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Abstract
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We studied air pollution in selected forest (beech, spruce) ecosystems in Slovakia, the West Carpathians
Mts. To monitor forest exposure to air pollutants, we used the method of passive samplers. The comparison
between pairs of open plots and forest stands revealed that the load was in general higher on the correspon-
ding open plot. The only exception was the beech experimental site whose former open plot has already
been restocked by natural regeneration, and the difference between the load on the regenerated plot and
the original stand was not remarkable. The results of the proton load pointed out the dependence on altitu-
de. In comparison with other regions in Slovakia and some other in central Europe, the air pollution with
airborne pollutants at the Beech Ecological Experimental Station Kremnické vrchy Mts (470-510 m asl)
can be assessed as moderate (9.3 mmol H* day ! m2). The values monitored in beech stands of the Ziarska
kotlina basin (470 m asl) in 1992 were 1.3 times higher. The Biosphere Reserve Pol'ana Mts (1,370-1,380
m asl), with dominant spruce, had pollution levels four times higher than the BEES. In the National Park
Nizke Tatry Mts (1,440 m asl), was the mean annual value 3.5 higher compared to the corresponding value
at the BEES Kremnické vrchy Mts. Assessment of soil resistance against human-induced acidification
revealed that the region of the Kremnické vrchy Mts was the most resistant in this case, too. As for the
contamination, the most loaded ones are stands at altitudes above 600—700 m asl. On the other hand, the
soil acidity in these areas is not extreme, which manifest a strong buffering and regeneration capacity of
the local soils. The method of passive samplers is a simple method for mapping pollutants effects in natural
environment of forest ecosystems.
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Introduction

Extensive damage to forest stands, extinction of orga-
nisms sensistive to alien substances, lowering rate of
plant debris decomposition and other similar phenome-
na can be observed in our conditions since the beginning
of the last century. One of the most important factors de-
teriorating the environment is air pollution with emmit-
ted materials, airborne pollutants and depositions. The
levels of airborne pollutants in urban and industrial ag-
glomerations are monitored with automatic monitoring
networks. The monitoring possibilities in mountain and
rural conditions are limited, and manual supplementing
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is necessary. It is also possible to use the cummulative
method of passive samplers for identification of pollu-
ting materials in amounts representing an ecological
risk. This method enables us to observe the quantity
of proton load (H") indicating the acid components
of the atmosphere. In model forest ecosystems in the
West Carpathians Mts, we studied differences between
amounts of air pollutants in forest stands and open
plots depending on the altitude. We also considered
the distance from pollution source, landscape topology
and air masses transport. For selected localities we also
evalusted soil resistance to effects of human-induced
pollution.



Material and methods

The research in the area has been focussed on as-
sembling sufficiently large data sets for more precise
identification of load with airborne pollutants. Former
analytic measuring devices are progressively replaced
with passive samplers. The second do not require any
energy supply in the field, and their demands are low
on cost and personnel. They provide a tool for study
of field, non-forest and forest vegetation in areas with
extreme or toxic episodes in airborne pollutants occur-
rence, with heavy car traffic, in national parks, etc. Well
recognised are results of several authors KrocHmAL and
KariNva (1997), Cox (2003), Bytnerowicz et al. (2004).
In Slovakia, these results have been used in the recent
years by SABLATUROVA and Bic¢irova (1995), Varsavo-
vA and Barancok (1999), MoLNAROVA (2000). The me-
thods are gettting more and more mastered and simple.
The results can be compared with the results obtained
using continual analysers (HANGARTNER et al., 1996;
WERNER et al., 1999; Burroni, 2002). The precision ob-
tained with passive samplers and continual monitoring
was judged as favourable after testing by several au-
thors: Krura and NosaL (2001).

