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This paperpresentsthedepositionvariationof sulphurandnitrogencompoundsandtheexceedanceof their critical loads
for terrestrialecosystems.The analysisis basedon a steady-stateapproach,involving the comparisonof deposition�ux es
with critical loadsto identify areaswherecritical loadsareexceeded.The critical load conceptis widely usedasa tool for
developing emissioncontrol policies in Europe. Critical loadsfor acidity, nitrogen,and sulphurhave beencalculatedfor
Lithuaniaasa signatorycountryof theConventionof Long-RangeTransboundaryAir Pollution. In addition,thecomparison
of sulphurdepositionwith critical loadsfor eutrophicationyieldedanexceedancein southern,southeastern,southwestern,and
centralpartsof Lithuanianecosystems.Depositionof sulphuraswell asoxidizedandreducednitrogenfrom anthropogenic
sourcesremainslow over thecentralandsomenorthernpartof thecountrybut aresigni�cant in easternareas.
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1. Intr oduction

Acid depositionand air quality are areasof con-
cernfor policymakers,forestryexperts,air quality di-
visions and there is a needto make informed deci-
sions regarding emissioncontrols. In order to con-
trol emissions,internationalcooperationis deemedin-
dispensable,andfor that purpose,the United Nations
EconomicCommissionfor Europe(UNECE)Conven-
tion onLong-RangeTransboundaryAir Pollution(LR-
TAP) was establishedin 1979 [1]. Today, the LR-
TAP Convention has �fty-one parties,forty-seven of
which are European. There is no directive to moni-
tor the air emissionsand to preparethe air emission
inventoriesfor the LRTAP Convention. The Conven-
tion, throughits binding protocolscovering the main
air pollutants,hascontributedto signi�cant reductions
in emissionsof air pollutantsin the ECE region. In
additionto theUN Protocols,severalEuropeanUnion
(EU) Directivesareregulatingemissions,themostre-
cent one being the 2001 National EmissionCeilings
(NEC) Directive, 2001/81/EC[2]. TheNEC Directive
establishesemissionceilingsto beattainedby 2010for
sulphurdioxide(SO2), nitrogenoxides(NOx ), volatile
organic compounds(VOCs),andammonia(NH3) for
25 EU MemberStates.Lithuaniaasa EuropeanUnion
memberstatealsohasannualobligationsundertheDi-

rective 2001/81/ECof the EuropeanParliamentand
of the Council on nationalemissionceilings for cer-
tainatmosphericpollutants(NECDirective),whichre-
quirespreparingandannuallyupdatingnationalemis-
sion inventory for the abovementionedair pollutants.
The critical load concepthasbeendevelopedin Eu-
rope sincethe mid-1980s,mostly underthe auspices
of the 1979Conventionon Long-RangeTransbound-
aryAir Polution.Europeandatabasesandmapsof criti-
cal loadshavebeeninstrumentalin formulatingeffects-
basedProtocolsto theLRTAP Convention,suchasthe
1994Protocolon FurtherReductionof SulphurEmis-
sionsandthe1999Protocolto AbateAcidi�cation, Eu-
trophicationandGround-level Ozone(the“Gothenburg
Protocol”).

Man-madesulphurdioxide (SO2) resultsfrom the
combustionof sulphur-containingfossil fuels (princi-
pally coal and heavy oils) and the smelting of sul-
phur containingores. After being releasedin the at-
mosphere,SO2 is furtheroxidizedto sulphateandsul-
phuric acid forming an aerosoloften associatedwith
other pollutantsin dropletsor solid particlesextend-
ing over a wide rangeof sizes. SO2 and its oxida-
tion productsareremovedfrom theatmosphereby wet
anddry deposition.Volcanoesandoceansarethema-
jor naturalsourcesof SO2. Natural �ux esof sulphur
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originatefrom volcanoesaswell asbiologicalandpho-
tochemicalproductionof volatile sulphur gases,no-
tably dimethyl sulphide(DMS) in oceans.Compara-
bly smallamountsof sulphurarealsoemittedfrom for-
est �res, soils, andvegetationandseasalt [3]. These
sourceswereestimatedto contribute only around2%
of the total emissionsof sulphurdioxide in the Euro-
peanMonitoring andEvaluationProgramme(EMEP)
area[4].

