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Abstract. This study is a part of the physical
and chemical limnology multiannual research of
lake Kolové pleso to understand the response of
the high mountain lake ecosystem to seasonal,
climatic and anthropogenic impacts. Due to the
extensive rainfall in July 2018, during the experi-
ment, we had the opportunity to observe the ef-
fect of flooding on the lake. Flooding had a signifi-
cant impact on the organic composition of the lake
(COD) as well as on some chemical elements (S,
K, Rb, Mo, Cd). The values of COD and measured
elements sharply decreased after the flood distur-
bance. On the contrary, the pH level increased
and the water in the lake became less acidic. We
observed a negative correlation between pH and
COD. We can concluded, that the flood distur-
bance had a major effect on the organic matter
content in the water. The flood washed out de-
posits sediments. This plays a role in the satura-
tion of water of organic and inorganic compounds
and thus affects the overall chemical and physical
state of the water in the lake and also will influ-
ence the ecosystem for the following months.
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Introduction

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 a glacial lake in the alpine
level of High Tatra Mountains. Glacial lakes repre-
sent 90% of all lakes in Slovakia (Bitusik et al 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 anthro-
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pogenic influences, due to their specific characteris-
tics, alpine lakes are excellent indicators of seasonal
changes, as well as increasingly frequent (IPCC
2001) climate change (Wathne et al 1995). Current
climate models show an increase in the frequency
of irregular phenomena such as extreme rainfall,
but also widespread drought, which disturbs water
level fluctuations in lakes (IPCC 2001). These current
trends have raised the question of how water level
fluctuations and the floods impact on lakes (Want-
zen et al 2008). Because of fluctuating water levels,
floods are notable biochemical events for lake eco-
systems (McClain et al 2003). Most lakes are hetero-
trophic 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 (Chrastny et al 2006). Alpine lakes are
likely to experience dramatic future physical, chemi-
cal 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 2002).
The aim of this study is, describe the impact
of the flood on the monitored alpine lake. The data
will serve as a reference for future programs for
monitoring global environmental changes (Pienitz
et al 1997a) and the impact of flooding on the lakes.

Material and Methods
Field experiments

The Tatra Mountains are the highest mountain range
of alpine character in Slovakia. Lake Kolové pleso
(GPS position data: N 49°13°13"; E 20°11°28") is
situated in Kolova dolina valley at an altitude of 1565
mas.l It has an area of 18 280 m? a perimeter of 735
m, a water volume of 10 846 m?, a length of 225 m, a
width of 123 m, a maximum depth of 1.2 m, and an
average depth 0.59 m (Marc¢ek 1996).

Samples were taken monthly between August
2017 and December 2018. During sampling in the
summer (18™ of July 2018), the Tatra Mountains
were hit by floods. To measure physical parameters
of the water samples including water temperature,
salinity, pH, U, conductivity, TDS (total dissolved
solids) (mg/1), soluble oxygen / (oxygen level) and
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saturation of the water, we used a portable mul-
timeter WTW 3430 (GEOTECH, Weilheim, Ger-
many) in the field. 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.
For the subsequent analysis, other samples were
placed into plastic containers containing 0.7 L
Water samples were taken at 0.5 meters from
the left shore of the lake. Before the sampling,
all containers were properly labeled and disin-
fected. We were careful about the proper trans-
portation of the samples and their preservation,
trying to keep intervals between sampling and
analysis as short as possible.

Laboratory analyses and statistics

For the detection of the required components of
the samples, we've used the following methods.
Chemical oxygen demand (COD) - conventional
potassium permanganate method, based on the
oxidation of organic substances with 20 ml potas-
sium permanganate (K,MnO,). It is defined as the
amount of oxygen which, under specified condi-
tions, is consumed for the oxidation of organic sub-
stances in water by a strong oxidizing agent (Mn
- Manganese) (Divis$ 2008). The x-ray method deter-
mines the values of some chemical elements (trace
elements). We used a handle ED-XRF spectrometer
DELTA (Innov-X Technologies, Canada) and ana-
lyzed the water sample in a plastic vial (minimum
15 mm of sample depth in a vial). We used multiple-
beam measurement, in which every measurement
consisted of 3 beams for 80 seconds, repeated three
times, and then averaged. The results were given
in ppm (parts per million) units. Standards used for
basic calibration of device were in a clean homog-
enous Si0, matrix without interfering elements. We
used also an additional calibration matrix for the
correct measuring of surface water samples, which
correspond to internationally accepted standards
for measurement of elements in surface waters SPS-
SW2 (Spectrapure Standards, Norway). Measure-
ments were realized following the working manual
DELTA handheld XRF Analyser, Canadian edition,
2015. Detections limits (X-ray) differ for different el-
ements based on and fulfill the criteria described in
the manual to Delta XRF.

