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Abstract

Spatial and temporal variation of atmospheric depositions on the permanent monitoring plots of Level II of the ICP
Forest programme in Czech and Slovak forest areas was described in this paper. The atmospheric bulk deposition
of sulphur, ammonium and nitrate nitrogen from the years 2000-2016 were assessed and compared with the data
obtained on European plots of this programme. The temporal developments of annual depositions in kg.ha™.year™
were determined by linear regression and displayed through maps. The most significant change during the reporting
period was in the annual sulphur deposition, which was the statistically significant with rather sharp decrease on
Slovak plots (P <0.01, R?=0.68) and with milder decrease in the Czech Republic (P <0.05, R?=0.23). There are
small spatial and temporal differences in the deposition of the annual nitrate nitrogen depositions. The decrease was
statistically more significant in Slovakia (P < 0.01, R?= 0.53) than in the Czech Republic (P <0.05, R?=0.30). The
smallest changes were in annual depositions of ammonium nitrate, although the deposition was statistically signifi-
cant in Slovakia (P <0.01, R?=0.42). In the Czech Republic dropped only slightly over the whole territory (except
in the Beskydy Mts.) during evaluated period. The temporal variations of polluting components revealed significant
differences between developments of depositions on the different plots of both republics. The sulphur and nitrogen
depositions in the Slovak and Czech Republic persistently ranking among the highest in Europe, what is caused by
local and transboundary anthropogenic emission.
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Czech Republic increased sharply between 1950s and
1980s (Kolar et al. 2015).

The precipitation is the main factor affecting the
quality of the environment (Thalman et al. 2002). Their
composition is a result of many processes and chemical
reactions associated with natural phenomena and emis-
sion of pollutants (Walna & Kurzyca 2007). If there are
sufficient amounts of cations in the air, sulphide and
nitrate anions are neutralized by the formation of salts.
However, in the case of the excess of anions, the strong
acids (sulphuric and nitric) are formed. Those acids, as
precipitation fall down, may cause acidification of ecosys-
tems. The anthropogenic pollution is formed mainly by
sulphur emissions in the form of sulphur dioxide (SO,)
and nitrogen in the oxidized form (NOx) and reduced
form (ammonia — NH,).

1. Introduction

The atmosphere is a very complex system containing a
wide range of natural compounds and anthropogenic po-
llutants that contribute to numerous air quality problems
affecting the climate, human health and the environment
(EEA 2012). The deposition of acidifying and eutrophy-
ing substances had been a major cause of disturbance to
forest ecosystems in the northern hemisphere for several
decades (de Vries et al. 2014). In the second half of the
20th century, acidic air pollution was a serious concern
across most of the Europe (Stern 2005). The acidifica-
tion and eutrophication of ecosystems have mainly been
observedinthe Europe and the North Americain the past
three decades (Pardo et al. 2011), and more recently in
the Asia (Zhao et al. 2009). The increase in global emis-
sions, mainly sulphur dioxide (SO,) and nitrogen oxides

(NOx), was unprecedented after World War II due to
economic expansion. The SO,and NO_emissions in the

Chemical content of atmospheric deposition has
severe harmful effects on the environment by storage of
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acidifying and eutrophying compounds, which generate
nutrient imbalances and changes in biodiversity (de Vries
et al. 2014). The acidification of forest soils is caused by
washing out of salts of strong acids (SO *“and NO,") and
basic elements from the soil (Ulrich et al. 1980). Conse-
quently, the release of Al** ions from sorption complex
into the soil solution causes toxic effects on the roots of
plants and has a negative effect on mycorrhiza. On the
other hand, the nitrogen is one of the main nutrients in
the ecosystem. Its increased load causes the increase of
the tree growth. Itis also connected with the disturbance
of the balance between other nutrients in soil, which have
impact on consequent increased susceptibility to frost
damage and biotic pests and also the changes in ground
biomass composition and thus carbon sequestration
(Bontempsetal.2011; de Vries et al. 2014). The biogeo-
chemical cycle of nitrogen has substantially changed due
to the human activities mainly in recent decades (Elser
2011) with harmful impacts and negative consequences
which are anticipated also in the future (Canfield et al.
2010).

