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PREFACE

As part of the Agreement on Environmental Co-operation between Norway and Poland a project "A
case study on estimating Critical Loads of acidity to lakes in the Tatra Mountains in Poland" was
established in 1991 with participants from the Institute for Ecology of Industrial Areas in Katowice,
the Tatra Mountain National Park and the Norwegian Institute for Water Research (NIVA). The
intention of the project was to collect samples from the Polish Tatra Mountains, compare their water
chemistry with Norwegian lakes and to calculate their critical loads of acidity and their exceedance.
The following up of this first work was a project with biweekly sampling of two lakes and
precipitation sampling on a weekly basis in the Polish Tatras called "Critical Loads of acidity to lakes
in the Polish Tatra Mountains A study of the yearly variations in the precipitation and water
chemistry”. The project extention on precipitation sampling brought Norwegian Institute for Air
Research (NILU) into the Cooperative work. The project was launched after a Norwegian visit to the
Tatras in August 1992, where the activities were discussed, and the NILU precipitation sampler was
placed close to the investigated lakes. The results from the first year of sampling were discussed under
a Polish visit to Norway in November 1993, and will be reported here. The project activities for the
Norwegian team has been financed by the Norwegian Ministry of Foreign Affairs.



ABSTRACT

Critical loads of acidity to surface waters, is defined as The highest load that will not lead in the long-term to
harmful effects on biological systems, such as decline and disappearance of fish populations. Critical loads
have been most thoroughly studied with respect to sulphur, and critical loads for sulphur were exceeded
long ago in large regions in Norway and in many other countries. The effect is manifested in the form of
acidic fishless lakes. As part of the Agreement on Environmental Cooperation between Norway and
Poland critical loads of acidity and their exceedance to two lakes in the Polish Tatra Mountains have been
calculated after an extensive programme on water chemistry and precipitation. The Polish Tatra
Mountains are situated on the boundary to Slovakia. This study concentrated on two acidification sensitive
lakes, Dlugi Staw and Zielony Staw, located in the granitic area of the mountains, selected after an earlier
investigation under the same agreement. Lake samples were collected biweekly from September 1992 to
September 1993, and analysed at the Norwegian Institute for Water Research. Weekly precipitation
samples were collected in the same period and sent to the Norwegian Institute for Air Research to be
analysed. This study confirms the results from the earlier investigations, that the general acidification
status of the fresh water resources in the Tatra Mountains are similar to those found in similar geological
settings and similar atmospheric deposition patterns in Europe and north America. The critical load of
acidity is exceeded in Dlugi Staw, one of the two lakes in the study. The main difference between the
comparable areas is the great importance of nitrogen deposition in the Tatra Mountains. The nitrogen
leaching of Dlugi Staw is about 90% of the incoming nitrogen, i.e. almost all incoming nitrogen is leaving
the lake as nitrate, while Zielony Staw is retaining about 50% of the incoming nitrogen. The nitrate
leaching in the two Tatra lakes is much higher than the nitrate leaching of high mountain lakes in Norway
subjected to similar sulphur and nitrogen deposition. Here, we find maximum leaching values of less than
30% of the incoming nitrogen. The nitrogen deposition in the Tatra is about the same as in southernmost
Norway. Thus, it is surprising that the nitrate concentrations in the Tatra lakes are significantly higher
than those in Norway, even for the alpine lakes in southern Norway. We have no reasonable explanation
for this at the present time. To be able to understand this differences, further studies are needed. They
should involve continuous measurements of water flow from the Zielony and Dlugi lakes and also
measurements of dry deposition. The future activities should also include an extension to other potential
sensitive areas in Poland. Further, steps should be taken to co-ordinate the acidification studies on the
Slovakian side of the granitic Tatra Mountains.

1. INTRODUCTION

There has been considerable scientific and political interest in determining the effects of acidic
deposition on various environments. Beyond the linkage of atmospheric deposition of strong acids to
effects on forests, lakes, crops, human health and materials, one of the important issues have been in
evaluating and setting limits on the deposition of acidic compounds. These limits, or the critical loads
of acids to an environment, is defined as "the highest deposition of acidifying compounds that will not

cause changes leading to long term harmful effects on ecosystem structure and function"” (Nilsson and
Grennfelt, 1988).

Criteria for "unacceptable change" are set relative to effects on terrestrial and aquatic organisms. Both
sulphur and nitrogen contribute to the total input of acidifying compounds to an ecosystem. The ratio
of sulphur to nitrogen can, therefore, vary without changing the critical load for acidifying compounds.
The purpose of determining critical loads is to set goals for future deposition rates of acidifying
compounds such that the environment is protected. Critical loads are determined separately for
different receptors, such as soils and lakes.

Critical loads for the acidification of surface waters have been most thoroughly studied with respect to
sulphur. Critical loads of sulphur were exceeded long ago in large regions in Norway and in many

other countries, and the effects are manifested in the form of acidic fishless lakes.

Under the auspices of the Convention on Long-Range Transboundary Air Pollution (the "Geneva



Convention"), a "Task Force for Mapping the Critical Loads and the Areas where the Critical Loads
are Exceeded" has been formed. A manual for calculating critical loads and their exceedances both for
forest soils and for surface waters has been worked out (Sverdrup ez al. 1990). Norway has mapped
the critical loads of acidity and the exceedance for sulphur to surface water, and a project under the
Nordic Council of Ministers has mapped critical loads and their exceedance for surface waters for the
three Nordic countries Finland, Norway and Sweden (Henriksen et al. 1990).

During the work of the Task Force on Mapping contact between Poland and Norway has been
established. As part of the Agreement on Environmental Co-operation between Norway and Poland a
project "A case study on estimating Critical Loads of acidity to lakes in the Tatra Mountains in
Poland" was launched in 1991 with participants from the Institute of Environmental Protection in
Katowice, the Tatra Mountain National Park and the Norwegian Institute for Water Research. The
intention of the project was to collect samples from the Polish Tatra Mountains, compare their water
chemistry with Norwegian lakes and to calculate their critical loads of acidity and their exceedance.
The project results were reported in 1992 (Henriksen e al., 1992). The following up of this first
Cooperative work is a project with biweekly sampling of two lakes and precipitation sampling on a
weekly basis in the Polish Tatras called "Critical Loads of acidity to lakes in the Polish Tatra
Mountains. A study of the yearly variations in the precipitation and water chemistry". The first year of
this project will be reported here together with a discussion of future joint activities for the Polish and
Norwegian groups.

2. DEFINITIONS

Critical loads for "unacceptable change" are set in relation to effects on terrestrial and aquatic
organisms. Some useful definitions are given in the box.

DEFINITIONS

Critical load: The highest load that will not lead in the long-term to harmful
effects on biological systems, such as decline and disappearance of fish
populations. :

Receptor: An ecosystem which may potentially be affected by atmospheric
inputs of sulphur and nitrogen (soil, ground water, surface water).

Biological indicator: selected organism(s) or populations which are sensitive
to chemical changes as a result of atmospheric inputs of sulphur and nitrogen
(forest, fish, invertebrates).

Critical chemical value: The value of a critical chemical component or
combinations of components above or below no rise to a harmful response in
a biological indicator is given (pH, ANC, Al/Ca ratio).

The critical load definition provides a framework for making numerical estimates of the loads at
which adverse effects occur. Such estimates may be based upon a number of different methods and the
selection of method depends to a large extent upon the recepfor chosen and the availability of relevant
data for the calculations. The effects on sensitive biological indicators are used to identify harm to
freshwater systems. Organisms are often efficient "integrators" of the chemical conditions in their
environment and may thus provide a convenient means of measuring effects. The methods for



calculating critical loads for acidity of freshwaters all use chemical data, often making assumptions -
regarding the water chemistry to acidification. Thecritical chemical value is based on our knowledge
of the ecological tolerance of sensitive biological species to water chemistry.

3. CALCULATING CRITICAL LOADS OF ACIDITY TO FRESHWATERS

We have applied the Steady-State Water Chemistry method (Henriksenet al. 1990) to the data for the
Tatra Mountain lakes. This method is described in the earlier mentioned manual for calculating critical
loads and their exceedances compiled by The Task Force on Mapping.

THE STEADY-STATE WATER CHEMISTRY METHOD

Acid Neutralisation Capacity (ANC) is used as the chemical criterion for sensitive
indicator organisms in surface waters. ANC is defined as the difference between non-
marine base cations (BC)* and strong acid anions (AN)*:

[ANC] = [BC]* - [AN]* = [HCO3"] + [A"] - [HT] - [ AI"F] (1)

where [HCO37] is the bicarbonate concentration, [A~] is the concentration of organic
anions and [ AIM*] is the sum of all positively-charged aluminium species.