The input of nitrogento ecosystemshasincreased
dramaticallyoverpastdecades.Europeanemissionsof
nitrogenoxidesarisemainly from anthropogeniccom-
bustionsources,whereNO is formedby reactionbe-
tweennitrogenandoxygenin the combustionair and
to someextent by oxidationof nitrogenin fuel. The
amountsformeddependon the pressureandtempera-
tureof thecombustionprocess.Smallamountsof NO2

(< 10%)areemitteddirectlyduringcombustion.Natu-
ral nitrogenoxideemissionsfrom soil, volcanoes,and
lightningareimportantontheglobalscale,but account
for a small part (< 10%) of total Europeanemissions.
NOx emissionsfrom stationarysourceshavedecreased
in many areas,while theemissionsfrom vehicleshave
increaseddue to the fact that growth in the number
of vehiclesis much larger than the decreasein emis-
sions[5]. Nitrogencompoundsarepresentin the at-
mospherein bothoxidizedandreducedforms. There-
ducedcompoundsincludeammonia(NH3) andammo-
nium (NH4). Theoxidizedcompoundsincludenitrous
oxide (N2O), nitrogen oxide (NO), nitrogen dioxide
(NO2), nitrousacid (HNO2), nitric acid (HNO3), per-
oxyacetylnitrate(PAN), andparticulatenitrate(NO3).
NOx is de�ned as NO+ NO2. The depositionof at-
mosphericnitrogencompoundsoccursvia dry andwet
processes.

Industrial,agricultural,andotheranthropogenicac-
tivities have greatlymodi�ed theglobalbiogeochemi-
cal cyclesof nitrogenandsulphur. Thecurrenthuman
disruptionof bothcycles,however, leadsto deposition
ratesfar in excessof naturalones.Severalenvironmen-
tal problemsarerelatedto disturbanceof S andN cy-
cles: theseincludeacidi�cation andeutrophicationof
soilsandwater[6,7].

Combustionof fossil fuels emitssulphurandnitro-
gendioxidesinto theatmospherewheregasesarecon-
verted into acids, which, after deposition,lead to a
seriesof undesiredchangesin terrestrialand aquatic
ecosystems.Acidi�cation of soils gives rise to indi-
rect impactsassociatedwith the cumulative impactof
wet anddry sulfur andnitrogendeposition.In the last
30 yearsacidi�cation hasbecomeperceived asa ma-

jor environmentalissue,dueto the obvious forestde-
cline in partsof Scandinavia andCentralEurope[8].
Meannitrogenthroughfall depositionrangedfrom 9.1
to 11.0kgha¡ 1yr¡ 1 measuredin 2000–2005for about
220 plots in Europe. The nitrate depositionranged
from 4.6 to 5.7 kgha¡ 1yr¡ 1. Mean throughfall sul-
phate inputs decreasedfrom 7.8 to 5.9 kgha¡ 1yr¡ 1

in the 2000–2005period. 23% of the plots showed
signi�cantly decreasingsulphur inputs, whereasonly
oneplot showed an increase.The comparatively low
sulphatethroughfall depositionwas measuredin the
Alpine region,Scandinavia, andtheIberianPeninsula.
Themeanbulk sulphatedepositiondecreasedcontinu-
ously from 6.1 in 2000 to 4.4 kgSha¡ 1yr¡ 1 in 2003
andreached4.6kgSha¡ 1yr¡ 1 in 2005.

Severalenvironmentalproblemsaredirectly caused
by thedisturbanceof SandN cycles.Large-scaleacid-
i�cation of soilsandwaterwasidenti�ed asanimpor-
tantenvironmentalproblemin North AmericaandEu-
ropeaboutthirty yearsago. More recently, acidi�ca-
tion hasalso beenrecognizedas a potentialthreatto
ecosystemsin otherpartsof theworld [9].

Currently, 11%of theworld's naturalvegetationre-
ceives nitrogen depositionin excessof the “critical
load” (CL) thresholdof 10 kgN ha¡ 1yr¡ 1. The most
affectedregions are the United States(20% of vege-
tation),westernEurope(30%),easternEurope(80%),
SouthAsia (60%), EastAsia (40%), SoutheastAsia
(30%),andJapan(50%). Futuredeposition�ux esare
mainlydrivenby changesin emissions,andlessimpor-
tantlyby changesin atmosphericchemistryandclimate
[10].

