
Acta Sci. Pol. 
Formatio Circumiectus 18 (3) 2019, 149–161

DOI: http://dx.doi.org/10.15576/ASP.FC/2019.18.3.146www.acta.urk.edu.pl/pl ISSN 1644-0765

O R I G I N A L  PA P E R Accepted:  04.11.2019 

e-mail: miroslaw.zelazny@uj.edu.pl

© Copyright by Wydawnictwo Uniwersytetu Rolniczego w Krakowie, Kraków 2019

ENVIRONMENTAL PROCESSES

EFFECT OF DEFORESTATION OF DIFFERENT GENESIS ON SPATIAL 
VARIABILITY OF NITRATE CONCENTRATION IN STREAM WATER 
IN THE TATRA NATIONAL PARK 

Miroslaw Żelazny1, Marta Pufelska1, Monika Sajdak1, Łukasz Jelonkiewicz1, 
Marcin Bukowski2

1 Institute of Geography and Spatial Management, Jagiellonian University in Kraków, ul. Gronostajowa 7, 30-387 Kraków
2 Tatra National Park, Kuźnice 1, 34-500 Zakopane

ABSTRACT

Aim of study
The aim of the study was to determine the effect of deforestation of different genesis on the spatial differen-
tiation of NO3

– concentration in the Polish Tatras.

Materials and methods
In 2018, 728 water samples were collected in the Tatras by hydrological and chemical survey. In the Hydro-
logical and Chemical Laboratory of IGiGP UJ, ion chromatography determined: Ca2+, Mg2+, Na+, K+, HCO3

–, 
SO4

2–, Cl–, NO3
–, NO2

–, NH4
+, PO4

3–, Li+, F– and Br–. Nitrates from 1719 water samples were analyzed in order 
to compare their current concentration to the period of 2007–09 (n = 991 water samples). The Tatras were 
divided into 13 areas.

Results and conclusions
The chemical composition of waters draining both forested and deforested Tatra slopes showed that in the 
decade from 2007–09 to 2018 the concentrations of NO3 increased rapidly. In 2018, an average NO3

– con-
centration expressed by median was higher by as much as 60.2%, rising from 1.76 to 2.82 mg · dm–3. The 
fluctuations in maximum concentrations were more pronounced, because their multiple increase occurred 
in five valleys, with the largest in: The Lejowa (by 348.2%) from 4.75 to 21.30 mg · dm–3; over double: 
Małej Łąki, Za Bramką and in Suchy Żleb; Kościeliska with Staników Żleb; Strążyska, Ku Dziurze and 
Spadowiec and Olczyska. Only in two areas the concentrations were lower. Comparison of the average 
NO3

– concentration in Tatra waters has definitely proven its higher levels than in other regions of Poland 
in forested catchments or agricultural catchments, with the exception of catchments with intensive agri-
cultural activities. Diverse genesis of deforestation result in strong mosaic–like spatial differentiation of 
the NO3

– concentration. In waters draining the slopes deforested due to windfall, there is a concentration of 
NO3

– > 10 mg · dm–3, which can potentially cause an unfavorable phenomenon of eutrophication of waters, 
however, it has a natural cause.

Keywords: Tatra Mountains, waters, NO3
– concentration, deforestation, eutrophication
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INTRODUCTION

Hydrological and chemical research are carried out in 
catchments with diverse anthropopressure, and for-
est ecosystems – due to the functions that forest per-
forms in a natural environment – are a frequent sub-
ject of study. In the United States since the 1930s in 
the Coweeta catchment (North Carolina), and since 
the 1960s research related to the functioning of for-
est ecosystems take place in the Hubbard Brook ba-
sin (New Hempshire). The experiments run there in-
volved changing a forest structure from multi-species 
to coniferous, as well as clearing the forest area with 
various techniques and observing the reaction of wa-
ter levels (Swank et al., 1988). G. E. Likens (2013) 
presented 50 years of hydrological and chemical re-
search in the experimental catchment of Hubbard 
Brook. This is a comprehensive study on ion circula-
tion in the catchment. In Poland in the catchments of 
the Western Sudetes, for over a decade a long–term 
deforestation has been observed. One of the reasons is 
the impact of industrial immissions from Germany, the 
Czech Republic and Poland, from the so–called Black 
Triangle (Černy and Paces, 1995). The consequenc-
es of deforestation for the hydrological and chemical 
circulation of ions in the Sudetes catchment areas was 
determined (Pierzgalski et al., 2007, 2009). Existing 
research indicates that a deforestation of catchment 
leads to a change in the chemical composition of shal-
low groundwater circulation. Numerous studies prove 
that in the first few months after clearing trees begins 
the process of leaching of main ions and NO3