The critical load for a lake is defined as the original leaching of base cations from the
catchment area. The critical load (CL) of acidity for a given indicator organism is given
by :

CL = ([BC]*) - [ANCy])Q - BC*g) @

where BC*() is the preindustrial non-marine base cation concentration, ANCjjp;jt is the
critical ANC-concentration for the organism considered, Q is the mean annual runoff and
BC*4 is the non-marine base cation deposition. To compute the critical load, values for
BC*( have to be estimated from present-day water chemistry data (see Henriksen et al.
1990).

The exceedance of the critical load for sulphur, CL¢y, is then calculated by comparing
the critical load computed by Equation (2) with the present non-marine sulphate
deposition, SO4*.

CLey =CL - SO4 *4 €))

Note that this equation gives the critical load exceedance for sulphur, assuming that
nitrogen does not contribute to the acidification.

Non-marine contributions are indicated by an asterisk (*).

The method is only applicable to surface waters, and is a static method, i.e. the critical load is
computed assuming a steady-state with respect to the inputs from the atmosphere. The method is
applied in the same way as to the Scandinavian lakes. The Steady-State Water Chemistry method is
shortly described in the box above. For further details see Henriksen ez al. 1990.



4. THE TATRA MOUNTAINS

The Tatra Mountains (Tatra Mts) are situated on the border between Poland and Slovakia. It is a
mountain ridge 53 kilometer long and 18 kilometre wide, with the highest summit of 2663 m.a.s.l. in
Slovakia, and 2499 m in Poland. Within the Karpaty formation, the Tatra Mountains create the
highest mountain massif, that characteristic feature is young glacial relief. Complex structure of nape
and differentiated relief in which forms created in subtropical climate as well as those created in a very
cold climate by glaciers have been preserved, are typical for the Tatra Mountains. Due to very high
elevation, low temperatures of air and precipitation levels of the highest in the country are
characteristic for the Tatra Mts. Another distinctive features for that region are frequent, strong winds,
transporting dusts and pollutants emitted into atmosphere. The diversity of flora in the Tatra Mts is
strictly connected with the climatic zones existing in that terrain. Processing physical and chemical
erosion caused by atmospheric precipitation has resulted in creating numerable vaulcluses, springs,
streams, creeks, brooks and lakes, which chemical composition is closely connected with the geologic-
lithological characteristics of the catchment basin.

4.1 Localisation of the study area.

Figure 1 shows the location of the Tatra Mts in Poland as well as a detailed map of the study area.
After preliminary research in an extensive territory, the study area has been reduced to the part of the
Polish Tatra Mts. with cristalline core where the mineralization of surface waters is very weak,
resulting in sensibility to acid deposition from the atmosphere. After thorough analysis of works
already carried out within the described project, the lakes located in the area of Hala Gasienicowa
were selected for further research. These lakes are: Staw Dlugi (TPO2), selected because of its
significant degree of acidification and Zielony Staw (TP20), selected because of its rich biological life.

4.2 Localization of the precipitation station.

The sampling station for precipitation is situated in Hala Gasienicowa, in a station of the Institute of
Meteorology and Water Management, near the lakes under investigation. The location of the
meteorological station is presented in Figure 1. The station is located in the upper part of Sucha Woda
Valley on the upper timberline (1520 m a.s.l.) in the northern slopes of the mountain ridge. with the
south east exposition. The Sucha Woda Valley opens in the north east direction, and the prevaihing
wind circulation on the station is SW.

4.3 Hydrology.

The post-glacial lakes of the Tatra Mts are situated above the upper forest zone, on the level of
mountain-pine and alps. They are supplied with small, usually seasonal streams, collecting the flowmg
rain waters and by waters from old firn reservoirs as well as retained in fissues and small pools of
morainic covers. There are about 40 lakes in the Polish Tatras of a joint area of 80 hectares and a
volume of ca 40 million cubic metres. None of them is more than 35 hectares in area and 80 m deep
Generally, the water levels of the Tatra Mts Lakes are in most cases balanced, with differences
amounting to several tens of centimetres. Maximal water level appears in the period of spring thaws as
well as after rich rainfalls, usually with one day delay. The lowest water level is usually observable in
autumn and winter. Morphological and hydrological parameters of studied lakes are shown in Table
4.1



A-Precipitation sampling station
O-Water sampling point

Figure 1. Location of the Tatra Mountaln National Park
and the study area.



Table.4.1. Morphological and hydrological parameters of studied lakes (Lajczak, 1980; Szafer et
al.,1962).

Lake Altitude | Surface Maximal Water volume | Surface of catchment area
a.s.l. (ha) depth in medium of the lake
(m) (m) water level (kmz)
(min m3)
Zielony Staw | 1632 3.84 15.1 0.290 1.3
Gasienicowy
Dlugi Staw 1784 1.59 10.6 0.081 -
Gasienicowy

Both lakes are supplied with waters from springs and episodical and seasonal creeks of different
efficiency.

4.4 Geology and soils.

Dlugi Staw and Zielony Staw are situated on the cristalline area of the High Tatras. Their location in
concave forms created by glacial erosion is similar to other lakes in the Tatra Mts. The bottoms of the
lakes and the rock steps confining them are cut in impermeable granite rocks surrounded by morainic
covers and banks of different age. Moreover, in the surroundings of Zielony Staw a few inserts of
carbonate rocks are observable on the western slopes of the valley (Kot, 1993).

Contemporarily, the morphology of the lakes neighbourhood is modelled by frost weathering,
insolation weathering, vertical soil movements, needle-ice activity, rockfall, creep, gelifluction, snow
avalanche activity, nivation around snow patches, deflation, surface and concentrated wash, piping
(suffosion) and chemical denudation (Klapa, 1980). In the surroundings of both lakes barren soils and
podzolic soils appear.

4.5 Runoff.

The high mountain areas are situated within the masses of humid air, which characteristic feature is the
variability of climatic conditions and various water-bearing capacity of rock formations, as well as rich
water resources and complex water circulation both spatial and annual.

The mean value of runoff coefficient amounts to 0.83 for the Tatra Mts, and for cristalline Tatras 0.86
(Lajczak, 1988). This rather high value can be attributed to the rather low evaporation under the
conditions of low temperature, increased air humidity, frequent precipitation as well as rapid water
runoff in the cristalline rock zone.

Average annual, total unitary runoff, according to measurement data of 1961-1980, for the upper parts
of Hala Gasienicowa amounts to 1 576 000 m3 km-2 yr'l, (Lajczak, 1988), and this value was used
for calculations of the critical loads

The mean monthly runoff value was calculated using the data on precipitation values from the
measurement station situated in Hala Gasienicowa. The monthly precipitation sums were increased
with respect to the relation between precipitation amount and the elevation above sea level (separately
for Dlugi Staw and Zielony Staw), the obtained values were then multiplied by the runoff quotient for
the cristalline Tatras (Lajczak, 1988). Due to the fact that the deposited winter precipitation increase .
the runoff in the periode of spring thaws (May - end of July), they were added to the runoff calculated
by the method presented above, according to the data on the ratio of snow cover decrease (Szaferer
al., 1962).
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4.6 Climate and flora.

The climate of the Tatras represent features of high mountains, characteristic for the central European
type of climate of the westerlies. High altitudes above s.1. as well as rich and deep relief are the cause
of many climatic phenomena and differences. The main properties of the high mountain climate of the
Tatras are: summer maximum and winter minimum in the annual course of the atmospheric pressure,
prominent superiority of autumn temperature as compared with spring, smaller annual range of
temperature on higher altitudes, abundance of winter inversions of temperature, increase of humidity
and cloudiness in summer and their decrease in winter, equal proportions of summer and winter
precipitation.

Among the peculiarities of the Tatras are to be noted frequent and strong winds and low values of
relative humidity on peaks by air descending (Szafer et al. 1962).

Table.4.2. Vertical Climatic Zones after Hess, 1965.

Vertical Vegetation Elevation Mean
climatic zone zone a.s.l. temperature [°C]

Year Jan. Jul.
Cold Alpine summit 2200-2663 -2.0 -12.0 4.0
Temperate cold | Alpine meadow 1850-2200 | 0.0 -10.0 6.0
Very cool Dwarf pine 1550-1850 2.0 -8.5 8.2
Cool Upper forest 1100-1550 | 4.0 -6.0 10.5
Temperate cool | Lower forest 700-1100 6.0 -5.5 13.0

In the Polish Tatras the average amounts of precipitation increase proportionally to the increase of
altitude, from 1200-1300 mm in the marginal mountain area, to 2000 mm in the high mountain area.
For the elevation above 2000 a.s.l. the precipitation inversion is observable (Lajczak,1988). Mean
annual sums of precipitation for Hala Gasienicowa for the period 1931-1960 amounted to 1678 mm.
The average number of days with snow cover depends obviously on the elevation above s.1., and at the
same time on temperature and contribution of snowfalls in the total sum of precipitation, which for
Hala Gasienicowa is 193 days annually, for Kasprowy Wierch 230 days (Szaferer al. 1962). Particular
climatic factors, related to annual mean temperature decreasing with elevation above s.l., develop
climatic belts witch coincide with the vegetation belts (Table 4.2.)