From the viewpoint of the airborne pollutants
threatening the environment, there is crucial role of acid
components, primarily compounds of sulphur, nitrogen
and hydrogen ions H'. The long-term impact of airbor-
ne pollutants load to forest ecosystems in Slovakia is
studied using the method of measuring proton load (H")
according to OBR (1989). The method has been desig-
ned at the Forest Research Institute in Zvolen. It is
a summary method, and for making comparisons it is
necessary to use the same time period. There are provi-
ded records of interception of gaseous (SO,, NO_, HF),
liquid (HNO,, H,SO,) and solid particles (NH,HSO,)
on filtering paper surface. The proton load is deduced
from acid deposition neutralising the alkaline solu-
tion exposed in the field. The non-neutralised residue
is determined as the difference between the non-expo-
sed and exposed absorption solution by titration with
HCI on a Tashiro indicator. The device for exposition
of extracted filtration papers consists of a holder with
a shelter and a silicone cylinder (passive sampler). The
cylinder is protected with a removable case, allowing
free access of air. At the same time, it provides protec-
tion against precipitation and direct sun radiation. The
sampling equipment consists of two samplers fixed to
a holder and placed on the open plot and in the stand.
More details can be found in KeELLEROVA et al. (1997).

The method of measuring proton load provides
us with a pattern of dry and, to some extent also on
wet deposition, primarily horizontal. The result is de-
pending on the locality. The territory of Slovakia is
situated in the Carpathian bow with highly diversified
terrain, and the differences at the plot altitude may be

considerable. The plots are situated in areas with fre-
quent fogs occurrence, low cloudiness and inversions.
These meteorological phenomena are associated with
high concentrations of polluting materials. The areas in
concern are exposed to prevailing transport of air mas-
ses and, consequently to the transboundary transport
of air pollutants. The transboundary transport and lar-
ger local sources cause considerable soil acidification,
primarily at higher altitudes. From this viewpoint, it is
necessary to study the soil resistance against human-
induced acidification.

Characteristics of research plots

The testing material is exposed at the Beech Ecolo-

gical Experimental Site (BEES) and in a network of

permanent research plots (PRP). The research plots are
situated in the main forest areas of Slovakia, crucially
important for forest production, with beech and spruce

as the dominant woody plants (Fig. 1).

1. PRP Ziarska kotlina basin, 48° 35’ N, 18° 51" E, is
situated at 470 m above the sea level. The 90-year-
old forest stand with dominant beech (Fagus sylva-
tica) and the corresponding open plot are situated
in the southern part of the Stiavnické vrchy Mts. In
recent years, the basin was strongly polluted with
materials emitted by regional sources as an alumi-
nium plant and a power plant. The area is also next
to a busy motorway Bratislava — Banska Bystrica.

2. BEES Kremnické vrchy Mts, 48° 38" N and 19° 04”
E, is situated at 470-510m, in the beech forest ve-
getation tier. The stand age is 105 years. The airbor-
ne pollutants on plots are transported from several
sources in the Zvolenska kotlina basin: three sta-
tionary power plants, a network of motorways and
a dense railroad network. Under certain weather
conditions, these sources may strongly influence
the plots with pollutants.

3. Permanent research plots 3. I. Stefanové (690 m asl)
and 3. II. Pod Vel'kym Rozsutcom (1200 m asl) are
situated in the National Park Mala Fatra, 49° 13~
N, 19° 04" E. The dominant woody plant is spruce
(Picea abies), the stands are differentiated in terms
of age and diameter. The domestic pollution sources
are energy plants, chemical plants and car traffic.

4. PRP Zadna Polana (1360—1380 m asl), 48° 39" N
and 19° 29" E, is situated at upper forest line in the
Biosphere Reserve Polana. The spruce stand with
admixture of beech and rowan (Sorbus aucuparia)
is 110—125 year old. The pollution sources are power
plants, engineering industry and mobile sources.

