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Abstract. This study examines the physical and
chemical limnology of lake Kolové pleso in order
to understand the response of the high mountain
lake ecosystem to seasonal, climatic and anthropogenic impacts. We have combined regular monthly
monitoring of physical properties on site and analyzed the chemical composition of the lake, using
nutrient photometry, X-ray analysis of elements and
COD methods. Fluctuations and concentrations of
these variables confirmed that the lake is affected
by seasonal fluctuations, subsoil, bioaccumulation
of elements, vegetation and atmospheric deposition
and climate variables. No potential pollution was detected by these indicators. The GC-MS method was
used to qualitatively identify organic substances in
the lake that were potentially harmful. PAHs (phenanthrene and pyrene) were found during the heating period (winter months). Due to the extensive
rainfall in July 2018, during the experiment, we had
the opportunity to observe the effect of flooding on
the lake. Flooding has a significant impact on the
organic composition of the lake (COD) as well as on
some chemical elements (S, K, Rb, Mo, Cd), whose
values dropped significantly following the flood. The
decrease in COD values influenced the acidity of the
lake negatively, as seen in the past.
Key words: high mountain lake, physical and chemical limnology, flood impact, organic pollutants

Introduction
Water is one of the most widespread compounds on
Earth. It creates the conditions for the existence of
all forms of life, and is a basic biological component
and technological raw material (Hanušin 2009).
Standing water is characterized by the absence of
flow predetermining some of its physicochemical
properties, which are significantly different from
flowing water. Standing water includes lakes, and
this study focuses on glacial lakes. Glacial lakes in
the Tatras are called “plesá”. They represent 90% of
all lakes in Slovakia (Hrabě 1939, 1942; Bitušík et al.
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2006) and are mostly oligotrophic standing waters
with specific characteristics (Psenner 1989; Drever
and Zobrist 1992; Beracko et al. 2014).
These ecosystems have been identified as key
sites for studying global environmental change
(Pienitz et al. 1997a). Despite their geographical
isolation, without direct anthropogenic influences,
due to their specific characteristics, alpine lakes
are excellent indicators of seasonal changes, as
well as increasingly frequent (IPCC 2001) climate
change (Wathn et al. 1995).
That is why several studies conducted in Arctic region, as well as in Tatra high mountain lakes
(e.g. Henriksen et al. 1992; Fott et al. 1994; Kopáček
and Stuchlík 1994; Kopáček et al. 2000, Štefková
and Šporka 2001; Grimalt et al. 2004; Kopáček et al.
2004; van Drooge et al. 2004; Stuchlík et al. 2006;
Šporka et al. 2006; Kopáček et al. 2006; van Drooge
et al. 2011, 2013), have been devoted to the limnology of such isolated lakes and to this issue.
These studies have shown that aquatic ecosystems are influenced by extensive global environmental changes (Wograth and Psenner 1995; Duff
1999). Research has indicated that global warming is likely to lead to an increase in water temperatures in lakes, a particularly important factor
in aquatic ecology (Robertson and Ragotzkie 1990;
Hondzo and Stefan 1993; De Stasio et al. 1996; Stefan et al. 1996; Šporka et al. 2006).
Because of fluctuating water levels, floods are
notable biochemical events for lake ecosystems
(McClain et al. 2003). Most lakes are heterotrophic, and dependent on organic inputs from their
basins and subsoil (Sobek et al. 2007). Floods have
the effect of rapidly mobilizing and accumulating
organic carbon and nutrients (Nogueira et al. 2002;
Wantzen et al. 2008), which can lead to “wash out”
and also cause leaching of heavy metals into the
environment from lake bottom sediments; posing a
potential risk to water quality (Chrastný et al. 2005).
Many studies address the potential negative
impact of organic substances accumulating in
natural environments (Wania and Mackay 1995) as
a result of their extensive use in industrial applications and combustion processes (Douglas and
Smol 1994; Antoniades et al. 2003; Bruzzoniti et
al. 2009). Pollutants tend to be transported in the
atmosphere over long distances, (van Drooge et
al. 2004; Landlová 2006; Morales-Baquero et al.
2013) and accumulate in isolated regions (Blais et
al. 1998; Grimalt et al. 2001; Zennegg et al. 2003;
Fernández et al. 2005; Meijer et al. 2006) such
as the Tatra lakes (e.g. Grimalt et al. 2004; van
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Drooge et al. 2004, 2011, 2013). In the High Tatras, which are part of the National Park, there are
no industrial or agricultural activities. The closest
industrial area is Košice in the south, Ostrava to
the west and Polish factories (Krakow, Novy Targ,
Zakopane) to the north; almost all of these are
located dozens of kilometers from the mountains
(van Drooge et al. 2004). Despite this, research has
found mild PCB and PAH contamination (Grimalt
et al. 2001; van Drooge et al. 2011).
These ecosystems represent the least disturbed
inland water environments (Grimalt et al. 2001;
Meijer et al. 2006). They are sensitive environmental indicators for determining changes in air quality
and for the long-range transmission of pollutants
(van Drooge et al. 2013).
Alpine lakes are likely to experience dramatic
future physical, chemical and biological changes
(Antoniades et al. 2003). Therefore, understanding
the impact of past, present, and likely future anthropogenic influences and climate change depends on
understanding the basic state of lakes (Hamilton et
al. 2001; Michelutti et al. 2002a).
The aim of this study is, therefore, to collect
data that will define the natural, present state
of lake Kolové pleso, describe the impact of the
flood on the lake, and identify and describe potential organic pollution. The data will serve as
a reference for future programs for monitoring
anthropogenic impacts and global environmental
changes (Pienitz et al. 1997a).

Material and Methods
Study area
The Tatra Mountains are the highest mountain
range in Slovakia. They are about 60 km long and
17 km wide and one-fifth of the range is situated in
Poland. They are divided into two geomorphological units, the Western and Eastern Tatra Mts. The
Eastern Tatras a further divided into the High Tatras
and the Belianske Tatras (Štefková and Šporka 2001).
The valley of Kolová dolina, from the delta of
the Kolový potok stream to the foot of Kolový štít
peak, is about 2.5 km long. This area is between
Jahnence and Bortky. The dominant mountain
peaks within this valley are Kolový štít (2418 m
a.s.l) and Jahňací štít (2229 m a.s.l) (www.spravatanap.sk 2012).

Lake Kolové pleso (Fig. 1) is situated in Kolová dolina valley at an altitude of 1565 m. It has an area
of 18 280 m2, a perimeter of 735 m, water volume
of 10 846 m3, length of 225 m, width of 123 m, a
maximum depth of 1.2 m, and an average depth
0.59 m (Marček 1996).

Climatic conditions of the area
Many specific features (Table 2) that fundamentally
determine the existence and development of natural ecosystems, but also environmental phenomena
characterize the climate of the High Tatras. Sampling frequency was determined to capture the
seasonal variability of the physical and chemical
variables of the monitored lake.
Fieldwork
Samples were taken monthly between August 2017
and December 2018 (Table 1). This sampling frequency was determined to capture the seasonal
variability of the physical and chemical variables of
the monitored lake.
To measure physical parameters of the water
samples including water temperature, salinity, pH,
U (voltage), conductivity, TDS (total dissolved solids) (mg/l), soluble oxygen/(oxygen level) and saturation of the water, we used a portable multimeter WTW 3430 (GEOTECH, Weilheim, Germany).
Along with the Multi 3430 we used compatible
probes: IDS pH electrode Sen TixR 940-3, conductivity electrode TetraCon 925-3 and an optic oxygen electrode FDO 925-3.
Water samples were taken at 0.5 meters from
the left shore of the lake. Samples were processed
in the laboratory using gas chromatography. We
used a glass container with one liter of content to

Month
August 2017

9:30

Conditions
cloudy, cold, fog

September 2017

13:00

rain, cold

October 2017

12:30

cold, freeze

November 2017

11:30

ice, fog, snow

December 2017

13:00

ice, cloudly

January 2018

13:00

ice cloudly

February 2018

13:30

ice, pathy cloud, -25

March 2018

10:00

ice, sunny, warm

April 2018

8:30

May 2018

13:00

sunny, without clouds

June 2018

12:00

cloudly, rain

July 2018

11:30

floods

August 2018

Fig. 1. Lake Kolové pleso – June 2018 (Photo: V. Ruček).

Time

9:30

without snow and ice, sunny

rain

September 2018

12:30

sunny, warm

October 2018

10:35

ice, first snow, sunny

November 2018

12:30

ice, sunny, without snow

December 2018

10:00

ice, snow

Table 1. Sampling tapping (August 2017-December 2018).
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Month

August 2017

Global
radiation
[W/m2]

Air temperature
[deg. C]

Air humidity
[%]

Wind
direction

Precipitation
[mm]

Wind speed
(m/s)

142.5

13.03

78.58

161.36

0.14

0.53

84.7

7.03

86.54

163.67

0.3

0.7

52.32

2.99

82.04

165.56

0.06

0.48

November 2017

20.0

-0.87

79.23

159.92

0.05

0.7

December 2017

9.35

-4.2

76.72

169.34

0

1.54

20.57

-3.16

72.21

150.36

0

1.01

September 2017
October 2017

January 2018
February 2018

18.13

-7.02

89.53

119.76

0

0.35

102.56

-4.36

75.86

149.58

0

0.71

April 2018

153.78

7.07

63.12

150.94

0.14

1.31

May 2018

148.39

9.35

78.14

157.15

0.11

0.68

June 2018

100.84

10.18

92.29

159.96

0.22

0.41

July 2018

114.95

11.63

89.78

0.17

0.37

March 2018

160.21

Table 2. Monthly measurements from a weather station in valley Kolová dolina (August 2017 - July 2018). Note: It
should be taken into account that the weather station is not heated, therefore the precipitation totals are not registered exactly in the winter. It is because snow and ice accumulate in the rain gauge through all winter. Data of
measurements from the weather station in valley Kolová dolina were kindly provided by the National Forest Center
- Forest Research Institute Zvolen.

