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This paper presents the deposition variation of sulphur and nitrogen compounds and the exceedance of their critical loads
for terrestrial ecosystems. The analysis is based on a steady-state approach, involving the comparison of deposition fluxes with
critical loads to identify areas where critical loads are exceeded. The critical load concept is widely used as a tool for developing
emission control policies in Europe. Critical loads for acidity, nitrogen, and sulphur have been calculated for Lithuania as a
signatory country of the Convention of Long-Range Transboundary Air Pollution. In addition, the comparison of sulphur
deposition with critical loads for eutrophication yielded an exceedance in southern, southeastern, southwestern, and central
parts of Lithuanian ecosystems. Deposition of sulphur as well as oxidized and reduced nitrogen from anthropogenic sources
remains low over the central and some northern part of the country but are significant in eastern areas.
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1. Introduction

Acid deposition and air quality are areas of concern
for policymakers, forestry experts, air quality divisions
and there is a need to make informed decisions regard-
ing emission controls. In order to control emissions,
international cooperation is deemed indispensable, and
for that purpose, the United Nations Economic Com-
mission for Europe (UNECE) Convention on Long-
Range Transboundary Air Pollution (LRTAP) was es-
tablished in 1979 [1]. Today, the LRTAP Convention
has fifty-one parties, forty-seven of which are European.
There is no directive to monitor the air emissions and
to prepare the air emission inventories for the LRTAP
Convention. The Convention, through its binding pro-
tocols covering the main air pollutants, has contributed
to significant reductions in emissions of air pollutants
in the ECE region. In addition to the UN Protocols,
several European Union (EU) Directives are regulat-
ing emissions, the most recent one being the 2001 Na-
tional Emission Ceilings (NEC) Directive, 2001/81/EC
[2]. The NEC Directive establishes emission ceilings
to be attained by 2010 for sulphur dioxide (SO2), nitro-
gen oxides (NO,), volatile organic compounds (VOCs),
and ammonia (NHs) for 25 EU Member States. Lithua-
nia as a European Union member state also has annual
obligations under the Directive 2001/81/EC of the Eu-
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ropean Parliament and of the Council on national emis-
sion ceilings for certain atmospheric pollutants (NEC
Directive), which requires preparing and annually up-
dating national emission inventory for the abovemen-
tioned air pollutants. The critical load concept has been
developed in Europe since the mid-1980s, mostly under
the auspices of the 1979 Convention on Long-Range
Transboundary Air Polution. European databases and
maps of critical loads have been instrumental in formu-
lating effects-based Protocols to the LRTAP Conven-
tion, such as the 1994 Protocol on Further Reduction
of Sulphur Emissions and the 1999 Protocol to Abate
Acidification, Eutrophication and Ground-level Ozone
(the “Gothenburg Protocol”).

Man-made sulphur dioxide (SO3) results from the
combustion of sulphur-containing fossil fuels (princi-
pally coal and heavy oils) and the smelting of sul-
phur containing ores. After being released in the at-
mosphere, SO- is further oxidized to sulphate and sul-
phuric acid forming an aerosol often associated with
other pollutants in droplets or solid particles extending
over a wide range of sizes. SO and its oxidation prod-
ucts are removed from the atmosphere by wet and dry
deposition. Volcanoes and oceans are the major natu-
ral sources of SOy. Natural fluxes of sulphur originate
from volcanoes as well as biological and photochemical
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production of volatile sulphur gases, notably dimethyl
sulphide (DMS) in oceans. Comparably small amounts
of sulphur are also emitted from forest fires, soils, and
vegetation and sea salt [3]. These sources were esti-
mated to contribute only around 2% of the total emis-
sions of sulphur dioxide in the European Monitoring
and Evaluation Programme (EMEP) area [4].