The location of the lakes meet the conditions of the very cool climatic zone. In the surroundings of
Staw Dlugi the flora of screes poor in Oxysio-Safiragetium carpatince as well as flora of granite blocks
- mostly lichens is observable.

In the surrounding of Zielony Staw secondary grass as well Vaccinietum myrtylli, Empetro-
Vaccinietum, Nardetalia communities appear mostly in the mountain-pine zone and on the south-
western side - the flora of moist grids and fixed granite screes -Luzuletum Spadiceae.

4.7 Aquatic ecosystem

The waters of the Tatra lakes above timberline are ultraoligotrophic, inhabited with the phytoplankton
. dominated by smaller nannoplanktonic forms (Mallomonas, Cryptomonas). In the past in Tatra lakes
there was a very high number of zooplanktonic species. Wierzejski (1882-1883), Litynski (1913) and
Minkiewicz (1914) confirm the existence of 75 planktonic species belonging to the association
Calanoida (Daphnia pulicaria Forbes, Holopedium gibberum Zaddach, Polphemus pediculus and
Heterocope saliens Lill).
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The fishless waters of Tatra mountains have been artificially stocked, since the end of nineteenth
century to the fifties of twentieth century. The introduction of fish to the Tatra lakes caused extinction
of the local population of shellfish zooplanktonic forms. Along with the disappearance of the
Calanoida group, marked increase could be noticed in two cosmopolitan species of Keratella
quadrata Ehrbs and Polyartha dolichoptera Idelson. (Gliwicz, 1985).

The lake Zielony Staw was fishless until 1948-49 when brook trout (Salvelinus fontinalis) was stocked
into several small lakes in the Gasienicowa Valley. The successful stocking was the effect of the
action from 21 October 1949 when the Polish Anglers Association put 6000 one year old brook trout
into this lake (Paschalski in Kot, 1993). The population of brook trout increased and became
overpopulated, but since 1965 overpopulation has been strongly controlled by parasitical fungus
Ichtiophonus intestinalis. In spite of that, the brook trout population survived, controlled by parasites.

The fish population of Zielony Staw lake has an access to the Litworowy Staw located several
hundred meters downstream, which is also one of the spawning places for all populations. At the same
time as Zielony Staw some other small lakes in Gasienicowa Valley have been stocked. Dlugi Staw
lake has also been populated by brook trout, but this population disappeared in the sixties.

Fish from Zielony Staw indicates the negative effect of the reduced pH and has a substantial increase
in mucus secretion by brook trout. Apart from that, occasional fish death has been observed at the sites
of thawing water entrance into the lake (May 1991), and also in case of the increase of water outflow
resulting from intensive precipitation following the draught period (outflow from Litworowy Staw in
Autumn 1990) (Byrcyn et al., 1992).

S. HYDROCHEMICAL STUDIES IN THE POLISH TATRA MOUNTAINS

Extensive studies of the chemical properties of the Tatra lakes and streams were carried out in the
1950's and 1960's (Oleksynowa, Komornicki 1957-1969, 1979; Bombéwna 1965, 1971; Paschalski,
1963). That research was aimed at finding the relation between the chemistry of surface waters and the
geological factors. The studies showed that trace or low level of buffering ( degrees Il or Il in I - X
scale) and decreased mineralization values (dissolved salts; 28 - 63 mg/l) were characteristic for the
crystalline Tatras waters.

In the 1980's, studies were undertaken on atmospheric pollution impact on the chemical composition
of the Tatras surface waters, both in the Polish part (Malecka, 1989, 1991; Krywult, 1990, 1992;
Wojtan, 1989; Polakiewicz, 1987; Kot, 1991, 1992, 1993) and in the Slovak part (Fott, 1982; Stuchlik,
1985; Fott, 1987).

All research proved a processing acidification of the cristalline Tatras surface waters. With respect to
accumulation of analytic material, the research carried out can be divided into two groups:

- survey research, including single collecting of water samples from a significant number of lakes and
streams (Oleksynowa and Komornicki 1957-1969, 1979; Stuchlik, 1985).

- research on the basis of single or several samples collected from waters of one or several lakes or
catchment basins ( Wojtan,1989; Polakiewicz, 1987; Krywult, 1990, 1992; Malecka, 1985;
Bombowna, 1965, 1968, 1969).

Waters of the lakes, being the subject of the current stage of research, have already been investigated
many times. The survey of analyses research is presented in the Table 5.1.
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Moreover, since 1987 the study of the changes of some physico-chemical parameters (temperature,
pH, conductivity) of Zielony Staw Gasienicowy waters in annual cycle were carried out (Kot,
1991,1993). That research proved significant decrease of pH value, especially during spring thaws and
after rainfalls occurring after long dry period.

Summarizing, it should be stated, that the results of the already performed research are incomparable

due to the differences of sampling terms, range of performed analyses as well as differences in applied
analytical methods.

The results of the research included in this work are the first attempt of global presentation of the
problem of acid deposition impact on the Tatra Mountains lakes, with respect to changes of water
chemistry and precipitation in annual cycle.

Table.5.1. Survey of selected chemical parameters concentrations in the waters of Dlugi Staw and
Zielony Staw.

Lake Year pH Ca |Mg |K Na N-NO3 | N-NHy; | SOy
Dlugi
Staw 19351 | 6.25 6.0 - - - - - -

1960< | 5.8 24 |0 - - - - 4.3
19667 | 6.2 25 (06 1007 ]020 ]0.330 0.08 1.5

Zielony
Staw 19351 625 | - - - - - - -

19602 | 6.4 30 |02 |- - - - 53
19665 | 6.9 32 |1.1 [008 [024 [0.280 0.080 1.5

1 Olszewski, 1939
2 Oleksynowa, Komornicki, 1989
3 Bombéwna, 1971

6. DEPOSITION DATA

The studies on atmospheric precipitation chemistry carried out from July 1962 to December 1963 at
Kasprowy Wierch and Lysa Polana, had already shown a very low pH of 4.1 (Orlicz and \oltosa,
1974). The average level of sulphates recorded at that time was 10.23 mg/l and 7.05 mg/l while that of
nitrates was 1.14 mg/l and 1.48 mg/l, for Kasprowy Wierch and Lysa Polana, respectively.

In the 1980s, studies on rainwater were carried out at ten sampling stations localised within the
boundaries of the Tatra National Park (Malecka, 1989, 1991). The studies have shown that pil of
rainfall, as noted in the years 1988 - 1990, ranged between 3.6 - 7.05. These low pH values have been
also confirmed in the studies performed by Polakiewicz (1987), and Wojtan (1989). Both rescarchers
reported the pH values within the range from 3.8 to 5.19.

From time to time, chemical analyses of wet precipitation were also carried out. For example, in July
1989, rainfall was being collected at Hala Gasienicowa, with sulphate concentration ranging between
2.1 and 11.1 mg/l (average: 5.1 mg/l) (Polakiewicz, 1989). According to Kasina (1989), average SOg4-
S wet precipitation in the Tatra Mountains amounts to 820 mg/m2 year.

In June and July of 1986, Krywult studied the chemical composition of snow sampled from the High
Tatra area. The following parameters were determined: pH of samples ranged between 5.0 - 5.6, the
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averagevalues were as follows: hardness was 41.9 peq/l, Cl content 1.0 mg/l, SO4 3.7 mg/l, NO3-N
0.1 mg/l. Apart from the above mentioned occasional studies, long term monitoring of the forest
environment is carried out in Poland by the Institute of Forest Research. The monitoring covers
determination of air pollutant concentrations (SO), NOy, and F) as well as measurements of dry
deposition, with the application of the contact method using KoCO3 as an absorbing agent. The dry
deposition value determined with that method for the Tatra National Park area in the years 1988/89
amounted to 9.489 mg SO, m-2 day‘1 and 0.163 mg NOy m-2 day‘1 (Wawrzoniak, 1989).