The objective of this study was to assess nitrogen
(N-NO,” and N-NH,*) and sulphur (S-SO,*) in
atmospheric bulk deposition in Czech and Slovak forest
areas, to compare results with deposition in Europe and
to evaluate the temporal variations of these compounds
on the territory of both republics. The trends for all three
parameters were tested by linear regression.

2. Material and methods

2.1. Study areas

The study was conducted on 14 Level II plots (Table 1)
that belong to the forest monitoring network of perma-
nent monitoring plots (PMP) of Level Il of the Slovakia

(SK) and the Czech Republic (CZ). The national forest
monitoring programmes are the part of the International
Co-operative Programme on Assessment and Monitor-
ing of Air Pollution effects on Forests (ICP-Forests). The
plots were located in mature spruce, oak, pine, fir and
beech stands in numbers reflecting the tree species com-
position of the forest stands in Slovakia and the Czech
Republic.

2.2. Data collection and data analyses

Samples were collected and processed according to the
Manual ICP Forests “Part XIV. Sampling and Analysis of
Deposition, Manuals on methods and criteria for Harmo-
nised sampling, assessment, monitoring and analysis of
the effects of air pollution on forests”, issued by the UN/
ECE ICP Forests Programme Co-ordinating Centre in
Hamburg (Clarke et al. 2010). The data of analyses were
collected from seven plots in both Slovakia and the Czech
Republic during the period of 2000—2016. Samples were
taken three times per month (10 days sampling interval)
in the Czech Republic and in regular two-week intervals
throughout the year in Slovakia.

According to the methodology of ICP Forests, the
deposition samples are collected on Level Il plots in the
open field (bulk deposition) and under forest canopy
(throughfall). Whereas bulk deposition is a basis for esti-
mates of total atmospheric deposition rates in open fields,
throughfall deposition differs from bulk deposition due to
wash off of dry deposition from the forest canopy, “leach-
ing” of the element from the tree crowns, and absorption
of elements by the foliage, so-called “canopy uptake”.
Thus, throughfall deposition does not reflect total depo-
sition but reflects the results of total deposition plus net
canopy exchange (Fischeretal. 2010). Onlybulk data has
been evaluated in this study, because they are not influ-

Table 1. Description of permanent monitoring plots of Level II in the Czech Republic and Slovakia.

. S Mean
Code Plot Tree species Age  Alitude Soil type (FAO) Preapltatlgn temperature Site
[years] [ma.s.l] [mm.year™] [°C]
SK201  Cifare Sessile oak 97 225  Haplic Luvisol 612 9.3 Polygonato latifolii Carpinetum
SK203  Lomnistd dolina E"nrlv:;ly:pmce’ E-beech, 75 1250 Skeletic Umbrisol 1438 2.5 Vaccinio myrtilli Piceetum
SK204  Polana E';fcg’gé;f;““’ SBt99-120 850  Andic Cambisol 886 50  Asperulo odoratae Fagetum
SK206  Turova Euro;;ean beech, Oak 70 575 Eutric Cambisol 853 5.8 Dentario bulbiferae Fagetum
SK207  Tatranské Lomnica - SPrice E-1arch, Scots g 1o 4y5  Dystric Hyperskeletic 1207 28 Vaccinio myrtilli Piceetum
pine, Silver fir, Leptosol
SK208  Svetlice g lt;ler?:h, E. larch, Oak, 53 570 Haplic Cambisol 994 6.1 Dentario glandulosae Fagetum
SK209  Gronik Norway spruce 94 875 Albic Podzol 1129 3.5 Avenello Piceetum excelsae
CZ521 Lazy Norway spruce 120 875  Dystric Cambisol 865 7.0 Luzulo Fagetum montanum
CZ2061 Benesovice lsalcr?;s 100 530  Haplic Cambisol 690 84 Vaccinio vitis-idaee Quercetum
CZ2103  Vietes European beech 123 615  Epidystric Cambisol 680 8.3 E;is:t?;;“[gs“’ flexuosae
CZ2161 Zelivka Norway spruce 115 440  Entri-Stagnic Cambisol 670 9.1 Luzulo Fagetum
CZ 2251  Luisino udoli Norway spruce 104 940  Haplic Podzol 1250 49 Calamagrostio villosae Piceetum
CZ2361 Buchlovice European beech 117 350 ggilei:;rllc Stagnic 550 9.0 Carici-Pilosae Fagetum
CZ2401 Klepacka Norway spruce 94 650 Stagm.c Dystric 1300 4.5 Luzulo Fagetum
Cambisol
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enced by the exchange processes within the tree canopies.
Samples of precipitation water were taken from the sam-
plers located on the open sites next to monitoring plots.
The average sample of each sampling has been formed by
proportional mixing of samples from 3 samplers on each
plot. Monthly volume-weighted samples were pooled 3
sampling periods in the Czech Republic and respectively
2 sampling periods in Slovakia.