The input of nitrogen to ecosystems has increased
dramatically over past decades. European emissions of
nitrogen oxides arise mainly from anthropogenic com-
bustion sources, where NO is formed by reaction be-
tween nitrogen and oxygen in the combustion air and
to some extent by oxidation of nitrogen in fuel. The
amounts formed depend on the pressure and tempera-
ture of the combustion process. Small amounts of NO»
(<10%) are emitted directly during combustion. Natu-
ral nitrogen oxide emissions from soil, volcanoes, and
lightning are important on the global scale, but account
for a small part (<10%) of total European emissions.
NO, emissions from stationary sources have decreased
in many areas, while the emissions from vehicles have
increased due to the fact that growth in the number of
vehicles is much larger than the decrease in emissions
[5]. Nitrogen compounds are present in the atmosphere
in both oxidized and reduced forms. The reduced com-
pounds include ammonia (NH3) and ammonium (NHy).
The oxidized compounds include nitrous oxide (N3O),
nitrogen oxide (NO), nitrogen dioxide (NO3), nitrous
acid (HNOy), nitric acid (HNOs), peroxyacetylnitrate
(PAN), and particulate nitrate (NO3). NO,, is defined
as NO+NO,. The deposition of atmospheric nitrogen
compounds occurs via dry and wet processes.

Industrial, agricultural, and other anthropogenic ac-
tivities have greatly modified the global biogeochemi-
cal cycles of nitrogen and sulphur. The current human
disruption of both cycles, however, leads to deposition
rates far in excess of natural ones. Several environmen-
tal problems are related to disturbance of S and N cy-
cles: these include acidification and eutrophication of
soils and water [6, 7].

Combustion of fossil fuels emits sulphur and nitro-
gen dioxides into the atmosphere where gases are con-
verted into acids, which, after deposition, lead to a
series of undesired changes in terrestrial and aquatic
ecosystems. Acidification of soils gives rise to indi-
rect impacts associated with the cumulative impact of
wet and dry sulfur and nitrogen deposition. In the last
30 years acidification has become perceived as a ma-
jor environmental issue, due to the obvious forest de-
cline in parts of Scandinavia and Central Europe [8].
Mean nitrogen throughfall deposition ranged from 9.1

to 11.0 kgha~'yr~! measured in 2000-2005 for about
220 plots in Europe. The nitrate deposition ranged
from 4.6 to 5.7 kgha~'yr~!. Mean throughfall sul-
phate inputs decreased from 7.8 to 5.9 kgha~!yr~! in
the 2000-2005 period. 23% of the plots showed signifi-
cantly decreasing sulphur inputs, whereas only one plot
showed an increase. The comparatively low sulphate
throughfall deposition was measured in the Alpine re-
gion, Scandinavia, and the Iberian Peninsula. The mean
bulk sulphate deposition decreased continuously from
6.1 in 2000 to 4.4 kg Sha~!yr~! in 2003 and reached
4.6 kg Sha~lyr~! in 2005.

Several environmental problems are directly caused
by the disturbance of S and N cycles. Large-scale acidi-
fication of soils and water was identified as an important
environmental problem in North America and Europe
about thirty years ago. More recently, acidification has
also been recognized as a potential threat to ecosystems
in other parts of the world [9].

Currently, 11% of the world’s natural vegetation re-
ceives nitrogen deposition in excess of the “critical
load” (CL) threshold of 10 kg N ha~!yr~!. The most af-
fected regions are the United States (20% of vegetation),
western Europe (30%), eastern Europe (80%), South
Asia (60%), East Asia (40%), Southeast Asia (30%),
and Japan (50%). Future deposition fluxes are mainly
driven by changes in emissions, and less importantly
by changes in atmospheric chemistry and climate [10].

Since the attention was drawn to the effects of “acid
rain” on forest die back in the 1980s, atmospheric de-
position was an important international scientific topic
of interest. An important concept is the critical load of
chemical compounds of sulphur and nitrogen. Critical
load is defined as a quantitative estimate of an exposure
to one or more pollutants below which significant harm-
ful effects on specified sensitive elements of the envi-
ronment do not occur according to the present knowl-
edge. Since then, several methods have been developed
to estimate the critical loads per ecosystem [11]. In the
procedures developed within LRTAP two types of crit-
ical loads are being used: (i) critical loads based on soil
properties and steady-state mass balance methods and
(i1) empirical critical loads (eCLs) based on scientific
knowledge of effects of nitrogen enrichment on ecosys-
tems. The output of the mapping procedure is the dig-
ital and graphic representation of total annual deposi-
tion fluxes of air pollutants (sulphur and nitrogen) into
ecosystems within the national boundaries of Lithua-
nia. The deposition maps show actual deposition rates
from the atmosphere to the landscape surface at a high
spatial resolution, taking into account the distribution
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of specific ecosystems derived from the CORINE land
use database CLC2000-LT. The soil map of Lithuania
and long-term data of precipitation together with Geo-
graphic Information Systems (GIS) software were over-
laid on one another.