Chemical oxygen demand (COD)
We used three boiling flasks with the same sample
(100 ml sample of water from lake) to average results for more accurate measurements.
The method is based on the oxidation of organic
substances with 20 ml potassium permanganate
(K2MnO4) solution (0.002 mol/l), in 5 ml acidic sulfuric acid (H2SO4, 96%) in a dilution of (1:2) at 10 min
boiling. We used 4-5 cooking stones for each boiling flask and a small clock glass was placed on the
flask’s throat. Oxidation occurs with excess permanganate. After completion of the oxidation, the unreacted KMnO4 is reduced by the excess of standard
oxalic acid ((COOH)2) solution (0.005 mol/l), added in
the exact quantity (20 ml) to the sample: 2MnO-4 + 5
(COOH)2 + 6H+
2Mn2+ + 10CO2 + 8H2O.
The solution in the boiling flask was completely
decolorized to a clear solution. The clear solution was
titrated back with potassium permanganate (0.002
mol/l) to KMnO4 until it was stained a faintly pink color. Consumption at titration indicates the consumption of manganese to oxidize organic matter.
Photometry
Fig. 2. Valley Zadné Meďodoly in the day of flood – July
18th, 2018 (Photo: V. Kapusta).

avoid sample contamination because of mediumflowing organic substances in the water. For the
purposes of the subsequent analysis, other samples
were placed into plastic containers containing 0.7
l. Before the sampling, all containers were properly labeled and disinfected. We were really careful
about the proper transportation of the samples and
their preservation, trying to keep intervals between
sampling and analysis as short as possible. During
sampling in the summer (18th of July 2018), the Tatra Mountains were hit by floods (Fig. 2).

We used photometry (optical - analytical method)
to determine other chemical parameters of water quality (chlorides, sulfates, nitrates, ammonia,
phosphorus, and contents of total hardness). The
YSI EcoSense 9500 photometer and accessories
compatible with this water analyzer determined
concentrations of ions in our samples.
X-ray analysis
The x-ray method determines values of some chemical elements (trace elements). We used a handle EDXRF spectrometer DELTA (Bas, Rudice, CZECH) and
analyzed the water sample in a plastic vial. Samples
were analyzed with x-ray beams for 80 seconds. Ana-
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lytical methods and calibration practices used in the
laboratory correspond with internationally accepted
standards (Spectrapure Standards, Norway). Detections limits (X-ray) differ for different elements and fulfill the criteria described in the manual to Delta XRF.
Gas chromatography/mass spectrometry (GC-MS)
We used LLE: liquid-liquid extraction, a method
commonly used for aqueous samples. In this extraction technique we mixed 1l water samples from the
tarn with 3 ml of hexane. The sample was shaken for
2 minutes. The hexane layer was isolated on the top
of the solution. The isolated extract was evaporated
and re-filled with hexane (300 ml). Thus isolated, the
sample can be analyzed using a gas chromatograph.
The separation of the components is based on analyte retention between the stationary - liquid phase and
the mobile - gas phase. To identify the components
of the mixture, the measured retention times are compared with the already known retention times obtained
under the same conditions (Agilent Technologies 2013).
Statistics
For statistical analysis (Pearson´s correlation
matrix, one way ANOVA and graphs) we used
STATISTICA 8 software.

Results
Physical and chemical variables
Physical and chemical values from 12 samples col-

Parameter
t

Mean
5.008

pH

lected between August 2017 and July 2018 are reported in Appendix 1 and Table 3.
Physical variables
Water temperature values are seasonally dependent
(Comparison between two half a year samples summer versus winter: F(1.10) = 7.9815, p=0.01800),
falling in the summer months and increasing during
winter. Based on our research, the water temperature was low all year round (Appendix 1) with a
mean value of 5°C. A maximum temperature of
14.1°C was recorded in May and a minimum temperature of -0.1°C was measured in December (Table 3). Water temperature also affects oxygen ratios (Appendix 2), which can be seen in the annual
seasonal fluctuations when oxygen levels fall in the
summer months and increases at lower temperatures in winter (Appendix 1). The dissolved oxygen
values in the lake were high - mean 10.12 mg/l and
98.36% (Table 3). These values correlate negatively
with those of titanium and potassium (Appendix 2).
The mean pH of the lake was 7.5 with a range of 5.8
to 9.4 (Table 3). The pH also influences the concentration and solubility of some elements (Appendix
2) such as chlorine, potassium, and titanium. The
highest pH values were measured in June - July,
while the electric voltage, which is inversely proportional to pH (Appendix 2), decreases with temperature rise (Appendix 1). Positive correlation (Appendix 2) of molybdenum with electrical voltage is
an interesting result. Electrical voltage had higher
values in August, January, and February than in
the other months, as did molybdenum, indicating
this correlation (Appendix 2). Conductivity is directly proportional to ion concentration (TDS) and

Median

SD

Minimum

Maximum

Detection limit & units

3.85

3.620

-0.1

14.1

°C

7.460

7.548

1.087

5.705

9.437

-53.409

-40.65

35.867

-131.96

-0.33

mV

Concent. O2

10.123

10.26

1.026

8.31

11.99

mg/l

Sat. O2

98.359

99.7

5.777

88.33

110.47

%

172.521

172.7

8.821

155.10

193.10

mbar

U

O2
Conductivity

15.148

13.38

6.563

7.70

27.23

µS/cm

TDS

15.066

13

6.675

8

28

mg/l

p

78.926

79.23

28.401

37.23

130.20

kΩ*cm

3.375

2.82

2.664

0.82

10.59

ml

COD
Cl

-

NaCl

7.5

3.7

7.996

0.5

22.2

0-50 mg/l

13.183

8.55

12.990

0.8

36.7

0-50,000 mg/l

tot. hardness CaCO3

12.567

10

11.679

Det limit

40

0-500 mg/l

chlorides CaCO3

11.958

7.3

11.026

0.7

31.3

mg/l

12.517

5.35

21.903

0.0

83.3

0-200 mg/l

2-

SO4
S

4.217

1.85

7.449

0.0

28.3

0- 200 mg/l

ammonia N

0.209

0.095

0.256

Det limit

0.72

0-1.0 mg/l

PO4

0.107

0.075

0.103

Det limit

0.34

0-4.0 mg/l

P

0.035

0.025

0.034

Det limit

0.11

0-1.3 mg/l

3-

Table 3. Measured limnological variables from lake Kolové pleso including mean, median, standard deviation (SD), minimum value, maximum value, and analytical detection limit. Det limit - measurement under the detection limit.
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Climatic variables
Parameter

Global radiation

Air temperature

Air humidity

[W/m ]

[deg. C]

[%]

2

r
t (°C)

p

0.5931

0.0421

0.5788

0.0487

r
0.611

p

Precipitation
[mm]

r

p

-0.5771

0.0494

r

p

r

p

0.0348

U (mV)
O2 (mbar)

Wind direction

Conductivity
(µS/cm)

-0.7356

0.0064

-0.6825

0.0145

-0.6824

0.0145

TDS (mg/l)

-0.7592

0.0042

-0.7193

0.0084

-0.6757

0.0159

0.7147

0.009

0.6617

0.0191

-0.591

0.043

0.5796

0.0483

p (kohm*cm)
Cl (ppm)

-0.7139

0.0091

-0.695

0.0121

K (ppm)

-0.7488

0.0051

-0.6445

0.0237

Ti (ppm)

-0.6225

0.0307

Sn (ppm)
Sb (ppm)

0.5766

0.0497

Table 4. Correlation coefficients of selected climatic variables. Only significant values (p<0.05) are listed. Climatic variables were kindly provided by the National Forest Center - Forest Research Institute Zvolen.

3a)

3b)

3c)

3d)

Fig. 3. Fluctuating of multiple variables (negative exponential smoothing) of the lake with climatic variables during
the year. The fluctuating of global radiation in conjunction with O2 (mbar) (3a), air temperature in conjunction with
resistance (3b), the air humidity in conjunction electrical voltage (3c), precipitation in conjunction with chlorine (3d),
and wind direction in conjunction with conductivity values with respect to the month.
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is the inverted value of the electrical resistance of
the water (Appendix 2 - high values of the same
sign). Seasonally interdependent variables (Comparison between two half a year samples - summer versus winter: Resistance: One way ANOVA:
F(1.10) = 6.6758, p=0.02724, Conductivity: One way
ANOVA: F(1.10) = 6.4953, p=0.02893, TDS: One
way ANOVA: F(1.10) = 7.2196, p=0.02282). Conductivity and TDS values were higher in the winter months (January-March), and dropped during
summer months (July- September) (Appendix 1).
Resistance negatively correlated with these values
during the year (Appendix 2). Salinity showed zero
values throughout the experiment.
Nutrients
Four of the 13 original environmental variables (NNH4, N-NH3, NO3- and N) were not included in the
statistical analysis because they were commonly
found outside the detection boundaries. Nutrient
concentrations were lower and in some months
they were below the detection limit (Appendix
1). Chloride values gradually increased in winter
(November - April) and decreased between spring
and winter (May - October) (Appendix 1). The most
widespread chloride (NaCl) values ranged from 0.8 36.7 mg/l (Table 3). Total hardness has a fluctuating
tendency (Appendix 1). Peaks occurred in November, January and May and the maximum value was
40 mg/l (Table 3). The lowest values were observed
in September, December and March. In Appendix
1, we can see that the sulfates gradually increased
in direct proportion to the total hardness during the
year. With the exception of one peak in August,
when sulfates reached the highest value of 83.3 mg/l
(Appendix 1). Phosphate values were higher in the
months of October, November, January, and June,
and decreased during summer (July-September) (Appendix 1). The highest value was measured in June
at 0.34 mg/l (Table 3). Ammonia (N) values gradually increased in direct proportion to the sulfur values during the year. Ammonia (N) had higher values
in April, June, November, and December (Appendix
1) than in other months, as did sulfur, suggesting a
positive correlation between them (Appendix 2). The
highest COD values were observed in the autumn
(August-November), and decreased in the following
months (Appendix 1). During the year, COD values
were low, with the exception of one maximum value
of 10.59 ml (Table 3) in November 2017.
Chemical elements
Potassium is seasonally affected (Comparison
between two half a year samples - summer versus winter: One way ANOVA: F(1.10) = 12.999,
p=0.00480) and had higher values in the winter
months (October - February) (Table 3) than in the
summer months (April - August). It has a similar
fluctuating tendency to titanium, suggesting a positive correlation between them (Appendix 2). Appendix 2 shows the positive relationship between
titanium, NaCl and chlorides (CaCO3). The decrease
in the second alkali metal measured in the lake - rubidium (Appendix 1) was recorded at the beginning
of spring and summer (March - April, and July) and