– from 
soil, which results in an increase in their concentration 
in river waters (Likens et al., 1969; Martin et al., 1986; 
Hornbeck et al, 1987; Houlton et al., 2003, Rothe and 
Mellert, 2004; Wang et al. 2006; Pierzgalski et al., 
2009). The process of strong ion leaching usually lasts 
several years and depends on the level of deforestation 
of a catchment (Siemion et al., 2011). Lack of bio-
genes uptake (e.g. NO3

–) by a trees causes an increase 
of their concentration in both soil and river waters 
(Houlton et al., 2003). According to Eshleman et al. 
(1998) weakening of a trees following the invasion of 
insects contributes to a decrease in the uptake of nutri-
ents by a forest and an increase in their concentrations 
in river waters. During surveys in 2007–2009 physical 
characteristics and chemical composition of ground-

water (spring) and stream water were determined. It 
has been noticed that the main nutrients in waters is 
NO3

–, while NH4
+, NO2

– and PO4
3– occur rarely. During 

the last decade, deforestation has been observed in the 
Tatra region. Particularly strong natural effects were 
caused by a foehn wind that in December 2013 defor-
ested entire slopes, e.g. in the Kopki Kościeliskie area 
in the Kościeliska Valley and the Lejowa Valley. In the 
windfall area in the Kościeliska Valley, deforestation 
caused windthrow pits, representing 3.9% of the area 
(Strzyżowski et al., 2016). On average, 378 m3 · ha–1 
of mineral–soil material (Strzyżowski et al., 2018) 
was dislocated in the Lejowa and Kościeliska Valleys 
in the tree stump windfall region. In addition to geo-
morphological changes, the change of slope covering 
affects the ion cycle and the spatial differentiation of 
the chemical composition of shallow groundwater 
circulation. The aim of research was to determine the 
impact of deforestation on the spatial variability of ni-
trate concentrations in the Tatra Mountains. 

METHODS 

Fieldworks on the chemical composition of waters 
in the Tatra National Park (TPN) were run twice ac-
cording to the hydrological and chemical survey 
method. The first survey of the entire Polish Tatras 
(211.6 km2) was carried out in 2007–09 (MNiSW N 
30508132/2824), and the second a decade later – in 
2018 (project UJ, TPN: ZP/483/2018). During the sur-
vey in the 2007–2009 summer seasons, surface water 
and groundwater was collected from 1505 hydrologi-
cal objects (Żelazny, 2012). For the following analy-
sis, 991 were selected, so the interpretation included 
groundwater represented by springs found throughout 
the entire TPN and occassionaly small streams draining 
inaccessible areas. In the summer of 2018, 728 springs 
and streams were again surveyed, with particular re-
gard to forested slopes called lower and higher mon-
tane zone. The chemical composition of waters was 
determined by ion chromatography (DIONEX 2000) 
main ions: calcium (Ca2+), magnesium (Mg2+), sodium 
(Na+), potassium (K+), bicarbonates (HCO3

–), sulfates 
(SO4

2–), chlorides (Cl–); mineral forms of nitrogen: ni-
trates (NO3

–), nitrites (NO2
–), ammonium (NH4

+) and 
phosphates (PO4

3–) and trace elements: lithium (Li+), 
fluorides (F–) and bromides (Br–). Usually the concen-
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tration of microelements, except for fluorides (F–) and 
biogenic compounds, represented by the mineral forms 
of nitrogen: nitrites (NO2

–) and ammonium (NH4
+) and 

orthophosphates (PO4
3–), did not exceed the detection 

limit. For this reason, they were not interpreted. The 
detailed course of field hydrological and chemical sur-
vey from 2007–2009 and the description of the labo-
ratory was discussed in the monograph (Spatiotempo-
ral variability...) (Żelazny, 2012). In 2018, the same 
survey methods as in 2007–2009 were used. Influence 
of complex geological structure of the Polish part of 
Tatra Mountains is observed in strong differences in 
chemical composition of waters. Often the ion concen-
tration distributions are asymmetrical, therefore, apart 
from the usually used statistics (arithmetic average, 
minimum (Min), maximum (Max)) the following po-
sitional measures were applied for the interpretation: 
quantiles (Q25% and Q75%); median (Me), decile (P10% 

and P90%). The variability was characterized by the 
interquartile coefficient of variation (Ψ = (Q75–Q25/
Me)*100%) and assessed on a 5–point scale: < 50% 
very low variability, 50–100% low, 100–150% aver-
age, 150–200% large and > 200% very large. In total, 
1719 water samples were used for hydrochemical in-
terpretation in both projects. The Tatra area is divided 
into 13 basic areas (see: Fig. 1) in relation to the main 
Tatra valleys.

