, complied with the standards 
for potable water. Exceedances of the permissible limits, mainly for ammonium ions and microbio-
logical indicators, were periodically observed in the tested rainwater. This was probably due to con-
tamination of roof surfaces with bird droppings. However, these exceedances did not exclude the 
use of the rainwater for economic purposes, e.g., flushing toilets, washing vehicles or watering 
plants, which may significantly reduce the abstraction of high-quality groundwater. The rainwater 
that is planned to be used as drinking water for the Polish konik horses living in the park will have 
to be pre-treated via filtration and disinfection processes (e.g., with a UV lamp). 
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1. Introduction 
In recent times, more and more has been said around the world about the possibility 

of using rainwater for various purposes [1–3]. This discussion was spurred on by the on-
going climate change and increasing water shortages in many countries. Rainwater har-
vesting and use can improve water security and access to fresh water [2]. It was shown 
that rainwater harvesting systems (RWHSs) can supply up to 100% of a household’s water 
needs [1,4–8]. 

A vital issue is the quality of rainwater, which depends on many different geograph-
ical and anthropogenic factors [5,9–11]. According to Forster [12], the quality of rainwater 
collected from roofs depends on the (1) roof material (chemical properties, roughness, 
surface coating, age, etc.), (2) physical boundary conditions (size, slope, direction and ex-
posure), (3) location of the roof (distance from possible sources of pollution), (4) 
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concentrations of chemical contaminants (water vapor pressure, solubility of pollutants in 
water, etc.), (5) characteristics of precipitation events (intensity and volume of atmos-
pheric precipitation, wind characteristics, concentration of pollutants in precipitation wa-
ters) and (6) local meteorological factors (season of the year, weather characteristics, 
length of the preceding dry period). 

Harvested rainwater usually has good physicochemical parameters, but often con-
tains high levels of microbial contaminants. The pollution of harvested rainwater can be 
attributed to the combustion of fuels in vehicles and buildings, industrial emissions, agri-
cultural activities in rural areas and faecal deposits from animals, mostly from birds [13]. 
The quality of rainwater also depends on the storage conditions. Quality assessment data 
for rainwater stored in different types of cisterns were reported by Wu et al. [14]. These 
authors showed that concrete tanks are the best solution for storing rainwater. 

A study of the structure of household water consumption in Poland showed that 
about 50% of drinking water can be replaced by rainwater. For public buildings, this per-
centage is even higher, reaching 65% [15]. The quality of rainwater significantly impacts 
its use by humans for various purposes, including flushing sanitation, laundry, cleaning, 
washing cars, and watering crops and lawns [16]. In areas that are particularly vulnerable 
to water scarcity, rainwater can also be used for drinking [17]. Research done in southern 
Brazil showed that the potential use of rainwater in animal breeding can be up to 100% of 
water requirements for poultry production, while for swine production, it ranged between 
32.7% and 68.3% [18]. In Australia, many people choose to drink rainwater, even in areas 
where clean mains water is available, as the latter is chlorinated and fluorinated [19]. How-
ever, when rainwater is used for drinking, in order to protect public health, it is very im-
portant to know the quality of harvested rainwater [11]. 

With concerns about ongoing climate change and the associated prospects of a lack 
of access to potable water, rainwater harvesting and reuse are actions that can improve 
water security and access to fresh water. The use of rainwater management installations 
is mainly considered in urbanised areas, where due to the development of these areas, 
there is often not enough natural space to retain rainwater. However, also or mainly for 
protected areas, proper rainwater management should be a key issue. It can help to con-
tribute to the sustainable protection of water resources and biodiversity in areas such as 
national parks, Natura 2000 sites, landscape parks or other nature reserves. Although 
there are many papers on the quality of rainwater and its use, only a few of them discuss 
this problem with regard to protected areas. Therefore the goal of this study was to deter-
mine the quality of rainwater and the possibility of using it for various purposes in the 
Roztocze National Park (RNP), Poland. The results we report here open the way to further 
research into treatment technologies that could be applied to make rainwater suitable for 
watering the animals living in the park. 

2. Materials and Methods 
2.1. Characteristics of the Study Area 

The RNP was established in 1974. It is located in Roztocze, which is a geographical 
region of south-eastern Poland straddling the border between Poland and Ukraine. The 
area consists of limestone hills that stretch from the Lublin Upland to Podolia. Roztocze 
is distinguished by its characteristic landscape, which is unique in Europe [20,21]. It is 
distinguished from neighbouring areas by its topography, geological structure, hydrolog-
ical regime and climate. Moreover, the soils and vegetation are also different. Various 
types of forests make up as much as 95% of the RPN [22]. 

The RNP occupies an area of 8482.83 ha. Pursuant to the Nature Conservation Act, 
the main purpose of the park is to protect the region’s natural and cultural heritage and 
to provide a setting for nature education, tourism and scientific research. RNP employees 
also monitor the natural conditions and processes in the park, as well as the socio-eco-
nomic phenomena in its buffer zone [23]. 
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The RNP runs the Integrated Monitoring of the Natural Environment (IMNE) pro-
gramme for the model catchment area of the River Świerszcz. In this area and its vicinity 
are located the rainwater, surface water and groundwater sampling points from which 
water was collected for the physicochemical, organoleptic and microbiological tests re-
ported in the present study (Figure 1). 

 
Figure 1. Location of water-sampling points in the Świerszcz river catchment. Own elaboration. 

The catchment of the River Świerszcz is situated in the central part of the RNP and 
covers an area of 4651 ha. Forty percent (40%) of the catchment lies within the park. The 
catchment is a wooded space, with forests of various types occupying 64% of its area. The 
remaining part of the catchment is mainly covered by arable land, meadows and pastures 
belonging to the villages of Sochy, Szozdy, Stara Huta and Lasowe. The forest settlement 
of Florianka is dominated by meadows and pastures, which the park uses for breeding 
primitive breeds of cattle and sheep, and in particular, the Polish konik horse. 

In the northern part of the catchment, in the lower section of the River Świerszcz are 
located Stawy Echo (Echo Ponds) (52 ha), which are fed by the river; a water axis with 
ponds; and the so-called “church” pond. The Świerszcz is an approx. 9 km long mid-forest 
river. It has its source in swamp forests and raised bogs at an altitude of approx. 250 m 
above sea level. The estuary to the River Wieprz is located at an altitude of 220 m above 
sea level [24]. 

The catchment of the River Świerszcz is part of two subregions: Roztocze 
Szczebrzeszyńskie and Roztocze Tomaszowskie [25]. The catchment is crossed from NE 
to SW by the valley of the Świerszcz stream and is lined with river and aeolian sands, 
forming dune ridges and dunes. The eastern and western parts of the catchment are cov-
ered with Upper Cretaceous gaizes, marls and opokas [26] (Figure 2). 
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Figure 2. Geological structure of the River Świerszcz catchment. Own elaboration based on [26]. 