the highest values were observed from August to
February. A smaller decrease in molybdenum values was recorded at the beginning of winter and a
more pronounced decrease was recorded in spring
(March - July). The highest values were in August,
January, and February (Appendix 1). Tin values
peaked in September, January, and June (Appendix
1) though in other months, the values were lower.
Antimony is affected by temperature (Appendix 2)
and thus by season (Comparison between two half
a year samples - summer versus winter: One way
ANOVA: F(1.10) = 6.6568, p=0.02741). In summer it
gradually increased (Appendix 1). During the winter
season it declined between September and April.
Chlorine had higher values in winter (October March) (Appendix 1) and lower values in summer
months (April - July), similar to potassium, suggesting a positive correlation between them (Appendix 2) as well as a seasonal dependence (Comparison between two half a year samples - summer
versus winter: One way ANOVA: F(1.10) = 15.518,
p=0.00278). Sulfur has a fluctuating tendency (Appendix 1); peaking in November and December as
well as between April and June, while in recent
months the values were lower.
Direct climate variables also affect the lake,
which can be seen in many correlations with lake
properties (Table 4). Global radiation positively correlates (Table 4) with water temperature and O2
(mbar), as seen in the same fluctuations during the
year (Fig. 3b). This climate indicator negatively correlates (Table 4) with the chemical composition of
the lake, namely the values of chlorine, titanium,
and potassium. The temperature as a major climate
variable affects the negative conductivity, TDS
and chlorine and potassium correlations (Table 4).
However, the correlation with resistance is positive, which can be seen in the same fluctuations
during the year (Fig. 3a). As shown in Figure 3c,
air humidity negatively correlates with electrical
voltage. The amount of precipitation correlates favorably with resistance and tin and negative with
conductivity, TDS (Table 4) and chlorine in water
(Fig. 3d). The dependence of conductivity and TDS
on the weather is shown in Table 4.
Effects of flooding
In July of 2018 the High Tatras experienced an extensive flood and significant decrease in concentration was observed in sulfur (S), molybdenum (Mo),
potassium (K) and rubidium (Rb) values (Table 5
and Fig. 4a-d). The other mentioned measured elements were unchanged.
The second impact of the flood was on the organic composition of the lake (COD). As we saw
with element concentration, COD values (Fig. 5a)
also decreases following the flood. The difference is that the decrease in COD was also observed on the day of the flood and thus in the
sample from July 18, unlike the other elements
whose values fell during the following month,
as can be seen in Table 5. However, with the
decrease in COD during the summer, pH values
(Fig. 5c) are increasing. In July, 2018, values between 7.7 to 9.4 were measured. The highest
pH values over the entirety of the sampling pe-
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Month

COD (ml)

S (ppm)

K (ppm)

Rb (ppm)

Mo (ppm)

Cd (ppm)

August 2017

6.25

76 ± 64

187 ± 12

1.6 ± 0.6

1.3 ± 0.5

Det limit ± 6

4.7

Det limit ± 62

196 ± 12

1.6 ± 1.1

1.1 ± 1

Det limit ± 6

2.79

59 ± 48

210 ± 10

1.2 ± 0.8

1.1 ± 0.8

Det limit ± 4

September 2017
October 2017
November 2017

10.59

96 ± 67

252 ± 15

1.5 ± 0.5

1.1 ± 1

Det limit ± 6

December 2017

3.27

93 ± 34

193 ± 13

1.5 ± 0.6

Det limit ± 1

Det limit ± 6

January 2018

0.93

Det limit ± 56

203 ± 11

1±1

1.3 ± 0.9

Det limit ± 5

February 2018

0.92

Det limit ± 57

215 ± 12

1.2 ± 0.5

1.3 ± 0.4

Det limit ± 5

March 2018

2.18

Det limit ± 63

187 ± 13

Det limit ± 1.1

Det limit ± 1

Det limit ± 6

April 2018

2.85

196 ± 145

134 ± 9

Det limit ± 0.4

Det limit ± 0.1

Det limit ± 6

May 2018

1.8

Det limit ± 138

152 ± 9

1.3 ± 0.2

Det limit ± 0.1

Det limit ± 6

June 2018

3.41

187 + 144

133 ± 8

1 ± 0.4

Det limit ± 0.1

Det limit ± 6

18th of July 2018

0.82

Det limit ± 137

137 ± 8

Det limit ± 0.4

Det limit ± 0.1

Det limit ± 6

0.8

16 ± 12

1 ± 0.1

Det limit ± 0

Det limit ± 0

Det limit ± 0

September 2018

0.91

Det limit ± 11

1 ± 0.1

Det limit ± 0

Det limit ± 0

Det limit ± 0

October 2018

0.66

Det limit ± 12

1.1 ± 0.1

Det limit ± 0

Det limit ± 0

Det limit ± 0

November 2018

0.98

Det limit ± 12

1.1 ± 0.1

Det limit ± 0

Det limit ± 0

Det limit ± 0

December 2018

0.77

13 ± 6

1 ± 0.1

Det limit ± 0

Det limit ± 0

Det limit ± 0

August 2018

Table 5. Average amount of chemical elements (and COD amount) ± displayed error (deviation from measurement) during
a one and half year experiment. Det limit - measurement under the detection limit.
4a)

4b)

4c)

4d)

Fig. 4. The fluctuation of elements (K, Rb, S, Mo) prior to the flood (blue line) and post-flood change (red line) in July 2018.
A decrease in the amount of potassium (4a), rubidium (4b), sulfur (4c) and molybdenum (4d) after July of 2018.

riod was also on the day of the flood. This negative correlation (pH: COD (ml): r = -0.6003; p =
0.0108) indicates that pH (Fig. 5b) is affected by
flood and can be seen in Fig.5c and Fig. 5d. For
other measured physical and chemical variables,
no changes due to floods were observed.

Organic pollutants
All organic compounds found in the lake and the
months in which they were measured are presented
in Table 6, except for the phthalates that originated
from the laboratory contamination and are therefore
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5a)

5b)

5c)

5d)

Fig. 5. Changes in COD and pH values due to floods and their interdependence. The fluctuation of values of COD and pH
prior to the flood (blue line) and post-flood change (red line) in July 2018 is shown in figures 5a and 5b. Figures 5c and 5d
show the correlation (pH:COD (ml):r = -0.6003;p = 0.0108) of pH values against the COD, during an experimental period.

Organic compounds

Formula

RT

Month
2017

2018

1-Decanol, 2-hexyl-

C16H34O

13.6

August

February

1-Dodecanol

C12H26O

16.5

-

May

C24H36O2Si2

18.3

-

November

C8H14O2

3.1

October

February, June, October

4-Methyl-2,4-bis(p-hydroxyphenyl)
pent-1-ene, 2TMS d.
6-Hepten-3-one, 5-hydroxy-4-methylBorinic acid, diethyl-

C4H11BO

4.6

October

January, June, October

Carbonic acid, eicosyl vinyl ester

C23H44O3

12.5

August, December

January, February

Dotriacontane, 1-iodo-

C32H65I

13.5

August

February

Eicosane, 1-iodo-

C20H41I

12.5

-

January

Eicosyl octyl ether

C28H58O

19.3

-

February

Fumaronitrile

C4H2N2

3.3

-

November

Hexadecane, 2,6,11,15-tetramethyl-

C20H42

13.5

-

January

i-Propyl 14-methyl-pentadecanoate

C19H38O2

20.4

-

January, March

Isopropyl palmitate

C19H38O2

20.4

-

May

Phenanthrene

C14H10

14.2

December

January, February

Pyrene

C16H10

21.1

December

-

C17H30O4

15.8

-

January

C22H46O3S

13.9

-

January

Sebacic acid, but-2-enyl propyl ester
Sulfurous acid, 2-ethylhexyl tetradecyl ester

Table 6. List of detected organic compounds in analyzed samples of water during August 2017 – December 2018 from
lake Kolové pleso. RT – retention time.
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not reported in the results. In September of 2017,
November of 2017, April of 2018, July of 2018, August of 2018, September of 2018, December of 2019
no organic compounds were found.
Compounds from all analyzed samples belong
to the chemical groups of carboxylic acids, acid
esters, ethers of various compounds, alcohols, isoprenoids, PAH and others. In Table 6, we can see
that some potentially polluting organic substances
were measured in several months during the experimental period. Most of the substances were
found in the winter months, when the lake is covered with snow, namely substances from the group
PAHs (Phenanthrene; Pyrene), esters (Sebacic acid,
but-2-enyl propyl ester; Sulfurous acid, 2-ethylhexyl tetradecyl ester ), isoprenoids (Hexadecane,
2,6,11,15-tetramethyl; i-propyl 14-methylpentadecanoate), ethers (Eicosyl octyl ether; Fumaronitrile;
Eicosyl octyl ether), but also Eicosane, 1-iodo.
Substances analyzed in both summer and winter
are from the group of fatty alcohols (1-Decanol,
2-hexyl-) and acids (Dotriacontane, 1-iodo; Carbonic acid, eicosyl vinyl ester). Isopropyl palmitate
was measured only in May as well as 1-Dodecanol.
Interestingly, acids (6-Hepten-3-one, 5-hydroxy-4methyl-; Borinic acid, diethyl) were detected in the
same months (October, January, and February).