The nearest precipitation station included in the European Monitoring and Evaluation Programme
(EMEDP) is located at Chopok in Slovakia, at 2008 m a.s.l. (48°56' N and 19°35' E). In 1986 the annual
precipitation was 1067 mm, the weighted yearly wet concentration of sulphur was 1.96 mg S/ and of
nitrate 0.53 mg N/I. In 1992 the annual precipitation was 839 mm, the weighted yearly mean
concentration of sulphate was 1.63 mg S/, of nitrate 0.47 mg N/I and of ammonium 0.80 mg N/1. Due
to the fact that the research results in Poland are fragmentary, and the results obtained from Chopok,
because of noticeable participation of local emissions in air pollution, are not representative for Hala
Gasienicowa, an annual series of precipitation quantity and quality research was performed in Hala
Gasienicowa. Table 8.3. presents the results of the chemical analyses of precipitation in the years
1992/1993.

7. SAMPLING PROGRAMME
7.1. Sampling procedure for water chemistry.

In order to collect complex data on the Tatra Mts. waters chemistry, three research projects have been
carried out. In the first stage samples from all major Tatras streams and lakes were collected and
analysed. The second stage consisted in collecting samples only from those lakes, which the first stage
proved to be sensitive to acid deposition (Henriksen et al., 1992). The feature of investigated stream
waters is high mineralization degree, that results from the calcareous-dolomitic substratum through
which they flow, showing at the same time no sensitivity to acid deposition. In the third research
project, that will be reported here, running from September 1992 to the end of August 1993, two of the
most sensitive lakes were chosen for a more extensive sampling.

Every two weeks samples were taken from the two lakes: Dlugi Staw (TP02) and Zielony Staw
(TP20). The sampling points were the outflow of the lakes. Bottles with samples were then mailed to
NIVA, where they were analysed.

7.2. Sampling procedures for precipitation.

In order to collect data on pollution deposition from the atmosphere, a deposition station was installed
in the area of the Institute of Meteorology and Water Management (IMWM) station, situated in the
vicinity of the studied lakes, in Hala Gasienicowa. Precipitation as rain or snow was collected by use
of the NILU precipitation sampler. The sampling equipment was operated by members from IMWM
staff according to the provided instruction elaborated on the basis of description in Norwegian
Standard 4864 - Air Research "Collection of samples of precipitation".

Weekly sums of precipitation were collected, then a representative part of the collected precipitation
was taken out by the station keeper and sent to NILU for analysis of the main components in the -
precipitation.
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8. RESULTS AND DISCUSSION
8.1 Precipitation results

In the year from 7th of September 1992 to 6th of September 1993 analysis of the precipitation samples
showed mean values of sulphate (as sulphur), nitrate and ammonium (as nitrogen) of 1.12, 0.4 and
0.44 mg/l, respectively. The mean pH in precipitation was 4.38 with monthly values varying in the
range 4.11 - 4.81. The monthly mean values are shown in Figure 8.1.
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Figure 8.1. Monthly mean concentrations of NO3-N, SO4-S and NHy-N in precipitation samples from
Hala Gasienicowa from September 1992 to September 1993,

The precipitation amount in the period was 1155 mm and resulted in a wet deposition of approx. 1.3 g
S04-S/m?, 0.46 g NO3-N/m?2 and 0.51 g NH4-N/m2. The monthly precipitation values are shown in
Figure 8.2, and the monthly deposition values in Figure 8.3.

The highest monthly average concentrations of sulphate, nitrate and ammonia were measured in
March, April and May. Due to the amount of precipitation, the largest monthly wet depositions was
measured in May and June.

As mentioned, the nearest precipitation station included in the European Monitoring and Evaluation
Programme (EMEP) is located at Chopok in Slovakia, location 48°56' N and 19°35' E at 2008 m
above sea level. In Table 8.1, the 1992 annual precipitation and the weighted yearly mean
concentrations of sulphate (SO,4-S), nitrate (NO;-N) and of ammonium (NH4-N) are shown. The
corresponding data for the EMEP-stations Birkenes and Skreddalen, the stations at Valle and
Vatnedalen in the southernmost Norway, and the results for Hala Gasienicowa in the twelve months
measured are also shown.

Southernmost Norway is the area most heavily exposed to acid rain in the country. Birkenes is situated
not far from the cost, and the stations Valle, Skreddalen and Vatnedalen are situated in valleys at some
distance form the cost
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Figure 8.2. Monthly precipitation amount sampled at Hala Gasienicowa from September 1992 to
September 1993.
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- Figure 8.3. Monthly deposition values of NO3-N, SO4-S and NHy-N at Hala Gasienicowa from
September 1992 to September 1993,
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Table 8.1. Annual precipitation and weighted yearly mean concentrations of NO3-N, SO4-S and NHy4-N,
at the meteorological stations in Chopok (Slovakia) and Birkenes, Valle, Skreadalen and Vatnedalen
(Norway) for 1992 and Hala Gasienicowa (Poland) for the periode September 1992 - September 1993.

Station Year h.a.s.L. mm SO4-S Sum N | NO;-N NH,-N
(m) (mgS/hH (mgN/D) | (mgN/D) (mgN/1)
Chopok 1992 2008 839 1,63 1,27 0,47 0,80
Birkenes 1992 190 1344 | 0,74* 0,96 0,52 0,44
Valle 1992 250 1120 | 0,46* 0,50 0,28 0,22
Skreadalen 1992 465 2728 1 0,37* 0,47 0,24 0,23
Vatnedalen 1992 800 1055 | 0,29* 0,28 0,17 0,11
Hala Gasienicowa | 1992/93 | 1520 1202 | 1,12 0,84 0,40 0,44

*= geasalt corrected value

Also the yearly deposition values for the stations and the relations between deposition of N and S are
shown in table 8.2 for the stations Chopok, Birkenes, Valle, Skreddalen, and Vatnedalen for 1992 and
Hala Gasienicowa for 1992/93.

The results from Hala Gasienicowa does not reflect the same time period as the results from the other
stations. The one year values for concentrations in precipitation and for deposition should only be used
for rough estimation, until better data are available.

Table 8.2. Yearly deposition values of NO3-N, SO4-S and NHy-N, at the meteorological stations -in
Chopok (Slovakia) and Birkenes, Valle, Skreddalen and Vatnedalen (Norway) for 1992 and Hala
Gasienicowa (Poland) for the periode September 1992 - September 1993.

Station Year hasl |N/S SO,-8 Sum N | NO;-N NH,-N
(m) (mgS/m?) | (mgN/m?) | (mgN/m?) | (mgN/m?)
Chopok 1992|2008 0,77 | 1368 1065 394 671
Birkenes 1992 190 1,30 991%* 1292 703 589
Valle ‘ 1992 250 1,08 519* 560 318 242
Skreadalen 1992 465 1,25 1017* 1274 647 627
Vatnedalen 1992 800 0,95 301* 287 175 112
Hala Gasienicowa | 1992/93. | 1520 0,75 1297 976 465 511

The SO,-S concentrations given for the Norwegian stations are seasalt corrected. Due to very low
concentrations of marine components in the Tatras, corrections for marine sulphate has not been
performed for the stations in Chopok and Hala Gasienicowa.

The data indicate that the concentrations of sulphur components in precipitation at Hala Gasienicowa
are at a level in the middle between Chopok and Birkenes and higher than the valley stations in
Norway. The nitrogen concentrations are in the same order of magnitude at Birkenes, Chopok, and
Hala Gasienicowa, and higher than the Norwegian valley stations. The deposition of sulphur show the
same pattern between the stations as the sulphur concentration, while nitrogen deposition at Birkenes,
Skreddalen, Chopok, and Hala Gasienicowa, are in the same order of magnitude while the stations at
Valle and Vatnedalen show lower deposition values. Estimated from these deposition data, the relative
importance of N to acidification should not be less in Norway than in the Tatras.

The importance of the dry deposition in the Tatra region is not known. For the Norwegian stations we
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know that the dry deposition normally is below 20 % of the total deposition. To attain more precise
deposition values for the Tatra region, measurements giving the possibility to calculate the dry
deposition are needed.

8.2. Water chemistry
8.2.1. Chemical composition

The concentrations of the major components are shown in Figure 8.2.1. The base cation concentrations
are higher in Zielony Staw than in Dlugi Staw, and consequently the alkalinity is also higher. The
sulphate concentrations are similar, indicating similar deposition of sulphate, while the nitrate
concentration is significantly higher in Dlugi Staw than in Zielony Staw. The differences are largely
due to the fact that Dlugi Staw is located at a higher altitude than Zielony Staw (Table 4.1). The
concentration of base cations (calcium and magnesium) reflects normally the influence of the geology
on lake water quality. Figure 8.2.2. compare lakes in the Tatra Mountains with lakes in southern
Norway with similar concentrations of calcium and sulphate. The water chemistry of the selected lakes
are very similar for the two countries, except for pH (5,49 and 6,62) and the concentrations of nitrate
and alkalinity. The nitrate concentrations in the Tatra lakes are much higher
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Figure 8.2.1. Mean concentrations (sept-92 to sept-93) of major components in the two Tatra lakes.

than in Norway, and the alkalinities are lower. As a consequence of the latter, the pH of the lakes are
lower in the Tatra Mountain lakes. This indicate that the Tatra Lakes are more acidified than the
Norwegian lakes. This difference is solely due to the higher nitrate concentrations The differences in
nitrate concentrations in the two sets of lakes are almost completely balanced by the differences in
alkalinity. For example, for the second set of lakes the nitrate difference is 55 peq/l, while the
alkalinity difference is 45 peq/l. Adding the difference in calcium concentration (10 peq/1), the balance
is complete. The Norwegian lakes are also alpine lakes located at 830 - 1150 m above sea level.
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Figure 8.2.2. Comparison of water chemistry of lakes in the Polish Tatra Mountains and Norway in
areas with similar geological settings.