RESEARCH AREA

The Tatra National Park (TPN) includes the only high 
mountain area in Poland, which at the same time is 
the highest mountain range in the entire Carpathian 
Mountains. In terms of geology and tectonics, the 
Tatra Mountains are extremely complex (Stupnicka, 
1997). The southern, highest part of the massif is built 

Fig. 1. Hydrological and chemical mapping 2018
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of metamorphic and igneous rocks, forming a crystal-
line core. From the north and west it is surrounded by 
Mesozoic sedimentary rocks, e.g. limestone, marl, do-
lomite, dolomite conglomerate, sandstone and shale. 
The Tatra Mountains have a distinct vegetation and 
climate zone (Hess, 1974; Radwańska-Paryska, 1974). 
The lowest (up to 1150 m a.s.l.) moderately cold zone 
(average annual air temperature: +6°C – +4°C) is 
covered by a mixed forest (beech, fir, spruce) on a 
redzinas soil and coniferous forest (fir, spruce) – on 
an acid ground (glacial moraines). The zone’s natural 
vegetation was largely transformed in consequence of 
intensive felling (iron and paper industry) in the 19th 
century; currently most of the area is occupied by 
monoculture spruces (Fabijanowski and Dziewolski 
1996). The cold zone (+4°C – +2°C) with coniferous 
forest (spruce, larch, and limba above) occurs at an 
altitude of 1150–1550 m a.s.l. Above the upper for-
est border (1550–1850 m a.s.l.) there is a very cool 
zone (+2°C – 0°C) – the zone of dwarf mountain pine. 
Moderately cold zone (0°C – 2°C) ranges between an 
altitude of 1850 to 2250 m a.s.l., and is similar to the 
alpine zone (so–called high mountain meadows). Cur-
rently, the forests of the Polish Tatras are undergoing 
severe degradation, which is caused by various natu-
ral factors, including strong gradation of bark beetle 
and disastrous windfall from December 2013. Spatial 

differentiation of land cover with distinction of areas 
completely deforested due to windfall and bark bee-
tle gradation is illustrated in Fig.1 and in Table 1. It is 
worth noting that ~ 18% areas are deforested by a nat-
ural factors. Areas with the highest level of deforesta-
tion caused by windfall are: Lejowa Valley (14.7%), 
Kościeliska–Staników Żleb (5.2%), Strążyska–Ku Dz-
iurze – Spadowiec (5.1%), but it is worth mentioning 
that e.g. in the Kościeliska Valley in the Kopki Kościel-
iskie area windfall in 2013 almost completely deforest-
ed the catchment of Pośrednia Kopka (90%). Whereas, 
the most serious bark beetle gradation is observed in 
the valleys: Olczyska (16.3%), Kościeliska–Staników 
Żleb (13.7%), Sucha Woda (13.0%) and Rybi Potok 
(12.3%). It should be emphasized that in all Tatra val-
leys, especially in the so–called lower and upper re-
giels, the collapse of the forest stands observed due to 
bark beetle gradation covers 9.1% of the TPN area.

RESULTS AND DISCUSSION

The chemical composition of Tatra waters obtained 
during the research in 2018 corresponds in regard 
to main ions to the characteristics given by Żelazny 
(2012, 2015). Lithology determines chemical com-
position to a larger degree than plant and climate zo-
nation, which was considered in the latest regional-

Table 1. Land cover in valleys (%).
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ization of hydrochemical environments of the Polish 
Tatras (Żelazny, 2015). In the Polish Tatras, calcium 
usually has the highest concentration among cations, 
while among anions – bicarbonate. Depending on lith-
ological conditions in the waters of spring draining 
sedimentary rocks (mainly dolomites and limestone), 
calcium concentrations are higher than in crystalline 
areas. An increased concentration of magnesium ions 
in waters that drain the slopes made of dolomites is 
also observed. Among the anions, sulphate is the 
secondary ion, further are nitrates, before chlorides. 
The following is the dominant sequence of median 
ion concentrations typical for the Tatra Mountains: 
HCO3–SO4–NO3–Cl–Ca–Mg–Na–K. In spring water 
draining the High Tatra granitoids, in the ion sequence, 
a higher concentration of sodium and potassium than 
magnesium is observed: HCO3–SO4–NO3–Cl–F–Ca–
Na–K–Mg, while in spring water draining granitoids 
in Goryczkowa in the Western Tatras: HCO3–SO4–
NO3–Cl–F–Ca–Na–Mg–K. In the shallow ground-
water of the Carpathians, HCO3

