PoLISH HYPERBARIC RESEARCH 1(86)2024

Journal of Polish Hyperbaric Medicine and Technology Society

PROTECTION OF WATER RESOURCES IN RECREATIONAL AREAS IN URBAN SPACE
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ABSTRACT

Access to recreational areas is particularly important in the context of improving the quality of life in cities. One of the valuable elements of such areas may
be water reservoirs and their accompanying springs. An example of such a recreational area is the so-called Palowice Lake District (southern Poland),
which includes three water reservoirs, ten breeding ponds and two springs from which water is taken. Water from the springs is considered to be of very
good quality and is regularly consumed by residents of nearby towns as well as tourists. The quality of these waters is influenced by natural factors such as
weathering of rocks, evapotranspiration, atmospheric deposition, climate change, but also by anthropogenic factors such as industrial effluents, domestic
activities, tourist traffic and agricultural activities. However, the results of research conducted in the area of the springs indicate the presence of E. coli and
enterococci in the water. The latter are characterized by longer survival in water. Consuming such water may lead to the development of numerous
digestive system diseases, hence the issue of protecting water resources in urbanized areas, including conducting representative monitoring of the quality
of these waters, is extremely important.
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INTRODUCTION

Sustainable urban development is one of the
most serious issues in the 21st century [1]. Spatial
development, including access to recreational areas, is an
important element in the context of assessing the quality
of life in urban areas [2]. With the popularity of
recreational activities such as walking or cycling trips
within and across cities, using nature and technological
monuments for recreation purposes has become
a common phenomenon [3,4,5].

With the increase in the number of tourists and
the increasing urbanization, environmental problems
appear in recreational areas in terms of soil, water, air
pollution and problems related to waste management
[6,7,8,9].. It is assumed that only 3% of water resources
are in their natural state [10]. This is a significant
problem causing water shortages and increased pollution
of the soil and water environment. One in four large cities
(population > 750,000) is water stressed (water use /
availability ratio > 0.4; [11]). Water is the largest
consumer product, which is also essential for the
development and organization of cities [12]. The
urbanization process causes pressure on water resources
and changes the hydrological regimes of watercourses
[13]. Cities' water resources should be constantly
strengthened by conducting rational water management
and developing good practices in water resources
management [14]. Sustainable development in the
context of maintaining the quantity and quality of water
resources in urban space is the subject of numerous
studies [15,16,17].

Surface waters are one of the main sources of
water supply for people, and maintaining their quality is
of great importance. Additionally, spring waters and
groundwater are used in deficit areas [18,19] Springs
deserve special attention due to the element connecting
surface and groundwater ecosystems, which are
particularly exposed to pollution [20,21]. This applies not
only to karst areas [22], but also to recreational areas in
urban areas [23].

The amount of pollution in spring waters may be
influenced by the topography of the land, the method of
spatial development in the spring area, but also the
amount of precipitation or the presence of a nearby
sewage system [24,25,26] Sources of pollution in spring
may be located in the surface water catchment area or
from external sources. Mobilization of components may
occur in the presence of processes such as desorption,
mineralization, erosion and landslides, and the
decomposition of organic matter or nutrient cycling. The
recreational function of springs can also lead to an
increase in pollution. This applies not only to inorganic
pollutants, but also to the number of microorganisms.
Although spring water can have positive effects on human
health, pollution and poor sanitation can have a negative

impact on health, causing numerous digestive diseases
[27].

Springs in recreational areas in urban space
should be subject to water quality monitoring in order to
determine changes in the size of physicochemical and
microbiological parameters and to determine the factors
that may cause these changes. Based on monitoring data,
it is possible to assess the risk for these waters, e.g. based
on indicator methods [28,29]. One example of such
indicators is the Water Quality Index (WQI), which is
based on only a few parameters.

The scale of this indicator involves assigning
weights to various water quality parameters based on
their permissible values for drinking water [30]. The
upper limit of the natural hydrogeochemical background
or the values for one of the water quality classes based on
the relevant regulation can also be used as reference
values. A separate issue is the bacteriological parameters
that can be compared with standards for drinking water.

The research was conducted in the waters of
two springs (names: Dobro Woda, Swieto Woda) located
in the urban area of the Palowice Lake District (southern
Poland). The research took place in two measurement
series in November 2023 and February 2024. The
research results indicate that, despite the fact that the
water in the springs is regularly consumed by local
residents and tourists, it contains bacteria that may
negatively affect the digestive system and pose a threat.