The chemical analyses were carried out in forestry
laboratories. Namely, Central chemical laboratory of
National Forest Centre Zvolen (SK) and Analytical lab-
oratory of Forestry and Game Management Research
Institute Prague (CZ). All analyses were conducted
according to appropriate methods ISO, CSN and STN
for water quality obligatory used in programme ICP
Forests. In separate samples after filtration through
0.45 pm membrane filters, the concentrations of sul-
phur and nitrate anions were determined by the method
of ion chromatography with suppression (STN EN ISO
10304-2, CSN EN1SO 10304-1). The content of N-NH,*
was determined by indophenol method in water (STN
ISO 7150-1, CSN ISO 7160-2). The concentrations
(in mg.I"") were determined on the calibrated instru-
ments, N-NH," on PHARO Spectrometer 300, respec-
tively Skalar Spectrometer. DIONEX IC CS—1000 was
used for determination of N-NO,”and S-SO *".

This data based on total rainfall in the measurement
interval on the observed area were converted into the
deposition values in kg.ha™! for one month according to
the following equation:

Dx = (Cx.M) /100

where: Dx — monthly deposition of ion in kg.ha™!, Cx — concen-
tration of the element in mg.1"!, M — rainfall in mm.

The sum of monthly depositions (Dx) gives the
deposition for corresponding year (yearly deposition)
inkg.ha™l.year™!

The map outputs were modelled in ArcGis© by com-
bination of two raster layers, regression of deposition to
altitude and deviation from this value. DEM (digital
elevation model) for the Czech and Slovak Repub-
lic was provided and processed by © GISAT (2007).

Deviations were interpolated by using IDW technique
(inverse distance weighted technique). After an overlay
of these raster datasets, the resulting layer was cropped
using a forest mask obtained from CORINE Land Cover
(CLC2012) inventory.

Generally, the data obtained from the European ter-
ritory within the ICP Forests programme, have been
evaluated continuously in Technical Reports (TR) of ICP
Forests. The spatial variations of depositions in TR have
been determined as the arithmetic mean of the relevant
period. Data in this work were compared with mean of
bulk deposition from 219 European monitoring plots
in period 2002—-2004 (Lorenz et al. 2007). The values
4.5 kg.ha '.year™ for N-NO,", 5.1 kg.ha ".year" for
N-NH,"and 5.7 kg.ha '.year™! for S-SO,*" depositions
had been used for the evaluation of spatial variation of
bulk depositions in Europe in TR (2007-2013) as well
asfor evaluation of Czech and Slovak data (2000-2016).