–
 is the dominant ion 

among anions and Ca2+ among cations, which is con-
firmed by numerous studies of both surface waters and 
groundwater (e.g. Bombówna, 1969; Maultz, 1972; 
Welc, 1985; Drużkowski and Szczepanowicz; 1988; 
Żelazny (ed.) 2005, Wójcik, 2012; Siwek, 2012; Sa-
jdak et al., 2018; Żelazny et al., 2018). A unique hy-
drogeochemical environment in the Western Carpath-
ians has been described by Kosmowska et al. (2018), 
in the near–ridge part of the slope in the Malinowski 
Potok catchment in the Skrzyczne Massif, where the 
sequence of anions is as follows: SO4–NO3–HCO3–Cl. 
They showed that the primary importance of sulfates 
is an effect of many years of anthropogenic pressure 
associated with depositing wet and dry sulfate from 

the urbanized areas of Upper Silesia and Cieszyn Sile-
sia, the high secondary position of NO3

– results from 
the deforestation of the slopes, while HCO3

– was rela-
tively of little importance.

Research conducted in the Tatras registered 
1.76  mg · dm–3 of NO3

– concentration expressed in 
the median in the first period (2007–2009), whilst in 
2018 the concentration was as much as 60.2% higher 
– 2.82  mg · dm–3 (see: Table 2). During this decade, 
deforestation in the lower and higher montane zone of 
the Polish Tatras caused a strong increase in NO3

– in 
the entire waters population which, is confirmed by 
positional statistics, e.g. Q25% increase by: 44.1%, Q75% 
– 78.1%, and P90% – 82.8%. There was also a multi-
ple increase in the maximum concentration from 
7.72 mg · dm–3 (2007–2009) to 21.30 mg · dm–3 (2018). 
In the 2007–2009 period, the spatial differentiation of 
NO3

– according to the adopted scale of variation was 
small (Ψ = 79.0%). After a decade (2018), it increased 
to a degree considered as average (Ψ = 102.3%).

It should be mentioned that in other regions of 
Poland in waters free of strong anthropopression in-
duced by the agricultural use of the catchment or an 
increase in urbanization, the concentration of NO3

– is 
slightly lower than in the waters of TPN springs. Spa-
tial differentiation of NO3

– expressed as a median in 
the Bieszczady Mountains in the Połonina Wetlińska 
massif according to the research of Kisiel et al. (2018) 
varied from ~ 1 to ~ 2.75 mg · dm–3. In the upper Parsę-
ta drainage basin in the Kłuda, Valley Szpikowska and 
Szpikowski (2012) demonstrated that the highest av-
erage NO3

– concentration was in groundwater at the 
slope – 3.07 mg · dm–3, while lower concentrations 
were recorded in drainage ditches (1–2  mg · dm–3). 
Jachniak et al. (2019) noticed that the maximum con-

Table 2. Change in NO3
– concentration in waters in 2007–2009 and 2018.

Parameter
P10% Q25% Me Avn. Q75% P90% Max Ψ

[mg · dm–3] [%]

NO3
–
 2007-09 0.66 1.15 1.76 1.92 2.54 3.41 7.72 79.0%

NO3
–
 2018 0.90 1.65 2.82 3.33 4.53 6.24 21.30 102.3%

Difference 0.24 0.51 1.06 1.41 1.99 2.82 13.58

Increase [%] 36.8% 44.1% 60.2% 73.4% 78.1% 82.8% 175.9%
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centration of NO3
– in the valley of the Wapienica River 

in the western Carpathians, draining seminatural for-
ested slopes of Klimczok, is 5.1 mg · dm–3. Żelazny 
(2012) and Żelazny et al. (2013) from the pre-windfall 
period indicate that the concentration of NO3