The hydrological regime of the catchment of the River Świerszcz is influenced by 
climatic and terrain conditions. Climatic factors affect the amount of water introduced into 
the water cycle and the seasonal and annual variability of water supply. Terrain condi-
tions, mainly the geological structure and relief, soil, vegetation and land use, determine 
surface water and groundwater retention and the amount of surface runoff. Simultane-
ously, these factors modify the annual and seasonal outflow rhythm resulting from the 
distribution of precipitation, infiltration and evapotranspiration. 

According to Romer’s classification [27], the climate of Roztocze, where the RNP is 
situated, is a Central Uplands climate of the region of the Lublin–Lviv Uplands and Ridges 
(D4). It is a temperate transitional climate, which has a slightly higher proportion of con-
tinental features in relation to other regions of Poland [28]. The RNP is one of the coolest 
areas of the region, with an average annual air temperature of approx. 7.4–7.5 °C, annual 
precipitation typically ranges from 600 to 650 mm, and the annual average sunshine time 
ranges from 1550 to 1600 h. The RNP is characterised by a high topoclimatic diversity due 
to its varied topography. Large differences in elevation and sun exposure lead to differ-
ences in plant species composition, and consequently, to the density and height of the 
vegetation cover [28]. 
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The surface water network in the RPN area is very sparse and covers only 52.6 hec-
tares, which is only 0.62% of the total park area. This situation is mainly due to the high 
permeability of the bedrock and its water-holding capacity, which has the effect of retain-
ing water from precipitation. In turn, groundwater is found in porous fractured marls, 
opokas and gaizes of the Upper Cretaceous, as well as in sandy sediments and Quaternary 
gravels, which fill buried river valleys. The waters of the Cretaceous layers mix with the 
waters filling the alluvia in the river valleys. The whole forms a circulation-and-drainage 
system called the Roztocze Water Level, which has large reserves of groundwater [29]. 

The flow of the River Świerszcz is variable and depends on the climatic and terrain 
conditions. In the recent hydrological years, variable river flows were recorded in the 
“Malowany most” (“Painted bridge”) profile (P3), which closes the 18.15 km2 catchment 
area of the River Świerszcz. Reports from the “Roztocze” Base Station of the IMNE (BS 
IMNE) show that the highest flows were recorded in 2013 at an average level of 0.95 m3/s. 
The maximum daily flow then was 0.575 m3/s, and the minimum one was 0.056 m3/s. The 
lowest flows were registered in the hydrological year 2019/2020, when, after a series of 
dry and hot years, the supply of the stream with deep waters of the Cretaceous level 
clearly decreased. The average annual flow was only 0.007 m3/s, with a maximum of 0.030 
m3/s and a minimum, similar to the year 2019, below 0.002 m3/s. 

All villages in the catchment of the River Świerszcz are connected to a mains water 
supply network, with the exception of the settlements of Florianka and Lasowe, which are 
both located in a forest. The Florianka settlement where The Animal Breeding Center is 
located has its own water intake and water supply system. Wastewater is discharged to a 
hybrid constructed wetland [30]. The sanitation coverage level of the villages of the catch-
ment area of the River Świerszcz is low. The town of Zwierzyniec and the village of Sochy 
have their own sewage systems. Some households are fitted with domestic wastewater 
treatment plants. However, most households discharge wastewater into septic tanks. 

The ongoing climate change and the increasing demand for water lead, among other 
issues, to the lowering of the groundwater level and a decrease in well efficiency. This 
phenomenon was observed in Florianka, which is a unique settlement on the map of the 
RNP. Florianka is home to the Animal Breeding Center devoted to the conservation of the 
Polish konik horse, which is the official symbol of the park, and primitive cattle and sheep 
breeds: white-back cows, red cows and Uhruska sheep. There is also a field base for edu-
cational and tourist activities called Izba Leśna (Forest Room). Approx. 35,000 tourists 
visit this place every year. In the lower section of the River Świerszcz, there is a “sanctu-
ary” of the Polish konik horse. A herd of up to 25 horses lives here throughout the year, 
grazing in an area of approx. 260 ha. 

One of the measures that can be taken to counteract the effects of climate change is 
rainwater harvesting and use, which can secure access to fresh water. The idea of the 
RWHS, taking into account various ways of using rainwater, is schematically presented in 
Figure 3. Some of the applications require the maintenance of appropriate water quality. 
Therefore, this study was undertaken to determine the compliance of rainwater in the 
place of the planned RWHS with applicable legal standards. On the other hand, data on 
the amount of rainwater that can be harvested and put to use in the RNP is provided in a 
paper by Grabowski et al. [31]. 
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Figure 3. Schematic model of the rainwater applications in the designed RWHS. 

2.2. Study Methods and Statistical Analysis 
Water quality tests for this study were carried out in the RNP in the years 2021–2022. 

They included the determination of selected microbiological, organoleptic and physico-
chemical properties of rainwater, surface water and groundwater. The analysis covered 
(1) P1—the quality of rainwater collected from the roofs of two farm buildings located 
close to the RNP Directorate building in Zwierzyniec, which was stored in a concrete tank 
with a capacity of 20 m3 (Figure 4); (2) P2—the quality of rainwater harvested from two 
roofs of farm buildings located in the Animal Breeding Centre in Florianka (Figure 5); (3) 
P3—the quality of surface water sampled from the River Świerszcz in the so-called 
“Malowany most” profile (Figure 6); and (4) P4, P5, P6 and P7—the quality of groundwa-
ter sampled from deep wells in the RNP’s forest settlements of Florianka, Kruglik, Słupy 
and Bezednia, respectively (Figure 1). 

 
Figure 4. RNP directorate area: (A) historic farm building and (B) garages. 

 
Figure 5. The Animal Breeding Centre in Florianka: (A) barn and (B) horse stables. 
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Figure 6. The River Świerszcz in the “Malowany most” profile: (A) riverbed, (B) view on the bridge 
and (C) sampling point (P3). 

During the study period, the rainwater and surface water quality were tested in ten 
measurement series each. The quality of the groundwater (P4–P7) from deep wells was 
tested only once, in April 2021. In Poland, pursuant to [32], the chemical status of ground-
water bodies is to be tested at least once during a 6-year cycle of updating the water man-
agement plan for catchment areas. 

Microbiological tests included the determination of the total microbial counts at 22 
and 36 °C, as well as the counts of the following bacteria: coliforms, Escherichia coli, intes-
tinal enterococci and Pseudomonas aeruginosa. Organoleptic tests were run to determine the 
presence of a foreign odour and the threshold odour number (TON). Physical and chem-
ical tests included turbidity, colour, pH, electrical conductivity (specific conductance) at 
25 °C, ammonium ion, nitrates, nitrates and total hardness (CaCO3), as well as the concen-
trations of manganese, iron and chlorides. 

