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ABSTRACT

Aim of the study
The aim of the study was to assess the spatio-temporal variation in air quality in Pieninski National Park
(PPN) and its buffer zone.

Material and methods

An indicator method involving passive sampling was used. This is a Japanese method for determining con-
centrations, proposed by Amaya-Sugiura and modified by Krochmal and Gorski. Air quality assessment was
based on the ambient air concentration of nitrogen dioxide (NO,), an air pollution indicator gas.

Results and conclusions

A long-term study on the effect of air pollution on a tree stand in the Carpathian Mountains of Central Europe
has shown that long-term high concentrations of ozone, sulphur dioxide and nitrogen oxides can make trees
susceptible to insect attacks and adversely affect the health of forests. The highest concentration exceeding
the monthly average of 35 ug-m= was noted in Kro$cienko nad Dunajcem in practically all seasons. This
supports earlier results of research conducted in this area by Kozak, Miczynski and Jurkiewicz. In recent
years the NO, concentration in the centre of Kroscienko in the month of November has increased from about
26-28 pg-m= in 2001-2004 to over 40 ug-m> in 2016-2018. Similarly, in the outskirts of Kroscienko,
where the PPN headquarters is located, it increased from 13-17 pg- m= to 20-30 pg-m>. An upward trend
is also perceptible in Szczawnica and at major transport hubs. This is mainly linked to the rapid growth of
the motor vehicle industry and tourist expansion in the region. Concentrations in the area of the Trzy Korony
summit and other sites in the higher parts of the Pieniny Mountains are similar and do not exceed 10 ug-m=
at any time during the studied period.
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INTRODUCTION AND RESEARCH OBJECTIVE infrastructure, which is often not possible in agricul-

tural and forested areas, and certainly not in national
Monitoring air quality in large urban agglomerations  parks. Long-term measurements of indicator gaseous
is currently well developed. Reference measurements  pollutants performed using contact methods by vari-
using aspiration methods require extensive technical ous institutions have made it possible to analyse the
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variation in NO, concentrations in Pieninski Nation-
al Park and surrounding areas. Nitrogen dioxide was
chosen due to the role of traffic pollution and the in-
creasing transition to gas heating in private homes and
boarding houses in this tourism destination.

Nitrogen dioxide is a gas of a reddish-brown colour
and a suffocating odour (Air quality in Europe 2013).
The toxic effect of nitrogen dioxide involves restrict-
ing oxygenation of the body. It reduces immunity to
bacterial infections, irritates the eyes and respiratory
tract, and causes respiratory disorders and allergic dis-
eases, including asthma, especially in children living
in areas affected by smog.

Nitrogen oxides are among the most important
pollutants produced by transport. They are released
during fuel combustion in the engines of internal com-
bustion vehicles, as well as in industrial and energy
production. Nitrogen oxides (NOx) include nitrogen
oxide (NO) and nitrogen dioxide (NO,) (Vintar, Og-
rin, 2015). Gases emitted to the atmosphere, such as
nitrogen and sulphur oxides, carbon dioxide and car-
bon monoxide, as well as particulate matter, adverse-
ly affect the state of water, soil, forests, and human
health (Juda-Rezler, 2010). Nitrogen oxides are part-
ly responsible for photochemical smog and elevated
ozone levels in the atmosphere. In the presence of
sunlight as a catalyst, nitrogen oxides, together with
hydrocarbons and carbon monoxide, are precursors of
tropospheric ozone (Walczewski, 2005; WHO, 20006).
These gases are emitted in particular by the engines of
internal combustion vehicles.

Pollutants introduced to the air undergo various
transformations. By reacting with hydroxyl radical
(OH), which is fairly common in the air, nitrogen
dioxide forms nitric acid, a component of acid rain
(Konieczynski 2004).

Palarz and Celinski-Mystaw (2017) demonstrated
that the highest nitrogen dioxide concentration in the
valleys of the Polish Carpathians are found in winter,
due to lower insolation, low temperatures, and in-
creased emissions of air pollutants from home furnaces.

A long-term study on the effect of air pollution
on a tree stand in the Carpathians of Central Europe
showed that long-term high concentrations of ozone
(above 40 ppm), sulphur dioxide (above 20 pg-m=)
and nitrogen oxides (above 30 pg - m~) can predispose
trees to insect attacks and adversely affect the health
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of forests. A study conducted in 1998-1999 in Po-
land (Tatra Mountains) and Romania (Retezat Moun-
tains) showed average annual NO, concentrations of
3.5-45.7 pg-m> in Poland, and 2.7-13.0 pg- m= in
Romania (Bytnerowicz et al., 2003).