3. Results

3.1. Annual depositions of sulphur
and nitrogen

Atmospheric depositions, which are collected in open
area, mostly reflect the properties of the atmosphere,
including secondary dust. The statistical values of the
annual bulk depositions of nitrogen and sulphur on PMPs
of Level I are in Table 2 and 3.

Annual depositions of N-NO,™ exceeded the refe-
rence value of 4.5 kg.ha l.year™! in 18% of data meas-
ured in Slovakia, respectively in 35% data measured in
the Czech Republic in the period of years 2000-2016.
High values had been repeatedly occurring on two
plots Lazy and Luisino udoli (CZ), where the value
4.5kg.ha L.year ' had been continuously exceeded (over
70% of all data). On the other hand, this value was not
reached during this study never once on PMPs Cifare,
Polana (SK), V3ete¢, Buchlovice and BeneSovice (CZ).
The highest annual depositions were found on the PMP
Gronik 8.3 kg.ha.year™! (SK) in 2006 and on the PMP
Luisino udoli 9.3 kg.ha '.year ! (CZ) in 2005.

Table 2. Statistical values of annual deposition of N-NO,” and N-NH,* on PMPs of Level Il on the territory of the Slovak and the

Czech Republic in the period 2000-2016.

Plots N-NOs [kg.haL.year'] N-NH, [kg.ha '.year] Period
mean min max mean min max [years]
Cifare 2.7 2.1 41 6.6 34 14.6 17
Lomnista 43 3.0 7.7 5.8 3.2 13.2 17
Polana 3.1 2.0 3.9 4.7 2.8 8.4 17
Turovéa 33 1.8 4.7 6.1 2.9 10.7 17
Tatranska Lomnica 34 2.0 5.7 5.3 2.6 9.0 1
Svetlice 4.2 2.7 6.3 7.2 4.0 15.4 17
Gronik 4.5 24 8.4 6.3 3.6 10.1 13
Lazy 5.1 3.7 7.2 9.6 5.4 14.8 17
Benesovice 3.2 2.1 4.5 3.9 3.1 5.6 12
Vsete¢ 2.9 1.6 3.9 41 1.9 6.6 17
Zelivka 4.5 2.6 7.3 53 0.8 8.0 17
Luisino udoli 5.8 4.2 9.3 8.5 5.9 12.8 13
Buchlovice 32 1.6 5.3 4.7 2.5 7.8 17
Klepacka 4.7 7.0 5.3 8.2 12
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The average depositions of N-NH,"on the most
plots were nearly 1.5 times higher than N-NO,~ deposi-
tions. Despite of this fact, there are three plots which had
similar load of both forms of nitrogen Zelivka, Benesov,
Klepacka (CZ). Value 5.1 kg.ha '.year ! was exceeded
in 57% of all data from SK, respectively in 53% of data
from CZ. PMP Lazy and Luisino tidoli had all data higher
than this reference value.

The highest depositions of N-NH,*was 5.4 kg.ha™.
year~! on PMP Svetlice (SK) in 2000 and 14.8 kg.ha™'.
year~! on PMP Lazy (CZ) in 2014.

Table 3. Statistical values of annual depositions of S-SO,* on
PMPs of Level Il in the Slovak and the Czech Republic in the
period 2000-2016.

S-S04% [kg.ha.year!] Period
Plots ;

mean min max [years]
Cifare 4.9 3.0 9.1 17
Lomnista 7.8 4.1 14.1 17
Polana 5.8 4.0 10.6 17
Turova 6.3 3.9 13.8 17
Tatranska Lomnica 7.3 4.7 13.9 1
Svetlice 7.6 5.0 14.3 17
Gronik 7.9 5.2 12.9 13
Lazy 5.2 2.8 7.5 17
Benesovice 3.7 1.8 53 12
Vsete¢ 3.7 24 53 17
Zelivka 4.6 2.2 7.8 17
Luisino udoli 6.8 4.1 15.7 13
Buchlovice 4.9 2.8 7.8 17
Klepacka 6.7 4.7 10.2 12

57% of measured data (SK), respectively 27% (CZ) of
annual S-SO* depositions were higher than the value
5.7 kg.ha™.year™. Till 2010, S-SO,*" depositions were
higher in nearly 90 % of all data on PMPs Lomnista,
Gronik, Svetlice, Tatranska Lomnica in SK. The highest
depositions of S-SO,*” were found on the PMP Luisino
udoli (CZ)in 2005 (15.7 kg S.ha L.year ) and on the PMP
Svetlice (SK) in 2002 (14.3 kg S.haL.year™).