The water quality tests were carried out in accordance with the Polish standards in 
the accredited Research Services Laboratory of the Lublin Cooperative of Dairy Services 
(Laboratorium Usług Badawczych Lubelskiej Spółdzielni Usług Mleczarskich) in Lublin. 
The list of standards and test procedures is given in Table 1. 

Table 1. Standards and procedures used in the water quality tests. 

Test Type Parameter Polish Standards Numbers Unit 

Microbiological 
tests 

Total microbial count at 36 °C PN-EN ISO 6222:2004 cfu/mL 
Total microbial count at 22 °C PN-EN ISO 6222:2004 cfu/mL 
Coliforms PN-EN ISO 9308-1:2014-12+A1:2017-04 cfu/100 mL 
Escherichia coli PN-EN ISO 9308-1:2014-12+A1:2017-04 cfu/100 mL 
Faecal enterococci PN-EN 7899-2:2004 cfu/100 mL 
Pseudomonas aeruginosa PN-EN ISO 16266:2009 cfu/100 mL 

Organoleptic tests 
Presence of a foreign odour PN-EN 1622:2006 -  
Threshold odour number (TON) PN-EN 1622:2006  - 

Physicochemical 
tests 

Turbidity PN-EN ISO 7027-1:2016-07 NTU 
Colour  PN-EN ISO 7887:2012 mg/L Pt 
pH PN-EN ISO 10523:2012 - 
Specific conductance at 25 °C PN-EN 27888-1999 µS/cm 
Ammonium ion PN-ISO 7150-1:2002 mg/L  
Nitrates PN-82/C-045576.08 mg/L 
Nitrites PN-EN 26777:1999 mg/L 
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Manganese PN-EN ISO 17294-2:2016-11 µg/L  
Total iron  PN-EN ISO 17294-2:2016-11 µg/L 
Chlorides PN-ISO 9297:1994 mg/L 
Total hardness PN-ISO 6059:1999 mg/L CaCO3 

Basic descriptive statistics were calculated for the test results: minimum, maximum, 
mean, median, standard deviation, coefficient of variation and variation group. Variation 
groups were determined on the basis of Mucha’s classification of variation [33]. The dis-
tributions of the values obtained in the microbiological and physicochemical tests are pre-
sented in box plots for the following four groups: rainwater from the Directorate building 
(P1), rainwater from the roof of the building in Florianka (P2), water from the River Świer-
szcz (P3) and groundwater from wells (P4–P7). Since the data were not normally distrib-
uted (as revealed using a Shapiro–Wilk test), the non-parametric Kruskal–Wallis test was 
used to compare the differences in the distributions of the values of the test parameters 
between groups [34]. When differences in distributions were found, post hoc comparisons 
of the mean ranks of all pairs of groups were performed [35]. Statistical analysis for the 
water quality parameters was carried out using Statistica v. 14.0. The significance level 
α = 0.05 was assumed in the statistical tests. 

The quality test results for rainwater, surface water and groundwater were compared 
with the standards stipulated in the Polish legal acts defining the suitability of water for 
drinking [36] and the purity classes of surface water [37] and groundwater [32] (Table 2). 
The standards for drinking water do not specify reference values for the total microbial 
count at 22 °C and coliforms. 

Table 2. Drinking water quality standards and purity classes for surface water and groundwater 
stipulated in Polish legal acts [32,36,37]. 

Test Parameters Unit 
Quality Standards 
for Drinking Water 

[36] 

Surface Water Pu-
rity Classes [37] 

Groundwater Purity Classes 
[32] 

I  II  I II III IV V 
Microbiological parameters 

Total microbial count at 36 °C cfu/mL 100 - - - - - - - 
Escherichia coli cfu/100 mL 0 - - - - - - - 
Intestinal enterococci cfu/100 mL 0 - - - - - - - 
Pseudomonas aeruginosa cfu/100 mL 0 - - - - - - - 
Physicochemical parameters 
Turbidity NTU 1 - - - - - - - 
Colour  mg/L Pt 15 - - - - - - - 
pH - 6.5–9.5 7.5–8.2 7.3–8.2 6.5–9.5 <6.5 or >9.5 
Specific conductance at 25 °C µS/cm 2500 ≤364 ≤454 700 2500 2500 3000 >3000 
Ammonium ion * mg/L 0.5 ≤0.477 ≤0.545  0.5 1 1.5 3 >3.0 
Nitrates * mg/L 50 ≤5.752 ≤8.407 10 25 50 100 >100 
Nitrites * mg/L 0.5 ≤0.033 ≤0.089 0.03 0.5 0.5 1 >1.0 
Manganese mg/L 0.05 - - 0.05 0.4 1 1 >1.0 
Total iron  mg/L 0.2 - - 0.2 1 5 10 <10 
Chlorides mg/L 250 ≤13.3  ≤18.7 60 150 250 500 >500 
Total hardness CaCO3 mg/L 60–500 ≤203 ≤236 - - - - - 

* Since the regulation of the Polish Minister of Infrastructure [37] lists the following forms of nitro-
gen: N-NH4, N-NO3 and N-NO2; the concentrations of nitrogen in the form of ammonium ion, ni-
trates and nitrites in surface waters was calculated using the following equations: NH4 = N-
NH4/0.776, NO3 = N-NO3/0.226 and NO2 = N-NO2/0.304. 
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3. Results 
3.1. Hydrometeorological Conditions in the Catchment of the River Świerszcz 

As stated in the previous section, the quality tests of various types of water from the 
catchment of the River Świerszcz were carried out in the years 2021–2022. In order to de-
termine the quantitative background for the waters tested, we also analysed the meteoro-
logical (temperatures and precipitation) and hydrological (water flow and groundwater 
levels) conditions in the catchment of the River Świerszcz recorded for the same period 
(Figure 7). 

 
Figure 7. Hydrometeorological conditions in the test period and water sampling dates: P1–P3 (rain-
water and flowing water) and P4–P7 (groundwater). 

Since groundwater and surface water reserves are strictly dependent on the temper-
atures and precipitation levels in a given area over a longer period, meteorological data 
from the years 2021–2022 were compared with data for two decades collected between 
2001 and 2020, as reported in a paper by Grabowski et al. [31]. Hydrological data (water 
flows of the River Świerszcz and groundwater table levels), on the other hand, were com-
pared with data for the years 2012–2020 contained in the reports of the RNP’s Roztocze 
BS IMNE. 