A study on air pollution using the indicator method
was carried out in Pieninski National Park in 2007 as
part of regional monitoring (Regional Inspectorate for
Environmental Protection in Krakow). The measure-
ment point was located in the Majerz clearing. A mea-
surement lasting an entire year was used to determine
the annual average concentrations of NO, and SO,.
The annual average concentration of NO, was 30% of
the level recognized as acceptable at that time in na-
tional parks (20 pg - m™).

The aim of the study was to assess the spatio-tem-
poral variation of air quality in Pieninski National
Park (PPN) and its buffer zone.

RESEARCH METHODS

Due to high topographic variation, the lack of tech-
nical infrastructure in many parts of the study area,
and changes in reference aspiration measurements
after 2002, a passive sampling method was used for
the analysis. The assessment of air quality was based
on the ambient air concentration of nitrogen dioxide
(NO,), an air pollution indicator gas. The method had
previously been successful (Miczynski, et al., 1998;
Kozak and Jurkiewicz, 2006) when the first studies
were conducted in 1996-1997 and 1998-2004. The
measurements were made using a Japanese method
for determining concentrations proposed by Amaya-
-Sugiura and modified by Krochmal and Gorski
of the Cracow University of Technology (PN-89
7-04029/08). Measurements were made in Pieninski
National Park using this method in 19962018, but
unfortunately there had been changes to exposure pe-
riods and measuring sites. For this reason, following
verification and extrapolation of the measurement data
using statistical methods, a multi-annual period was
adopted as representative of the month of November.
The passive method, due to its low measurement res-
olution (month-long period) and low cost, was used
to assess air quality in zones classified as having the
lowest concentrations. Agreement has been observed
between reference methods for annual and periodic
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averages (Sniezek and Degorska, 2009). The resulting
starting material was used to create a map of the spa-
tial distribution of NO,. The graphics were prepared in
Surfer 8.0 software using linear interpolation (kriging)
to create isolines.

RESULTS

The measurement sites in 2001-2009 were distrib-
uted around Pieninski National Park and its buffer
zone, including Kroécienko and Szczawnica. In sub-
sequent years, annual tests were suspended, and ex-
posure was carried out during different periods and at
different sites. Using fixed measurements and a series
of measurements made in the same way, the results
were extrapolated by statistical methods, so that an
attempt could be made to create a map for the years
2012-2018. This resulted in a cartographic representa-
tion of the spatial distribution of NO, in the area based
on measurements that were all conducted in the same
way (see: Fig. 1).

The maps of NO, distribution present information
on the spatio-temporal distribution of the pollutant.
The highest concentration exceeding the monthly
average of 35 ug-m= was noted in Kro$cienko nad
Dunajcem in practically all measuring seasons. This
supports an earlier study conducted in this area (Kozak
etal., 2002). It should be noted, however, that in recent
years the NO, concentration in the centre of Kro$cien-
ko has increased from about 26-28 pg - m= in 2001—
—2004 to over 40 ug-m= in 2016-2018. Similarly,
in the outskirts of Kro$cienko, where the PPN head-
quarters is located, it increased from 13-17 pg-m?
to 20-30 pg-m™. An upward trend is also percepti-
ble in Szczawnica and at major transport hubs. This is
mainly linked to the rapid growth of the motor vehicle
industry and tourist expansion in the region.

Research by Jurkiewicz et al. (2002) revealed that
during the summer period, the intensity of vehicle
traffic over the weekends is 363—561 vehicles/hour, of
which 85-89% are passenger cars. During the summer
holidays, the volume of tourist traffic reached 1,477
people per day (Warcholik et al.).

Concentrations in the area of the Trzy Korony sum-
mit and other sites in the higher parts of the Pieniny
Mountains were similar and did not exceed 10 pg - m™
at any time during the analysed period.

www.acta.urk.edu.pl/pl

Table 1. NO, concentration [ug - m~] for November at se-
lected monitoring points measured using the passive method
in the Matopolska Region in 2007-2009, based on the Re-
gional Inspectorate for Environmental Protection

Year Sst:;g Limanowa Gorlice Szczawnica N;?;;Z
2009 154 22.2 18.3 20.7 7.8
2008 134 22.6 24.7 - 5.5
2007 17.7 22.7 16.0 - 7.7

Data from air monitoring by the Regional In-
spectorate for Environmental Protection in Krakow,
during which NO, measurements were made by the
indicator method in the entire Matopolska Region in
20072009 (Ciesla, and Tyrkiel-Cebula., 2008, Ciesla,
Bryja., 2009—-10), shows that the concentrations in the
mountain valleys in Kro$cienko and Szczawnica were
similar to the levels in larger urban centres such as Li-
manowa and Gorlice (see: Table 1).

Similar results were obtained by Miczynski et al.
(1998) who analysed the concentrations of pollutants
in mountain valleys in the Pieninski National Parku.
Additionally, the high concentrations of pollutants re-
corded by them in the high parts of the Pieniny Moun-
tains were recognized as migration pollutants.