Discussion
Physical and chemical variables
In alpine lakes such as Kolové pleso, water temperatures have very low values throughout the
year (Appendix 1), even during periods when the
lake is not frozen (Juriš et al. 1965; Šporka et al.
2006). Although water temperature is dependent
on the season, even in summer months the water
temperature does not significantly exceed 10°C
(Juriš et al. 1965). The average water temperature
in Kolové pleso was 5°C (Table 3) and during the
measurement period, it only rose above 10°C once,
and reached a maximum measured value of 14.1°C
in May (Table 3). The thermal balance of the lake
depends on global radiation absorption (Table 4)
and heat exchange with air (Edinger et al. 1968;
Sweers 1976). Water temperature of the lake has
often followed the air temperature closely (Table 4),
according to several studies (e.g., McCombie 1959;
Edinger et al. 1968; Webb 1974; Sweers 1976; Shuter et al. 1983; Marti and Imboden 1986; Livingstone
and Imboden 1989; Douglas and Smol 1994; Lister
et al. 1998; Livingstone and Lotter 1998; Kettle et
al. 2004; Šporka et al. 2006). Surface water temperature of the lake more faithfully reflects air temperature during the warmer months (Livingstone
et al. 1999, 2005; Šporka et al. 2006). The highest
temperature value (14.1°C) (Table 3) was measured
on the warmest day (13.22°C) according to weather
station data (weather station data APVV-16-0325
- NFC). Water temperature is also important for
the assessment of oxygen ratios (Doláková and
Janýšková 2012), as oxygen ratios depend on water
temperature (Appendix 2). Saturation in the lake increases in winter and its decrease is caused by the
temperature increase in summer (Appendix 1) (Sed-

láková and Halabuk 2003; Judová et al. 2015). The
intensity of global radiation (Table 4 and Fig. 3b)
also affects dissolved oxygen, which in turn affects
photosynthesis in water, as the processes are interrelated. Oxygen concentration in Kolové pleso was
around 10.12 mg/l (Table 3) and the average saturation was 98%, which is characteristic for chemically
pure waters (Diviš 2008) such as Tatra Mountain
lakes (Juriš et al. 1965). Based on these parameters,
particularly pH values, we can classify the Kolové
pleso among oligotrophic lakes (Beracko et al.
2014). pH during the analyzed annual cycle (Appendix 1) ranged from 5.7-9.4 (Table 3), which are typical values for this type of lake (Douglas and Smol
1994; Antoniades et al. 2000; Hamilton et al. 2001;
Lim et al. 2001; Michelutti et al. 2002a, b; Kopáček
et al. 2006). In these circumstances, pH is most influenced by rock composition (Fyles 1963; McNeely
et al. 1979; Michelutti et al. 2002a) and its values
affect ion concentration (Faure 1991; Hamilton et
al. 2001), which is likely why pH correlates with a
number of elements (Appendix 2) measured in the
lake. The electrical voltage as an inverted value
of pH has a negative effect in the lake (Appendix
2), specifically on the bioaccumulation capacity
(Orolínová 2009) of molybdenum in winter months.
Other seasonally dependent physical parameters of
the lake include conductivity, TDS and resistance.
These values are inverted, (Appendix 2) (Doláková
and Janýšková 2012; Judová et al. 2015) and were
also influenced by climatic variables such as air
temperature (Table 4 and Fig. 3a) (Tölgyessy et al.
1984; Doláková and Janýšková 2012), precipitation
and wind conditions (Table 4). Values are (Appendix
1) below the limit (The law 296/2005 Coll. Requirements for surface water quality and water pollution
limits), because of the oligotrophy of the lake.
Similarly to studies by Douglas and Smol (1994);
Antoniades et al. (2000); Lim et al. (2001); and Michelutti et al. (2002a,b), measurements showed nutrients in the lower range of recorded values. COD
(Table 3) concentrations in the alpine environment
range from 0.6 to 10 ml (Pienitz et al. 1997b). Low
values (Appendix 1) and limited range are related
to an almost complete absence of vegetation and
poor drainage in the area (Antoniades et al. 2003).
Sulfate concentrations in alpine lakes are generally influenced by sedimentary subsoil (Oswald
and Senyk 1977; Pienitz et al. 1997b). Due to the
oxidation of minerals, they increased from October to March (Appendix 1) and subsequently decreased as a result of reduced conditions (Wograth
and Psenner 1995). Sulfate values were low (Appendix 1), implying nearly complete regeneration
from events taking place in the 80’s (Stuchlík et al.
1985; Kopáček and Stuchlík 1994; Kopáček et al.
2001; Evans et al. 2001; Veselý et al. 2002). The
solubility of sulfuric minerals is a property of water hardness (Howard-Williams and Vincent 1989;
Howard-Williams et al. 1989; Hamilton et al. 2001)
and can be influenced by the trend that sulfates in
the lake Kolové pleso grow in direct proportion to
total water hardness (Appendix 1). Phosphate concentration (Appendix 1) (Wetzel 1983; Hobbie 1984;
Pienitz et al. 1997a) is also related to the catchment
area (Kopáček et al. 2006) of the lake. These nutrients are in the range typical for oligotrophic lakes
(Wetzel 2001) and values were near to of below the
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detection limit (Appendix 1 and Table 3), (Juriš et
al. 1965; Kopáček et al. (2006). Nitrate levels in
the lake are also at or near the detection level
(Rühland and Smol 1998; Hamilton et al. 2001;
Kopáček et al. 2006). Ammonia nitrogen, as an
important indicator of water pollution (Doláková
and Janýšková 2012), is below or near the analytical value in high-altitude clean lakes (Appendix
1) (Pienitz et al. 1997b). The content of ammonia nitrogen (Table 3) is in the range of 0.01-0.72
mg/l for Kolové pleso and is similar to other Tatra
lakes (Juriš et al. 1965; Kopáček et al. 2006).
Ionic composition of Kolové pleso depends on
several factors. Most ions and especially trace elements are in very small concentrations in the
lake, or are below the detection limit (Appendix
1), which is typical. (Hamilton et al. 2001). Lake
chemistry is clearly related to climatic variables. As
a result of precipitation (Welch and Legault 1986;
Pienitz et al. 1997a; Kopáček et al. 2006), but also
due to wind influence (Marchetto et al. 1995; Kamenik et al. 2001), concentration of elements in the
lake (Table 4) and their conductivity were changed.
Precipitation (Kerekes 1975) can reduce the content of chloride compounds in the lake (Table 4,
Fig. 3d). Another factor that influences the chemical composition of the lake is the geochemistry of
the bedrock (Hutchinson 1957; Wetzel 1983) and
thus mineralogy (Kamenik et al. 2001), which is
related to the concentration of sulfate anions
and ammonia (Kopáček et al. 2006). This also explains the correlation between them (Appendix
2). High continuity (Appendix 1 and Appendix 2)
and concentration of potassium and chlorine elements indicate that they are the most commonly (Kerekes 1973, 1975) found in the lake in the
form of chloride minerals (chloride salts) such as
sylvite, KCl, or similarly to other water bodies,
common rock salt (NaCl) (Muck 2006). Dependence of these major ions (K, Cl) both seasonal
(Vondrka et al. 2013), and due to temperature
can be explained by less salt measured in winter
than in warmer months. Chlorine levels (Appendix 1) rise in autumn and winter due to chloride leakage from degrading vegetation (Psenner
and Catalan 1994; Kamenik et al. 2001; Mikuš
2012). The same effect is also observed with
potassium (Prentiki et al. 1980; Michelluti et al.
2002a). However, other water-soluble minerals
(Petránek 1993) also accompany major elements
dissolved in water. Common chlorides include
titanium tetrachloride (TiCl 4) and titanium chloride (TiCl3) (www.britannica.com 2019) as seen
in the correlation of Titanium with chlorides
(Appendix 2). Other elements are also subject
to seasonal effects. Molybdenum dependence is
due to its significant bioaccumulation capacity
(Orolínová 2009), which in winter, due to weaker current (Appendix 1,2) has better conditions
for accumulation and has higher values.
Effects of flooding on the lake
Increasingly frequent phenomena (IPCC 2001) such
as extreme rainfall and consequently flooding, affected lake Kolové pleso in July 2018, giving the
opportunity to observe the way water level fluctua-