8.2.2. Variations in concentrations

The Figures 8.2.3 to 8.2.6 show variations in pH and in concentrations of calcium, sulphate and nitrate
in the two Tatra lakes for the period August 1992 to July 1993.

pH vary most in Dlugi Staw, with low values during fall and spring. This is clearly reflected in the
dilution of calcium (Figure 8.2.4) during the same periods. The pH of Zielony Staw does not vary to

the same extent, although a decline in pH is observed during the snow melt period in spring. Also, the
calcium concentrations are rather stable during the observation period.

Figure 8.2.3. Variations in pH in two Tatra lakes.
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Figure 8.2.4. Variations in calcium in two Tatra lakes.
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Figure 8.2.5. Variations in sulphate in two Tatra lakes.

The variations in sulphate (Figure 8.2.5) are not as seasonal as the variations in pH and calcium.
although some dilution is observed for both lakes during the snowmelt period. The nitrate variations
(Figure 8.2.6), however, are more systematic, with clear increase in concentrations from fall to snow
melt for both lakes. Dlugi Staw also show a decrease in concentration in fall, due to the dilution effect
shown in calcium (Figure 8.2.4).
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Figure 8.3.6. Variations in nitrate in two Tatra lakes.

8.2.3. Fluxes.

Based on the measurements at the meteorological station at Hala Gasienicowa, the deposition values
are calculated for the period September 1992 to September 1993, altogether 12 months. The water
fluxes for the two lakes have been estimated as described above, using the measured precipitation and
assuming a 10% evapotranspiration. The fluxes for S and N have been calculated by multiplying the
monthly water runoff by the average monthly concentrations for the two lakes for the period Sept. 92
to Sept. 93.

Table 8.2.1. Calculated fluxes of S and N from and estimated N-retention in two Tatra lakes for the
period Sept. 1992 to Sept. 1993.

Assuming no S-retention
Sulphur  |Nitrogen | Corrected| Corrected|% N-
flux flux S-flux N-fluxileaching
Deposition 73125 64357
\DIugi 63415 50112 73125 57875 90
Zielony 71691 31591 73125 32223 50

Table 8.2.1 indicate that there is not a complete balance between input and output of sulphur. In
Norwegian catchments there is normally a balance between the input and output of sulphur (SFT
1993). The runoff values used for the calculations in Table 1 are based on precipitation amount at the
deposition station, not on real measurements of flow, as it is for the Norwegian catchments. If we
assume that the differences in sulphur fluxes are due to an underestimate of flow, and if we further
assume that no sulphur is retained in the catchments of the lakes, we can correct the sulphur runoff
values relative to the sulphur deposition (Table 8.2.1), and also correct the nitrogen runoff
correspondingly. In this way it is possible to estimate the nitrogen leaching out of the two catchments
(Table 8.2.1). The nitrogen leaching of Dlugi Staw is 90% of the incoming nitrogen, i.e. almost all
incoming nitrogen is leaving the lake as nitrate, while Zielony Staw is retaining 50% of the incoming
nitrogen. The difference in behaviour of the two lakes can be explained by their difference in altitude
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and in vegetation cover of the catchments.

The nitrate leaching in the two Tatra lakes is much higher than the nitrate leaching of high mountain
lakes in Norway subjected to similar sulphur and nitrogen deposition. Here, we find maximum
leaching values of less than 30% of the incoming nitrogen.

It has been postulated that high nitrogen leaching from a catchment is due to increasing nitrogen
saturation in the catchment. Nitrogen saturation has been defined as "the state at which the availability
of ammonium and nitrate is in excess of the total combined plant and microbial nutritional demand, as
manifested by leaching of significant amount of nitrate from the catchment" (Aberer al. 1989). It is,

however, also possible that the contact time between the nitrogen compounds in the precipitation and
the catchment is too short for the nitrogen to be assimilated by the plants and micro-organisms. Thus,
most of the incoming nitrogen will leave as the mobile anion nitrate. The catchments in the Tatra
mountains have a high precipitation rate, thin soil covers and short retention times, and thus most of
the nitrate is leaving the catchment unaffected.

Figure 8.2.7. shows that the ratio of nitrogen to sulphur flux varies seasonally in Zielony Staw, and the
ratio is lowest during the growing season, while Dlugi Staw shows virtually constant flux ratio during
the year. Again, the differences in behaviour can be explained by the altitude and vegetation cover
differences of the two lakes.
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Figure 8.2.7. Monthly ratio of Nitrogen to Sulphur flux for two Tatra lakes.

The nitrogen deposition in the Tatra is about the same as in southernmost Norway (see table 8.2).
Thus, it is surprising that the nitrate concentrations in the Tatra lakes are significantly higher than
those in Norway, even for the alpine lakes in southern Norway. We have no reasonable explanation
for this at the present time. As mentioned, there is a possibility that dry deposition is of greater
importance in the Tatras than in Norway, but at the time being we have only wet deposition
measurements from Hala Gasienicowa.

The calculations carried out above are approximate, because the runoff have been estimated from the
precipitation station located some distance away. To obtain more precise runoff fluxes, continuous
measurements of runoff from the lakes are required.
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Also better possibilities for comparison between lakes in Norway and the Tatras will be achieved,
when the results from the NIVA project "N from Mountain to Fjord" are available. Here an extensive
water chemistry programme in five lakes will give new knowledge of the nitrogen concentrations in
areas with thin soil cover.

The great importance of nitrogen in mountain areas in central Europe, are also seen in results from
investigations in mountain areas in Norway compared with central Europe in other projects (Wathne
et al., 1990, Wathne and Patrick, 1994).

8.3 Critical load calculations

The method for calculating critical load (Chapter 3) is based on the yearly weighted concentrations of
non-marine base cations and sulphate. From the data available we can estimate these concentrations
for the period Aug. 1992 to Aug. 1993. The base cation deposition value of 17 keq/kmz.yr, or 15 peq/l
was used for both lakes.

In order to determine a critical load, a critical chemical value for a biological indicator has to be set
(see Chapter 2). For surface water this is done by setting a limit for ANC (ANC]jpit)- The result of the
calculations then depend largely on the value for ANCjjpit chosen. Data from Norway for water
chemistry and general fish status has been used to assess a proper value for ANCjjpjt for fish in
Norway. A value of 20 peq/l have been chosen (Henriksen er al., 1992). We have calculated the
critical loads for the two Tatra Mountain lakes using this ANC-value (table 8.4.1).

In order to calculate critical load exceedance for sulphur we have can either deduct the sulphur
deposition to the lake catchment or use the sulphur runoff of the catchment. We know from Norwegian
data that there is almost a one to one correlation between sulphur deposition and sulphur runoff in
lakes located in granitic areas. Thus, we can use the sulphate concentration in the lake water to
calculate the critical load exceedance for atmospheric sulphur (for details see Henriksener al. 1990).
- There is at present no accepted method to assess the exceedance of both sulphur and nitrogen acidity
to surface waters, but one suggestion is to use the present nitrate concentration in the lake water as a
measure of the part of the nitrogen deposition that is acting like acid (Brydges and Summers 1989,
Henriksen et al. 1993). This approach is based on the assumption that no significant leaching of nitrate
is taking place under pristine conditions. We have calculated the critical load exceedance for total
acidity (Table 8.4.1).

Table 8.4.1. Critical load and exceedance calculations (meq.m”z.yr“l)for two lakes in the Polish
Tatra mountains.

Yearly weighted mean concns. (peqg/1)
ECM* SO, NO, BCy.p BC, CL(A) CL-ex(S+N)
Dlugi Staw 108 67 53 15 85 62 -28
Zielony Staw 163 76 34 15 135 112 38

BCO0 = "Original" base cation concentration.
CL(A) = Critical load of acidity.
CL-ex(S+N) = Critical load exceedance of sulphur and nitrogen.