3.1.1. Air Temperature 
According to the measurements of the Roztocze BS IMNE, the average annual air 

temperatures in the hydrological years 2020/2021 and 2021/2022 were 8.1 °C and 8.5 °C, 
respectively, which were similar to the average of 8.3 °C for the years 2001–2020 [31]. In 
the hydrological years 2020/2021 and 2021/2022, the highest air temperatures were rec-
orded in the summer months of July 2021 (21.7 °C) and August 2022 (19.8 °C) (Figure 7). 
These temperatures were higher than the average July and August temperatures in the 
years 2001–2020, which were 19.3 and 18.4 °C, respectively [31]. The lowest temperatures 
in the hydrological years 2020/2021 and 2021/2022 were registered in the winter months 
of February (−3 °C) and December (−2 °C), respectively (Figure 7). To compare, the lowest 
temperatures in the years 2001–2020 were observed in January and February and averaged 
−2.7 and −1.5 °C, respectively [31]. 
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3.1.2. Precipitation 
According to the measurements of the Roztocze BS IMNE, in the hydrological years 

2020/2021 and 2021/2022, the total annual precipitation in the study area was 839 mm and 
744 mm, respectively. These results indicate that these years were quite wet, as the rec-
orded total precipitation levels were considerably higher than the average total annual 
precipitation for the years 2001–2020, which was 693 mm [31]. In the cold season (Novem-
ber–April) of the hydrological year 2020/2021, the study area had 245.8 mm of rain/snow, 
which accounted for 29.3% of total annual precipitation. In the warm season (May–Octo-
ber), there was 593.6 mm of rain, which was 70.7% of the total annual precipitation. In the 
hydrological year 2021/2022, the precipitation in the cold season was 370.4 mm (49.8% of 
total annual precipitation). On the other hand, the precipitation level in the warm season 
was comparable to the previous hydrological year at 373.3 mm, which was 50.2% of total 
annual precipitation. 

In the hydrological year 2020/2021, the highest precipitation level was recorded in the 
spring and summer months (May–August). The water demand in the RNP was also the 
highest during this period. The lowest rain/snowfall was recorded in the autumn and win-
ter months (October to March) (Figure 7). As the data show, the distribution of precipita-
tion in the hydrological year 2020/2021 was similar to that observed in the years 2001–2020 
[32]; however, the total precipitation in the spring and summer months of 2020/2021 was 
much higher than in the 20-year period. A different situation was observed in 2021/2022, 
with similar total monthly precipitation levels across the year (Figure 7), which was fa-
vourable from the point of view of nature. Although the total rainfall in July 2022 was high 
at 105 mm, June and August of that year received only 31 and 27 mm of rain, respectively, 
making it a very dry summer. Furthermore, the possibility of harvesting and storing rain-
water in this period was very limited. Fortunately, higher precipitation levels in the au-
tumn and winter months of the hydrological year 2021/2022 recharged the groundwater 
table and increased the flow rates of the River Świerszcz (Figure 7). 

The study by Grabowski and colleagues [31] indicated that the two decades between 
2001 and 2020 were characterised by high dynamics of often anomalous weather phenom-
ena, especially with regard to the average annual air temperatures and annual rainfall, 
which undoubtedly had an impact on the levels of groundwater and flows in the River 
Świerszcz in the years 2021–2022. 

3.1.3. Water Flows in the River Świerszcz 
To analyse the changes in the amount of surface water in the catchment area of the 

River Świerszcz in the years 2021–2022, the water levels and river flows were measured at 
the Painted Bridge measuring point (P3) at the outlet of the 18.15 km2 catchment. The sea-
sonal outflow rhythm of the River Świerszcz during the study period was characteristic 
of rain-fed rivers. In the hydrological year 2020/2021, the lowest average monthly flows 
were recorded from November to January, and the highest ones were measured in July 
(Figure 7). The substantial differences in average monthly flows were the result of ex-
tremely high precipitation in the summer. In 2021, during the 10 days between 23 June 
and 3 July, the area received 253 mm of rain, which was 35% of the average annual pre-
cipitation. After these heavy rainfalls, there was a clear increase in supply from the main 
groundwater aquifer, and outflow from the upper peat bog part of the catchment of the 
River Świerszcz was renewed. In the warm season of 2021, river flow was similar to the 
long-term average at 41.10 L/s. In the cold season, it was 31.03 L/s. In the hydrological year 
2021/2022, the water flow distribution for the River Świerszcz was completely different. 
In the warm season, the river flow was 31.3 L/s and was lower than the flow in the cold 
season when it was 46.7 L/s. This was due to the more even distribution of precipitation 
throughout the year, as mentioned earlier. In the hydrological year 2021/2022, high water 
flows were observed in winter and spring. Flows in February and April were 60.42 and 
62.11 L/s, respectively (Figure 7). Despite high rainfall in the summer, the average flow of 
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the River Świerszcz in the hydrological year 2020/2021 was 27.99 L/s. In the next hydro-
logical year 2021/2022, the river’s average annual flow increased to 40.03 L/s. This value 
was only slightly lower than the river’s average flow for the 20 years between 2012–2020, 
which was 42 L/s. 

3.1.4. Fluctuations in the Groundwater Table in the Catchment Area of the River Świer-
szcz 

At the beginning of the hydrological year 2020/2021, the depth of the groundwater 
table in the catchment area of the River Świerszcz was −1725 cm below ground level. In 
January 2021, the groundwater table dropped slightly to −1733 cm below ground level to 
then rise again starting from March 2021. Over the next three months, water levels rose 
quite quickly at about 20 cm per month. In June 2021, the water table reached the level of 
−1675 cm below ground level. Very heavy rains at the turn of June and July 2021 contrib-
uted to the rapid rise of the water table by as much as 130 cm to its maximum level in the 
hydrological year 2020/2021. On 11 July 2021, the depth of the water table was −1544 cm 
below ground level. In the following months of the study, the groundwater level fluctu-
ated slightly, falling to −1613 cm below ground level at the end of October 2021. The an-
nual amplitude of groundwater table fluctuations in the hydrological year 2020/2021 was 
very high at 190 cm. The average annual water table level in that year was 16 cm lower 
than the average for the years 2012–2020. It is worth noting that the depth of the water 
table at the end of the hydrological year 2020/2021 was as much as 112 cm higher than at 
its beginning. This demonstrates that high precipitation increased the amount of ground-
water reserves in the catchment area of the River Świerszcz. 

In the hydrological year 2021/2022, the annual amplitude of the groundwater table 
was lower at 81 cm. From January to April 2022, a slow rise in the water table was ob-
served. In April, the water level reached a maximum of −1590 cm below ground level. 
From May 2022, a slow drop in the groundwater level was observed to −1671 cm below 
ground level in December. 