3.2. The development of annual deposition
of sulphur and nitrogen

The results of linear regression are described in Table 4.
Table 4. The results of linear regression of two forms of nitro-

gen and S-S0, > deposition in the Czech and the Slovak Re-
public on PMPs of II. Level in the period 2000-2016.

Elements Country by R2 P—Value n
N-NO.- CZ —0.065 0.30 0.019 109
3 SK —0.077 0.53 0.000 105
N-NH * CZ —0.035 0.124 0.133 109
4 SK —0.215 0.415 0.005 105
S-S0 > CZ —0.103 0.231 0.045 109
4 SK —0.365 0.681 0.000 105

Note: Statistically significant results are highlighted in bold (P < 0.05) and colour highlighted
(P<0.01).

The results of linear regression (Table 4) show higher
significance of the temporal trends in sulphur and nitro-
gen deposition in bulk deposition of Slovakia.
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Fig. 1. Trends of annual deposition of (N-NO,” and N-NH,*)
nitrogen and sulphur in the period 2000-2016 evaluated by
linear regression.

All parameters (N-NO,”, N-NH,*, S-SO,*) show
statistically significant decrease (P <0.01) in SK. Milder
decrease of N-NO, and S-SO,’"annual depositions was
determined in the Czech Republic, but was statistically
significant (P <0.05). Annual deposition of N-NH,*in
the Czech Republic were dropped only slightly without
statistically-significant. The most considerable decrease
was observed in development of annual S-SO,* deposi-
tion in the SK (b, =—-0.365, R?=0.684, P<0.01).

It is clear from the maps created by the model that
the most significant change during the reporting period
was in the annual S-SO,* deposition. The decrease is
more pronounced in Slovakia, resp. in the Carpathians.
The relatively unfavourable situation is in the northern
Bohemia (in Silesia) and in the majority of Slovakia (with
the exception of southwestern SK). There are no signifi-
cant spatial and temporal differences in the deposition
of N-NO,". However, a pronounced decrease is also
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Fig. 2. Mean annual sulphate sulphur (S-SO,*) bulk deposition in years 2000-2005, 2006-2010 and 2011-2015.
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Fig. 3. Mean annual nitrate nitrogen (N-NO,") bulk deposition in years 2000-2005, 2006-2010 and 2011-2015.
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2011 - 2015

Fig. 4. Mean annual ammonium nitrogen (N-NH,") bulk deposition in years 2000-2005, 2006-2010 and 2011-2015.
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in Slovakia. N-NH," deposition in the Czech Republic
dropped only slightly over the whole territory (except in
the Beskydy Mts.), while in the whole Slovak territory
the decrease was more significant, but again with a slight
increase in the last evaluated period.

4. Discussion

4.1. Changes in emissions

The majority of European countries have reduced their
emissions mainly thanks to the Convention on Long-
Range Transboundary Air Pollution (CLRTAP) and the
following protocols. Relatively significant decrease of
NO, emissions was recorded during 2000-2015 in the
CZ from 291 305 to 164 406 t.year! (CHMU 2015) and
also in SK from 63 000 to 26 000 t.year™! during 2000—
2017 (SHMU 2017). In the CZ; 33% of NO_emissions
were formed due to public electricity and heat production,
20% due to road transport, and 19% due to agriculture,
forestry, fishing, off-road vehicles and other machinery
(Dédina, 2013). Regarding the road transport the highest
NOx emission are observed along the highways, major
roads, and in the big cities.