tions and flooding affect the alpine lake. The first
effect was observed in the decrease of COD values
(Fig. 5a) - total organic matter immediately on the
day of flood events (Table 5). At the present stage
of knowledge and based on studies of water fluctuations and its effects (Junk et al. 1989; Tockner
et al. 2000; Nogueira et al. 2002; Junk and Wantzen 2004), we can only speculate that such a fluctuation is caused by a higher density of dissolved
sediments. Due to the flood, these substances were
precipitated on land and stored in ATTZ (Grossart
and Simon 1998). The behavior of the lake, and its
COD levels has thus shown that floods mobilize and
accumulate organic nutrients in the lake (Keddy
and Fraser 2000; Nogueira et al. 2002; Coops et al.
2003; Mooij et al. 2005; Wantzen et al. 2008) which
are probably washed out and stored on land. We
believe that this effect also caused the observed decrease (Table 5, Fig. 4a-d) in some element values
and their displayed errors (measurement deviation)
(explained in Materials and Methods). The decrease
in element values and their deviations likely occurred due to washout following the flood, as more
elements were left behind as part of the mineralization process (inorganic compounds). The instrument measures more accurately for values that bind
to inorganic compounds than organic, which affects
the resulting measurement error. As already mentioned in the results, the deviation for cadmium was
also reduced after the flood, although it had values
below the detection limit at all times. This finding is
also confirmed by the work of Chrastný et al. (2005)
whose study of the impact of floods on heavy metals revealed that floods may in particular cause the
release of cadmium into the environment, as well as
other elements (especially their organic compounds).
In connection with the decline in COD values, we
observed another interesting fact in the results after
the flood situation. With decreasing COD values, pH
(Fig. 5c) values increased (pH: COD (ml): r = -0.6003;
p = 0.0108, Fig. 5d), which suggests the importance
of organic substances for acidic lakes. This negative
correlation has been observed in the past by acidification (Donahue et al. 1998; Evans and Monteith
2001; Kopáček et al. 2003; Kopáček et al. 2006). In
such poorly polluted surface waters, the pH is most
influenced by sedimentation (Fyles 1963; McNeely
et al. 1979; Michelluti et al. 2002b) and precipitation (Judová et al. 2015). The highest pH value was
measured on the day of the flood when extreme rainfall occured. Harriman and Taylor (1999) point out in
their work that, regardless of the cause, the rising
values of organic composition will have a significant
impact on the lake’s acidity (Fig. 5b), as floods and
precipitation have also affected the acidity of lake
Kolové pleso, with the opposite effect.
Potential organic pollution in the lake
Due to the low solubility of POPs and their extremely low concentration, it is difficult to determine these substances in aqueous samples (Bruzzoniti et al. 2009), which is why most studies
around the world focus on the analysis of these
substances in sediments (Borghini et al. 2005;
Appleby and Piliposian 2006; Meijer et al. 2006;
Evenset et al. 2007; Pozo et al. 2007; Schmidt et
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al. 2011). For this reason, our analysis in water
samples was only qualitative. Analysis of samples
from the lake detected several organic compounds
from different chemical groups (Table 6). The main
external factor affecting the amount of measured
organic substances entering the lake systems is
precipitation (Pozo et al. 2007). Snow effectively
traps organic pollutants, making them easier to
detect in the winter months in areas such as the
Tatra lakes that experience a high volume of precipitation in the form of snow (Wania et al. 1998,
1999; Arellano et al. 2011). In most cases, these
substances are not included in the lists of priority pollutants (Wania and Mackay 1995) because
of their low levels or lack of toxicity and small
spread around the world. However, PAHs classified as mutagenic, carcinogenic and teratogenic
compounds have also been qualitatively analyzed
(Pérez-Cadahía et al. 2004; Oliveira et al. 2012) and
can be rapidly absorbed by both organic matter
and water (Mitra et al. 1999). The first PAH substance detected is phenanthrene, a substance that
is highly toxic to the environment, especially for
water, because it accumulates in aquatic organisms. The second is pyrene, which is one of the
most widespread pollutants in aquatic environments (Oliveira et al. 2012). These substances arise
as a result of pyrolytic processes such as imperfect
combustion (they are part of coal tar) and industrial activity (WHO 1987). A potential source for
this pollution are industrial areas such as Košice in
the south, Ostrava in the west and Polish factories
(Krakow, Nowy Targ, Zakopane) (van Drooge et
al. 2004). These industrial areas are a substantial
distance from the Tatra mountains, but due to the
properties of these substances and their ability to
be transported over long distances atmosphereically (van Drooge et al. 2004; Morales-Baquero et
al. 2013), they still pollute these areas (Landlová
2006). The lake Kolové pleso is located in the most
remote area of the High Tatras, but due to its altitude it has a similar effect to the global distillation
effect (Grimalt et al. 2001; Meijer et al. 2006). Additionally, the High Tatras mountain range constitutes a natural barrier to air flow due to its orientation. The Northwestern sides, where the lake is
located, have higher rainfall loads due to exposure
to North Atlantic air (Zasadni and Klapyta 2009).
These substances in the form of wet deposition
enter the mountain ecosystems and thus the lake
(www.scientica.sk 2012). PAHs substances were
measured in the months when the heating effect
and wind is strongest (December 2017, January 2018, February 2018) (www.shmu.sk 2019).
Other substances that have been measured and
may cause a potential risk of contamination are
Dodecanol, which is harmful to aquatic organisms
(Noweck and Grafahrend 2006); toxic fumaronitrile - LT2300000 (C4H2N2); and isopropyl palmitate
(C19H38O2) (Table 6). However, we do not know their
sources. Our measurements, although only qualitative, have been confirmed by recent studies on
contamination in European alpine regions (Blais et
al. 1998; Grimalt et al. 2001; Zennegg et al. 2003;
Fernández et al. 2005; Meijer et al. 2006) as well as
in the High Tatras specifically (Grimalt et al. 2004;
van Drooge et al. 2004, 2011, 2013).

Conclusions
Our research has confirmed that monitoring water
quality and the impact of seasonal and climate change
on isolated high mountain lakes is important in the
context of global climate change. Based on the physical properties and chemical composition of the lake,
we have been able to observe its seasonal changes,
confirming some well-known ideas about how alpine
lakes function during the year. These changes will be
very important for the aquatic environment in the future. Due to the rise in water temperature from global
warming or water level fluctuations, and the impact of
floods, we can see an effect on the organic composition of the lake, and measure concentrations of heavy
metals leached into the environment. The effects of
industy on the environment, including the deposition
of compounds like PAH (pyrene and phenanthrene)
are also becoming an increasingly serious issue. This
study defines the natural present state of lake Kolové pleso, which will serve as a reference for future
programs for monitoring anthropogenic impacts and
global environmental changes.

Acknowledgment
I would like to thank for the professional help with
this study and help to prof. RNDr. Marián Janiga, and
to Mgr. Andrea Pogányová. The research was supported by projects ITMS (Grant No. 26210120016).
Data of measurements from the weather station in
valley Kolová dolina were kindly provided by the
members of the project APVV-16-0325.

References
Agilent Technologies, I.N.C. 2013: Agilent 7890B/5977 or
5975 GC/MS, Routine maintenance and troubleshooting. Student manual. Agilent Technologies, Inc.Canada.
Antoniades, D., Douglas, M.S.V. and Smol, J.P. 2000:
Limnology and autecology of freshwater diatoms from
Alert, Northern Ellesmere Island, Nunavut. Proceedings of the 6th National Student Conference on Northern Studies, pp. 1-11.
Antoniades, D., Douglas, S.V.M. and Smol, J.P. 2003: The
physical and chemical limnology of 24 ponds and one
lake from Isachsen, Ellef Ringnes Island. Canadian
High Arctic Internat. Rev. Hydrobiol, 88: 519-538.
Appleby, P.G. and Piliposian, G.T. 2006: Radiometric dating of sediment records from mountain lakes in the Tatra Mountains. Biologia, 61: 51-64.
Arellano, L., Fernández, P., Tatosova, J., Stuchlik, E. and
Grimalt, J.O. 2011: Long-range transported atmospheric pollutants in snowpacks accumulated at different altitudes in the Tatra mountains (Slovakia). Environ
Sci Technol., 45: 9268-9275.
Beracko, P.,Bulánková, E. and Stloukalová, V. 2014: Sladkovodné ekosystémy, Vydavateľstvo Univerzity Komenského, Bratislava.
Bitušík, P., Svitok, M., Kološta, P. and Hubková, M. 2006:
Classification of the Tatra Mountain lakes (Slovakia)
using chironomids (Diptera, Chironomidae). Biologia
(Bratislava), 61(18): 191-201.
Blais, J.M., Schindler, D.W., Muir, D.C.G., Kimpe, L.E.,
Donald, D.B. and Rosenberg, B. 1998: Accumulation of
persistent organochlorine compounds in mountains of
western Canada. Nature, 395: 585-588.
Borghini, F., Grimalt, J.O., Sanchez-Hernandez, J.C., Bar-