5. PRP Certova svadba 48° 54" N and 19° 45" E is si-
tuated in the eastern part of the National Park Nizke
Tatry at an altitude of 1440 m asl. The age of the
spruce (Picea abies Karst.) stand is 140—190 years.
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Fig. 1. Network of permanent research plots in Slovakia — | — PRP Ziarska kotlina basin, 2 — BEES Kremnické vrchy Mts,
3 — 1. PRP Stefanova and II. PRP Pod Vel'kym Rozsutcom in NP Mala Fatra Mts, 4 — PRP Zadné Pol'ana Mts,
5 — PRP NP Nizke Tatry Mts

The air is polluted by heating and transport. The close
mountain saddle Certovica is crossed with an important
busy international motorway.

Apart from the pollutants produced by domestic
sources, the Slovak territory is exposed to the trans-
boundary pollution. The second reaches up to 60% of
the total amount. The stands at 700-800 m asl in the
Mala Fatra, Pol'ana, Nizke Tatry Mts are mainly pollu-
ted with long-range transported pollutants.

Results and discussion

This work provides the pollution patterns in selected fo-
rest areas in Slovakia over the time period 1992-2002.
We evaluated trends and dynamics of the proton load
input. The comparison between proton load amounts
in forest stands and corresponding open plots revealed
that the load on the open plot was in general higher than
the load to the stand (Fig. 2).

This trend was kept for long in the beech stand in
the Ziarska kotlina basin, with the mean value on the
open plot being 17.0 and in the stand 11.2 mmol H*
day!' m2. In 1997-1999 was similar situation also on
permanent research plots with dominant spruce in Mala
Fatra Mts, with mean values on the open plot 3.1. being
21, on 3.11. being 20.6, in the stand 3.1. being 16.6 and
in the stand 3.I1. being 13.7 mmol H* day' m™. In the
Biosphere Reserve in Zadna Pol'ana Mts we obtained
23.0 on the open plot and 17.7 mmol H" day' m™ in
the stand. In the Nizke Tatry Mts (1992—1995), it was
on open plot 30.5 and in the stand 25.5 mmol H* day™!
m 2 The situation is also illustrated with the results of
statistical analysis presented in Table 1.
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Beginning with the year 1995, the trend was not
kept unambiguous any longer at the Beech Experi-
mental Site Kremnické vrchy Mts. The mean value on
the open plot 12.2 was many times found higher than
the value in stand 11.0 mmol H' day' m™2, they were,
however, years when the reverse was true (1995, 1996,
1999, 2002). It is the result of natural regeneration of
the former open plot. The crowns of the regenerating
stand become with filtering corresponding to their pro-
gressively closed canopy.

The research plots have been established in terrain
with diversified topography and different altitudes. The
results obtained with linear regression analysis show
dependence of proton load on altitude for separate plots
(Fig. 3). Each value has been obtained from mean an-
nual values.

In the Ziarska kotlina basin (1), the mean value
14.1 was somewhat higher than in the BEES Kremnické
vrchy Mts (2) 11.6 mmol H" day' m™, in spite of
lacking difference in altitude. The values in Ziarska
kotlina basin were continually higher over the last ten
years of the twentieth century, as the result of pollu-
tion sources in close neighbourhood (aluminium plant,
power plants, dense traffic). Higher values on plots
situated in the mountain spruce tier 18.8 (3.1.), 17.2 (3.11.),
20.3 (4.) and 28 mmol H* day' m™ (5.) are also caused
by long-transported and transboundary air pollution.

Because the lack of compatibility between the
plots and time periods, we decided for the year 1992.
In this year, the research was running parallel on the
research plots in the Ziarska kotlina basin, at the BEES
Kremnické vrchy Mts, in the Biosphere Reserve Pol'ana
Mts, and in the Nizke Tatry Mts. The mean annual vales
were the lowest at the BEES Kremnické vrchy Mts:



9.3 mmol H* day' m, in Ziarska kotlina basin, they
were 1.3 times higher (11.8 mmol H™ day ' m?). The
mean value in the Biosphere Reserve Pol'ana Mts (27.1
mmol H" day”' m™2) was three times higher than the

40 -
30 -
20 -

10

value at the BEES Kremnické vrchy Mts. The strongest
air pollution was found in Nizke Tatry Mts (33 mmol
H* day ! m™), which was three and half times higher
compared to the BEES.
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Fig. 2. Comparison of mean annual values of proton load (PL) on open plots and in forest stands in selected beech
and spruce ecosystems in Slovakia
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Table 1. Basic statistical characteristics of proton load (H") on open plots, and in beech and spruce forest stands (mmol H*

day™! m?)