For statistical analysis (Pearson’ s correlation
matrix, one way ANOVA and graphs) we used
STATISTICA 8 software.

Results

In July of 2018, the High Tatra experienced an ex-
tensive flood and in the lake Kolové pleso the sig-
nificant decrease in concentrations of sulfur (S),
molybdenum (Mo), potassium (K) and rubidium (Rb)
values were observed (Table 1).

The second impact of the flood was observed
in the organic composition of the lake (COD). The
level of COD after the summer of 2017 and during
the winter months of 2017 and beginning of the
2018 was naturally slightly decreasing. The level of
COD starts to increase in the spring months. This

trend was interrupted by flood. The organic compo-
nents were immediately washed out on the day of
the flood, and the other element's values fell on the
level of detection limits (Table 1).

After flooding acidity significantly decreased
(Fig. 1). We can observe a negative correlation re-
lationship between COD and pH level The data
confirm that flooding plays an important role in the
life of healthy mountain lake ecosystems, it highly
influences the concentrations of elements for a long
period and improves the acidity of the water. In the
present, flood effects also affect the accumulation of
anthropogenic contaminants and as in the case of
natural elements, they may cause their elution and
further distribution in the watercourse to lowlands.
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Fig. 1. Change in concentration of organic components
(COD) and acidity (pH) values due to extensive summer
flood in July 2018. The values were measured from August
2017 to December 2018.

Discussion

Oxygen concentration in Kolové pleso was around 10
mg/l and the average saturation was 98 %, which is
characteristic for chemically pure waters (Divis 2008)
such as Tatra Mountain lakes (Bitusik 2013). Based
on these parameters, particularly pH values, we can
classify the Kolové pleso among oligotrophic lakes
(Beracko et al 2014). PH values during the analyzed
annual cycle ranged from 5.7-9.4, which are also
typical for this type of mountain lakes (Douglas and
Smol 1994; Antoniades et al 2000; Hamilton et al
2001; Lim et al 2001; Michelutti et al 2002; Kopacek
et al 2006). The acidity of water in the lake season-
ally fluctuated, the phenomenon may be caused by
natural processes as well as industry located in the
wider area of the Tatra Mountain region (Camarero
et al 2009; Van Drooge et al 2011).

COD concentrations in the alpine environment
range from 0.6 to 10 ml (Pienitz et al 1997b). Low
values and limited range are related to an almost
complete absence of vegetation and poor drainage
in the area (Antoniades et al 2003). The effects of
decreased acidity and increased washing of organic
components from the lake water is known from sev-
eral studies (Keddy and Fraser 2000; Nogueira et al
2002; Coops et al 2003). The behavior of the lake and
its COD levels has shown that floods mobilize organic
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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+05 ND (DL = 6)
September 2017 4.70 ND (DL = 62) 196 +12 16+1.1 1.1 +1 ND (DL = 6)
October 2017 2.79 59 + 48 210 +10 1.2+0.8 1.1+0.8 ND (DL = 4)
November 2017 10.69 96 + 67 262 =156 15+05 111 ND (DL = 6)
December 2017 3.27 93 + 34 193 +13 1.5 +0.6 ND (DL =1) ND (DL = 6)
January 2018 0.93 ND (DL = 56) 203 £ 11 1+1 1.3+0.9 ND (DL = 5)
February 2018 0.92 ND (DL = 57) 21512 1.2+05 1.3+04 ND (DL = 5)
March 2018 2.18 ND (DL = 63) 187 +13 ND (DL =1.1) ND (DL =1) ND (DL = 6)
April 2018 2.85 196 + 145 134 +9 ND (DL = 0.4) ND (DL =0.1) ND (DL = 6)
May 2018 1.80 ND (DL =138) 162 +9 1.3+0.2 ND (DL = 0.1) ND (DL = 6)
June 2018 3.41 187 + 144 133+8 1+04 ND (DL =0.1) ND (DL = 6)
18 of July 2018 0.82 ND (DL =137) 137 +£8 ND (DL =0.4) ND (DL =0.1) ND (DL = 6)
August 2018 0.80 16 +£12 1+£01 ND (DL = 0) ND (DL = 0) ND (DL = 0)
September 2018 0.91 ND (DL =11) 1£01 ND (DL = 0) ND (DL = 0) ND (DL = 0)
October 2018 0.66 ND (DL =12) 1.1 +0.1 ND (DL = 0) ND (DL = 0) ND (DL = 0)
November 2018 0.98 ND (DL =12) 1.1+£01 ND (DL = 0) ND (DL = 0) ND (DL = 0)
December 2018 0.77 136 1£01 ND (DL = 0) ND (DL = 0) ND (DL = 0)