– in wa-
ters draining the currently deforested slopes was lower 
(see: Table 4). Against the background of these stud-
ies, natural deforestation in the Tatras due to windfall 
(23–25 December 2013) was exceptional, because in 
the Kopki Kościeliskie area in the Kościeliska Val-
ley over 90% of slopes suffered deforestation, e.g. in 
the Pośrednia Kopka catchement. Through triple sur-
veys of the slopes of the Kościeliska Valley Żelazny 
et al. (2017) showed that in the summer half-year of 
2015, waters draining slopes in both circumstanc-
es: after windfall and covered with forest damaged 
by bark beetles differ from waters flowing down the 
wooded slopes above all by a much higher concen-
tration of NO3

–. The average concentration of NO3
– in 

waters draining deforested slopes after the windfall is 
15.44 mg · dm–3, at slopes with forest suffering from 
bark beetle gradation is 6,17 mg · dm–3, and slopes 
covered by forest – 3,26 mg · dm–3. It is worth noting 
that Kosmowska et al. (2015) in Carpathians in near-
ridge partial catchments on the slopes of the Silesian 
Beskids recorded multiple times lower NO3

– concen-
tration in a catchment completely deforested due to 
long-lasting anthropopressure – 4.52 mg · dm–3, while 
in catchment forested in 92% concentration was high-
er by 1 mg · dm–3. In the Malinowski Potok basin (68% 
afforestation) the average concentration of nitrates 
was 4.68 mg · dm–3. Małek and Gawęda (2006) in the 
experimental forest catchment of the Potok Dupniańs-
ki, located in the Stożek range in the Silesian Beskids, 
showed that the average concentration of NO3

– during 
low, medium and high hydration of the massif from 
all micro–catchments is 2.17 mg · dm–3 and varies from 
0.19 mg · dm–3 to 4.45  mg · dm–3. In the agro–forest 
catchments of the Miłoszówka and Chechło rivers, lo-
cated in the Małopolska Upland, Bogdał et al. (2019) 
noticed low average NO3

– concentration ranging from 
1.19 mg · dm–3 (Chechło P4) to 5.13 mg · dm–3 (Miło-
szówka P1). According to the authors, multiple times 
higher concentration of NO3

– in the Miłoszówka catch-
ment was caused by its high urbanization in the central 
part of the valley and greater anthropogenic pressure 
associated with land cultivation. Dąbrowska et al. 

(2016) in an intensively used for agriculture basin of 
Strzegomka , where the use of nitrogen fertilizers dou-
bled in 15 years, now it is as high as ~ 135 kg · ha–1 
proven that the NO3

– concentration in summer amount-
ed to 18.81 mg · dm–3.

Spatial differentiation of nitrate concentration is 
presented in Tab. 3 and in Fig. 2 in relation to 13 ba-
sic areas. A comparative analysis of NO3

– expressed in 
P90% indicates that in 2018 their increase in relation 
to 2007–09 was recorded in 11 of 13 areas. NO3

– con-
centration increased over twice in the Bystra (123.2%) 
and Lejowa (110.8%) valleys. Lower NO3

– concen-
tration in 2018 than in 2007–09 were recorded only 
in the Roztoka Valley together with the Pięć Stawów 
Polskich Valley (–16.7%) and in the Waksmundzka 
Valley (–18.0%). Spatial differentiation of the max-
imum concentrations of NO3

– is even more evident. 
Over twofold increase in maximum concentration of 
NO3

– was recorded in five valleys. A much higher val-
ue (see: Table 3) was recorded in the Lejowa Valley 
(by 348.2%) with an increase from 4.75 mg · dm–3 
(2007–09) to 21.30 mg · dm–3 (2018). An increase in 
NO3

– by far exceeding twofold was observed in the 
area of the Małej Łąki Valley, Za Bramką, Suchy Żleb, 
Kościeliska Valley, Staników Żleb, Strążyska Valley, 
Ku Dziurze, Spadowiec and Olczyska Valley. In other 
valleys, the increase was smaller. Only in the valleys 
of Rybi Potok, Waksmundzka, Roztoka and the Pięć 
Stawów Polskich the maximum concentration of NO3

– 

was lower than in 2007–09. Generally, in 2018, 32 
waters had higher NO3

– concentration than the highest 
value recorded a decade earlier (see: Fig. 2). Analy-
sis of the range of high concentrations represented 
by P90% and their maximum values clearly shows the 
mosaic character of these increases. Higher concentra-
tion values are observed in springs that drain the areas 
deforested by diverse causes. Few exceptions should 
be considered for individual maintenance areas. The 
highest concentrations of NO3

– occur in waters taken 
from slopes completely deforested by windfall. The 
concentration increases less in the waters that drain 
the forested slopes decaying because of bark beetle 
gradation. Generally, in regard to the entire Polish Ta-
tras, the largest diversity of NO3