41
K. Hrivnáková

ra, R., Torres- Garcia, C.J. and Focardi, S. 2005: Organochlorine compounds in soils and sediments of the
mountain Andean lakes. Environ Poll, 136: 253-266.
Bruzzoniti, M.C., Fungi, M. and Sarzanini, C. 2009: Determination of EPA’s priority pollutant polycyclic aromatic hydrocarbons in drinking waters by solid phase
extraction-HPLC. Analytical Methods, 2: 739-745.
Chrastný, V., Komarek, M., Tlustoš, P. and Švehla, J.
2005: Effects of flooding on lead and cadmium speciation in sediments drom a drinkingwater reservoir. Environmental monitoring and assessment, 118: 113-123 .
Coops, H., Beklioglu, M. and Crisman, T.L. 2003: The role
of water-level fluctuations in shallow lake ecosystems workshop conclusions. Hydrobiologia, 506-509: 23-27.
De Stasio Jr., B.T., Hill, D.K., Kleinhans, J.M., Nibbelink,
N.P. and Magnuson, J.J. 1996: Potential effects of global
climate change on small northtemperate lakes: physics,
fish, and plankton. Limnol. Oceanogr., 41: 1136-1149.
Diviš, M. 2008:Monitorováni vod. SPŠ Karviná. Online:
http://www.spskarvina.cz/web/uploady/File/chemie/
Monitoring_vod.pdf, (retrieved 24.4.2019).
Dohanue, W.F., Schindler, D.W., Page, S.J. and Stainton,
M.P. 1998: Acid-induced changes in DOC quality in an
experimental whole-lake manipulation. Environ. Sci.
Technol., 32: 2954-2960.
Doláková, L. and Janýšková, R. 2012: Chemický rozbor
vody, Hydrobiologie. Nový Jičín. Online:http://www.
tznj.cz/uploads/dokumenty/dokumenty_projektu/
Prirodovedne_vzdelavani /projden_rozborvody_agp_
ebi_u%C4%8Deb_dol_jan.docx (retrieved 24.4.2019).
Douglas, M.S.V. and Smol, J.P. 1994: Limnology of
high arctic ponds (Cape Herschel, Ellesmere Island,
N.W.T.). Arch. Hydrobiol., 131: 401-434.
Drever, J.I. and Zobrist, J. 1992: Chemical weathering of
silicate rocks as a function of elevation in the southern
Swiss Alps. Geochim. Cosmochim. Acta, 56: 3209-3216.
Duff, K.E., Laing, T.E., Smol, J.P. and Lean, D.R.S. 1999:
Limnological characteristics of lakes located across arctic
treeline in northern Russia. Hydrobiologia, 391: 205-222.
Edinger, J.E., Duttweiler, D.W. and Geyer, J.C. 1968: The
response of water temperatures to meteorological conditions. Water Resour. Res., 4: 1137-1143.
Evans, C.D., Cullen, J.M., Alewell, C., Marchetto, A.,
Moldan, F., Kopáček, J., Prechetel, A., Rogora, M.,
Veselý, J. and Wright, R.F. 2001: Recovery from acidification in European surface waters. Hydrol. Earth
Syst. Sci, 5: 283-297.
Evans, C.D. and Monteith, D.T. 2001: Chemical trends at
lakes and streams in the UK Acid Waters Monitoring
Network, 1988–2000: Evidence for recent recovery at
a national scale. Hydrol. Earth Syst. Sci., 5: 351–366.
Evenset, A., Christensen, G.N., Carroll, J., Zaborska, A.,
Berger, U., Herzke, D. and Gregor, D. 2007: Historical trends in persistent organic pollutants and metal
recorded in sediment from lake Ellasjoen, Bjornoya,
Norwegian Arctic. Environ Poll, 146: 196-205.
Faure, G. 1991: Principles and Applications of Inorganic
Geochemistry, MacMillan Publ. Co., New York.
Fernández P., Carrera G. and Grimalt, J.O. 2005: Persistent organic pollutants in remote freshwater ecosystems. Aquat. Sci., 67: 263-273.
Fott, J., Pražáková, M., Stuchlík, E. and Stuchlíková, Z.
1994: Acidification of lakes in Šumava (Bohemia) and
in the High Tatra Mountains (Slovakia). Hydrobiologia, 274: 37-47.
Fyles, J.G. 1963: Surficial geology of Victoria and Stefansson Islands, District of Franklin, Gelogical Survey of
Canada, Ottawa, Canada.
Grimalt, J.O., Fernández, P., Berdie, L., Vilanova, R.M.,
Catalan, J., Psenner, R., Hofer, R., Appleby, P.G., Rosseland, B.O., Lien, L., Massabuau, J.C. and Battarbee,
R.W. 2001: Selective trapping of organochlorine compounds in mountain lakes of temperate areas. Environ
Sci Technol, 35: 2690-2697.
Grimalt, J.O., van Drooge, B.L., Ribes, A., Vilanova, R.M.,
Fernández, P. and Appleby, P.G. 2004: Persistent or-

ganochlorine compounds in soils and sediments of
European high altitude mountain lakes. Chemosphere,
54: 1549-1561.
Grossart, H.P. and Simon, M. 1998: Bacterial colonization and
microbial decomposition of limnetic organic aggregates
(lake snow). Aquatic Microbial Ecology, 15: 127-140.
Hamilton, P.B., Gajewski, K., Atkinson, D.E. and Lean,
D.R.S. 2001: Physical and chemical limnology of 204
lakes from the Canadian Arctic Archipelago. Hydrobiologia, 457: 133-148.
Hanušin, J. 2009: Prírodné krásy Slovenska, Vody. Dajama, Bratislava.
Harriman, R. and Taylor, E.M. 1999: Acid neutralising capacity and alkalinity: Concepts and measurement, report
SR (99) 06F, Freshwater Fisheries Laboratory, Pitlochry.
Henriksen, A., Mill, W.A., Kot, M., Rzychon, D. and Wathne, B. 1992: Critical loads of acidity to surface waters:
A case study from the Polish Tatra Mountains, Report.
29/1992, NIVA, Oslo.
Hobbie, J.E. 1984. Polar limnology, In: Ecosystems of the
World 23: lakes and reservoirs (ed. F.B. Taub), pp.63105. Elsevier Science Publishers B.V., Amsterdam.
Hondzo, M. and Stefan, H.G. 1993: Regional water temperature characteristics of lakes subject to climate
change. Clim. Change, 24: 187-211.
Howard-Williams, C., Priscu, J.C. and Vincent, W.F. 1989:
Nitrogen dynamics in two Antarctic streams. Hydrobiologia, 172: 51-61.
Howard-Williams, C. and Vincent, W.F. 1989: Microbial
communities in southern Victoria Land streams (Antarctica) I. Photosynthesis. Hydrobiologia, 172: 27-38.
Hrabě, S. 1939: Bentická zvířena tatranských jezer. Sbor.
Klubu Přírodověd. v Brně, 22: 1-13.
Hrabě, S. 1942: O bentické zvířeně ve Vysokých Tatrách.
Bohemica, 25: 123-177.
Hutchinson, G.E. 1957: A Treatise on Limnology. Vol. 1,
Geography, Physics and Chemistry, John Wiley and
Sons, London.
IPCC, 2001: Climate Change 2001: Synthesis report, Intergovernmental panel on climate change (IPCC), Geneva, Switzerland.
Judová, J., Šalgovičová, D., Pavlovičová, D. and Kosová,
I. 2015: Environmental monitoring / Enviromentálny
monitoring, Institute of High Mountain Biology, University of Žilina.
Junk, W.J. and Wantzen, K.M. 2004: The flood pulse concept: new aspects, approaches and applications - an update. In: Second international symposium on the management of large rivers for fisheries, pp. 117-149. Food and
Agriculture Organization and Mekong River Commission,
FAO Regional Office for Asia and the Pacific.
Junk, W.J., Bayley, P.B. and Sparks, R.E. 1989: The flood
pulse concept in river-floodplain systems. Special
Publication of the Canadian Journal of Fisheries and
Aquatic Sciences, 106: 110-127.
Juriš, Š., Ertl, M., Ertlová, E. and Vranovský, M. 1965:
Some remarks resulting from the hydrobiological research of the mountain lake Popradské pleso in the
High Tatras. Sborník TANAP-u, 8: 33-44.
Kamenik, C., Schmidt, R., Kum, G. and Psenner, R. 2001:
The influence of catchment characteristics on the water chemistry of mountain lakes. Arct. Antarct. Alp.
Res., 33: 404-409.
Keddy, P. and Fraser, L.H. 2000: Four general principles
for the management and conservation of wetlands in
large lakes: the role of water levels, nutrients, competitive hierarchies and centrifugal organization. Lakes and
Reservoirs: Research and Management, 5: 177-185.
Kerekes, J.J. 1973: The influence of water renewal on the
nutrient supply in small, oligotrophic (Newfoundland)
and highly eutrophic (Alberta) lakes, In Proc, Lakes of
Western Canada Symp,Univ. Alberta, Edmonton, Alta.
Kerekes, J.J. 1975: Limnological conditions in five small
oligotrophic lakes in Terra Nova National Park, Newfoundland. J. Fish. Res. Board Can, 33: 555-583.
Kettle, H., Thompson, R., Anderson, N.J. and Livingstone,

42
Seasonal variability of the
water in the
mountain lakes

D.M. 2004: Empirical modeling of summer lake surface
water temperatures in southwest Greenland. Limnol.
Oceanogr., 49: 271-282.
Kopáček, J., Hejzlar, J., Kaňa, J., Porcal, P. and Klementová, Š. 2003: Photochemical, chemical, and biological
transformations of dissolved organic carbon and its impact on alkalinity production in acidified lakes. Limnol.
Oceanogr., 48: 106-117.
Kopáček, J., Kaňa, J., Šantručková, H., Picek, T. and
Stuchlík, E. 2004: Chemical and biochemical characteristics of alpine soils in the Tatra Mountains and
their correlation with lake water quality. Water Air Soil
Poll., 153: 307-327.
Kopáček, J. and Stuchlík, E. 1994: Chemical characteristics of lakes in the High Tatra Mountains, Czechoslovakia. Hydrobiologia, 274: 49-56.
Kopáček, J., Stuchlík, E. and Hardekopf, D. 2006: Chemical composition of the Tatra Mountain lakes: Recovery from acidification. Biologia, 61: 21-33
Kopáček, J., Stuchlík, E., Strašrabová, V. and Pšenáková, P.
2000: Factors governing nutrient status of mountain lakes
in the Tatra Mountains. Freshwater Biol., 43: 369-383.
Kopáček, J., Veselý, J. and Stuchlík, E. 2001: Sulphur and
nitrogen fluxes and budgets in the Bohemian Forest
and Tatra Mountains during the Industrial Revolution
(1850–2000). Hydrol. Earth Syst. Sci, 5: 391-405.
.Landlová, L. 2006: Sníh jako médium pro akumulaci
perzistentních organických polutantů - sledování
kontaminace sněhu v průmyslových a pozaďových lokalitách a jejich změn v čase. Doctoral dissertation,
Přírodovědecká fakulta, Masarykova univerzita,Brno.
Lim, D.S.S., Douglas, M.S.V., Smol, J.P. and Lean, D.R.S.
2001: Physical and chemical limnological characteristics
of 38 lakes and ponds on Bathurst Island, Nunavut, Canadian High Arctic. Internat. Rev. Hydrobiol., 86: 1-22.
Lister, G.S., Livingstone, D.M., Ammann, B., Aariztegui,
D., Haeberli, W., Lotter, A.F., Ohlendorf, C., Pfister,
C., Schwander, J., Scheweingruber, F., Stauffer, B. and
Sturm, M. 1998: Alpine paleoclimatology. In: Views from
the Alps: regional perspectives on climate change (eds.
P. Cebon, U., Dahinden, H.C. Davies, D.M. Imboden &
C.C. Jaeger), Chapter 3. MIT Press, Cambridge.
Livingstone, D.M. and Imboden, D.M. 1989: Annual heat
balance and equilibrium temperature of Lake Aegeri,
Switzerland. Aquat. Sci., 51: 351-369.
Livingstone, D.M. and Lotter, A.E. 1998: The relationship
between air and water temperatures in lakes of the
Swiss Plateau: a case study with palaeolimnological
implications. Journal of Paleolimnology, 19: 181-198.
Livingstone, D.M., Lotter, A.F. and Kettle, E.H. 2005: Altitudedependent differences in the primary physical
response of mountain lakes to climatic forcing. Limnology and Oceanography, 50: 1313-1325.
Livingstone, D.M., Lotter, A.F. and Walker, I.R. 1999: The
decrease in summer surface temperature with altitude
in Swiss Alpine lakes: a comparison with air temperature lapse rates. Arct. Antarct. Alp. Res. 31: 341-352.
Marček, A. 1996: Tatranské plesá. Vysoké Tatry, 6(2): 18.
Marchetto, A., Mosello, R., Psenner, R., Bendetta, G.,
Boggero, A., Tait, D. and Tartari, G.A., 1995: Factors
affecting water chemistry of alpine lake. Aquatic Sciences, 57: 81-89.
Marti, D. and Imboden, D.M. 1986: Thermische Energieflusse an der Wasseroberfläche: Beispiel Sempachersee. Schweiz. Z. Hydrol., 48:196–229.
McClain, M.E., Boyer, E.W., Dent, C.L., Gergel, S.E.,
Grimm, N.B., Groffman, P., Hart, S.C., Harvey, J.,
Johnston, C., Mayorga, E., McDowell, W.H. and Pinay,
G. 2003: Biogeochemical hot spots and hot moments
at the interface of terrestrial and aquatic ecosystems.
Ecosystems, 6: 301–312.
McCombie, A.M. 1959: Some relations between air temperatures and the surface water temperature of lakes.
Limnol. Oceanogr., 4: 252-258.
McNeely, R.N., Neimanis, V.P. and Dwyer, L. 1979: Water
quality sourcebook: a guide to water quality param-

