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PHYSICOCHEMICAL PROPERTIES OF WATER COURSES

IN TATRA NATIONAL PARK

The aim of this study is to present an informative overview of the physicochemical properties of a representative sample of water courses
located within Tatra National Park. The water quality of 28 selected water courses was monitored at altitudes from 639 to 2002 m a.s.l. Water
temperature, pH, conductivity, concentrations of total dissolved solids, salinity and dissolved oxygen were measured from June to October 2010.
The concentration of dissolved oxygen ranged from 5.90 to 16.46 mg/l, conductivity ranged from 5.30 to 282.60 uS/cm and pH averaged 7.25.
An inverse relationship was found between nitrate and altitude as well as between conductivity and altitude. Measurements were consistent
with the rating for very pure water. The results obtained serve as initial findings and form the basis for further biotic monitoring of water

quality in the Tatra Mountains.
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1. Introduction

The habitats of Tatra National Park (TANAP) have undergone
significant environmental impacts, especially in the last decade.
A storm in 2004 caused substantial damage to forest stands. Changes
in vegetation cover, including deforestation, usually result in dis-
ruption of biochemical cycles, hydrology and ecology in terrestrial
and aquatic environments [1].

Surface water courses are a very important component of
mountain environments. Their properties reflect both natural and
anthropogenic processes |1, 2]. Climate, geology, topography as
well as soil and vegetation cover are some of the main factors affect-
ing water quality [3, 4]. Contrary to lowlands, where the vertical
flow of nutrients in the soil-plant-atmosphere system predominates,
the system in mountains depends more on various phenomena
mutually interconnected to altitude [5].

Changes in the retention potential of subalpine areas have an
indirect impact on other physicochemical parameters of moun-
tain streams. In recent years there has been a significant loss of
water run-off volume at some locations, especially in summer
months. This situation has a direct impact on the climate of the
locations. Globally, we can expect a trend towards a gradual increase
in ambient temperatures in mountainous areas. High mountain
ecosystems represent unique areas for the detection of climate
change and the assessment of climate-related impacts [6]. Climate
change associated with global warming is more pronounced at
higher elevations [7]. The main ecological driving force is climate,
with temperature and duration of snow cover as key factors [8].
Changes in air temperature can extend the length of the average
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annual growing season [9] and can also cause a shift in phenology
[10].

The characteristic features of well-functioning landscapes are
effectively operating nutrient cycles, balanced drainage conditions
and minimal losses of nutrients by transport. The basic parameters
for evaluating function and surface temperature oscillations are the
quality of surface water run-off and its dynamics. These parameters
can be considered as integral values where the values of spatial
distribution and temporal variability are reflected in the key func-
tional processes occurring in the biocenosis and their interaction
with the environment [11]. Physicochemical parameters of water
quality status reflect natural and anthropogenic changes in condi-
tional land use [1].

The chemistry of surface water is very variable. Rainfall and
snow have a considerable impact on stream water chemistry.
Streams formed mainly by rainwater have a low content of soluble
substances [12]. Human activities (combustion, traffic, emissions
from agricultural and industrial plants) have a marked influence
on atmospheric pollution and cause different types of environmen-
tal stress. They have a negative influence on human health as well
as forest, soil, surface and groundwater quality.

The aim of this study was to obtain an informative overview
of physicochemical properties of individual water courses located
within TANAP in order to define their water quality. Spatial mon-
itoring enabled us to compare water quality between streams inde-
pendent of inter-annual fluctuations. The data obtained will serve
as the basis for further studies. Subsequent, continuous monitoring
of water courses within TANAP will provide a view of the dynamics
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Fig. 1 Selected water courses in the Tatra National Park

of changes in the selected parameters according to anthropogenic
impacts and climate change.