On the other hand the decreasing trend in NH, emi-
ssions (from 84 937 to 69 716 t.year ') was much milder
in CZ in this period (CHMU 2015). In SK, emissions of
NH, declined from 8 500 to 4 000 t.year™" between 2000
—2017, mainly as the results of the reduction of the agri-
culture (SHMU 2017). The decrease of NH, emissions
was recorded from livestock and poultry farming. Ho-
wever, the increase in NH, emissions was noticed from
inorganic N-fertilizers. The increase in NH, emissions
mightbe influenced also by the increase of the number of
cars equipped with catalytic converters, and the introdu
ction of denitrification technologies at stationary sources
(Dédina 2013).

The greater decrease of NO_emissions compared to
NH, emissions is due to much better legislation concern-
ing NO.. Indeed, to reduce the emissions from industry
and road transport seems to be easier than reduction of
emissions from the agriculture (EC, 2013). Walaszek
et al. (2013) pointed out, that the changes in emissions
reduced nitrogen (NH ) are smaller and further reduc-
tions will be difficult to implement. Because the main
source of this matter is the agriculture (both animal
husbandry and crop cultivation), therefore abatements
of those would carry significant economic costs.

The most outstanding decrease in SOx emissionswas
recorded inthe SK (from 110038 to 24 749 t.year™") dur-
ing theyears 2000-2016 (SHMU 2017). The decline was
found also in the CZ (from 215 000 to 125 000 t.year™)
between 2007-2015 (CHMU 2015).

Lorenz et al. (2008) pointed that nitrogen emissions
as well as the deposition of nitrogen compounds have
decreased relatively little compared to sulphur since the
1990s.
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Emissions of SO,and NO, have dropped significantly
due to technological development in industry and reduc-
ing fuels from coal (Lawrence et al. 2007). The decline of
SOx emissions was reached by modernization of indus-
trial enterprises mainly by reducing sulphur content in
fuels for power stations and their reconstruction with
filters depicting sulphur (Thoni et al. 2008).

4.2. The development of deposition

In the past the changes of evaluated matter were higher.
During the years 1980-2009 total S-SO,* depositions
dropped by 45% and N-NO,” deposition was reduced
22%.on European PMP. On the contrary, depositions of
N-NH,*showed only 4% decrease (Vestrengetal. 2007).
This fact was depicted also in the significant decrease
of sulphur on the most plots of ICP Forests, but only a
certain decrease in nitrogen (N) deposition was noticed
(EEA 2015).

Intheyears 2000—2010 total N deposition decreased
byonly 2% peryear at ICP Forests European Level Il plots,
(Waldner et al. 2014), but critical load exceedances are
still significant at the many sites in Europe (EEA 2015).

Hlinova et al. (2014) also described the milder
decrease in the long term N emissions over the Czech
forests as much as no trends in N deposition. The evalu-
ation of data from all European ICP Forests plots Level
I confirmed no significant changes in the development
of N-NO," deposition. The effect of the increasing traf-
fic and also long-range transfer may cause permanently
high deposition of this parameter (Lorenz et al. 2009).

Data averaging from 2005-2007 show bulk N-NO,"
deposition in amount over 4.5 kg.ha™'. year™! on 22.6%
of the studied plots. Data from the CZ and the SK of this
period confirmed higher value on the 50% of plots. The
highest depositions occurred on the plots in Central
Europe, in the south of France, north of Italy, and Spain
(Fischer et al. 2010).

Thebulk N-NH,*deposition in Europe are compara-
ble with the datain our study. The deposition higher than
value 5.1 kg.ha™'.year™! was determined in the Europe
on the 46.5% of plots and on 50% of plots in CZ and SK.
Higher deposition occurred on the plots in the Central
Europe and also in the south of the France, north of the
Italy, and the Belgium. The highest N-NH,"depositionin
Europe in the period 2005-2007 was 35.7 kg.ha L.year™!
(Fischeretal. 2010). Significantly decreasing trends have
been observed on smaller number of European plots,
especially for nitrogen compounds. Actually, there were
plots with significant increasing trends, especially in the
period 2006—-2011. However, the monitoring results
reflect probably mostly regional patterns and trends,
and regional industrial air pollution (Michel etal. 2014).