Site 1. 2. 3. L 3 1L 4. 5

Area OA FS OA FS OA FS OA FS OA FS OA FS
Sample size 11 11 11 11 3 3 3 3 11 11 4 4
Mean 17.0 11.2 12.2 11.0 21.0 16.6 20.6 13.7 23.0 17.7 30.5 25.5
Median 17.5 10.6 13.0 12.3 21.6 16.5 19.0 14.2 22.3 18.1 31.1 25.5
Mode 17.5 - 13.0 - - - 23.4 19.1 - -
Standard deviation  (£2,7) (3,7) (#2,5) (3.5) (£2,9) (#2,9) (£3.2) (£6,5) (¥4,6) (£2.2) (£7.3) (£7,6)
Standard error 0.8 1.1 0.7 1.0 1.7 1.6 1.9 3.8 1.4 0.6 3.8 3.6

OA — open area, FS — forest stand, 1. — PRP Ziarska kotlina basin, 2. — BEES Kremnické vrchy Mts, 3.1.— PRP Stefanova
in NP Mala Fatra Mts, 3. II. — PRP Pod Vel'kym Rozsutcom in NP Mala Fatra Mts, 4. — PRP Zadna Pol'ana Mts, 5. — PRP NP

Nizke Tatry Mts
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Fig. 3. Dependence of proton load (quantity) on altitude on research plots in Slovakia. 1. — PRP Ziarska kotlina, basin (470 m)
2. — BEES Kremnické vrchy Mts (470-510 m), 3. I. — PRP Stefanova (690 m) and 3. II. — PRP Pod Velkym Rozsutcom
(1200 m) in NP Mala Fatra Mts, 4. — PRP Zadné Pol'ana Mts (1370-1380 m), 5. — PRP NP Nizke Tatry Mts (1440 m)

The harmful impact of air pollutants on herbs
and forest woody plants can be either direct or indirect
— through soil and root systems. The soil is subjected
to changes in its chemistry, to acidification and subse-
quent leaching of soil nutrients. The basic physiologic
functions are disturbed; forest ecosystems become
weaker and die. Soils in selected localities in Slova-
kia were assessed for their resistance against impact of
anthropogenic pollutants.

The main contamining substances in the Ziarska
kotlina basin were found oxids of fluorine, sulphur, ni-
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trogen, further arsenic, cadmium, ozone and suspended
particulates. Very adverse was impact of fluorine and
SO, on forest ecosystems. These materials also deterio-
rated agricultural land, caused contamination of water
courses and deteriorated health state of the local people
(MmHALIK and BUBLINEC, 1995; HoLus and KONTRISOVA,
1998; PARILAKOVA, 2000; KuLFaN et al., 2002). The soils
in Ziarska kotlina basin, originally nutritive, have been
acidified, with pH ranging from 5.6 to 6.5. Long-term
impact of pollutants from local sources lowered the soil
quality, which had, together with climate conditions,



negative influence on growth conditions and health sta-
te of forest stands. Towards the turn of the century, the
situation became to improve. The industrial process has
been modernised and the changes in legislation forced
the reduction in amounts of polluting substances. The
amount of fluorine has been reduced to the carrying li-
mit of 1 pg m* (UrmiNskA et al., 2000). Since 1994,
there has not been recorded any important change in air
pollution with sulphur dioxide, and the values of this
pollutant were mainly kept below the critical limit (20
pg m>3 ). Somewhat less extensive was reduction of
concentrations of nitrogen oxides. There were fluctua-
tions in protone load quantity over the study period. In
1995-1997, the mean annual values in the Ziarska kot-
lina basin decreased. In 1998, there followed an increase
again. In the following years, there was stagnation, and
a final drop towards the end of the study period.