2. Material and methods

Study area

The Tatras are the highest mountains in the Western
Carpathians and lie on the border between Slovakia and Poland.
The southern part reaches into the Sub-Tatra Basin and northern
part into the Sub-Tatra Trough. The High Tatra Mts. represent
a typical fold mountain range composed of igneous rock [13]. The
geology of the study area is based on crystalline bedrock. The
Tatra Mts. contain significant biotite tonalities and granodiorites,
locally porphyritic and also porphyritic granodiorites and granites
[14]. The Western Tatra Mts. contain a significant amount of meta-
morphic rock (gneiss and mica schist) in addition to granodiorite
[15]. The massif of the Tatra Mts. forms a European watershed
[16]. The River Vah, rising in the Tatra Mts., flows to the Black
Sea via the Danube, while the Poprad and Dunajec Rivers flow
towards the Baltic Sea. Vegetation in the alpine zone of the Tatras
is dominated by meadows with patches of dwarf pine (Pinus mugo)
and, above the upper tree line at 1800 m a.s.l., a higher percent-
age of bare or lichen-covered rocks [17]. The area generally falls
into the cold mountain zone with average temperatures <10 °C in
June. The lower parts and submontane areas belong to the lower
mountain zone, with average temperatures of 12 - 16 °C. Annual
precipitation ranges from 600 mm in foothills to over 2000 mm at
the highest altitudes [18].

Sampling

The research was carried out during the vegetation period,
from June to October 2010. During this period, 28 water courses
were monitored in TANAP. Samples were taken from four sites
along an altitudinal gradient from montane up to the alpine region,
639 -2002 m a.s.l. The following water courses were monitored in
the east of the High Tatras: Biela voda (BIVO1-6), Javorinka
(JAV1-6), Biela (BIE1-5), Kezmarska Biela voda (KBV1-5), Skalnaty
potok (SKA1-5), Maly Studeny potok (MSTU1-4) and Velky Stu-
deny potok (VSTUI-3) - which converge to form Studeny potok
(STU4-6), Slavkovsky potok (SLA1-4), Velicky potok (VELI-5),
Batizovsky potok (BATI1-4), Velky Sum (VSUMI-3), Poprad
(POP1-5), Mlynica (MLY1-5), Biely Vah (BVA1-4) and Beliansky
potok (BEL1,2). In the west, the following water courses were
selected: Tichy potok (TICH1-4) and Koprovsky potok (KOP1-4)
- which converge to form the Bela (BELA1, 2), Kamenisty potok
(KAM1-4), Bystra (BYS1-4), Rackov potok (RACI1-5), Jamnicky
potok (JAM1-3), Smrecianka (SMR1-4), Jalovecky potok (JAL1-4),
Suchy potok (SUCHI1-4), Latana (LATI-3), Rohacsky potok
(ROH1-4) Studeny potok (STU) and Bobrovecky potok (BOBI-
4) (Fig. 1). The selected water courses are described in [19, 13]
and [20]. Each sampling site was fixed by GPS (WGS84 system,
Decimal Degree Format).

At each sampling site, physical parameters such as pH (YSI
pH100, YSI Inc., Ohio, USA), water temperature, conductivity
(COND), concentrations of total dissolved solids (TDS), salinity
(YSI EC300, YSI Inc., Ohio, USA) and dissolved oxygen (DO)
(YSI DO200, YSI Inc., Ohio, USA) were measured in “in situ”
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conditions. Current weather, bank characteristics and potential
sources of pollution were also recorded.

The following sources of pollution was detected in the selected
areas of water courses:

Biela voda (BIVO1-6) - tourism, cottage

Javorinka (JAV1-6) - tourism, village Tatranska Javorina, logging

Biela (BIE1-5) - logging, Strednica ski resort, hotel Magura, cot-
tages, village Zdiar