The data reported above show that temperature and precipitation had a significant 
impact on the fluctuations in the groundwater table and water flows in the River Świer-
szcz in the RNP. A slightly delayed response of the groundwater table to the high amounts 
of rainfall was observed in the summer months of 2021. It can also be claimed that the 
uniform precipitation throughout 2022 was reflected in the smaller fluctuations of the 
groundwater table and water flows in the River Świerszcz. Owing to the relatively high 
precipitation in 2021/2022, the water level of the Cretaceous layer in the park was replen-
ished. 

3.2. The Quality of Rainwater Compared with the Quality of Surface Water and Groundwater 
and the Possibility of their Use 
3.2.1. Analysis of Selected Microbiological Indicators 

Table 3 compares the descriptive statistics of the microbiological parameters of rain-
water with those of flowing water and groundwater. The distributions of the obtained 
values of the microbiological test for the analysed types of water are presented in box plots 
(Figure 8), together with information on the statistical differences. 

Table 3. Descriptive statistics of the microbiological parameters of rainwater versus flowing water 
and groundwater. 

Point Valid N Mean Median Min. Max. Std. Dev. Coef. Var. Var. Group Compliance * (%)  
Total microbial count at 36 °C (cfu/mL) 

P1 10 816.7 150 0 4300 1369.2 167.6 Extremely high 40 
P2 10 962.4 900 62 2800 908.7 94.4 High 20 
P3 10 325 86 50 2200 667.2 205.3 Extremely high 60 

P4–P7 4 17.25 16 0 37 15.5 90.0 High 100 
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Total microbial count at 22 °C (cfu/mL) 
P1 10 1500 1700 170 2900 861.6 57.4 High - 
P2 10 1490 1500 420 3500 919.0 61.7 High - 
P3 10 1308 1350 150 2800 771.2 59.0 High - 

P4–P7 4 67.5 77.5 30 85 26.0 38.5 Moderate - 
Coliforms (cfu/100 mL) 

P1 10 12.2 0 0 72 26.2 215.1 Extremely high - 
P2 10 45.7 60 0 72 31.8 69.7 High - 
P3 10 58.4 57.5 21 90 19.1 32.8 Moderate - 

P4–P7 4 0 0 0 0 0 0 Low - 
Escherichia coli (cfu/100 mL) 

P1 10 0.2 0 0 2 0.6 316.2 Extremely high 90 
P2 10 13.5 0 0 70 23.6 174.6 Extremely high 60 
P3 10 23.3 27 4 38 10.9 46.8 High 0 

P4–P7 4 0 0 0 0 0 0 Low 100 
Intestinal enterococci (cfu/100 mL) 

P1 10 27.1 1.5 0 78 34.8 128.3 Very high 40 
P2 10 46.3 42.5 0 120 35.6 76.8 High 10 
P3 10 17.1 7.5 0 72 24.8 144.8 Very high 20 

P4–P7 4 0 0 0 0 0 0 Low 100 
Pseudomonas aeruginosa (cfu/100 mL) 

P1 10 9 1.5 0 35 13.2 146.7 Very high 50 
P2 10 8.8 0 0 35 14.1 160.2 Extremely high 60 
P3 10 9.4 0 0 32 12.8 136.2 Very high 60 

P4–P7 4 0 0 0 0 0 0 Low 100 
* Compliance with the drinking water standard. 
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Figure 8. Boxplots for microbiological parameters of the investigated water types. A comparison of 
the quality of rainwater (P1, P2), river water (P3) and water from deep wells (P4–P7) with drinking 
water standards. ab Distributions of results in groups not containing the same letter differed signifi-
cantly at α = 0.05 (Kruskal–Wallis test). Boxplots for: (a) total microbial counts at 36 °C, (b) total 
microbial counts at 22 °C, (c) coliform bacteria, (d) Escherichia coli, (e) intestinal enterococci, (f) Pseu-
domonas aeruginosa. 

Statistically significant differences were found in the distribution of the total micro-
bial counts at 36 °C (Kruskal–Wallis H = 12.38, p = 0.006). The rainwater collected at points 
P1 and P2 contained significantly higher bacterial counts than water collected from deep 
wells, but no significant differences were found in relation to the flowing waters at P3 
(Figure 8a). The rainwater sampled at P1 and P2 showed 40% and 20% compliance with 
drinking water standards, respectively. The average total microbial count at 36 °C in rain-
water (P1 and P2) was more than 8 times higher than the limit value stipulated for drink-
ing water (Tables 1–3) [36]. This contamination of rainwater was likely to have been influ-
enced by bird droppings found on the surfaces of the roofs from which rainwater was 
harvested. A much lower average total microbial count at 36 °C was determined for water 
from the River Świerszcz, which, however, was also more than 3 times higher than the 
drinking water limit (Tables 2 and 3) [36]. In the case of rainwater sampled at point P1 and 
river water (P3), the variation in total bacterial counts at 36 °C (Table 3) was extremely 
high. The only type of water in which the drinking water limit was not exceeded was the 
deep well water (P4–P7) [36]. However, even here, small numbers of microorganisms were 
present at 36 °C (Table 3). 

Statistically significant differences were found in the distribution of the total micro-
bial counts at 22 °C (Kruskal–Wallis H = 10.67, p = 0.014). The rainwater collected at points 
P1 and P2 contained significantly more bacteria than the water sampled from deep wells, 
but no significant differences were found relative to the flowing water at P3 (Figure 8b). 

Statistically significant differences were observed in the distribution of coliform 
counts (Kruskal–Wallis H = 14.33, p = 0.003). The rainwater collected at points P1 and P2 
did not contain significantly higher numbers of bacteria compared with the well water. 
However, there were fewer bacteria in the rainwater sampled at point P1 than in the water 
collected from the River Świerszcz (P3) (Figure 8c). Water from the deep wells (P4–P7) 
was the only type that did not contain coliform bacteria. 

Relationships similar to those for coliform counts were found for Escherichia coli 
(Kruskal–Wallis H = 19.06, p < 0.001) (Figure 8d). Again, the deep waters (P4–P7) were the 
only ones to comply with the drinking water standard [36]. In rainwater collected at sam-
pling point P1, Escherichia coli was found only once, namely, in July 2021, and its count 
exceeded the drinking water limit (Table 3). Compliance with drinking water standards 
for rainwater was 90% and 40% for P1 and P2, respectively. The largest counts of Esche-
richia coli were found in water coming from the River Świerszcz. 

The types of water we tested differed statistically in the distribution of intestinal en-
terococci counts (Kruskal–Wallis H = 9.46, p = 0.024). Significantly higher numbers of these 
bacteria were found in the rainwater collected at point P2 than in the water collected from 
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the deep wells (P4–P7). By contrast, there were no significant differences in the number of 
intestinal enterococci in water sampled at points P1 and P3 (Figure 8e). Compliance with 
drinking water standards for rainwater was 40% and 10% for P1 and P2, respectively. 
Samples of deep well water (P4–P7) were the only ones in which the drinking water stand-
ard stipulated for intestinal enterococci was not exceeded [36]. 