Table 1. Average concentrations of chemical elements and organic components in the typical West Carpathian alpine
lake. Extensive unusual flooding occurred in July 2018. COD — chemical oxygen demand values, * standard error shown in
2-sigma - 95 % confidence, ND — not detected, DL — detection limit showed in ppm. Delta ED-XRF device in case of not
detected values shows the actual detection limit for the measuring element in the sample.

nutrients in the lake (Mooij et al 2005; Wantzen et
al 2008). The process is influenced by a release of
organic sediment deposition which usually partici-
pates in water saturation by dissolving organic sub-
stances. Due to the flood, these organic substances
were washed out and stored in the aquatic-terrestrial
transition zone (Grossart and Simon 1998). We expect
that this effect also caused the observed decrease in
monitored elements values. This trend has been ob-
served mainly in the level of potassium, but we also
found the decreasing trend in sulfur, rubidium, mo-
lybdenum, and cadmium. Decrease of heavy metals
concentrations in surface waters after flooding has
been confirmed by Chrastny et al (2006) whose study
of the impact of floods on heavy metals revealed that
floods may in particular cause the release of cadmium
into the environment. Potassium concentrations in al-
pine waters are strongly governed by the chemical
weathering of silicates (rock-forming minerals) such
as biotite, K-feldspar, and clay minerals. It reflects
qualitatively the relative abundance of silicates in the
catchment and works as a nutrient for aquatic plants
(Zobrist 2010). In work Wu et al (2013) authors show
the specific ecosystem relations between decreasing
or increasing of this element and vegetation richness
and aboveground biomass and also wider relations
of this element with concentrations of main macro-
nutrients - phosphorus and nitrogen in soil and wa-
ter. Although our study only shows measurements of
selected elements (K, S, Rb, Mo, Cd), we can expect
that also other unmeasured macronutrient elements
(P, N) are washed on during the flood, and limitate
biomass development in following months.

One of the most important observations in our
monitoring is founding the increase of pH level af-

ter the flood. The elements which caused the acid-
ity of water were washed out. In surface waters, the
PpH is most influenced by sedimentation (McNeely et
al 1979; Michelluti et al 2002) and precipitation (Ju-
dova et al 201b). Lowes pH values were measured in
winter months. This corresponds to the potential pol-
lution effect from fossil fuel burning in winter months,
which could influence the mountain ecosystem with
acid precipitation. Sulfur compounds from precipita-
tion also play a role in the process of transformation
and subsequent deposition of inorganic sulfur in sedi-
ments (Evans and Monteith 2001; Liu et al 2017). This
deposition of sulfur was washed out by the flood with
massive sediment removal With this process also Acid
Neutralising Capacity (ANC) increased proportionally
to reductions in SO, as mentioned by Monteith et al
(2014) in the long-term study of surface waters.

Finally, we confirm a negative correlation be-
tween concentrations of organic components and
levels of pH. This negative correlation was measured
in many alpine lakes (Donahue et al 1998; Evans and
Monteith 2001; Kopacek et al 2003; Kopacek et al
2006). 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. In our case, flood and precipitation
reduced the amount of organic matter and therefore
affected the acidity of lake Kolové pleso.

Conclusions
Our research noted a less frequent phenomenon

of natural floods and their impact on the aquatic
ecosystem of alpine lake waters in high mountains.
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The phenomenon of flooding is specific because
it does not condition an annual but several-year
cycle of water biota. In this long-term cycle, the
ecosystem has to adapt after major disturbance
and in the long run, many organisms are forced
to overcome physiological, morphological and ge-
netic changes to survive. Due to this, we consider
this study as exceptional.
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