In the earlier work in the Tatras (Henriksen et al., 1992) the critical loads and critical loads
exceedance for 13 lakes were calculated on the basis of a less extensive water sampling programme,
and not including precipitation measurements. The results for Dlugi Staw and Zielony Staw are shown
in Table 8.4.2.
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Compared to the calculations on the basis of more accurate data, we can note that there are some
changes, but the results are of the same order.

Table 8.4.2. Critical loads and critical load exceedances (meq.m‘2.yr'1) for lakes in the Tatra
Mountains based on averages form two sampling series.

Lake CL(A) CL-ex(S+N)
Dlugi Staw 44 -48
Zielony Staw 115 55

CL(A) = Critical load of acidity.
CL-ex(S+N) = Critical load exceedance of sulphur and nitrogen.

The difference between the two lakes seems to be explained by the difference in altitude (see Table
4.1) and vegetation cover. The results indicate that the deposition values are the same for both lakes,
as they also are situated close together in the same catchment. But the steeper surroundings and the
lack of vegetation cover close to Dlugi Staw results in shorter contact time between the catchment and
the precipitation before it reaches the lake. Shorter contact time gives less possibilities for nitrogen
compounds to be assimilated by plants and micro-organisms, and of course reduced vegetation cover
gives reduced possibilities for nitrogen assimilation.

9. CONCLUSIONS

The Cooperation and joint project between the two national groups are most beneficial to both parts.
The Polish partners have the opportunity to work together with experienced people in the field of
acidification, and through parallel analytical work between the two laboratories, to follow the
development of their methods this field. The Norwegian partners are gaining further insight in the
regional extension of the acidification in Europe and increase the database of acid sensitive lakes in
the world. We consider this very important, since acidification is an extensive international problem.
Both parties consider it important and fruitful to extend the Cooperation further, also because it will,
among many other things, promote exchange of scientific information and practice between our two
countries.

The more intensive study reported here confirm the earlier work, and states that the general
acidification status of the fresh water resources in the Tatra Mountains are similar to those found in
similar geological settings and similar atmospheric deposition patterns in Europe and north America.
The critical load of acidity is exceeded in Dlugi Staw, one of the two lakes selected for this study.

The main difference between the comparable areas in Norwegian mountains and the Tatra Mountains,
is the great importance of nitrogen deposition in the Tatras. The nitrogen leaching of Dlugi Staw is
90% of the incoming nitrogen, i.e. almost all incoming nitrogen is leaving the lake as nitrate, while
Zielony Staw is retaining 50% of the incoming nitrogen. The nitrate leaching in the two Tatra lakes is
much higher than the nitrate leaching of high mountain lakes in Norway subjected to similar sulphur
and nitrogen deposition. Here, we find maximum leaching values of less than 30% of the incoming
~ nitrogen. The nitrogen deposition in the Tatra is about the same as in southernmost Norway. Thus, it is
surprising that the nitrate concentrations in the Tatra lakes are significantly higher than those in
Norway, even for the alpine lakes in southern Norway. We have no reasonable explanation for this at
the present time.
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10. FUTURE AND FOLLOWING ACTIVITIES

The already completed project stages resulted in:
a) thorough recognition of the effects of Tatra lakes acidification

b) identification of the similarities and differences in the acidification mechanism for Norwegian
mountains and Polish Tatras

c) successful implementation of the Henriksen Model (Henriksen e al. 1990) to two reference lakes
- Zielony Staw and Dlugi Staw, which resulted in satisfying estimates of critical loads for acidity
and sulphur but not for nitrogen.

An accurate evaluation of critical loads for acidifying nitrogen should be based on a mass balance of
nitrogen deposited from the air and nitrogen flowing out from the catchment. Therefore within the next
project step in 1994 it is planned to carry out continuous measurements of water flow from the Zielony
and Dlugi lakes. Also the wet deposition measurements already carried out at the Hala Gasienicowa
station need to be continued and measurements of air concentrations should be added. The
concentration measurements can be used for calculating the dry deposition in the area, which may be
of greater importance in the Tatras than in Norwegian mountains, and explain some of the differences
in nitrogen concentrations in the investigated lakes.

The future activities should also include an extension to other potential sensitive areas in Poland, such
as the Silesian area. Here, a fruitful co-operation with the Czech Republic can probably be established.
Further, steps should be taken to co-ordinate the acidification studies on the Slovakian side of the
granitic Tatra Mountains.

11. REFERENCES

Aber, J., Nadelhoffer, K. and Melilli, J.M. 1989. Nitrogen saturation in northern forest ecosystems:
hyphothesis and implications. Bioscience 39: 378-386.

Bombowna, M., 1965; Hydrochemical investigations of the Morskie Oko lake and the Czarny Staw
lake above Morskie Oko in the Tatra Mountains. Komitet Zagosp. Ziem Gorskich PAN, 11, 7 -17.

Bombowna, M., 1971; The Chemical Composition of the Water of Stream of the Polish High Tatra
Mountains, particularly with regard to the Stream Sucha Woda. Acta Hydrobiologica, vol. 32. Fasc. 4,
pp- 379-391.

Brydges, T.G. and Summers, P.W., 1989. The acidifying potential of atmospheric deposition
in Canada. Wat. Air Soil Pollut. 43: 249-263.

Byrcyn Gasienica W., Skawinski P. and Kot M., 1992. The environmental pollution as the main
problem in the protection of the nature of the Tatra National Park. Proceedings from the symposium
"The influence of fuel - energy management on the ecology of the Tatra Mountains and Podhale
region, Zakopane, 11 February 1992 (in Polish).

Fott, J., Stuchlik, E., and Stuchlikova, Z.,1987; Acidification of lakes in Czechoslovakia. In Extended
Abstracts from the International Workshop on Geochemistry and Monitoring in Representative Basins.
Geographical Surveys, Prague. Eds. Moldan, B. and Paces T. pp. 77-79.



25

Fott, J., 1982; Hrozi naim vysokorkym vodam acidifikace? Sbornik referantu VI. limnologickie
Konference Vodni Ekosystemu: Funkce - Vyvoj - Ochrana, s. 285-290.

Gliwicz, M. 1985. Eutrophization of Tatra lakes - fertilisation or fish introduction?, Wiadomosci
Ekologiczne. 31,4 (in Polish)

Henriksen, A., Kémiri, J., Posch, M., Lévblad, G., Forsius, M. and Wilander, A. 1990 Critical Loads
to Surface Waters in Fennoscandia. Nordic Council of Ministers. Miljerapport, 1990:17., 33 pp with
figures.

Henriksen, A., Mill, W.A. Kot, M, Rzychon, D., and Wathne, B.M., 1992. Critical loads of
acidity to surface waters: A case study from the Polish Tatra Mountains. 34 pp. Acid Rain Research
Report 29/1992.

Henriksen, A., Forsius, M., Kdmdiri, J., Posch, M. and Wilander, A. 1993. Exceedance of Critical
Loads for Lakes in Finland, Norway and Sweden: Reduction Requirements for Nitrogen and Sulphur
Deposition. Acid Rain Research Report 32/1993. Norwegian Institute for Water Research (NIVA), 46

pp.

Hess, M., 1965; Vertical climatic belts in Polish Western Carpathians. Zesz. Nauk. UJ, 115, Prace
Geograficzne 11 (in Polish).

Kasina, S., 1989; Transport of the Atmospheric Sulphur and Heavy Metals into the Tatra region. Air
Protection no. 4, pp. 102-104.

Kot, M., and Krzan, Z., 1991; Environmental pollution and their impact on The Tatra National Park.
Materials from the conference "Environmental pollution and plant physiology". Warszawa (in Polish).

Kot, M., 1992; Recent changes of surface waters chemistry in the granitic part of the Tatra National
Park - Poland. Acid Rain Research report No. 29/1992, Norwegian Institute for Water Research
NIVA, Oslo.

Kot, M., 1993; The fishes of Tatra National Park - the threats and protection, Tatry No. 4 (in Polish)
Kot, M., 1993; The threat of atmospheric pollution to the water ecosysterhs of High Tatra in the light
of changes in the physical and chemical properties of surface waters in the annual cycle. Pradnik,

Prace i materialy Muzeum im. Prof. W1. Szafera, Ojcow.

Krywult, M., 1990; Effect of Acidification on Small Ponds in the Polish High Tatra Mountains, due to
Pollutant Fallout. Acta Hydrobiologica, vol. 32, fasc. 3/4, pp.329-344.

Krywult, M., and Grodzinska-Jurczak, M., 1992; Acidification of the Waksmudzki Stream (The Polish
Tatra Mountains) affected by atmospheric pollution. Acta Hydrobiol. 34. 1/2. 19-28. Krakéw.

Litynski A., 1913. Revision der Cladocerenfauna der Tatra-Seen. I Tail Daphnidae-Bull. int. Acad.
Sci.Lett.Cracovie, Cl.Sci.math.nat., Ser.B,566-623.