The reduction in 1995-1997 was evident also at
the BEES and in the Biosphere Reserve Pol'ana Mts. It
could be associated with the drop in industrial produc-
tion. The increase in the following years was influen-
ced, apart from other factors, with an immense increase
in car traffic — amount of motor vehicles.

The soil quality at the BEES Kremnické vrchy
Mountains is high; the soils are rich in nutrients, wa-
ter and humus content. Humus has a high absorption
capacity for pollutants interception — these can be ac-
cumulated and not allowed to percolate into the ground
water. The soil in site is an andosolic cambisol — one
of soil substrates most resistant against influence of at-
mospheric deposition (BuBLINEC et al., 2002). The soil
quality is improved by fully connected broadleaved
stands, ensuring filtration of precipitation and gases.
The crown structure of beech stands has favourable
influence on the air condition in the stand interior. In
comparison with other localities in Slovakia and seve-
ral other in central Europe, the beech stand at the BEES
Kremnické vrchy Mts is still a locality with a very low
load with airborne pollutants (KELLEROVA et al., 2001).
The results of many research works allow us to asses
the ecological stability of the BEES Kremnické vrchy
Mts as a resistent one.

In the National Park Mald Fatra Mts, there are
dominant west and north-western winds transporting
pollutants from the adjacent industrial areas in the re-
gion Ostrava-Karvina and pollutants produced by me-
tallurgical plants in the Sliezska basin in Poland. The
reseach resulted in assessment of 45% of the forests as
forest with disturbed stability and another 6% as ha-
ving lowered tolerance (KorAN, 1997). In the area of
the Mala Fatra, the most endangered are higher situated
localities (Chleb Mt, 1647 m asl), exposed to extensi-
ve photo-oxidation stress. The precipitation is acid or
strong acid, significantly indicating the pollution of the
environment (BUBLINEC et al., 1995). Important pollu-
tion sources are local fossil-fuel power stations produ-
cing solid contaminants, SO, and NO . Other pollutants

are produced by chemical industry and heavy car traffic
(Krmpa and Lieskovska, 2001; RoNcHETTI et al., 2004).
The reaction of most soils on the permanent research
plots in the Mala Fatra Mts is moderate acid, with pH
ranging from 5.7-6.4. The humus quality is medium
or very good. The soils have been formed on parent
rock material consisting of calcites and dolomites, they
are high resistant against airborne pollutants, and their
regeneration capacity is very good. Negative factor is
the altitude, because the same holds for all mountain
localities situated at above 750 m asl. In the research
period, this area was under influence of acid and very
acid precipitation. A moderate increase in proton load
was detected in 1999.

The area of the Biosphere Reserve Pol'ana Mts is
ranked to category with intensive deposition of airbor-
ne pollutants, primarily in its exposed mountain parts.
The air pollution is produced by local sources and also
transported by long-range transport. The research re-
sults obtained in 1992-2002 indicate a decrease in
mean annual values of the proton load. It seems that
after a transition period of dumping, the dominant
pollution sources, metallurgical and power plants will
increase their production. Also in this area we expect
a moderate increase in NO_ produced by small local
sources and by mobile sources. The mountain range is
volcanic, the soils are humic, deep and sufficiently loo-
se. In connection with human-produced pollutants, the
dominant andosols have a good buffering capacity and
a good capacity for regeneration.