Until the year 2004 the emission inventory was com-
piled by Air Division specialists, Environmental Qual-
ity Department, Ministry of Environment. The air
emission inventory for 2000 and 2004-2007 was pre-
pared by the expert team from the Institute of Physics
in co-operation with Air Division specialists, Ministry
of Environment.

The objective of the study was to estimate the critical
loads of nitrogen and sulphur compounds in Lithuania.

2. Methods

The starting point for calculating critical loads of nu-
trient N by the SMB (Simple Mass Balance) model is
the mass balance of total nitrogen for the soil compart-
ment under consideration (inputs=sinks+outputs):

Ndep + Nfix = Nag + Nj + Ny + Nge

+ Neros + Nfire + Nvol + Nle ) (1)

where Ngep is the total N deposition, Ny is the N “in-
put” by biological fixation, N,q is N adsorption, N; is
the long-term net immobilization of N in soil organic
matter, Ny, is the net removal of N harvested vegetation
and animals, N, is flux of N to the atmosphere due to
denitrification, Neyos are N losses through erosion, N
are N losses in smoke due to (wild or controlled) fires
to the atmosphere, Ny, are N losses to the atmosphere
via NHj3 volatilization, and Ny is leaching of N below
the root zone.

The following assumptions lead to a simplification
of Eq. (1): nitrogen adsorption, e. g., the adsorption of
NHy by clay minerals, can temporarily lead to an accu-
mulation of N in the soil, however it is stored / released
only when the deposition changes, and can thus be ne-
glected in steady-state considerations; nitrogen fixation
is negligible in most (forest) ecosystems, except for
N-fixing species; the loss of N due to fires, erosion, and
volatilization is small for most ecosystems in Europe,
and therefore neglected. Alternatively, one could re-
place N; by Nj + Neros + Niire + Nyot — Niiy in the sub-
sequent equations. The leaching of ammonium (NHy)
can be neglected in all forest ecosystems due to (prefer-
ential) uptake and complete nitrification within the root

zone (i.e., NHy j¢ = 0,Nj. = NOg3 je). Under these sim-
plifying assumptions Eq. (1) becomes

Ngep = Nj + Ny + Nge + Nie . 2)

From this equation a critical load is obtained by
defining an acceptable limit to the leaching of N,
Nie(acc)» the choice of this limit depending on the “sensi-
tive element of the environment” to be protected. When
an acceptable leaching is inserted into Eq. (2), the de-
position of N becomes the critical load of nutrient ni-
trogen, CLyy (N):

CLnut (N) = Ni + Ny + Nge + Nle(acc) . (3)

In deriving the critical load of nutrient N in Eq. (3),
it is assumed that the sources and sinks do not depend
on the deposition of N. This is unlikely to be the case
and thus all quantities should be taken “at critical load”.
However, to compute, e. g., “denitrification at critical
load” one needs to know the CL, the very quantity one
wants to compute. The only clean way to avoid this cir-
cular reasoning is to establish a functional relationship
between deposition and the sink of N, insert this func-
tion into Eq. (2), and solve for the deposition (to obtain
the critical load). This has been done for denitrification:
in the simplest case denitrification is linearly related to
the net input of N [12, 13]:

fde : (Ndep_ Ni - Nu) ifl\Idep > Ni + Nu )
Nge =
0 otherwise ,

“4)
where fge (0 < f4e < 1) is the so-called denitrifica-
tion fraction, a site-specific quantity. This formulation
implicitly assumes that immobilization and uptake are
faster processes than denitrification. Inserting this ex-
pression for Ng. into Eq. (2) and solving for the deposi-
tion lead to the following expression for the critical load
of nutrient N:

Nle(acc)
1- f de ‘

The acceptable N leaching (in eqha~tyr—!) is calcu-
lated as

CLnut(N) = Ni + Nu + (5)

= Q [N} acc » (6)

where [N],. is the acceptable N concentration (eq m~3)
and Q) is the precipitation surplus (in m®ha=lyr—1).
Values for acceptable N concentration are given in
Table 1.

Dutch and Ineson [14] reviewed data on rates of
denitrification [14]. Typical values of Ng. for boreal

Nle(acc)
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Fig. 1. SOz and NO, emission trend in Lithuania, 1990-2007 [15].