Lajczak, 1980; Fluctuation of water levels in some Tatra lakes. Wszechswiat, nr 12, 285-287 (in
Polish). '

Lajczak, A., 1988; Precipitation and Runoff in The Polish Tatra in the lighting of Long-Term
Measurements. Geographic Journal LIX, 2. pp. 137-170.



26

Malecka, D., 1991; Atmospheric Precipitation as an Important Factor Influencing the Groundwater
Chemism Development. Geological Review no. 1, pp. 14-19.

Nilsson, J. and Grennfelt, P. (eds.). 1988. Critical loads for sulphur and nitrogen. Nordic Council of
Ministers, Miljerapport 1988:15, 417 pp.

Oleksynowa, K., and Komornicki, T., 1956-1969; Information on the Tatra Waters, parts I-X. Zeszyty
Naukowe Wyzszej Szkoly Rolniczej, Krakow.

Orlicz, M., and Volfova E., 1974; Chemizmus zrazok. Klimat Tatra. VSAV Publisher, Bratislava, pp.
601-604.

Paschalski, J., 1963; An Attempt at Characterization of the Tatra Waters, on the basis of the Buffer
Capacity. Pol. Arch. Hydrobiol. X1.3: 349-384.

Malecka, D., 1989; Impact of Atmospheric Precipitation on Water Chemism Development in the Tatra
Mountains. Geological Review no.10, pp. 504-510.

Polakiewicz, T., 1989; Chemical pollution of the nature of Tatra National park. Manuscript in the
Tatra National Park Library (in Polish).

Rayset, O., 1992. Regulations for installation and operation of station for sampling of main
components in precipitation. (Translation from Norwegian original) Norwegian Institute for Air
Research, NILU. Lillestrom.

SFT 1993. Statlig program for forurensningsovervaking. Overvaking av langtransportert forurenset
luft og nedber. Arsrapport 1992. SFT Rapport 533/93. 296 pp.

Standard Methods for Examination of Water and Wastewater, 1965, twelfth edition, N.Y., 1965, pp.
291-293.

Stuchlik, E., 1985; Vliv kyselich srazek na wody na uzemi Tatranskiego Narodniho Parku. Zb. pr.
TANAP, 173-212.

Sverdrup , H.U., de Vries W. and Henriksen, A. 1990. Mapping Critical Loads. Nordic Council of
Ministers, Miljerapport 1990:14.

Szafer, 1962; The Tatra National Park. Zaklad Ochrony Przyrody PAN Krak6w (in Polish).

Wawrzoniak, J., 1989; Monitoring of the Forest Environment -Technical Monitoring. Winter report of
1988/89. Institute of Forest Research, Warsaw.

Wathne, B.M., Mosello, R., Henriksen, A. and Marchetto, A. 1990. Comparison of the characteristics
of mountain lakes in Norway and Italy. In: Johannessen, M., Mosello, R. and Barth, H. (Eds.).
Acidification processes in remote mountain lakes. Air Pollut. Res. Rep. 20, Guyot, Brussels: 41-58.

Wathne, B.M. and Partick, S.T.(Ed.),1994. AL:PE - Acidification of Mountain Lakes:
Palaeolimnology and Ecology. AL:PE Report for the periode April 1992 - April 1993. Ecosystems
Research Report. Commission of the European Communities. Brussels. In press.



27

Wojtan, K.,1989; Air circulation impact on the air pollution proliferation in High Tatra Mountains.
Manuscript in the library of the Water Biology Department of the Polish Academy of Sciences,
Krakéw (in Polish).



28

Appendix A

Precipitation chemistry from Hala Gasienicowa September 1992 -
September 1993.



29

60 9§ £e 44 19 £0-HS6°C
R Ve 9l 4% £°C ¥0-321°8
o oy vo 80 S'T y0-396°€
[ 96 L} €1 v'e ¥O~-HELC
Ve 6'G1 4 0¢ (AR £0-315°1
£'e 9'0e 9v Lt LTET E0-HLT T
0c 44 Ve L2 18 y0-avL T
00 00 00 00 0°0

50 8's [ €l LT LO-36L° ¢
g v'e -2 gy 2°6 v0-310°€
0t 68 L'e 02 9’9 yO-FEE"9
€0 L'E €0 Le g'01 €0-H9L €
00 80 S0 €0 6°0 yo-399° ¢
10 60 ] 14y 0°8 PO-3LS T
92 611 €e 62l 170¢€ £0-3Z9°1
20 -84 g'ee 8e £Le E0-HLT"T
20 9l X4 [ 9°9 €0-321°1
60 £l 1902 A} 87961 $0-307°8
00 00 00 00 0°0

1’0 €¢e o8 X4 0°€T yO~38BG "L
90 (4% 20 (4> 1L $O~HLZ L
00 00 00 00 0°0 G0-dZ6°1
00 00 00 00 oo §0-349°¢
00 o0 00 00 0'0

€0 oe 80 €4 6°C vO-FET'T
S0 €t 60 9¢ [ 084 LORE: () A
00 00 00 00 070

vo §e o't 6¢ €L $0-866°6G
00 00 00 00 0°0

00 00 00 00 00

[y [ LS €1 vl P0-30E°¢€
00 00 00 00 0o

L0 ¢ (s e £°9 vO-3IL"S
egl 2’92 1S 6901 2611 y0-82€°¢
L0 Sl 43 S'9 vzt £0-390°"1
¢o 8¢ v (3] B'L

00 60 vo ol 6°1 yO-8V1 €
el 'L 6 8 €°61 €0-365°1
Q0 00 00 00 0°0

1o 62 80 Le 1€ pO-dIT S
10 L ve (3 8 € P0-d99°¢€
L'e gl S0 €L '8 €0-3T%° 1
00 00 00 00 0°0

00 00 00 00 1]

(% A g£e 61 L'y vo-d6L°C
Vo 6l 90 S0 8'0 S0-av9 "L
¢0 LS 'l v T2 £0-3E0°T
€0 e (4 60 £y v0o-3ST'1

g/ Bu pur/Bw W/ Bw g/ But i/ Bur

depbyy  depeDd dopy  depeN dep1d

8°91
L°0T
6°6
v
6°9¢
3'v9
L ze
00
BV
L 01
6°61
[AR°2S
S°1

o N

o

m.
2
g
T
T
0
-
.
o
0
o
9
s
o
0
o
0
v
0
L
iy
9-
g
i
0
o
z
-
o
0
0
e
v
0
0

NO NN O OO WO e PO M OmOO-OMNOCOCONOCOINNDINO

L/ Bu

—t

- N @ W W~ N

> QMm@ r~ 0O
L I IS AP S .
et N o~ L Bt B

i

HWN H N OO NN AN AMNMMO O QOO0 WVWONIOOOFOYMA-NMON D OWN
NN OO MIPOOMNDO P ONCSODOW-OO0O0WmMOWwWME N MmN

i/ Bur

0°8S
€792
T°91
0°12¢
£°09
0°v6
[A8-3)
1°9

[ 24
0 €t

o =
wy o
0

-t - NNm

-

[z} N~ N

DN OO NN OMTNWOOHNODODODOOEMOODNNONONTM

o~

vl

QM T e OO WS OO N AN AROMOOLOEMOOOMNDO DN O
o~

w0

cur/ Bu

9t°0
09°0
Ly 0
S0°1
£€6°0
96" 1
[AVA)