– occurs in the springs, 
which chemical composition are shaped by areas suf-
fering a trees deterioration due to bark beetle grada-
tion (see: Table 4). These can be estimated as average 
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Ψ = 140.4%. Overall, NO3
– concentration characteris-

tics for land cover are (2018) at least twice as high as 
10 years earlier. Repeated studies of Jasik et al. (2017) 
of several dozen springs in the Jaszcze forest basin in 
the Gorczański National Park have shown the impact 
of the species composition of the forest, its condition 
and hydration of the mountain massif on the average 
concentration of NO3

–. It has changed depending on 

the species composition of a forest. The lowest val-
ues were in the springs draining slopes covered with 
lower montane zone spruce (1.90 mg · dm–3), mead-
ows and pastures (2.12 mg · dm–3), beech–fir trees 
(2.62 mg · dm–3), multi–species with a predominance 
of spruce (3.31 mg · dm–3), multi–species with a pre-
dominance of beech (3.33 mg · dm–3). More than twice 
higher concentration were found in springs draining 

Table 3. Differentiation of NO3
– concentrations in 2007–2009 and 2018 in relation to valleys
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Avr 2007–09

[mg · dm–3]

1.62 2.68 2.20 2.79 2.39 3.05 1.66 2.05 1.76 2.21 1.22 1.45 1.23

Avr 2018
2.92 4.69 4.20 4.71 3.81 3.89 2.65 3.37 2.25 2.52 0.94 1.17 1.38

Difference 1.30 2.01 2.00 1.91 1.42 0.84 0.99 1.32 0.49 0.31 –0.28 –0.28 0.15

Increase [%] 80.4 74.9 90. 9 68.5 59.3 27.4 59.4 64.3 28.0 14.2 –23.2 –19.5 12.2

Me2007–09

[mg · dm–3]

1.29 2.74 1.87 2.51 2.44 3.04 1.58 1.85 1.74 2.01 1.18 1.41 1.23

Me2018
2.10 3.74 4.02 4.44 3.54 3.75 1.90 2.63 2.07 2.29 0.88 1.11 1.30

Difference 0.82 1.01 2.15 1.93 1.10 0.71 0.32 0.78 0.33 0.27 –0.30 –0.30 0.06

Increase [%] 63.5 36.7 115.3 77.0 45.1 23.5 20.0 42.2 19.2 13.6 –25.4 –21.2 5.2

P90%_2007–09

[mg · dm–3]

3.48 3.68 3.55 4.06 3.50 3.92 2.78 3.41 2.63 3.37 1.67 1.85 1.95

P90%_2018 6.15 7.75 6.61 6.54 6.42 5.87 6.20 4.74 3.71 4.88 1.37 1.54 2.24

Difference 2.67 4.07 3.06 2.49 2.92 1.94 3.42 1.32 1.08 1.51 –0.30 –0.31 0.29

Increase [%] 76.8 110.8 86.3 61.3 83.2 49.6 123.2 38.8 41.0 44.9 –18.0 –16.7 14.9

Max2007–09

[mg · dm–3]

7.72 4.75 6.24 4.57 3.81 4.50 4.91 6.38 3.18 4.74 1.74 3.88 3.23

Max2018 11.04 21.30 15.12 11.30 9.15 8.70 8.71 12.93 4.68 8.41 1.60 1.90 3.04

Difference 3.32 16.54 8.88 6.73 5.34 4.20 3.80 6.55 1.50 3.67 –0.14 –1.99 –0.18

Increase [%] 43.0 348.2 142.3 147.3 140.2 93.3 77.4 102.7 47.2 77.4 –8.0 –51.20 –5.6

NO3
– concentrations which were limit values in Fig. 2 were bolded.
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Fig. 2. Spatial diversity of NO3
– concentration in relation to valleys
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subalpine near-ridge parts of the slopes with a decaying 
beech and spruce trees 7.81 mg · dm–3, and the highest 
in the higher montane zone spruce 11.98  mg · dm–3. 
The wetness conditions had a significantly smaller 
impact on the differentiation of the average concen-
tration of NO3