STUDY AREA

The subject of the research are the waters of two
springs- Dobro Woda (Fig. 1) and Swieta Woda (Fig. 2),
which are located within the so-called Palowice Lake
District located between the town of Zory and the town of
Palowice (southern Poland). The lake district is located
within the Silesian Upland macroregion and the Katowice
Upland mesoregion [31]. The Palowice Lake District is
located in the "Cistercian Landscape Compositions of
Rudy Wielkie" Landscape Park and consists of 10
breeding ponds and three post-excavation reservoirs with
a total area of 57 ha. The entire complex is located in the
Jesionka stream valley and Ruda river (Fig. 1). The Lake
District area is used for recreation all year round. There is
a 3.5-kilometer ski and educational trail here, which is
also used by pedestrians and cyclists. Additionally, there
is a 34-kilometer bicycle loop running through forest
areas, excluding car traffic.

Journal of Polish Hyperbaric Medicine and Technology Society



Polish Hyperbaric Research

J T L
Fig. 2 Outflow of the Swieto Woda spring.

This area was highly industrialized in the past.
In the Lake District there are remains of the Waleska
steelworks in the form of a 15-meter tower called Gichta.
The steelworks operated in this place until 1855. The
ponds are the remains of open-pit mining of morass ore.
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Fig. 3 Study area.

The research area is located in the Upper
Silesian Coal Basin, which is associated with the Variscan
and Alpine orogeny. In the area of the sources, the Upper
Carboniferous coal-bearing series is composed of
sandstones, siltstones and claystones, among which there
are deposits of hard coal. The geological profile includes
a paralic series - mudstones and claystones predominate
over sandstones; the Upper Silesian Sandstone Series,
which consists of layers of sandstones and coal seams as
well as claystones and mudstones, then the Siltstone
Series, which is dominated by mudstones and claystones,
and the Krakow Sandstone Series, which consists of
weakly compact sandstones, conglomerates, and
mudstones. The thickness of Carboniferous sediments is
approximately 860 m. Neogene deposits lie directly on
the Upper Carboniferous deposits. These are mainly
Miocene deposits developed in the form of marly clays
with a gypsum-salt series in the roof. Plasters are the
most  widespread.  Quaternary formations are
characterized by discontinuous distribution and variable
thickness, from several to 100 m. The largest thicknesses
of these formations reach up to 100 m. They are formed
mainly in the form of Pleistocene glacial sands and gravels
of the Central Polish glaciations. There are also loesses
associated with the Vistula glaciation. In the river valleys
there are alluvial deposits, clays, sands and gravels of
river accumulation with a thickness of up to 5 m, lying
directly on the gravels and sands of the Central Polish
glaciations.

There are three aquifers in the hydrogeological
profile of the analyzed area: the Quaternary, Neogene and

Carboniferous aquifers. The Quaternary aquifer usually
forms one level, locally separated by clay and clay inserts.
The depth of the water table depends on the terrain and
ranges from 2 m in valleys to 10-20 m in hilly areas. The
water table is usually unconfined, only locally confined.
The hydraulic conductivity of aquifer-bearing Quaternary
sediments range from 7.21x10-2 to 172.8 m/d.
Hydrogeological properties of the gravel and sand
complex filling the valley forms are up to 77.0 m thick,
while in the coastal part of the valleys they are 10-20 m
thick [32]. The Quaternary aquifer is recharged by
atmospheric precipitation and, locally, by surface streams.
The basis of drainage is river valleys and groundwater
intakes [33].

The Neogene aquifer is composed of lenses, beds
and laminates of sand and silty formations occurring in
a compact, almost impermeable complex of clays. The
thickness of clay deposits is variable and reaches up to
300 m. Sandy layers are up to approximately 140 m thick.
Hydraulic conductivity reaches the value of 0.1-0.01 m/d.
Recharge of the Neogene aquifer is very limited. At
shallow depths, it takes place indirectly by infiltration
through permeable Quaternary formations, while deeper
relict waters dominate.