In the ridge part of the Nizke Tatry Mountains are
dominant north, southward blowing winds, but there
are also frequent winds blowing from north-west and
south-west. The ridge parts are mainly polluted by
long-range transported pollutants (BuBLiNEc and Du-
BOVA, 1995) from transboundary sources. From the
local sources is important heating and car traffic. The
close mountain seddle Certovica is crossed with a ru-
shy international motorway. The traffic has negative
inpacts on all the components of the environment (air,
water, soil, fauna, flora). The most severe is impact of
carbohydrate fuels combustion, resulting in increase in
solid contaminants, VOC and NO_. On the other hand,
the trend in pollution by SO, is kept decreasing or with-
out change. The soils on plots in the Nizke Tatry Mts
are podzoles, but their acididy does not reach extre-
me values. Ecological conditions for growth of spru-
ce stands are not very favourable — also based on the
reason that the stands are situated in the 7-th and 8-th
vegetation tier.

Conclusions

In 19922002 we studied air pollution in selected forest
areas in Slovakia, the West Carpathians Mountains, by
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means of passive samplers. The research has contribu-
ted to the knowledge about the relationships of open
area and forest stands and proton load quantity. The
proton load values were in general higher on the open
plot than in the stand. The only exception was the Beech
Ecological Experimental Site Kremnické vrchy Mts.
The former open plot at the site was in phase of natural
regeneration, and since 1995, the difference between
the load on the open plot and the load to the forest stand
has not been kept unambiguous, any longer. From the
results, it is evident that the airborne pollutants are in-
tercepted by tree crowns in stands with closed crown
canopy. The important filtration and hygienic function
of forest stands is evident.

In 1992 we conducted parallel research on all the
plots, with exception of Mala Fatra Mts. The mean an-
nual values were the lowest at the Beech Ecological
Experimental Site Kremnické vrchy Mts (9.3 mmol
H* day™' m™). In comparison with localities in central
Europe we can see that the contamination level at the
BEES is low. The values observed in beech stands in
the Ziarska kotlina basin were 1.3 times higher, in the
Biosphere Reserve Pol'ana three times higher, and in
the National Park Nizke Tatry even 3.5 times higher
than at the BEES Kremnické vrchy Mts. The results
and analysis of linear regression point out the depen-
dence of proton load quantity on altitude for all the stu-
died plots.

The soils are under permanent influence of airbor-
ne pollutants, in the recent years, however, less inten-
sive. The assessment of soil resistance against acidi-
fication due to human activities showed that the most
resistent are soils in area of the Kremnické vrchy Mts.
The contamination of stands situated at 600-700 m asl
is the most severe. However, the soil acidity in these
areas does not reach extremes, and we can see that the
soils buffering and regeneration capacity is good. The
passive samplers allow us to quantify the load with air-
borne pollutants and to identify time and spatial trends
in amounts of polluting substances.

Acknowledgement

The research was conducted with support of the scien-
tific project VEGA 2/7162/7 and 2/7185/27. We also
acknowledge D. Kudelova for preparing the English

paper.

References

BuBLiNEC, E., CicAk, A., DuBovA, M. 1995. Imisna
ohrozenost’ a zataz uzemia Narodného parku Mala
Fatra [Airborne pollutants — threat and load to the
National Park Mala Fatra Mts]. Ochr. Prir., 13:
223-230.

22

BusLinec, E., DuBovA, M. 1995. Mokra depozicia
v hrebenovej Casti Nizkych Tatier [Wet deposition
in the ridge part of the Nizke Tatry Mts]. Acta Fac.
for. Zvolen, 37: 85-96.

BusLiNEc, E., KukLa, J., DuBovA, M. 2002. Fluxes
of hydrogen ions and sulphur in beech forested
catchment in the Western Carpathians. Silva Balca-
nica, 2(1): 29-37.

Burroni, A. 2002. Ozone and nitrogen dioxide mea-
surements in the framework of National Integra-
ted Programme for Control of Forest Ecosystems
(CONECOFOR). Journal Limnol., 61, [Suppl. 1]:
69-76.

ByTNEROWICZ, A., GODZIK, B., GRODZISKA, K., FRACZEK,
W., MUSSELMAN, R., MANNING, W., BADEA, O., PopPE-
scu, F., FLEISCHER, P. 2004. Ambient ozone in forest
of Central Eastern European mountains. Environ.
Poll., 130: 5-16.