The values of bulk S-SO,* deposition in the Europe,
which were calculated as the arithmetic mean of this
deposition from the years 2005-2007, were higher than
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5.7 kg.ha l.year™! on nearly one third (33.7%) of the
European plots, but up to on 50% of SK and CZ plots.
Generally most plots with high sulphur deposition were
located in the central Europe (Poland, Germany, CZ,
SK, Slovenia and Romania). The highest deposition of
S-S0O,* in Europe was 32.4 kg.ha'.year™" (Fischer et
al. 2010).

High values of annual sulphur deposition were
repeatedly measured on SK plots with higher altitudes.
The deposition of 54.37 kg.ha '.year ! was measured in
2001 on the Predn4 Polana (Bliharova & Skvarenina
2002). During the period of 2000-2002 Sitkova (2006)
identified high annual bulk deposition of S-SO > on the
areas of TANAP within an altitude of 1038 to 1365 m
(from 31.5 to 61.4 kg.ha l.year™).

The lowest depositions for all evaluated pollutant
are mainly located in the Nordic countries and in the
Alps. The lowest S-SO,>” depositions ranges from 1 to
3.3 kg.ha ".year™'; the lowest N-NO," depositions from
0.4to 1.8 kg.ha™'.year™'; and the lowest N-NH,* deposi-
tionsfrom 0.3 to 1.6 kg.ha '.year! (Fischer et al. 2010).

On the plots of this study, similarly to the other Euro-
pean plots, was identified markedly different develop-
ment of evaluated depositions. This could be attributed
mainly to influence of local and transboundary anthro-
pogenic emissions.

Reducing of sulphur depositions has the beneficial
effect on the growth of European silver fir (Elling et al.
2009; Bosela et al. 2014; Biintgen et al., 2014) as well
as Norway spruce (Kroupova 2002; Kolar et al. 2015).

5. Conclusion

Though the major threat for forest ecosystems in Europe
is considered climate change, forests in the Slovak and
Czech Republic are constantly threatened by a consider-
able environmental impact from industry, agriculture,
transport and transboundary emissions of nitrogen,
sulphur and other specific pollutants. So in spite of
regulations, the depositions of nitrogen and sulphur
are still relatively high. Alarmingly, these depositions
in the Slovak and Czech Republic belong persistently
among the highestin Europe. The statistically significant
decrease (P <0.01) of both forms of nitrogen and sul-
phur deposition was determined in this study on Slovak
plots. The decrease of N-NO,”and S-SO,*" depositions
in the Czech Republic was less statistically outstanding
(P <0.05) and the changes of N-NH, depositions was
not statistically significant. The development of annual
depositions of all evaluated parameters has variations on
individual plots. At any rate the most significant decrease
was found in sulphur deposition on the majority of evalu-
ated plots, which reflects significant sulphur reduction
of the industrial emissions. The annual depositions are

closely connected with the amount of emissions in both
republics. However, in the future we can expect the slight
increase in NH, emissions connected with increasing
the number of bred animals, and of the number of cars
equipped with catalytic converters. On the contrary fur-
ther decrease in NOx emission is expected due to further
tightening in emission limits in future, and the moderni-
zation of cars.

Qualitative and quantitative assessments of the
atmospheric deposition are essential for understanding
regional variations and demonstrating the effectiveness
of policies to reduce emissions. Deposition monitoring
can help clarify trends in atmospheric deposition through
the years in order to assess whether emission patterns
have an effect on deposition. As such, deposition moni-
toring is an important input to the creation and imple-
mentation of clean air policies at the European level.
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