The hydration of Carboniferous layers is not
influenced by water from the overlying aquifers due to
the surface isolation by a continuous series of
impermeable Neogene clays. Hydraulic conductivity value
ranges from 8.64x10-5 to 3.02x10-! m/d. The aquifer
occurs ata depth of up to 1,000 m.
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METHODOLOGY

The research in Springs included two
measurement series conducted in November 2023 and
February 2024. During field trips, water samples were
collected for physicochemical and bacteriological
analyses. Physicochemical and bacteriological analyzes
were performed in an accredited laboratory. In terms of
physicochemical parameters, the values of electrical
conductivity, pH, Ca, Na, K, Mg, Fe, Al, Mn, Nj, Cu, Sr, S, Cl,
S04, HCO3, NO3, NO2, NH4, PO4, N, TOC, Pb, Cd, Cr, Hg, Zn,
acidity and alkalinity. The potential presence of
pathogens in environmental waters was inferred based
on the determination of coliforms, enterococci,
P. aeruginosa and C. perfringens.

Due to the fact that water from both springs is
collected by tourists and local residents, the Water
Quality Index was calculated for each point in both
measurement series in order to determine the risk to
water. The Water Quality Index (WQI) is one of the most
optimal ways to describe water quality and assess water
risk. The indicator was first used by Horton (1965). All
parameters are assigned weights based on their health
impact [30]. The calculation of this indicator includes the
following stages: (i) assigning weights to physicochemical
parameters, (ii) developing a rating scale and (iii)
calculating WQI. The computation of relative weights (Wi)
is as follows (1):

— Wi
W =5 &)
where w; is the weight values for parameters.

After that, calculating the quality rating scale
(qi) is performed using eq. 2:

C.
g =100 @
i
where:
Ci is the concentration of parameters,
Si is the standard value of parameters.
WAQl is calculated using the following equation:

WQI=¥N_, s 3)

where:
Slis the subindex calculated from the (4) eq.:

SI=W,;-q; (4)

The traditional approach to WQI takes into
account 9 parameters whose sum of weights has a value
of 100. These parameters are dissolved oxygen, fecal
coliform, pH, biochemical oxygen demand, temperature
change, total phosphate, nitrates, turbidity and total
solids [34]. Due to the fact that not all parameters were
determined for the waters in the springs. WQI was
calculated for the following ingredients and assigned
appropriate relative weights: dissolved oxygen (0.22),
total number of microorganisms at 22+2°C (0.21), pH
(0.15), total phosphate (0.13), nitrates (0.13), EC (0.16).
The index classifies water into the following classes: WQI
< 50: excellent water; 50-100 WQI: good water; WQI >
100: poor water.

RESULTS AND DISCUSSION

The obtained biological and physicochemical
values were compared to the quality standards of water
intended for human consumption and Water Quality
Index values were calculated for six parameters. The
value of specific electrolytic conductivity was 180 puS/cm
in the first measurement series, and 172 pS/cm in the
second series for the Dobro Woda Spring and respectively
175 and 150 pS/cm for the Swieta Woda Spring. The
values of most parameters were in most cases a dozen or
so percent of the norm for drinking water and for the
I class of water quality (Table 1).

In general, the pH of water samples from springs
is lower than the optimal pH values (6.5-8.5) set in the
mentioned regulations as well as those set by WHO [35].
There was no pH-temperature rule for both sources. In
Dobro Woda spring, lower pH was observed at higher
temperature, and in the second source it was the other
way around. It should be noted that the reduced pH of
groundwater is characteristic of this region. The
calculated alkalinity values in November 2023 and
February 2024 for the first source were 5 mg CaC03/],
and for the second source they were approximately 24
and 16 mg CaCOs/l, respectively. These are very low
values, similar to rainwater. In case of low alkalinity value
of drinking water, corrosion of metal pipes, fittings and
metal elements of heat exchangers and other devices is
possible.
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Results of analyzes for the Dobro Woda (1) and Swieto Woda (Il) Springs.

Parameter Unit (1) 1(2) I1(1) I1(2) Limits Limits for
for the  first
drinking  class of
water quality