Kezmarska Biela voda (KBV1-5) - cottage at Zelene pleso, tourism,
logging

Skalnaty potok (SKA1-5) - Encian hotel, ski resort TMR, logging,
build-up area

Studeny potok (STU4-6) - Tery cottage, Zbojnicka cottage, tourism,

Slavkovsky potok (SLA1-4) - tourism, logging, build-up area

Velicky potok (VEL1-5) - Sliezky dom hotel, tourism, build-up area

Batizovsky potok (BAT1-4) - cottage, logging, buid-up area

Velky Sum (VSUM1-3) - logging, build-up area

Poprad (POP1-5) - Popradske pleso hotel, tourism, agriculture,
build-up area

Mlynica (MLY1-5) - tourism, Strbske pleso, agriculture, build-up
area

Biely Vah (BVA1-4) - tourism, agriculture, build-up area

Beliansky potok (BEL1,2) - tourism, Tri studnicky cottage, logging

Tichy potok (TICH1-4) - tourism, Podbanske village

Koprovsky potok (KOP1-4) - tourism

Bela (BELAL, 2) - build-up area, agriculture

Kamenisty potok (KAM1-4) - tourism, cottages

Bystra (BYS1-4) - tourism, cottages

Rackov potok (RAC1-5) - tourism, build-up area

Jamnicky potok (JAM1-3) - tourism

Smrecianka (SMR1-4) - Ziarska cottage, tourism, build-up area,
logging

Jalovecky potok (JAL1-4) - tourism, build-up area

Suchy potok (SUCH1-4) - cottage, Liptovske Matiasavce village

Latana (LAT1-3) - tourism, cottages

Rohacsky potok (ROH1-4) - Tatliakova cottage, Spalena ski resort

Bobrovecky potok (BOB1-4) - tourism, cottage, logging

Air temperature was measured at approximately 1 m above
ground.

Similar chemical parameters were determined. Water was col-
lected from the middle of the stream depth using sterile polyethyl-
ene bottles (500 ml). Conservation and transportation of samples
were performed according to [21].

Laboratory analyses

Concentrations of ammonium ions (NH,"), nitrate (NO;")
and chloride ions (CI) were determined colorimetrically (YSI
9500 Photometer, YSI Inc., Ohio, USA). Total hardness (chelato-
metric titration) and chemical oxygen demand (COD) (mangano-
metric titration) [22] were determined in the laboratory by titration.
All chemical parameters were determined within 24 hours. All sta-
tistical analyses were performed with Statistica 8 software.
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3. Results

Dissolved oxygen was found to range from 5.90 mg/1to 16.46
mg/l and oxygen saturation from 45.70 to 122.63%. The lowest
value of DO was measured in Batizovsky stream (sampling site
BAT1) and the highest in Biela (sampling site BIE6). DO decreased
with increasing elevation. Concentrations began to decline as the
water temperature rose (Fig. 2).

pH values were between 6.16 and 8.54. Most water courses
had a close to neutral pH. Only two streams, Biela and Suchy potok,
had an alkaline character (>8). pH was inversely proportional to
elevation (Fig. 3).

Conductivity ranged from 5.30 to 282.60 uS/cm, with an
average of 36.3 uS/cm. However, in most water courses CON was
<96 uS/cm. A CON value greater than 100 uS/cm was found in
two streams: Biela (100.80 - 149.80 uS/cm) and Suchy potok
(195.50 - 282.60 uS/cm). An inverse relationship between altitude
and conductivity was apparent (Fig. 4).

The water courses under study were generally very soft (e.g.
Skalnaty potok, Studeny potok, Biely Vah, Smrecianka, Kamenisty
potok etc.) or soft with a transition to medium hard water at
a lower altitude with active anthropogenic activities (Biela, Bobro-
vecky potok, Javorinka). Suchy potok in the Western Tatras had
moderately hard water.

COD concentration in most water courses did not exceed the
limit of 3.00 mg/l. Water samples from streams flowing through
areas with anthropogenic activity had COD concentrations above
3.00 mg/l: Skalnaty potok 3.71 mg/l (736 m a.s.L.), Slavkovsky
potok 3.81 mg/l (676 m), Velicky potok 4.51 mg/l (689 m), Bati-
zovsky potok 3.95 mg/l (749 m), Mlynica 3.60 mg/l (859 m).

The limit value for ammonium ions (NH4+) in surface water
is set at 1.00 mg/l. Our measurements of NH4Jr did not exceed this
limit, with observed values ranging between 0.00 and 0.37 mg/L
The concentration of NH4+ did not exceed the value of 0.10 mg/1
in most water courses, although higher concentrations were observed
in three streams: Skalnaty potok (SKA2) 0.21 mg/l, Batizovsky
potok (BAT4) 0.23 mg/l and Velicky potok (VEL1) 0.37 mg/L
No relationship between ammonium and altitude was observed
(Fig. 5).