There were no statistically significant differences in the distribution of Pseudomonas 
aeruginosa counts between the tested waters (Kruskal–Wallis H = 2.636, p = 0.451) (Figure 
8f). However, both rainwater and river water contained small amounts of these bacteria 
(Table 3). The groundwater samples (P4–P7) were the only ones in which the permissible 
limit of Pseudomonas aeruginosa in drinking water was not exceeded [36]. Compliance with 
drinking water standards for rainwater was 50% and 60% for P1 and P2, respectively. 

3.2.2. Analysis of Selected Physical Indicators 
Table 4 compares the descriptive statistics of the physical parameters of rainwater 

with those of flowing water and groundwater. Figure 9 shows box plots of the physical 
test results for the analysed types of water. 

Table 4. Descriptive statistics of the physical parameters of rainwater versus flowing water and 
groundwater. 

Point Valid N Mean Median Min Max Std. Dev. Coef. Var. Var. Group Compliance * (%) 
Turbidity (NTU) 

P1 10 1.54 1.36 0.8 2.7 0.62 40.1 High 20 
P2 10 2.82 1.95 0.2 6.7 2.37 84.1 High 20 
P3 10 3.24 2.25 1.7 10.4 2.66 82.0 High 0 

P4–P7 4 0.38 0.25 0.08 0.93 0.39 103.1 Very high 100 
Colour (mg/L Pt) 

P1 10 4.59 3.40 0.97 10 3.27 71.3 High 100 
P2 10 6.58 3.04 0.59 29 8.42 127.9 Very high 90 
P3 10 60.7 52.5 32 109 27.05 44.6 High 0 

P4–P7 4 1.60 1.74 0.1 2.83 1.19 74.4 High 100 
Specific conductance at 25 °C (µS/cm) 

P1 10 40.256 30.85 16.21 84.64 22.85 56.8 High 100 
P2 10 16.60 13.43 6.92 37.32 10.08 60.7 High 100 
P3 10 238.3 246.5 186 272 27.62 11.6 Low 100 

P4–P7 4 384.5 392.5 310 443 59.17 15.4 Low 100 
* Compliance with the drinking water standard. 
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Figure 9. Boxplots of the physical parameters of the tested water groups. Comparison of the quality 
of rainwater (P1, P2), river water (P3) and water from the deep wells (P4–P7) with drinking water 
standards. abc Distributions of results in groups not containing the same letter differed significantly 
at α = 0.05 (Kruskal–Wallis test). Boxplots for: (a) turbidity, (b) colour, (c) specific conductance at 
25 °C. 

The water groups we tested showed statistically significant differences in turbidity 
(Kruskal–Wallis H = 12.60, p = 0.006). No significant differences in turbidity were found 
between the rainwater samples collected at points P1 and P2, but rainwater collected at 
point P2 and river water sampled from the Świerszcz P3 had significantly higher turbidity 
than water sampled from the deep wells. However, no differences in turbidity were found 
between rainwater collected at point P1 and the water from the deep wells (P4–P7) (Figure 
9a). Groundwater was the only type for which the standard for acceptable levels of tur-
bidity in drinking water was not exceeded [36]. In the case of the remaining water groups 
(rainwater and surface water), the turbidity values slightly exceeded the permissible limit 
for drinking water. Compliance with drinking water standards for rainwater was 20% and 
60% for P1 and P2, respectively. 

There were no significant differences in the colour between rainwater collected at 
points P1 and P2 and water from the deep wells (P4–P7). By contrast, water from the River 
Świerszcz had a significantly higher colour value (Kruskal–Wallis H = 22.19, p < 0.001) 
(Figure 9b), which considerably exceeded the limit for drinking water [37]. The colour of 
rainwater (P1 and P2) and water from the deep wells (P4–P7) met the guidelines for drink-
ing water. The colour standard for drinking water was exceeded only once at P2 (Figure 
9b). Compliance with drinking water standards for rainwater was 100% and 90% for P1 
and P2, respectively. 

The tests showed significant differences in the specific conductance between the dif-
ferent water groups (Kruskal–Wallis H = 28.11, p < 0.001). The lowest conductance value 
was obtained for rainwater sampled at P2, with an average of 16.6 µS/cm. A slightly higher 
conductance (not statistically significant) was found in rainwater collected at P1, with an 
average of 40.3 µS/cm. Conductance values for rainwater at both measurement points (P1 
and P2) were significantly lower than for the deep well water (P4–P7) (Figure 9c). None of 
the tested waters exceeded the specific conductance standards for drinking water. 

3.2.3. Analysis of Selected Chemical Indicators 
Table 5 compares the descriptive statistics of the chemical parameters of rainwater 

with those of flowing water and groundwater. Figure 10 shows box plots of the chemical 
test results for the analysed types of water. 
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Table 5. Descriptive statistics of the tested chemical parameters of rainwater compared with those 
of flowing water and groundwater. 

Point Valid N Mean Median Min Max Std. Dev. Coef. Var. Var. Group Compliance * (%) 
pH ** 

P1 10 6.90 7.32 6.2 7.9 0.50 7.25 Low 90 
P2 10 6.79 7.50 6.1 7.9 0.60 8.84 Low 80 
P3 10 7.26 7.45 6.8 7.8 0.31 4.27 Low 100 

P4–P7 4 7.69 7.70 7.6 7.8 0.08 1.041 Low 100 
Ammonium ion (mg/L) 

P1 10 0.098 0.05 0.003 0.42 0.13 129.9 Very high 100 
P2 10 0.940 0.80 0.06 3.72 1.08 114.6 Very high 40 
P3 10 0.146 0.15 0.049 0.36 0.10 66.9 High 100 

P4–P7 4 0.011 0.01 0.008 0.012 0.00 17.6 Low 100 
Nitrates (mg/L) 

P1 10 2.31 2.37 0.73 3.72 1.14 49.3 High 100 
P2 10 1.68 1.53 0.14 4.25 1.31 78.0 High 100 
P3 10 1.10 0.975 0.37 2.4 0.53 48.4 High 100 

P4–P7 4 6.97 6.49 1.59 13.3 4.82 69.1 High 100 
Nitrites (mg/L) 

P1 10 0.010 0.003 0.0002 0.056 0.02 171.1 Extremely high 100 
P2 10 0.151 0.024 0.0023 1.34 0.42 276.2 Extremely high 90 
P3 10 0.019 0.018 0.0038 0.062 0.02 87.8 High 100 

P4–P7 4 0.00045 0.00045 0.0002 0.0007 0.00 64.2 High 100 
Manganese concentration (mg/L) 