–, because it varied from 2.66 mg · dm–3 
during dry season to 5.43 mg · dm–3 during wet season. 
In this context, the average concentration of nitrates in 
TPN springs in valleys with extensive deforestation of 
various genesis (e.g. bark beetle gradation, windfalls) 
is high, e.g. in the valleys: Małej Łąki – Za Bramką – 
Suchy Żleb (4.71 mg · dm–3), Lejowa (4.69 mg · dm–3) 
or Kościeliska – Staników Żleb (4.20 mg · dm–3). It 
should be emphasized that research carried out by 
Żelazny et al. (2017) shortly after deforestation of 
the Kopki Kościeliskie slopes in 2015 indicated that 
water from springs draining the completely deforest-
ed slopes of Kopki Kościeliskie had an average con-
centration of 15.44 mg · dm–3, and P90% read from the 
chart was ~ 24 mg · dm–3. This indicates a rapid, local, 
multiple increase in nitrate concentration in the slopes 
deforested by windfall. 

It is worth to compare the concentration of NO3
– in 

the waters of the Polish Tatras with a typically agricul-
tural region of Poland, e.g. Kujawy – an area charac-
terized by very favourable natural conditions and in-
tensive agricultural activity. In Kujawy, surface waters 
are particularly threatened by pollution with nitrogen 

compounds from agriculture. In the upper drainage 
basin of Zgłowiączka, in an area considered sensitive 
to pollution by nitrogen compounds from agricultural 
sources (OSN), Miatkowski and Smarzyńska (2014) 
recorded the maximum average nitrate concentrations 
from February to April, and their minimum concen-
tration < 22.1 mg · dm–3 in the summer months. In the 
agricultural catchment of Zagożdżonka near Radom, 
Kaznowska and Hejduk (2011) showed that the con-
centration of nitrates in 2008–2009 was definitely 
lower than in Kujawy and varied from 0.13 mg · dm–3 
(2009 IV) to 3.46 mg · dm–3 (February, 2009), and 
the average concentration from low waters in 2008 
– 0.49 mg · dm–3. In the Sudół Dominikański agricul-
tural catchment on the Proszowice Plateau, Kanownik 
and Rajda (2008) showed a higher concentration of 
nitrates than in the Zagożdżonka catchment and lower 
than in Kujawy, which totalled 10 mg · dm–3 and in-
creased from springs as the catchment area expands. 
With reference to Directive 91/676/EEC (1991), 
which specifies that above the concentration limit of 
50 mg · dm–3 NO3

– (i.e. 11.3 mg · dm–3 NNO3) surface 
water and groundwater is considered polluted, the 
maximum concentration recorded in TPN on defor-
ested slopes NO3

– (21.30 mg · dm–3) in 2018 is almost 
half of this value. If the nitrate concentration limit 
from the RMF (2002) was adopted regarding criteria 
for determining waters sensitive to nitrogen pollution 

Table 4. NO3
– concentration characteristics (mg · dm–3) in relation to land cover in 2007–2009 and 2018

Research Land cover P10% Q25% Avr. Me Q75% P90% Max Ψ

2007–09

Dwarf mountain pine 0.31 0.68 1.01 1.06 1.35 1.64 1.89 63.3%

Forests 0.70 1.33 2.03 1.88 2.73 3.54 7.72 74.9%

Bark beetle 0.77 1.14 1.82 1.62 2.30 3.20 6.24 71.5%

Windfall 1.03 1.39 2.39 2.53 3.11 4.01 5.61 67.7%

Deforestation of 
mixed genesis 1.01 1.44 2.16 1.89 2.34 3.57 6.38

47.7%

2018

Dwarf mountain pine 0.63 0.79 0.98 0.90 1.18 1.45 1.95 43.4%

Forestes 1.03 1.75 3.29 2.91 4.43 6.10 13.41 92.2%

Bark beetle 1.08 1.73 4.09 3.21 6.24 7.93 15.12 140.4%

Windfall 1.46 1.94 3.64 3.10 4.88 6.09 12.93 94.9%

Deforestation of 
mixed genesis 0.93 1.93 3.92 3.18 4.75 6.54 21.30

88.8%
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from agricultural sources, where a concentration from 
40 to 50 mg · dm–3 was adopted for waters threatened 
by pollution, then the maximum value NO3

– in Ta-
tra waters reached at least half of the limit value. It 
should be noticed, however, that if we assume NO3

– 

10 mg · dm–3, above which eutrophication of surface 
waters is recognised (RMŚ 2002), then in the Tatra 
National Park it can be demonstrated that they are five 
valleys slopes where the maximum concentration is 
higher. More than twice as high NO3

– concentration 
occurred in the Lejowa Valley, whereas lower values 
were recorded in the valleys: Kościeliska – Staników 
Żleb, Olczyska, Małej Łąki – Za Bramką – Suchy 
Żleb and Chochołowska. During studies a decade 
earlier (2007–09), no concentration of NO3

– greater 
than 10 mg · dm–3 was observed anywhere in TPN. 
The contemporary deterioration of the forest leads 
to a strong increase in NO3

– in waters and allows to 
identify adverse eutrophication phenomena caused by 
natural factors.