LLy
Z8 ¢
Loz
6C°0
0gE’0
i1'0
9L 0
Lo°1
61°¢E
Ls 0

68°0

€170
10°0
Lo
vo'o
0e°0
£EV°0

90°0
10°0
10°0

Sy 0
Ly 1
B8Z'0
89°0
1/6u

dep+H IopN-FHN JopN- €ON 19pS-p0OS NPHN

STIX'NITOd

T0'0
01" 0
20°0
6070
90°0
80°0
60°0

8Vv°0
ov 0
01°0
1070
T0°0
z0°0
80°0
vo o
v0°0
01" 0

90°0

S0°0
(42}
¥o0'0
T0°0
10°0
900

1070
10°0
€070

G0°0

0

1070

z1°0

1/6u
BR

Zr’o
€570
61°0
ZL° 0
ov'o
yL'0
10°1

18°¢
[4AN4
£€6°0
L0°0
S1°0
61°0
9¢€'0
GE°0
70
81°0

€170
G170

61°0
Ly 0
60°0
90°0
L1°0
20}

y1°0
€170
€170

PE'Q
91" 1
91°0
911t
1/6u
D

S0°0
60°0
2070
€170
80°0
11°o
P10

07T
S0°¢
Ze’0
10°0
010
89°1
L0°0
§9°1
89°0
€T ET

L1°0
Lo'0

§0°0

08" T

60°0
£6°0
L0 0
£0°0
Lo 0
60°0

vo 0
61°0
00

1170
9¢€°0
G0°0
€v°T
/6w

60°0
L0°0
p0°0
01°0
S0°0
60°0
Zr°o

9Z°1
9z°1
T¢°0
G070
90°0
80°0
6E°0
0z'0
o€ 0
86°0

8z°'0
0Z°0

S1°0

€€°0

£€2°0
261
8E°0
110
0270
6E°0Q

€170
60°0
80°0

60°0
62°0
¥0°0
0E°0
1/6u
eN

ve'l
BV 1
L9°0
Ls'1
Z6°1
L'z
8s°1

90°'9
€1°9
|22
121
20°1
Z9°0
PI°T
A4
Lv's
8L°T

81°C

¥L0
1670
¥6'0
8v'o
88°0
65°1

8V’ 0
Sv°0
LZ'0

06°0
€L°¢
z8°0
ye'e
1/6u
Sy0s

(4]
o
LT 0
0570
gy 0
8L°0
0S°0

15°¢
G871
[AVAN
SV 0
sZ2°0
570
[4: 0]
80°71
I6°¢€E
ZL'o

Z6°0

(4]
T0°0
Z5°0
1270
L9°0
0s8°0

v o
Y ARy
6070

1Z°0
1€ T
1270
ZL’0
1/6u
NEON

£ET°0
€T°0
L0°0
81°0
€170
€E'0
£€C'0

89°T
€V ez
69°0
0z'0
81°0
99°1
16°0
86°1
vL'T
1122

96°1

LY 0
vi'e
L0
L1°0
8€°0
€EL"0

S1°0
0e° 0
6070

2Z°0
1670
90°0
LY T
1/Bw
2

Z°1¢ 0"y 8'9% . TZL P19 €6
682 ye'v B'LT L PIL L 9 €6
191 LL'v 0°1Z . L L TES t6
6°9¢ 69V v ET L TEL ¥ES €6
v 6T (4284 L'6€ L PCL LIS E6
€ Py XA 4 v Iy L LTL 016 €6
s ve 16" 9% £°¢22 . 0TL € G €6

00 LTS E6
9768 zZv'9 0°T . T L 92V €6
6786 0T'¥ 8°€ . 9ZL 61V £6
8°LS 81°¥v 9°6 L BTL ZIV £6
0°9¢ ST°p 7'€S L ZIL S b €6
£°9¢ [4 34 6 L6 LTV ES
6 Z¢ L'y g8 v LT L 62 €6
LSt 1€y T°€E . 624 ZTE €6
1°€9 LO°¥® B°€T . ZTL SIE €6
L 181 £6°¢€ 8°¢ L GIL 8 £ €6
£ EET yo° v 6'8 LB LT E €6
0’0 . T L BZC €6
LT LE'V 8'LT . BZL ZTZ €6
z°81 Sv°v 0°12 . 2ZZL S1IZ €6
8°LE z9° ¥ 8°0 . SGIL 8 T €6
£°91 £ES° Y 6°0 L8 L 7T L6
0'0 e L 1T Ee
z'0Z 097 Sy LT L SZT €6
8°9¢ 8E°Y T°¢€1 . G2L 811 €6
0°0 . BIL TIT €6
691 1677 €61 . TIL ¥ T €6
0°0 LV LTTES
0°0 o T L 822126
1°65 90"V 8°€ . BZL 1TTTLE
LTEY z'0 . TTL vi2Ziee
6" €T LE' b pTET L PIL L TIZE
6 81 8€°6 L°SS L L L T ZIT6
L 9¢€ 12y LT L OEL EZTIT6
g°91 (3284 0'9v . €TL 9T11Z6
AR 12y I's . 9TIL 6 1126
284 AR 0°1z .6 L Z 1126
00 .2 L TTIIL6
T°9T 09°Vy p'0z . T L 920126
6761 1258 L°ZT . 9ZL 6101T6
78 18°Vv 1°16 . 6TL TTI01Z6
00 L ZIL & 0126
0°0 L6 L T 0126
AR A1 88"V Z'1¢ . 1 L 826 T6
L°0% [A T 4 9°1 . BZL 126 €6
§°LT 1A 4 L°GE . TZL V16 C6
8 Zy [$12 4 6" L VIL L 6 26
wo/grt
aNod Hd i a3eq



30

09°Tv T/+H Ao

(72 oSl 26 L't FAVA P1E 982 0 0L yaert UOTIVIFUIOUCD uUwdw PIJYBTOM

L'y L 901 S'Eh 661 8y £°9¢ [ HX3 808 o uot3Tsodep 3aM

6611 uotieijrdroexd um

+H N-PHN N-£ON S-30S taeak suo xoxddy

: 10 4 Hd

500 oe'0 9€°0 120 190 vo vo T T/Bw UOTIRIJUSDUOD uTSW PIIULTOM

1¥'69 66'bPE  OP'LLP 9’908  00'E0L £°11s Sv9vy 0°L6TT | w/buw uoT3Tsodsp 3IsM

(1351 votiejrdiosxd uw

6w \2e] A BN 1D +H N-PHN N-€ON S-%0S :xeak auo xoxddy
0°0 0°0 0" 0 00 0°0 LT L Lee
S°6 SO-F9¢'y 8°Y S'p £°6 62°0 €170 19°0 9€°0 60°0 9670 LZ 0 LS 0 v et 858°¢ 9°9T L-LZTL 06
(A 4 G0-3SY'8 170 S'0 VL T0°0 Lo'o PEO 20°0 S1°0 Py 0 €070 SZ°0 9L [ 30} 6°9T . 0TL E16
9°z PO-ASL'Y 6°0 9°Z 1°01 L0°0 ¥0°0 LAY 010 L0 0 LL™O 0C°0 020 v'02Z yvv T°€ETl L EIL 9 6
8°0 €0-32v°G ¥ 0¢ 6°2¢ 27801 [A R} 10°0 S0°0 1070 €0°0 8¢°1 0v°0 cZ°0 Z°LE 81°¥ 2°e8 L 9L 16
13 4 yo-3LE6E'Y 9°¥ L'y LTTT yE'O 10°0 yi o “T1°0 yi°0 L8°0 SE°0 Ze’0 6°22 %2 4 '€l . 1 L 0O€8
VL €0-89L°T ¥°6T 1702 [ A 8E°0 vo'0 1Z°0 20°0 $0°0 8L 0 e 0 11°0 z°61 88 ¥ 6°99 . 0€L £Z8
T°6 ¥0-38L°L 9701 L 21 1782 06°0 ¥Z'o PI°T 87’0 ge°0 8e°¢ 80°1 8L°0 8°vs 81°¥ 8°TT . €2L 918
[ 4 P0-389°L L°S 6°9 9702 1iv°0 I1°0 PO 80°0 11’0 Ly 1 6%°0 0€°0 0°v¢E 9Z'¥ 0°%¢1T . 9TL 6 8
L1 y0-3L6°T €°L 8y 6°€ET 99°0 91°0 SLTO [ASY L0°0 sZ°1 €7°0 S1°0 8 12 SL'Y IT"1T .6 L T8
s°9 $0-361°9 97V 1°9 VoLt zZ°0 €070 [4AR"] sZ'0 8Z'0 £€8°0 62°0 1£°0 6°02 €SP 0°'1Z . 1 L 92L
12847 €0-HIZ°E £€°€1 2°0¢ 6°0L 92°0 €0°0 LE"O $S°0 Vo 1 6E°T 09°0 L8°0 80y 0¥ 0°1S8 . 9ZL 6TL
s°9 p0-dC8°6 1°8 8L y°02 85°0 €0°0 8170 yero €0 Ly 1 9670 LYo 6°8¢ S1'¥ 6°€ET L 6TL CTL
0°9T y0-d28°1 G712 8°6 8°G6¢ 1¢°1 ve'o (41 w0 ¥s°0 10°¢ 680 06°0 Z°1¢€ 66°7 8°LT L TILS L
00 0°0 0" 0 0°0 0°0 L8 LT L
9°g £€0-3T¢°C 8701 €°0T L 8E SZ°0 10°0 Lo°0 1070 $0°0 06°0 | 2] €170 8792 LTy 0"¢€r L T L 8Z9
S°0T €0-80L"T S°6C 0°81 S°p9 8570 £0°0 ¥2°0 9070 y1i°o LY 1 iv’o veo 2°8¢ iz°v 6°€E¥ . BZL T1Z9

SIX'NITOd



31

Appendix B

Regional air pollution and precipitation chemistry from network of Slovak
Republic 1992.
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Appendix C
Water chemistry from Hala Gasienicowa July 1992 - July 1993.

Dlugi Staw (02) and Zielony Staw (20)
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