Table 1. Critical (acceptable) N concentrations in soil solution for calculating CLyy (N) [11].

Impact [N]ace, mg N1~ 1
Vegetation changes (data established in the Netherlands)*:
Coniferous forest 2.5-4.0
Deciduous forest 3.5-6.5
Grass lands 3.0
Heath lands 3.0-6.0
Other impacts on forests:
Nutrient imbalances 0.2-0.4
Elevated nitrogen leaching /N saturation 1.0
Fine root biomass / root length 1.0-3.0
Sensitivity to frost and fungal diseases 3.0-5.0

!Note that these values should be used with caution, e. g., in areas with high precipitation.

and temperate ecosystems are in the range of 0.1-
3.0 kgNha=lyr~! (= 7.1-214.3 eqgha—'yr—1), where
the higher values apply to wet(ter) soils; rates for well-
drained soils are generally below 0.5 kg Nha=tyr—!.

The long-term annual N immobilization of nitrogen
was set to 0.2-0.5 kgNha~'yr—! (14.3-35.71 eqha!
xyr~1). Considering that the immobilization of N is
probably higher in warmer climates, values of up to
1 kgNha=tyr~! (71.4 eqha=tyr—!) could be used for
N;j, without causing unsustainable accumulation of N in
the soil.

Critical loads of S, CL(S), and N, CL(N), can be
computed by defining a critical ANC leaching, ANCe:

CL(S) + CL(N) = BCj, — Cli, + BCy — BC,

+ Ni + Nu + Nde - ANCle,crit ) (7)

where BC is the sum of base cations, where the sub-
scripts w and u stand for weathering and net growth up-
take, ANCje cri¢ is Acid Neutralizing Capacity.

Critical loads of sulphur and nitrogen, both con-
tributing to acidification of ecosystems, and their ex-
ceedances were derived and mapped in a large-scale
exercise for forest soils (deciduous, coniferous, and
mixed forest), natural grassland, acidic fens, heath land,
and mesotrophic peat bogs in Lithuania. Each ecosys-
tem has its specific sensitivity against the air pollu-
tants, which is expressed by the critical load value.
To identify this, the geographical information from
CORINE land cover database has to be overlapped with
spatial information on soil and climate. In combina-
tion with the General Soil Map of Lithuania and climate
data, conclusions on the vegetation structure of the land
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cover types can be drawn and the net biomass produc-
tion can be derived.

The EMEP Eulerian acid deposition model output
has been used as deposition of nitrogen and sulphur
compounds in Lithuania.

Every year, emission data per sector from Lithua-
nia to the LRTAP Convention were compiled at a
national level and were reported through the EMEP
programme. The emission data were reported in the
Nomenclature For Reporting (NFR) source categories.
There are 120 NFR categories in the reporting tem-
plates, including both detailed categories to facilitate
reporting under the Convention. The national inven-
tory is based on national statistics and country spe-
cific, technology dependent emission factors according
to the EMEP/CORINAIR Emission Inventory Guide-
book. In addition, new routines and standards for val-
idating emission data have recently been adopted [15].
The background data (activity data and emission fac-
tors) for estimation of the Lithuanian emission invento-

ries are collected and stored in databases.

-13-1000
m 1000 - 10 000
mm 10000 - 29 950

Fig. 2. Critical loads for oxidized nitrogen deposition and deposition values (50 x50 km?), eqm~2yr~—".

3. Results
3.1. Emission of sulphur and nitrogen compounds

To perform the emission inventory management and
reliable data management, the data collecting and re-
porting requirements are needed. All emission in-
ventory data are organized in the emission inven-
tory database and managed by using the PostgreSQL
database management system; all needed calculations
and road transport emission modelling are performed
using SQL scripts developed at the Institute of Physics
(Lithuania).

Sulphur is mainly emitted as SO by fossil fuel com-
bustion, accounting for SO of almost 60 Tg S per year
on the global scale. Other important sources are indus-
trial processes (11 Tg S per year), land use and waste
treatment (~2 Tg S per year). About 25 Tg S per year
of SO» is emitted by natural sources. The main N sub-
stances emitted by human activities are NO and NOy
(together denoted as NO,,) and ammonia (NH3). Global
emissions of NO, and NH3 amount to 44 Tg N per year.
European anthropogenic emissions have been steadily
decreasing over the last twenty-five years, amounting
from about 55 Tg of SOz in 1980 to 15 Tg of SO,
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in 2004. Across the EU-27, the largest reduction in
emissions in percentage terms has been achieved for
the acidifying pollutant SOs: emissions in 2006 were
almost 70% less than in 1990 (Fig. 1).