EC uS/cm 180 172 175 150 2500 700

Na mg/1 4.4 5 53 5.1 200 60

K mg/1 2.4 2.3 1.9 1.8 - 10

Ca mg/1 20 27 25 26 - 50

Mg mg/1 53 7.2 4.5 5.4 125 30

Fe mg/1 0.042 0.2 0.2 0.2

Al mg/1 0.093 0.2 0.1

Mn mg/1 0.019 0.05 0.05

Ni mg/1 0.002 0.005

Cu mg/1 0.002 0.011 0.002 0.007 - 0.01

Sr mg/1 0.18 0.19 0.15 0.13 -

S mg/1 18 19 14 13 -

cl mg/1 8 8 13 9 250 60

HCOs mg/1 6 6 29.1 20.6 - 200

NOs mg/1 1.5 2.8 3 6.7 50 10

NO2 mg/1 0.033 0.033 0.033 0.033 0.5 0.03

NHa mg/1 0.065 0.065 0.065 0.065 0.5 0.5

PO4 mg/1 0.025 0.025 0.025 0.025 - 0.5

N« mg/1 2.5 2.5 2.5 2.5 -

TOC mg/1 2.8 2.1 - 5

Pb mg/1 0.002 0.002 0.002 0.002 0.01 0.01

Cd mg/1 0.00025 0.00025 0.00025 0.00025 0.005 0.001

Cr mg/1 0.0015 0.0015 0.0015 0.0015 0.05 0.01

Hg mg/1 0.00005 0.00005 0.00005 0.00005 0.001 0.001

Zn mg/1 0.023 0.047 0.048 0.1 - 0.05

Acidity mmol/] 0.1 0.78 1.1 0.1 -

Alkalinity mg/1 5 5 239 16.9 -

CaCOs3

Dissolved oxygen mg/1 7.8 10.9 9.2 11 8

pH 6.5-9.5

The number of jtk/100ml

coliform bacteria

Number of jtk/100ml

Escherichia coli

Number of jtk/100ml

Enterococci

Number of jtk/100ml

Clostridium

perfringens

Tab. 1

Journal of Polish Hyperbaric Medicine and Technology Society



Polish Hyperbaric Research

Results of analyzes for the Dobro Woda (l) and Swigto Woda (Il) Springs.

Total number of jtk/ml

microorganisms at

22+2°C

Number of jtk/100ml 0 0
Pseudomonas

aeruginosa

Total number of jtk/ml

microorganisms at
36+2°C

DO values in first and second measurement
series for Dobro Woda spring and Swieto Woda spring
were equal to 7.8-10.9 mg/I and 9.2-11 respectively. The
DO value was generally stable between collection periods
but it was higher than the standards. Dissolved oxygen
plays a significant role in biological processes for
organism physiology and it makes that water taste is
better but unfortunately it causes corrosion in water
pipes.

More polluted water is found in the Swieto
Woda spring. However, increased concentrations of some
components were also observed in the Dobro water
spring. Exceeding the permissible values in relation to the
standards for water intended for drinking or for the first
class of water quality was recorded in the case of
concentrations of iron, aluminum, manganese, nickel and
total organic carbon. Additionally, decreased water pH
and coliform bacteria were observed. The occurrence of
increased iron and manganese content here is related to
the former mining of bog ores. It should be borne in mind
that large amounts of iron in groundwater may not only
be toxic to humans through water consumption, but also
toxic to plants. Additionally, it should be noted that bog
iron ore deposits may influence local hydrological
conditions as they may form an impermeable layer in the
shallow subsoil [36]. Drinking water with high
concentrations of manganese may cause health problems
such as bronchitis, Parkinson's disease and neurotoxicity
[37]. However, nickel is much more toxic. Nickel can be
found in minerals usually with sulphur and arsenic. It can
be also connected with wastewater from metal surface
treatment and wastewater from colour metallurgy.
Exposure to high concentrations of nickel in water can
cause respiratory problems, skin irritation, and cancer.

Another ingredient that exceeded the
permissible standards is total organic carbon. An almost

1,13%

=EC = NO3

= PO4

cont. Tab. 1

100

20

double increase in the amount of this component in the
waters of the Swieto Woda spring was recorded in both
measurement series. The presence of organic carbon in
water reservoirs causes deterioration of water quality.
One of the sources of organic carbon is industrial waste.
This ingredient can be highly toxic and persistent,
accumulate in human bodies and cause adverse health
effects [38].

Surface waters may be a carrier of pathogenic
microorganisms when in contact with human feces.
Microbiologically contaminated water becomes unsafe to
drink. Escherichia coli is an excellent indicator of fecal
water contamination. Microbiological analyzes showed
that in both series the number of heterotrophic bacteria
was 4 cfu/100ml in the first sample from the Dobro Woda
source and 13 and 5 in the second source (number of
Escherichia coli). It should be noted that a higher number
of bacteria was found in samples from November. Their
lower content or their complete absence was observed in
samples from February, at lower temperatures.