Cox , R. M. 2003. The use of passive sampling to mo-
nitor forest exposure to O,, NO,, SO,: a review and
some case studies. Environ. Poll., 126/3: 301-311.

HANGARTNER, M., KIRCHNER, M., WERNER, H. 1996. Eva-
luation of passive methods for measuring ozone in
the European Alps. The Analyst, 121: 1269-1272.

Horus, Z., KonTRISOVA, O. 1998. Fytoindikacia fluéro-
vych imisii v oblasti Ziaru nad Hronom [Phytoindi-
cation of fluorine-based airborne pollutants in area
of Ziar nad Hronom]. In P. ELIAS (ed.). Monitorova-
nie bioty na uzemi Slovenskej republiky. Bratislava:
Slovenska ekologicka spolo¢nost’, p. 98—100.

KEeLLEROVA, D., BuBLINEC, E., JaNik, R. 1997. Expedi-
tive method measurements of proton load and its
utilisation in beech ecosystems. Ekoldgia (Bratisla-
va), 16: 17-22.

KELLEROVA, D., DuBovA, M., BuBLINEC, E. 2001. Vyvoj
imisnej situacie na EES Kremnické vrchy [Trend in
atmospheric pollutions at the EES Kremnické vrchy
Mountains]. In Sucasny stav a perspektivy ekologie
a environmentalistiky: zbornik z medzinarodnej ve-
deckej konferencie pri prilezitosti desiateho vyrocia
zalozenia FEE. Zvolen: Technicka univerzita vo
Zvolene, p. 179-184.

KLiNDA, J., LiEskovskA, Z. 2001. Sprdva o stave Zivot-
neho prostredia Slovenskej republiky v roku 2001
[State of the Environment Report of the Slovak Re-
public]. Bratislava: Ministerstvo zivotného prostre-
dia Slovenskej republiky. 208 p.

KoraAR, J. 1997. Narodny park Mala Fatra [National
Park Mala Fatra]. Enviromagazin, 2 (1): 18—-19.
KrocHMAL, D., KaLiNna, A. 1997. Measurements of ni-
trogen dioxide and sulphur dioxide concentrations
in urban and rural areas of Poland using a passive

sampling method. Environ. Poll., 96: 401-407.

Krupra, S., Nosar, M. 2001. Relationships between pas-
sive sampler and continuous ozone measurement
data in ecological effects research. Sci. World, 1:
593-601.



KULFAN, J., ZAcH, P., SUSLIK, V., ANDERSON, J. 2002. Is
abundance of the moth Bucculatrix ulmella affected
by immission? Ekoldgia (Bratislava), 21, Suppl. 2:
143-151.

MIHALIK, A., BUuBLINEC, E. 1995. The clayish-mineralo-
gical characteristics and properties of the soil in the
environment of maximal immission load of alumi-
nium works. Lesn. Cas., 41: 39-49.

MoLNAROVA, H. 2000. Vertical gradient of tropospheric
ozone concentrations in region of Pol'ana Mts and
Zvolen basin. Meteorol. Cas., 3: 25-32.

OBRr, F. 1989. Technologia pripravy pody pre zabez-
pecenie prirodzenej obnovy v lesoch pod vplyvom
imisii [Methods of soil treatment securing the na-
tural regeneration of forests influenced by pollu-
tants]. Final report. Zvolen: Lesnicky vyskumny
ustav. 29 p.

PariLAkova, K. 2000. Zhodnotenie imisného a emis-
ného zat'aZenia ovzdusia v regiéne Ziarskej kotliny
[Assessment of air pollutions by airborne pollutants
and emissions in the Ziarska kotlina basin]. In Ku-
LICH, J. (ed.). Cudzorode latky v Zivotnom prostredi':
IIl. medzinarodna konferencia. Nitra: Slovenska
pol'nohospodarska univerzita v Nitre. 246 p.