The main part of the SO5 emission originates from
combustion of fossil fuels, i.e. mainly coal and oil, in
public power and district heating plants. A large reduc-
tion is largely due to installation of the desulphuriza-
tion plant and use of fuels with lower content of sul-
phur in public power and district heating plants. Emis-
sions of SOy from the two most important key cate-
gories in the EU-27 decreased between 2001 and 2006.
SO4 emissions from public electricity and heat produc-
tion, which accounts for more than 58% of total SO5
emissions, decreased by 20% between 1990 and 2006.
The largest sources of emissions of NO,, are other mo-
bile sources followed by road transport and combustion
in energy industries (mainly public power and district
heating plants). The emissions of NO, from transport
sector decreased from 42% in 2006 to 35% in the EU-27
[16].

It is well known that the sulphur components can be
transported over long distances, thus the validation of
emission trends cannot be judged by comparing mea-
surements in a region with local emissions. Moreover,

w1 -200
= 200 - 535

%

Fig. 3. Critical loads for reduced nitrogen deposition and deposition values (50x50 km?), eqm™2yr~!.

the processes that determine the distribution between
the different sulphur components (sulphur dioxide, sul-
phate, and the amount of sulphur deposited dry and
wet) may change depending on the chemical composi-
tion of the atmosphere as well as meteorological situa-
tion. Presently, larger proportions of SO are converted
to sulphate. This has led to a smaller decrease in sul-
phate concentrations than in SOy emissions. Moreover,
whilst SOy emissions have decreased dramatically, am-
monia emissions have remained at the same level [17].
As a result, dry deposition of SO5 has become more ef-
ficient over the years, as the surface acidity to a large
extent governs the resistance to dry deposition [18].

3.2. Critical loads and exceedances for ecosystems

Through the Convention on Long-Range Transbound-
ary Pollution, member countries of the United Nations
Economic Commission for Europe agreed that the crit-
ical loads approach provided an effective scientific ap-
proach for devising strategies for the abatement of acid
deposition. The “critical load” approach was used to
describe the vulnerability of ecosystems to deposition
of N and S [19].
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Fig. 4. (a) Critical loads for sulphur deposition, (a, b) deposition values (50x50 km?), and (b) their exceedance, eqm ™ 2yr .
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The decrease in sulphur emissions over the past 16
years resulted in a reduced exceedance of critical loads
for acid deposition. In the same period the reduc-
tion in the emissions of nitrogen oxides and ammo-
nia remained not so significant. Therefore, emissions
of sulphur and nitrogen compounds have become rela-
tively more important and will continue to threaten the
ecosystem function and stability. Recovery from pollu-
tant stress will often be very slow and may sometimes
even take hundreds of years, the risk of environmental
damage remains at an unacceptable level.

Deposition of reduced and oxidized nitrogen and sul-
phur shows marked spatial patterns across Lithuania.
Maps of annual atmospheric deposition of nitrogen and
sulphur compounds have been compared with those of
critical loads, and maps of exceedances of critical loads
for sulphur and nitrogen compounds were developed
(Figs. 2-4).

As Figs. 2-3 show, oxidized N critical loads have
been exceeded slightly in the southern part of Lithua-
nia, while the plots with the lowest oxidized N critical
loads are situated in areas of central Lithuania. Depo-
sition of oxidized N ranges from 0 to 488 eqm™2yr—!
(536 eqm~2yr~! in 2000). Plots with the highest de-
position ranging from 439 to 488 eqm~2yr~! are par-
ticularly frequent in north-western Lithuania, while re-
duced nitrogen deposition is prevailing in the southern
part. Temporal variation of deposition revealed a year-
by-year decrease for N. From 2000 to 2006 deposition
slightly decreased from 325 to 320 eqm~2yr—!.

Similarly, plots with lowest difference between re-
duced N critical loads and deposition are located mainly
in central Lithuania. However, the highest ratio be-
tween critical loads and nitrogen deposition was reg-
istered in the southern, southeastern, southwestern, and
central parts of Lithuania (630 eqm™2yr~!). The ex-
ceedance of reduced nitrogen critical loads for ecosys-
tems was not registered.