eters, Environment Canada, Inland Waters Directorate,
Water Quality Branch, Ottawa, Ont Ontario, Canada.
Meijer, S.N., Dachs, J., Fernández, P., Camarero, L., Catalan,
J., Del Vento, S., Van Drooge, B., Jurado, E. and Grimalt,
J.O. 2006: Modelling the dynamic air–water–sediment
coupled fluxes and occurrence of polychlorinated biphenyls in a high altitude lake. Environ Poll, 140: 546-560.
Michelutti, N., Douglas, M.S.V., Lean, D.R.S. and Smol, J.P.
2002a: Physical and chemical limnology of 34 ultra-oligotrophic lakes and ponds near Wynniatt Bay, Victoria
Island, Arctic Canada. Hydrobiologia, 48: 1-13.
Michelutti, N., Douglas, M.S.V., Muir, D.C.G. and Smol,
J.P. 2002b: Limnological characteristics of 38 lakes
and ponds on Axel Heiberg Island, High Arctic Canada. Internat. Rev. Hyrobiol., 87: 385-399.
Mikuš, P. 2012: Proudění, chemismus a izotopové
složení vody v nenasycené zóně kvádrových pískovců
Klokočských skal. Diplomová práca, Ústav hydrogeologie, inženýrské geologie a užité geofyziky, Univerzita
Karlova v Prahe, Praha.
Mitra, S., Dickhut, R.M., Kuehl, S.A. and Kimbrough, K.L.
1999: Polycyclic aromatic hydrocarbon (PAH) source,
sediment deposition patterns, and particle geochemistry as factors influencing PAH distribution coefficients
in sediments of the Elizabeth River, VA, USA Mar.
Chem., 66: 113-127.
Mooij, W.M., De Senerpont Domis, L.N., Nolet, B.A.,
Bodelier, P.L.E., Boers, P.C.M., Pires, L.M.D., Gons,
H.J., Ibelings, B.W., Noordhuis, R., Portielje, R., Wolfstein, K. and Lammens, E.H.R.R. 2005: The impact of
climate change on lakes in the Netherlands: a review.
Aquatic Ecology, 39: 381-400.
Morales-Baquero, R., Pulido-Villena, E. and Reche, I.
2013: Chemical signature of saharan dust on dry and
wet atmospheric deposition in the south-western
mediterranean region. Tellus B: Chemical and Physical
Meteorology, 65: 18720.
Muck, A. 2006: Základy struktúrní anorganické chemie 1.
Kapitola Halogeny. Academia, Praha.
Nogueira, F., Couto, E.G. and Bernardi, C.J. 2002: Geostatistics as a tool to improve sampling and statistical
analysis in wetlands: a case study on dynamics of organic matter distribution in the Pantanal of Mato Grosso, Brazil. Brazilian Journal of Biology, 62: 861-870.
Noweck, K. and Grafahrend, W. 2006: Fatty Alcohols. Ullmann’s encyclopedia of industrial chemistry. WileyVCH, Weinheim, 10(14356007), a10_277. Online: https://
onlinelibrary.wiley.com/doi/abs/10.1002/14356007.
a10_277.pub2 (retrieved 24.4.2019).
Oliveira, M., Gravato, C. and Guilhermino, L. 2012: Acute
toxic effects of pyrene on Pomatoschistus microps
(Teleostei, Gobiidae): Mortality, biomarkers and swimming performance. Ecological Indicators, 19: 206–214.
Orolínová, M. 2009: Chémia a životné prostredie, Trnavská
univerzita v Trnave, Trnava.
Oswald, E.T. and Senyk, J.P. 1977: Ecoregions of Yukon
territory, Canadian Forestry Service, Environment
Canada, Victoria, B.C.
Pérez-Cadahía, B., Laffon, B., Pásaro, E. and Méndez, J.
2004: Evaluation of PAH bioaccumulation and DNA
damage in mussels (Mytilus galloprovincialis) exposed
to spilled Prestige crude oil. Comparative Biochemistry
and Physiology Part C: Toxicology and Pharmacology,
138:453-460.
Petránek, J. (ed.) 1993: Geologická encyklopedie. Online:
http://www.geology.cz/aplikace/encyklopedie/term.
pl?halit (retrieved 24.4.2019).
Pienitz, R., Smol, J.P. and Lean, D.R.S. 1997a: Physical
and chemical limnology of 59 lakes located between
the southern Yukon and the Tuktoyaktuk Peninsula,
Northwest Territories (Canada). Can. J. Fish. aquat.
Sci, 54: 330-346.
Pienitz, R., Smol, J.P. and Lean, D.R.S. 1997b: Physical
and chemical limnology of 24 lakes located between
Yelloknife and Contwoyto Lake, Northwest Territories
(Canada). Can. J. Fish. aquat. Sci., 54: 347-358.

43
K. Hrivnáková

Pozo, K., Urrutia, R., Barra, R., Mariottini, M., Treutler, H.C.,
Araneda, A. and Focardi, S. 2007: Records of polychlorinated biphenyls (PCBs) in sediments of four remote Chilean Andean lakes. Chemosphere, 66: 1911-1921.
Prentiki, R.T., Miller, M.C., Barsdate, R.J., Kelly, J. and
Coyne, P. 1980. Chemistry. In: Limnology of Tundra
Ponds, Barrow Alaska (ed. J.E. Hobbie),pp. 76-178.
Marine Biological Laboratory, Strousburg.
Psenner, R. 1989: Chemistry of high mountain lakes in siliceous catchments of the Central Eastern Alps. Aquat.
Sci., 51: 108-128.
Psenner, R. and Catalan, J. 1994: Chemical composition
of lakes in crystalline basins: a combination of atmospheric deposition, geologic background, biological
activity and human action. In: Limnology now: a paradigm of planetary problems (ed. R. Margalef), pp. 255314. Elsevier, Amsterdam.
Robertson, D.M. and Ragotzkie, R.A. 1990: Changes in
the thermal structure of moderate to large sized lakes
in response to changes in air temperature. Aquat. Sci.,
52: 360-380.
Rühland, K. and Smol, J.P. 1998: Limnological characteristics of 70 lakes spanning arctic treeline from Coronation Gulf to Great Slave Lake in the central Northwest
Territories, Canada. Int. Rev. Hydrobiol., 83: 183-203.
Sedláková, J. and Halabuk, A. 2003: Hydroekologický výskum vybraných lokalít Parížskych močiarov. Zborník z
vedeckej konferencie. UK Bratislava. Bratislava. Hydrogeochémia, 6: 25-34.
Shuter, B.J., Schelesinger, D.A. and Zimmerman, A.P.
1983: Empirical predictors of annual surface water
temperature cycles in North American lakes. Can. J.
Fish. Aquat. Sci., 40: 1838-1845.
Schmid, P., Bogdal, C., Blüthgen, N., Anselmetti, FS.,
Zwyssig, A. and Hungerbühler, K. 2011: The missing piece: sediment records in remote mountain lakes
confirm glaciers being secondary sources of persistent
organic pollutants. Environ Sci Technol., 45: 203-208.
Sobek, S., Tranvik, L.J., Prairie, Y.T., Kortelainen, P. and
Cole, J.J. 2007: Patterns and regulation of dissolved
organic carbon: an analysis of 7,500 widely distributed
lakes. Limnology and Oceanography, 52: 1208–1219.
Stefan, H.G., Hondzo, M., Fang, X., Eaton, J.G. and McCormick, J.H. 1996: Simulated longterm temperature
and dissolved oxygen characteristics of lakes in the
northcentral United States and associated fish habitat
limits. Limnol. Oceanogr., 41: 1124-1135.
Stuchlík, E., Kopáček, J., Fott, J. and Hořická, Z. 2006:
Chemical composition of the Tatra Mountain lakes: Response to acidification. Biologia, Bratislava, 61(18): 11-20.
Stuchlík, E., Stuchlíková, Z., Fott, J., Ružička, L. and
Vrba, J. 1985: Vliv kyselých srážek na vody na území
Tatranského národního parku [Effect of acid precipitation on waters of the TANAP territory]. Zborník
TANAP, 26: 173-211.
Sweers, H.E. 1976: A nomogram to estimate the heatexchange coefficient at the airwater interface as a function of wind speed and temperature; a critical survey
of some literature. J. Hydrol., 30: 375-401.
Šporka, F., Livingstone, D.M., Stuchlík, E., Turek, J. and Galas, J. 2006: Water temperatures and ice cover in lakes of
the Tatra Mountains. Biologia, Bratislava, 61(18): 77-90.
Štefková, E. and Šporka, F. 2001: Long-term ecological
reaserch of high mountains lakes in the Hight Tatras
(Slovakia). Ekológia, Bratislava, 20(2): 101-106.
The law 296/2005 Coll. requirements for surface water
quality and water pollution limits. Online: https://
www.noveaspi.sk/products/lawText/1/60417/1/2 (retrieved 24.4.2019).
Tockner, K., Malard, F. and Ward, J.V. 2000: An extension of the flood pulse concept. Hydrological Processes, 14: 2861-2883.
Tölgyessy, J., Betina, V., Frank, V., Fuska, J., Lesný, J., Moncmanová, A., Palatý, J., Piatrik, M., Pitter, P and Prousek,
J. 1984: Chémia, biológia a toxikológia vody a ovzdušia,