RoNcrETTI L. 2004. Sprava o kvalite ovzdusia a podiel
Jednotlivych zdrojov na jeho znecistovani v Sloven-

skej republike 2003. Bratislava: Ministerstvo Zivot-
ného prostredia Slovenskej republiky, p. 5-17.

SABLATUROVA, E., BICAROVA, S. 1995. Integralne me-
tody stanovenia ozonu v lesnych ekosystémoch.
[Integral methods of ozone determination in forest
ecosystem]. Lesn. Cas., 41: 97-103.

URMINSKA, J., KHUN, M., Jurkovic, L. 2000. Risk of the
influence undesirable elements in Ziar basin terri-
tory’s environment and their relationships to the
local population’s health conditions. In Monitoro-
vanie a hodnotenie stavu zivotného prostredia III:
zbornik referatov. Zvolen: Technickd univerzita vo
Zvolene, p. 165-173.

VARSAVOVA, M., BARANCOK, P. 1999. Monitorovanie pri-
zemného ozénu vo vybranych oblastiach zapadnych
Karpat [Monitoring of tropospheric ozone at selec-
ted localities in the Western Carpathians]. In Atmo-
sféera 21. storocia, organizmy a ekosystémy: zbor-
nik referdtov z medzindrodnej vedeckej konferencie
Bioklimatologicke pracovné dni 1999, Zvolen 7.-9.
septembra 1999. Zvolen: Technicka univerzita vo
Zvolene, p. 267-272.

WERNER, H., KIRCHNER, M., WELZL, G., HANGARTNER,
M. 1999. Ozone measurements along vertical tren-
sects in the Alps. Environ Sci. Poll. Res., 6: 83-87.

Meranie protonovej zat’aze (H") v prirodnom prostredi Zapadnych Karpat
(metoda pasivnych zberacov)

Suhrn

Vo vybranych lesnych (bukovych, smrekovych) oblastiach Slovenska v Zapadnych Karpatoch sa sledovala uro-
ven znecisteného ovzdusia prostrednictvom pasivnych zberacov. Vzajomnym porovnavanim nezalesnenych ploch
a porastov sa ukazalo, Ze zataZenie vol'nej plochy bolo spravidla vyssie ako zatazenie porastu. S vynimkou bu-
kového stacionara, kde bola povodne vol'na plocha prirodzene zmladena a preto rozdiel medzi zatazou obnovenej
plochy a starého porastu nebol vyrazny.

Vysledky proténovej zataze poukazuji na zavislost’ od nadmorskej vysky. V porovnani s inymi oblast'ami
Slovenska, i strednej Eurdpy, ovzdusie v oblasti bukového stacionara Kremnické vrchy (470-510 m n. m.) mozno
povazovat’ za mierne zatazené imisiami (9,3 mmol H* defi”! m™). V buginach Ziarskej kotliny (470 m n. m.) boli
v roku 1992 hodnoty 1,3-krat vyssie. V Biosférickej rezervacii Pol'ana (1370-1380 m n. m.), s prevahou smrecin
boli Stvornasobne vyssie ako znecCistenie v oblasti bukového stacionara. V Narodnom parku Nizke Tatry (1440 m
n. m.) bola priemerna ro¢né hodnota 3,5-krat vyssia ako v BEES Kremnické vrchy.

Pri hodnoteni odolnosti pod vo¢i ich acidifikacii antropogénnou ¢innost'ou sa najodolnejSou znova javi oblast’
Kremnickych vrchov. Porasty v polohach nad 600-700 m n. m. st z pohl'adu kontaminacie zat'azované najviac.
Avsak acidita pod v tychto oblastiach nie je extrémna a mozno konstatovat, ze pody maji dobru tlmivi i regene-
ra¢nt schopnost’.

Pouzita metdda pasivnych zberaCov umoznuje nenadro¢nym spdsobom mapovat’ pdsobenie polutantov v pro-
stredi lesnych ekosystémov.
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