Figure 4(b) shows that terrestrial ecosystems located
in the southern and northeastern parts of Lithuania are
the most sensitive to atmospheric deposition of acidi-
fying sulphur compounds. The highest deposition was
calculated for southern Lithuania (765 eqm~2yr—! in
2000, 707 eqm~2yr~—! in 2006), while the lowest one
was for the central part.

It has been found that at present the atmospheric de-
position of nitrogen compounds causes smaller ecolog-
ical problems than that of sulphur compounds (Figs. 2—
4). It was found that values of atmospheric deposi-
tion of sulphur were high and exceeded the values of
CL(S) in southwestern part of Lithuania (812 eqm ™2

xyr~! in 2000, 782 eqm~2yr—! in 2006). Such dis-
tribution of annual deposition was formed mostly by
long-range air mass transport from Belarus and Poland
and north-western Lithuania (737 eqm~2yr~! in 2000,
612 eqm~2yr—! in 2006), where oxidized sulphur de-
position was caused by ‘“Mazeikiy nafta” oil com-
pany. Like the nitrogen compounds, throughfall of S
is particularly low in northern and central Lithuania
(496 eqm~2yr~! in 2000, 368 eqm~2yr~! in 2006).
From 2000 to 2006 the total amount of sulphur flux de-
creased 1.2 times.

4. Conclusions

Critical loads for reduced sulphur were found to be
exceeded in southwestern, southern, and northeastern
areas of natural ecosystems (812 eqm™2yr—! in 2000,
782 eqm2yr~! in 2006). The terrestrial ecosystems
located in the southern and northeastern parts of Lithua-
nia are the most sensitive to atmospheric deposition of
acidifying sulphur compounds. The highest deposition
was calculated for southern Lithuania (765 eqm™2yr—!
in 2000, 707 eqm~2yr~! in 2006), while the lowest for
the central part. The lowest difference between reduced
N critical loads and deposition was determined mainly
for central Lithuania. However, the highest ratio be-
tween critical loads and nitrogen deposition was regis-
tered in the southern, southeastern, southwestern, and
central parts of Lithuania (630 eqm~2yr~!). The ex-
ceedance of reduced nitrogen critical loads for ecosys-
tems was not registered.

The critical load concept is widely used as a tool for
developing emission control policies in Europe. The
mapping of critical loads and exeedances for sulphur
and nitrogen to Lithuanian terrestrial ecosystems was
performed to define most sensitive terrestrial ecosys-
tems and provide a quantative information as the basis
of assessing if the strategies of emission reduction for
nitrogen and sulphur are successful.
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SIEROS IR AZOTO JUNGINIU KRITINIU APKROVU LIETUVOS SAUSUMOS EKOSISTEMOMS
IVERTINIMAS

V. Ulevicius, S. Byc€enkiené¢, K. Senuta

Fizikos institutas, Vilnius, Lietuva

Santrauka

Pateikta kiekybiné sieros ir azoto junginiy kritiniy apkrovy Lie-
tuvos ekosistemoms analizé. [vertinant azoto junginiy kritines ap-
krovas misSky ekosistemoms naudotas masés balanso metodas, lei-
dZiantis nustatyti rajonus, kur tos apkrovos yra vir§ytos. Kritiniy
apkrovy koncepcija yra pladiai naudojama, ieSkant palankaus su-
sitarimo tarp gamtosaugininky ir valdZios institucijy, priimanciy
sprendimus dél terSaly emisijos apribojimy. TerSaly srauty i ekosis-
temas kiekis bei kritiniy apkrovy Lietuvoje dydis nustatytas vado-

vaujantis Tolimyjy tarpvalstybiniy oro terSaly pernaSy konvencija.
Apskaiciuotas oksiduotos sieros kritiniy apkrovy bei bendro nusé-
dimo srauto skirtumas, kurio neigiamos reik§més atspindi apkrovy
virSijimus. Rasta, kad jos yra vir§ijamos piety, pietryciy, pietvaka-
riy bei kai kuriuose Siauriniuose Lietuvos regionuose. MaZiausios
oksiduotos sieros, oksiduoto ir redukuoto azoto kritiniy apkrovy bei
bendro nusédimo srauto skirtumo vertés nustatytos centriniame ir

kai kuriuose Siauriniuose Lietuvos regionuose.