SUMMARY AND CONCLUSIONS

•	 In the period from 2007–09 to 2018 there was a ra-
pid increase in the concentration of NO3

– in waters, 
connected with deforestation of the Tatra slopes. 

•	 Contemporary NO3
– concentration in Tatra wa-

ter samples has definitely proven its higher le-
vels than in other regions of Poland in forested 
catchments or agricultural catchments, with the 
exception of catchments with intensive agricultu-
ral activities.

•	 Diverse causes of the deforestation (windfall, bark 
beetle gradation) result in a strong mosaic–like 
spatial differentiation of the NO3

– concentration.
•	 NO3

– concentration in waters draining the Tatra slo-
pes that were deforested by windfall, exceeded the 
limit value of 10 mg · dm–3, above which there may 
be an adverse eutrophication of waters, however, 
its causes in the Polish Tatras are natural. 

* The work is a part of the project „Evaluation of 
the impact of large-area windfall on the hydrochem-
ical regime and catchment denudation in mountain 
area forests (Polish Tatras).” financed from the For-
est Fund of the State Forests National Forest Holding 
(ZP/483/2018; project UJ K/KDU/000494).
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WPŁYW ROZPADU DRZEWOSTANU W TATRZAŃSKIM PARKU NARODOWYM NA ZRÓŻNICOWANIE 
PRZESTRZENNE STĘŻENIA AZOTANÓW

ABSTRAKT

Cel pracy
Celem badań było określenie wpływu rozpadu drzewostanu różnej genezy na zróżnicowanie przestrzenne 
stężenia NO3

– w Tatrach Polskich.

Materiał i metody
W 2018 r. w Tatrach metodą kartowania hydrologiczno–chemicznego pobrano 728 wód. W laboratorium Hy-
drologiczno–Chemicznym IGiGP UJ metodą chromatografii jonowej oznaczono: Ca2+, Mg2+, Na+, K+, HCO3

–, 
SO4

–, Cl–, NO3
–, NO2

–, NH4
+, PO4

3–, Li+, F–, Br–. Do interpretacji wykorzystano azotany z 1719 wód, ponieważ 
ich obecne stężenie porównano do lat 2007–09 (n = 991 wód). Tatry podzielono na 13 obszarów.
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Wyniki i wnioski
Skład chemiczny wód drenujących zalesione oraz wylesione stoki tatrzańskie wykazał, że w dekadzie od 
2007–09 do 2018 gwałtownie wzrosło stężenie NO3

–. W 2018 r. przeciętne stężenie NO3
– wyrażone medianą 

było wyższe aż o 60,2%, wzrosło z 1,76 do 2,82 mg · dm–3. Silniej uwidoczniło się zróżnicowanie maksymal-
nych stężeń, ponieważ ich wielokrotny wzrost wystąpił w pięciu dolinach największym w dolinie Lejowej 
(o 348,2%) z 4,75 do 21,30 mg · dm–3; ponad dwukrotny w dolinach Małej Łąki, Za Bramką i w Suchym Żle-
bie; Kościeliskiej ze Stanikowym Żlebem; Strążyskiej, Ku Dziurze i Spadowcu i Olczyskiej. Tylko w dwóch 
obszarach występowały niższe stężenia. Porównując średnie stężenie NO3

– w wodach tatrzańskich wykazano, 
że są zdecydowanie wyższe niż w innych regionach Polski w zlewniach zalesionych lub w zlewniach rolni-
czych, z wyjątkiem zlewni z intensywną gospodarka rolną. Poligenetyczne przyczyny rozpadu drzewostanu 
skutkują silnym zróżnicowaniem przestrzennym stężenia NO3

–, które ma charakter mozaikowy. W wodach 
drenujących wylesione wskutek wiatrołomu stoki, występuje stężenie NO3

– > 10 mg · dm–3, co potencjalnie 
może wywołać niekorzystne zjawisko eutrofizacji wód, jednak jego geneza ma naturalną przyczynę.

Słowa kluczowe: wody, Tatry, wylesienie, stężenie NO3
–, eutofizacja