Based on the measurements of NO, concentra-
tions in the ambient air of Pieninski National Parku
throughout the 2001-2018 study period, a map of aver-
age concentrations from the entire period was created
(see: Fig. 2).

Pieninski National Park is not exposed to high con-
centrations of NO, in the ambient air. Only the road
from Krosnica to Niedzica crossing through PPN,
where traffic is heavy during the season due to tran-
sit of tourists and of rafts for rafting on the Dunajec,
can have a greater influence on the NO, concentration
(Jurkiewicz et al., 2002). However, due to the scale
of the measurements, this was not shown in the carto-
graphic representation. The highest concentrations are
observed in the densely developed areas and transport
hubs of Kros$cienko and Szczawnica. The topography
of the land and topoclimatic conditions are conducive
to smog during temperature inversion, and the concen-
tration of nitrogen dioxide in the ambient air of the
valleys increases by 100-200% (see: Fig. 3).
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Fig. 1. Spatial distribution of NO, concentrations [pg - m~] during the studied period (November 2001-2018) with locations
of measurement points ()
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Fig. 2. Spatial distribution of NO, concentrations [ug - m ] averaged for 2001-2018
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Fig. 3. Inversion fog in the Pieniny Mountains (photo by E. Zajac)

The increase in automobile traffic and replacement
of coal boilers with gas heating will most likely lead to
an increase in NO, concentrations in the area (Poskart,
Zajemska, 2013).

CONCLUSIONS

1. No increase in NO, concentrations was noted in
Pieninski National Park in the years 2001-2018.

2. Topoclimatic conditions significantly affect con-
centrations in river valleys, where NO, concentra-
tions in the air are 100-200% higher during tem-
perature inversion.

3. Tourism development in places such as Szczawni-
ca, Kroscienko, and Sromowce Nizne, with the
accompanying increase in motor vehicle traffic, as
well as the transition to gas heating, may in the fu-
ture lead to the risk of increased ambient air NO,
concentrations in this area.

Funded with a subsidy from the Ministry of Sci-
ence and Higher Education for the University of Agri-

culture in Krakow for 2020.
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OCENA ROZKLADU STEZENIA DWUTLENKU AZOTU W PIENINSKIM PARKU NARODOWYM

METODA WSKAZNIKOWA

ABSTRAKT

Cel pracy

Celem pracy byta ocena zmiennosci czasowo-przestrzennej jakosci powietrza atmosferycznego na obszarze
Pieninskiego Parku Narodowego (PPN), jak i jego otuliny.

Materiat i metody

Oceng jakosci powietrza przeprowadzono, opierajac si¢ na st¢zeniu w imisji jednego z gazéw wskazniko-
wych zanieczyszczenia powietrza atmosferycznego, jakim jest dwutlenek azotu (NO,). W pomiarach zasto-
sowano japonska pasywna metod¢ oznaczania stezen Amaya-Sugiura w modyfikacji Krochmala i Gorskiego.

Wyniki i wnioski

W dhugoterminowych badaniach nad wplywem zanieczyszczenia powietrza na drzewostan w Karpatach
w Europie Srodkowej wykazano, ze dtugotrwate wysokie stezenia ozonu, dwutlenku siarki i tlenkoéw azotu
mogg sprawiac, ze drzewa stajg si¢ podatne na ataki owadow i pogarsza si¢ stan zdrowia lasow. Najwicksze
stezenia przekraczajace $rednia miesigczna 35 pg - m= zanotowano w Kroécienku nad Dunajcem praktycznie
we wszystkich sezonach pomiarowych. Potwierdza to wczesniejsze wyniki badan w rejonie Kroscienka nad
Dunajcem prowadzonych przez Kozaka, Miczynskiego i Jurkiewicza. W ostatnich latach poziom stgzenia
NO, w rejonie centrum Kroscienka wzrasta z poziomu ok 26-28 pg - m w latach 2001-2004 do poziomu
ponad 40 pg - m= w latach 20162018 w badanym okresie miesigca listopada. Podobnie na obrzezach Kro-
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$cienka, w rejonie Dyrekcji PPN z poziomu 13—17 pg - m™ do poziomu 20-30 pg - m=. Réwniez w Szczaw-
nicy oraz przy wiekszych weztach komunikacyjnych zauwazalna jest tendencja wzrostowa. Jest to zwigzane
z gwaltownym rozwojem motoryzacji i ekspansji turystycznej w tym regionie. Stezenia w rejonie Trzech
Koron Pieninskich, jak i na innych stanowiskach wyzszych partii Pienin, sg notowane na zblizonym pozio-
mie i w catym okresie analitycznym nie przekraczajg 10 pug - m=.

Stowa kluczowe: tlenki azotu, rozktad przestrzenny, metoda wskaznikowa, monitoring
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