Vydavateľstvo Slovenskej akadémie vied, Bratislava.
van Drooge, B.L., Grimalt, J.O., Camarero, L., Catalan, J.,
Stuchlík, E. and Torres García, C.J. 2004: Atmospheric
semi-volatile organochlorine compounds in European
high mountain areas (Central Pyrenees and High Tatras). Environ Sci Technol., 38: 3525-3532.
van Drooge, B.L., Grimalt, J.O. and Stuchlík, E. 2013: Spatial distribution of polychlorinated biphenyls in High
Tatras lake sediments. Environ. Sci. Pollut. Res., 20:
6594-6600.
van Drooge, B.L., López, J., Fernández, P., Grimalt, J.O.
and Stuchlik, E. 2011: Polycyclic aromatic hydrocarbons in lake sediments from the High Tatras. Environ.
Poll., 159: 1234-1240.
Veselý, J., Majer, V. and Norton, S.A. 2002: Heterogeneous response of central European streams to decreased acidic atmospheric deposition. Environ. Poll.,
120: 275-281.
Vondrka, A., Tesař, M. and Šír, M. 2013: Vyplavování sodného a draselného iontu z malého horského povodí na
Šumavě. Research gate, 7: 21-25.
Wania, F., Hoff, J.T., Jia, C.Q. and Mackay, D. 1998: The
effects of snow and ice on the environmental behavior of hydrophobic organic compounds. Environmental
Pollution, 102: 25-41.
Wania, F. and Mackay, D. 1995: A global distribution
model for persistent organic chemicals. Sci. Tot. Environ., 160/161: 211-232.
Wania, F., Mackay, D. and Hoff, J.T. 1999: The importance of snow scavenging of polychlorinated biphenyl
and polycyclic aromatic hydrocarbon vapors. Environ
Sci Technol., 33: 195-197.
Wantzen, K.M., Wolfgang, J.J. and Rothhaupt, K.O. 2008:
An extension of the floodpulse concept (FPC) for lakes.
Hydrobiologia, 613:151–170.
Wathn, B.M., Patrick, S.T., Monteith, D.T. and Barth, H.
1995: AL:PE, acidification of mountain lakes; palacolimnology and ecology. European Commision, D-G XII,
Luxembourg. Ecosystems research Report, 9: 296.
Webb, M.S. 1974: Surface temperatures of Lake Erie. Water Resour. Res., 10: 199–210.
Welch, H.E. and Legault, J.A. 1986: Precipitation chemistry and chemical limnology of fertilized and natural
lakes at Saqvaqjuac, N.W.T. Can. J. Fish. Aquat. Sci.,
43: 1104-1134.
Wetzel, R.G. 1983: Limnology 2nd ed. Saunders Publishing,
Philadelphia, PA, USA.
Wetzel, R.G. 2001: Limnology. 3rd ed., Academic Press,
New York.
WHO, 1987: Polynuclear aromatic hydrocarbons (PAH),
Air quality guidelines for Europe, Copenhagen, World
Health Organization Regional Office for Europe.
Wograth, S. and Psenner, R. 1995: Seasonal, annual and
longterm variability in the water chemistry of a remote
high mountain lake: acid rain versus natural changes.
Water, Air and Soil Pollution, 85: 359-364.
www.britannica.com, 2019: Titanium. https://www.britannica.com/science/titanium (retrieved 24.4.2019).
www.scientica.sk, 2012: Klimatické pomery Vysokých Tatier. https://www.scientica.sk/workspace/media/documents/klimat_pomery_vt.pdf (retrieved 24.4.2019).
www.shmu.sk, 2019: Klimatické pomery Slovenskej republiky.
http://www.shmu.sk/sk/?page=1064 (retrieved 24.4.2019).
www.spravatanap.sk, 2012: Kolová dolina. http://spravatanap.
sk/web/index.php/2012-08-24-09-46-37/kontakt/11-slovak/aktualne/517-kolova-dolina (retrieved 24.4.2019).
Zasadni, J. and Klapyta, P. 2009: An attempt to assess the
modern and the Little Ice Age climatic snowline altitude
in the Tatra Mountains. Landform Anal, 10: 124-133.
Zennegg, M., Kohler, M., Gerecke, A.C. and Schmid, P.
2003: Polybrominated diphenyl ethers in whitefish
from Swiss lakes and farmed rainbow trout. Chemosphere, 21: 545-553.
Recieved 6 June 2019; accepted 20 July 2019.

8.7

10

chlorides CaCO3 (mg/l)

tot. hardness CaCO3 (mg/l)

Det limit ±9

9±3

Det limit ±10

Ti (ppm)

Sb (ppm)

187 ± 12

K (ppm)

Sn (ppm)

300 ± 31

Cl (ppm)

1.6 ± 0.6

76 ± 64

S (ppm)

1.3 ± 0.5

Det limit

P (mg/l)

Mo (ppm)

Det limit

PO3-4 (mg/l)

Rb (ppm)

Det limit

ammonia N (mg/l)

28.3

10.2

NaCl (mg/l)

S (mg/l)

6.4

Cl - (mg/l)

83.3

6.25

COD (ml)

SO2-4 (mg/l)

98

p (kΩ*cm)

10.23

Conductivity (µS/cm)

9.5

102.50

TDS (mg/l)

179.37

10.22

Concent. O2 (mg/l)

Sat. O2 (%)

-16.87

U (mV)

O2 (mbar)

6.766

6.5

Aug.17

pH

t (°C)

11 ±3

12 ±9

1.1 ±1

1.6 ±1.1

Det limit ±10

196 ± 12

266 ± 29

Det limit ±62

Det limit

Det limit

Det limit

2.66

6.66

0.9

18.33

1.23

0.63

4.7

103.55

9.5

9.55

94.80

166.90

8.31

-30.65

7.553

7.7

Sep.17

10 ±10

252 ±15

338 ±33

96 ±67

0.05

0.17

0.49

6

18.6

40

31.3

36.7

22.2

10.59

111.03

9

9.03

88.33

155.10

9.25

-69.5

5.705

2.3

Nov.17

6±3

Det limit ±7

1.1 ± 0.8

7 ±3

9 ±4

1.1 ±1

1.2 ± 0.8 1.5 ±0.5

Det limit ±7

210 ± 10

312 ± 24

59 ± 48

0.05

0.16

Det limit

1

4

6.6

1.3

1.5

0.9

2.79

65.77

15.33

15.27

89.63

165.67

8.59

-66.27

8.164

2

Oct.17

7±3

Det limit ±9

Det limit ±1

1.5 ± 0.6

Det limit ±10

193 ± 13

347 ± 32

93 ± 34

0.02

0.05

0.23

3

8

1.7

1.3

1.5

0.9

3.27

69.97

14.33

14.23

99.27

172.97

11.99

-41.07

6.246

-0.1

Dec.17

9±6

11 ±4

1.3 ±0.9

1±1

9±9

203 ±11

273 ±27

Det limit ±56

0.09

0.26

0.15

1

4

30

24

28

17

0.93

43.233

23

23.267

96.66

168.233

10.54

-0,333

6.000

3.8

Jan.2018

Det limit ±6

Det limit ±8

1.3 ±0.4

1.2 ±0.5

9 ±9

215 ±12

324 ±28

Det limit ±57

0.03

0.09

0,02

3

9

10

4.53

15.8

3.2

0.92

38.467

28

26.567

100.13

172.43

10.81

-37.433

7.648

3.9

Feb.18

9±3

Det limit ±9

Det limit ±1

Det limit ±1.1

Det limit ±10

187 ± 13

296 ± 31

Det limit ±63

0.04

0.11

0.01

3.6

10.6

Det limit

30

35

21.5

2.18

37.27

26.67

27.23

101.63

176.40

10.93

-61.47

8.101

3.7

Mar.18

7 ±3

9 ±9

Det limit ±0.1

Det limit ±0.4

Det limit ±10

134 ± 9

184 ± 19

196 ±145

0.02

0.06

0.66

1

3

11.6

15.66

18.5

11.16

2.85

91.17

11

10.87

94.60

167.93

11.05

-35.20

7.427

2.03

Apr.18

12 ±3

9 ±9

Det limit ±0.1

1.3 ±0.2

Det limit ±10

152 ±9

206 ±19

Det limit
±138

0.01

0.03

0.04

0

0

20

1.8

2.1

1.43

1.8

79.6

13

15.30

110.47

193.10

9.38

-40.23

7.543

14.1

May 18

Appendix 1. Measured limnological variables from lake Kolové pleso during from year period (August 2017 – July 2018). Det limit - measurement under the detection limit.
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Chemical variables

NaCl (mg/l)
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r
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U (mV)
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Physical variables

Appendix 2. Correlation coefficients of selected physical and chemical variables. Only significant values (P<0.05) are listed.
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