Measurements of nitrate anions ranged from 0.42 to 4.34 mg/1.
The highest value was observed in Mlynica stream (859 m a.s.l.)
and the lowest value in Kamenisty potok (1633 m). The mean con-
centration was 1.17 mg/l. A positive correlation was found between
TDS and concentration of nitrate ions. There was an inverse rela-
tionship between nitrate and elevation (Fig. 5).

Measurements of chlorides ranged from 0.00 to 4.70 mg/l,
with a mean of 0.50 mg/1. The highest value was found in Mlynica.
Zero values of C~ anions were observed in the following water
courses: Bielka (953 m a.s.L.), Velky Sum (1109 m), Poprad (1267
m), Mlynica (1488 m), Kamenisty potok (1633 m), Rackov potok
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Table 1

Comparative measurements of physicochemical properties of Tatra streams in alpine and pine habitats (2010 year)
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Table 2

Comparative measurements of physicochemical properties of Tatra streams in montane habitats in 2010
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Table 3

Comparative measurements of physico-chemical properties of Tatra streams in submontane habitats and agricultural land in 2010
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(1648 m) and Bobrovecky potok (1178 m). A slight negative cor- | 4. Discussion
relation was observed between chlorides and altitude (Fig. 5). The

observed values for each parameter in all water courses for which Dissolved oxygen is the limiting factor for life of various aquatic
measurements were obtained are shown in Tables 1-3. organisms. It affects the majority of biochemical processes and is
18
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Fig. 2 Relationship between temperature and dissolved oxygen
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an important indicator of purity. In flowing water, oxygen of atmos-
pheric origin prevails [23]. Under normal conditions the amount
of oxygen varies between 7 and 14 mg/l [24]. Our study found
concentrations from 5.90 to 16.46 mg/l.

Dissolved oxygen decreases with increasing water temperature
[25]. However, although water temperature decreases with increas-

ing elevation, only a weak relationship (> = 0.1637) was observed
between DO and elevation (Tab. 1-3). The concentration of DO
tended to increase up to a certain elevation, but beyond this limit
it showed a negative correlation. The relationship between DO and
elevation can probably be explained by the diminishing amount of
oxygen produced by photosynthesis. The concentration of DO in
the water is dependent on atmospheric pressure, sunshine, subse-
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quent algal photosynthetic activity and respiration of all organisms
[23]. As our results confirm, DO is affected to a large extent by
water temperature (Fig. 2). The majority of these factors are limited
at higher elevations.

The pH of stream water affects the solubility of a spectrum of
components and consequently their availability to aquatic organ-
isms [26, 2]. Krno [24] observed that pH in natural flowing water
reaches values of 6.3 - 8.5, which is very similar to those observed
in our study. Other authors [27] observed an average pH value of
7.67 in Tatra water courses. pH is affected by the geological envi-
ronment, acid rain [25], geochemical reactivity of rocks and the
length of time that water is in contact with rock [2]. The highest pH
was recorded on a bedrock of sandstone and conglomerates (BIE6).
The lowest pH was measured on granodiorite bedrock (BATI).
Comparing the pH between altitudinal vegetation stages, water was
more acidic in coniferous forests (1250 - 1550 m a.s.l.) than in
deciduous and mixed forests (200 - 1300 m). Spruce stands, in par-
ticular, caused higher acidity of the environment [28]. The lowest
pH was observed in the highest streams. It is generally known that
pH decreases with increasing elevation [2].

Conductivity provides information about the concentration of
dissolved compounds, particularly inorganic compounds (salts of
ammonium, calcium, potassium, sodium, sulphate, chloride, phos-
phate) [23]. Higher COND indicates higher ion content of dis-
solved solids in water. COND very significantly depends on water
temperature and on the level of anthropogenic load. The occur-
rence of pollutants in a water course increases the degree of pres-
ence of cations and anions in the water. High COND values are
a symptom of the presence of anthropogenic load [25]. COND in
Tatra water courses ranged from 5.30 to 282.60 uS/cm, with an
average of 36.30 uS/cm.