WQI indices were also calculated for both
measurement series. The index was calculated for six
parameters, ie. EC, pH, dissolved oxygen, nitrates,
phosphates and the total number of microorganisms at
22+2°C. In the case of Dobro Woda spring, the index
values were 99 and 108, respectively. And in the case of
Swieta Woda spring, this index reached 103 in November
and 115 in February. According to the classification for
this index, the values calculated in this way indicate high
water pollution. In both cases, the high value of the WQI
index was influenced by the number of microorganisms,
which determined this value in 63% (Fig. 3, 4).
Additionally, the dissolved oxygen value and the pH value
had a significant influence.

0,56%
| 0,65%

DO = pH = Microorganisms

Fig. 4 Average percentage of individual parameters in the WQI value for Dobro Woda spring.
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1,04%

m EC = NO3

PO4

1,26%

63,00%

= DO

0,65%

15,65%

pH Microorganisms

Fig. 5 Average percentage of individual parameters in the WQI value for Swieto Woda spring.

Due to the fact that water from both sources is
constantly drawn for drinking purposes by local residents
and tourists, it is important to constantly monitor the
variability of selected parameters. Unfortunately, such
measurements are not carried out for most of these types
of places, although such action would ideally fit into the
concept of smart city - smart water [39]. At the outflow of
springs in the Palowice Lake District, it would be possible
to install sensors that would function in a sustainable
Internet of Things (IoT) network of several sensors [40].
It should be noted that many people obtain information
about the tourist and landscape values of places such as
the described lake district from the Internet.
Unfortunately, not everyone knows about water quality,
changes in physicochemical and Dbacteriological
parameters. Additionally, even people who use springs’
water resources very often are not aware of the
contamination content and possible health consequences.
The ideal solution would be to use the capabilities of the
Narrowband Internet of Things (NB-1oT), which is the
licensed spectrum of standardized the low power wide
area network. Combining the capabilities of mobile
networks with the Internet of Things is popular because it
allows reading data from various sensors, which can be
placed even in hard-to-reach places. Sensors operating
within the licensed cellular communications spectrum
allow NB-IoT to improve range by 20 dB compared to
GSM. Additionally, sensors operating in this way can
operate on one battery for up to 15 years [41,42]. Sensor
systems created in this way, operating within the selected
operator's cellular networks, can send data to appropriate
applications and can also be made available on the
website. Such solutions have already been implemented
to maintain rational water management by various cities
in Poland and the T-Mobile mobile network, e.g.
installation of an analytical buoy on the Odra River
(https://www.wroclaw.pl/dla-mieszkanca/analityczna-
bojka-zostala-launched-on-the-Oder-in-centre-of-
Wroclaw).

In this way, people interested in the analyzed
area and the possibility of obtaining water could receive
information about the current quality of water and the
lack of contraindications to drinking it. There are many
urban facilities around the world facing similar challenges
related to water, waste and climate change. The exchange
of knowledge and experience between cities, i.e. the city
to city (C2C) model, is becoming more and more popular.
By introducing this form of social learning, it would be
possible to achieve economic, environmental and health
goals [43].

CONCLUSIONS

This study revealed some disturbing issues
related to water use in urban areas. Samples from the
Dobro Woda and Swieto Woda springs contain increased
concentrations of iron, manganese, nickel, TOC and
bacteria, such as coliforms and enterococci. Each of these
parameters means that these waters should not be
consumed by humans without additional treatment.
Additionally, the water is characterized by a reduced pH
value and an increased dissolved oxygen value. The
indicated parameters occurring in higher concentrations,
in addition to affecting health, also cause negative
economic effects, such as pipe corrosion. The high level of
pollution in these waters is also confirmed by the high
values of the WQI index (above 100), which is largely
influenced by the content of microorganisms.

Due to the fact that the studied sources are
located within an urban area used for tourism and
recreation, it is extremely important in this context to
constantly monitor changes in the quality of these waters.
This can be achieved using modern technologies such as
the Narrowband Internet of Things (NB-IoT). Thanks to
this technology and the installation of sensors sending
data to an appropriate server, local residents would be
regularly informed about the possibility of drinking good
quality water. The Palowice Lake District is not the only
area in urban space that is influenced by anthropogenic
factors. It is therefore worth considering the possibilities
of knowledge transfer with other cities based on the city
to city methodology. It is very important to consider
appropriate protection of springs against excessive
contamination.
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