P1 10 0.005 0.004 0.0002 0.011 0.00 81.2 High 100 
P2 10 0.021 0.010 0.001 0.084 0.03 131.5 Very high 80 
P3 10 0.101 0.088 0.0113 0.21 0.06 61.5 High 20 

P4–P7 4 0.012 0.01 0.006 0.022 0.01 58.1 High 100 
Total iron concentration (mg/L) 

P1 10 0.0358 0.031 0.013 0.066 0.02 54.5 High 100 
P2 10 0.0955 0.021 0.003 0.670 0.21 215.1 Extremely high 90 
P3 10 0.599 0.541 0.299 0.969 0.24 40.4 High 0 

P4–P7 4 0.0325 0.033 0.003 0.062 0.03 99.6 High 100 
Chlorides (mg/L) 

P1 10 1.020 1.025 0.134 2.18 0.58 56.757 High 100 
P2 10 1.339 0.73 0.13 3.06 1.16 86.643 High 100 
P3 10 1.684 1.75 0.201 3.11 1.06 63.205 High 100 

P4–P7 4 3.93 3.285 3.15 6 1.38 35.18 Moderate 100 
Total hardness CaCO3 (mg/L) 

P1 10 14.59 12.1 3.37 34 11.35 77.792 High 0 
P2 10 8.16 7.595 2.3 14 4.14 50.675 High 0 
P3 10 126.1 128.5 103 139 11.28 8.944 Low 100 

P4–P7 4 194.75 198.5 157 225 29.89 15.35 Low 100 
* Compliance with the drinking water standard. ** During the calculations of mean pH, the individ-
ual pH values were converted to the corresponding hydrogen ion activity. 
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Figure 10. Boxplots of the chemical parameters of the tested water groups. A comparison of the 
quality of rainwater (P1, P2), river water (P3) and water from the deep wells (P4–P7) with the corre-
sponding drinking water standards. ab Distributions of results in the groups not containing the same 
letter differed significantly at α = 0.05 (Kruskal–Wallis test). Boxplots for: (a) pH, (b) ammonium ion, 
(c) nitrates, (d) nitrites, (e) manganese, (f) total iron, (g) chlorides, (h) total hardness CaCO3. 

There were no statistically significant differences in the distribution of water pH val-
ues (Kruskal–Wallis H = 4.59, p = 0.204) between the tested measurement points (Figure 
10a). In most cases, rainwater, river water and water from the deep wells met the standard 
for pH in drinking water [36]. However, rainwater (sampled from points P1 and P2) had 
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reduced pH values < 6.5 in several instances in August and September 2022 when there 
was relatively little precipitation, and the rain could have been “acid rain”. Compliance 
with the drinking water standards for rainwater was 90% and 80% for P1 and P2, respec-
tively. 

In the study, we found significant differences in the content of ammonium ions be-
tween the tested water groups (Kruskal–Wallis H = 18.05, p < 0.001). Significantly higher 
differences in the content of ammonium ions were recorded at point P2 than at points P1, 
P3 (river water) and P4–P7 (deep well water). The acceptable ammonium ion limit of 0.5 
mg/L for drinking water was only exceeded in rainwater collected at point P2 (Figure 10b). 
Compliance with drinking water standards for rainwater was 100% and 40% for P1 and 
P2, respectively. The increased content of ammonium ions in water samples taken at point 
P2, similar to the increased bacterial counts at 36 °C, could have been caused by the con-
tamination of rainwater with bird droppings found on the surface of the roofs from which 
rainwater was collected. Previously, Evans et al. [13] and Jóźwiakowski et al. [10] also 
drew attention to this problem. Since these roofs are located in the Animal Breeding Cen-
tre in the very heart of the RNP, the number of birds in this place (P2) may be higher than 
in the town center of Zwierzyniec, where point P1 is located. 

In the case of nitrates (Figure 10a), no exceedance of the drinking water standard of 
50 mg/L was recorded in any of the measuring points (P1–P7). The acceptable limit (0.5 
mg/L) of nitrites, on the other hand, was exceeded only once at point P2 (Figure 10d). 
Compliance with drinking water standards for rainwater was 100% and 90% for P1 and 
P2, respectively. However, there were statistically significant differences in the content of 
nitrates and nitrites between the groups (nitrates: Kruskal–Wallis H = 10.44, p = 0.015; ni-
trites Kruskal–Wallis H = 14.80, p = 0.002). The highest contents of nitrates were found in 
groundwater (P4–P7), but the values were not significantly different from those recorded 
for rainwater (P1 and P2). In the case of nitrites, the lowest concentrations were recorded 
in groundwater, and they were significantly lower than those for rainwater sampled at P2 
and river water (P3), but not significantly lower than those for rainwater from point P1. 

There were significant differences in the content of manganese in the tested waters 
(Kruskal–Wallis H = 20.26, p < 0.001), which resulted mainly from the increased content of 
this element in the waters of the River Świerszcz (P3) (Figure 10e). At P3, the permissible 
limit of 0.05 mg/L of manganese in drinking water was exceeded for most of the study 
period. The limit was also exceeded twice in rainwater sampled at point P2. Compliance 
with the drinking water standards for rainwater was 100% and 80% for P1 and P2, respec-
tively. Generally, however, no differences in manganese content were found between rain-
water and groundwater. 

Significant differences were also found in the content of total iron between the tested 
water types (Kruskal–Wallis H = 18.90, p < 0.001). The highest levels of iron, similar to 
manganese, were recorded in the waters of the River Świerszcz (P3) (Figure 10f). At P3, 
the permissible limit for iron in drinking water, namely, 0.2 mg/l, was exceeded through-
out the study period. The limit was also exceeded once in rainwater sampled at point P2. 
Compliance with drinking water standards for rainwater was 100% and 90% for P1 and 
P2, respectively. 

In the case of chlorides, the drinking water standard of 250 mg/L was not exceeded 
in any of the measurement points (Figure 10g). The lowest content of chlorides was found 
in rainwater (P1 and P2) and the highest was found in groundwater (P4–P7). 

The tests showed that there were significant differences in general hardness between 
the sampling points (Kruskal–Wallis H = 25.72, p < 0.001). Rainwater collected from points 
P1 and P2 had lower total hardness than the minimum standard (120 mg/L) stipulated for 
drinking water (Figure 10h). Compliance with the drinking water standards for rainwater 
was 0% for both P1 and P2. These findings indicated that the rainwater was very soft and 
did not contain calcium compounds, which is why it should not be recommended for 
drinking in large quantities. Significantly higher total hardness values were recorded for 
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water from the River Świerszcz (P3) and deep wells (P4–P7). These results confirmed that 
these waters originated from the Upper Cretaceous aquifer. 