Total hardness is caused by divalent and polyvalent cations
dissolved in water, among which calcium and magnesium ions
predominate. Calcium concentration in surface waters corresponds
closely to bedrock type [29]. The water courses included in our
study were generally very soft, which is probably mainly due to the
soil structure (crystalline basement of the Tatras). The highest
concentrations of Na, Mg and Ca ions and thus the highest hard-
ness were measured on limestone-granite bedrock. Changes in
forestry negatively affect aquatic ecosystems. These changes reduce
the concentrations of basic cations, which can affect the hardness
of water. Naturally soft water contains less than 50.00 mg/l of
total dissolved solids, is low alkaline and a pH is in the acidic
range [30]. In addition to the bedrock type and anthropogenic
activities including not only tourism but also deforestation and
urbanization, Ca and Mg ions can reach the water by wastewater
pollution or from the atmosphere.

Chemical oxygen demand (COD) is used to estimate organic
pollution. This may be of natural origin (extracts from leaching of
organically rich soils, decomposition of animal and plant bodies)
or of artificial origin, which may indicate leakage of toxic chemi-
cals such as pesticides and fertilizers. COD concentration in most
streams did not exceed 3.00 mg/l, which is the limit for drinking
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water [31]. Higher concentrations were measured in water courses
flowing through areas with anthropogenic activity.

Ammonia nitrogen (N-NH, ") is present in all surface water,
both in water polluted by anthropogenic activity as well as in
streams with only background levels, where its source is atmos-
pheric deposition [32]. Ammonium ions (NH4+) in excess of the
limit values can indicate faecal contamination, but may be of geo-
logical background. Combined with the increasing content of nitrite
and higher levels of organic matter (CHSKMn), it signals conta-
mination by fresh animal waste [31]. The amount of ammonia is
influenced by many factors, but is most affected by temperature.
Several studies indicate that the concentration of ammonia decreases
in winter (November, December) and is highest in summer (July
and August) [33, 34, 35]. The release of ammonia can also be
associated with organic matter mineralization [36], or assimilated
by plants and organisms to produce nitrate [37]. Values of ammonia
may affect the concentration of pH, thus pH is higher as the con-
centration of ammonia increases [34]. In surface water, the con-
centration of NH," normally ranges up to 1.00 mg/1 [38, 39]. We
observed a concentration of NH, " in selected Tatra water courses
of between 0.00 and 0.37 mg/1.

Nitrates (NO; ), similar to ammonium ions, are present at low
levels in almost all surface water. Greater concentrations are subject
to anthropogenic impacts [39]. Nitrate, as well as other anions,
decline with increasing altitude [40, 37] because they are more
diluted due to more precipitation and increasing rainfall and run-
off. This observation is consistent with our measurements, where
decreasing altitude raised nitrate concentration, which was highest
in bedrock of limestone and conglomerates. The main source of
nitrate is atmospheric deposition or decomposition of organic
matter in soils [2, 41]. Ground water, which is passed along to
surface waters, can also be a source of nitrates [36]. Nitrates are
a major source of nutrients for vegetation [39]. Nitrogen is an
important biogenic element and is one of the limiting nutrients.
However, beside adverse physiological effects, its excess also leads
to quite substantial acidification of the environment. In natural
waters, nitrate concentrations vary depending on the growing
season [24].

Chloride concentrations in surface water in mountainous con-
ditions are dependent only on their concentration in precipitation,
in which most of the chloride is formed by marine aerosol formed
mainly by sodium chloride. Altitude is another determining factor,
because rainfall and run-off increase with higher total precipitation
and decreasing temperature, so that the concentration of chloride
in surface water is close to the concentration of precipitation
(bedrock is not the source) [2]. We did not observe this trend in
the streams of TANAP, where no relationship was observed between
chloride concentration and altitude.

5. Conclusion

The aim of this study was to test the quality of surface water
in a representative sample of 28 water courses in Tatra National
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Park. On the basis of one-shot monitoring, during which we mea- | water quality. The results obtained were consistent with the rating
sured water temperature, pH, conductivity, salinity, concentrations | for very pure water. Results from these sites will form the basis for
of total dissolved solids, dissolved oxygen, C1~, NH,", NO;~, | further monitoring of water quality in the Tatra Mountains.
CHSKMn and total hardness, we obtained informative data on
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