4. Discussion 
In the context of ongoing climate change and the increasing problems of access to 

water, various aspects of the use of rainwater for drinking purposes, as well as for other 
utilitarian purposes (such as land irrigation, toilet flushing and car washing) are being 
considered in scientific studies carried out in various countries [38,39]. Water scarcity is 
faced not only by countries with hot climates but increasingly in other countries, including 
Poland. In the case of using rainwater to provide people and animals with access to drink-
ing water, appropriate standards set by the World Health Organization and national san-
itary institutions should be maintained. Ongoing studies on rainwater quality show that 
frequently, these standards are not met and the stored water requires appropriate treat-
ment, which can significantly reduce the content of pollutants [40]. 

Violation of potable water standards is also confirmed by the water quality results 
presented in this study, both in terms of microbiological and physicochemical parameters. 
In the water samples tested, drinking water standards were exceeded in the cases of the 
total microbial count at 36 °C, Escherichia coli, intestinal enterococci and Pseudomonas aeru-
ginosa. As presented here, similar numbers of coliform bacteria in rainwater outflowing 
from the roofs of garage buildings in the National Park were also noted in 2015 [10]. These 
authors stated that this was caused by animal faeces on the surface of the roofs. Other 
authors also drew attention to problems with microbiological quality [13,41,42]. In some 
samples of rainwater, the standards were also exceeded for physicochemical parameters, 
such as turbidity; colour; pH; and ammonium ions, nitrites, manganese or total iron con-
centrations. However, the cases of colour, ammonium ions and total iron were isolated 
cases. Furthermore, in all samples of rainwater at both measurement points (P1 and P2) 
too low total hardness was found. 

Various factors, such as air pollution and water storage in tanks, are indicated as the 
reasons for the violation of the standards [12]. Some authors presented that the need to 
store rainwater in tanks for a longer period is one of the main factors hindering their use 
for drinking purposes. On the other hand, it was reported that after 6 weeks of storage at 
temperatures of 12 °C, rainwater became sanitary safe with significantly reduced micro-
bial contamination [43]. 

Tengan and Akoto [44] mentioned that the rainwater quality and the content of vari-
ous pollutants, including heavy metals, are also affected by the roof covering from which 
rainwater is collected. The quality of the collected rainwater may also be influenced by the 
design of the water collection system and the types of tank inlets that are designed to 
reduce the amount of collected pollutants [45]. 

The research was carried out in a national park that can be considered a very clean 
region. There are no heavy industry plants operating in its area that may have caused, for 
example, heavy metal pollution, which occurs in urbanised and industrialised areas of 
Poland [46]. However, some measurements of water samples confirm to a greater or lesser 
extent the existing problems with the quality of rainwater. In the studies carried out in 
Poznań, the quality of rainwater collected in underground reservoirs in terms of most 
physical and chemical parameters met the Polish and EU requirements on drinking water 
standards. The main problem, however, concerns the quality and high microbiological 
variability of water [47]. Strzebońska et al. [48] stated that in another Polish city, namely, 
Krakow, rainwater does not exceed the level of chemical compounds adopted for drinking 
water; however, it is significantly contaminated in terms of microbiological parameters, 
and thus, rainwater does not meet the drinking water standards, but is suitable for non-
potable use. These results are also confirmed by research conducted in Rzeszów [43,49], 
in which authors concluded that rainwater is unsuitable for applications requiring drink-
ing water quality due to a large number of psychrophilic, mesophilic and faecal bacteria. 
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The best microbiological quality was obtained for rainwater collected from roofs in au-
tumn and spring [43]. 

Worldwide research most often focuses on the collection and use of rainwater for 
housing purposes due to water shortages. These studies covered both urban and rural 
areas. In this publication, we present the issue of protecting water resources in environ-
mentally important areas, which include national parks. Climatic changes were also ob-
served in the RNP, such as the drying of Ponds Echo [31]. 

Fortunately, the favorable water balance in 2020–2022 largely offset the effects of 
drought in previous years. These effects are still visible in natural phenomena, but almost 
imperceptible in hydrological phenomena. Taking into account the forecasts of changes 
determined by regional climate models [50], the temperature increase will continue, espe-
cially in winter to 3 °C. Forest stand dynamics forecast models assume a warm dry climate 
scenario. This results in maintaining the status quo for pine stands. On the other hand, 
changes in the species structure of these stands are forecasted via an increase in the num-
ber of beech, fir and hornbeam trees. A decrease in the importance of species sensitive to 
water shortage (alder and spruce) is expected. The species to gain importance will be horn-
beam and linden [51]. 

The year 2021 was the second consecutive year when the ecosystems of the Świerszcz 
catchment did not suffer from a lack of water during the growing season. Two consecutive 
wet years caused natural effects. Bark beetle gradations in pine and spruce stands ended 
and the process of fir dieback slowed down. A clear improvement was also noted in the 
degree of hydration in peatland ecosystems. The condition of peat moss improved, and 
undesirable expansive species began to withdraw from water-dependent natural habitats. 

The water flow in the Świerszcz River, which was much lower than the long-term 
average, resulted from the extremely low supply associated with the lowering of the 
groundwater level in the main Cretaceous aquifer. Significant reconstruction of the power 
supply took place only in the second half of the hydrological year and was associated with 
increased precipitation. Regarding this aspect, the protection of groundwater abundance, 
and to a greater extent, the acquisition and use of rainwater also in nature-protected areas, 
is gaining in importance. Moreover, attention should be paid to the quality of water in the 
Świerszcz River, which, for some parameters, was worse than rainwater. This indicates 
that steps can be taken to improve its quality here as well. Examples of improvement 
methods can be found, e.g., in [52]. 

5. Conclusions 
The results of this study indicate that rainwater harvested in the RNP had good or-

ganoleptic, physicochemical and microbiological properties. In some samples, rainwater 
purity met the standards for water intended for consumption by humans or animals. It 
was similar to the groundwater quality and better than the quality of surface water taken 
from the River Świerszcz. The findings show that rainwater was very soft and did not 
contain calcium compounds, which is why it should not be recommended for drinking in 
large quantities. The rainwater periodically had reduced pH values < 6.5, mainly due to 
low precipitation in the summer, which was probably “acid rain”. The permissible stand-
ards, mainly for turbidity, ammonium ions and microbiological indicators, were periodi-
cally exceeded in the tested rainwater. This was likely caused by contamination of roof 
surfaces with bird droppings. These exceedances did not exclude the use of rainwater for 
economic purposes, e.g., flushing toilets, washing vehicles or watering green areas, which 
may significantly reduce the abstraction of high-quality groundwater from the Upper Cre-
taceous aquifer. The rainwater that is planned to be used as drinking water for the Polish 
konik horses living in the park will have to be pre-treated via filtration and disinfection 
processes (e.g., with a UV lamp). 
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