Sincetheattentionwasdrawn to theeffectsof “acid
rain” on forestdie backin the1980s,atmosphericde-
positionwasanimportantinternationalscienti�c topic
of interest. An importantconceptis the critical load
of chemicalcompoundsof sulphurandnitrogen.Crit-
ical loadis de�ned asa quantitative estimateof anex-
posureto oneor morepollutantsbelow which signi�-
cantharmfuleffectson speci�ed sensitive elementsof
theenvironmentdo not occuraccordingto thepresent
knowledge.Sincethen,severalmethodshave beende-
velopedto estimatethe critical loads per ecosystem
[11]. In the proceduresdevelopedwithin LRTAP two
typesof critical loadsarebeingused:(i) critical loads
basedon soil propertiesandsteady-statemassbalance
methodsand(ii) empiricalcritical loads(eCLs)based
on scienti�c knowledgeof effectsof nitrogenenrich-
menton ecosystems.The outputof the mappingpro-
cedureis thedigital andgraphicrepresentationof total
annualdeposition�ux esof air pollutants(sulphurand
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nitrogen) into ecosystemswithin the nationalbound-
ariesof Lithuania. The depositionmapsshow actual
depositionratesfrom theatmosphereto the landscape
surfaceat a high spatialresolution,takinginto account
the distribution of speci�c ecosystemsderived from
theCORINElandusedatabaseCLC2000–LT. Thesoil
map of Lithuania and long-termdataof precipitation
togetherwith GeographicInformationSystems(GIS)
softwarewereoverlaidononeanother.

Until theyear2004theemissioninventorywascom-
piled by Air Division specialists,EnvironmentalQual-
ity Department,Ministry of Environment. The air
emissioninventoryfor 2000and2004–2007waspre-
paredby theexpert teamfrom the Instituteof Physics
in co-operationwith Air Division specialists,Ministry
of Environment.

Theobjectiveof thestudywastoestimatethecritical
loadsof nitrogenandsulphurcompoundsin Lithuania.

2. Methods

Thestartingpointfor calculatingcritical loadsof nu-
trient N by theSMB (SimpleMassBalance)modelis
themassbalanceof total nitrogenfor thesoil compart-
mentunderconsideration(inputs= sinks+ outputs):

Ndep + N¯x = Nad + Ni + Nu + Nde

+ Neros + N¯re + Nvol + Nle ; (1)

whereNdep is thetotal N deposition,N¯x is theN “in-
put” by biological �xation, Nad is N adsorption,Ni is
the long-termnet immobilizationof N in soil organic
matter, Nu is thenetremoval of N harvestedvegetation
andanimals,Nde is �ux of N to theatmospheredueto
denitri�cation, Neros areN lossesthrougherosion,N¯re
areN lossesin smoke dueto (wild or controlled)�res
to theatmosphere,Nvol areN lossesto theatmosphere
via NH3 volatilization,andNle is leachingof N below
therootzone.

The following assumptionsleadto a simpli�cation
of Eq. (1): nitrogenadsorption,e.g., theadsorptionof
NH4 by clayminerals,cantemporarilyleadto anaccu-
mulationof N in thesoil, however it is stored/ released
only whenthedepositionchanges,andcanthusbene-
glectedin steady-stateconsiderations;nitrogen �xa-
tion is negligible in most (forest) ecosystems,except
for N-�xing species;the loss of N due to �res, ero-
sion, and volatilization is small for most ecosystems
in Europe,andthereforeneglected.Alternatively, one
could replaceNi by Ni + Neros + N¯re + Nvol ¡ N¯x

in the subsequentequations.The leachingof ammo-
nium (NH4) canbe neglectedin all forestecosystems
dueto (preferential)uptake andcompletenitri�cation
within the root zone(i. e., NH4;le = 0; Nle = NO3;le).
Underthesesimplifying assumptionsEq.(1) becomes

Ndep = Ni + Nu + Nde + Nle : (2)

From this equationa critical load is obtainedby
de�ning an acceptablelimit to the leaching of N,
Nle(acc) , thechoiceof this limit dependingonthe“sen-
sitive elementof the environment” to be protected.
Whenan acceptableleachingis insertedinto Eq. (2),
thedepositionof N becomesthecritical loadof nutri-
entnitrogen,CLnut (N) :

CLnut (N) = Ni + Nu + Nde + Nle(acc) : (3)

In deriving thecritical loadof nutrientN in Eq. (3),
it is assumedthat thesourcesandsinksdo not depend
on thedepositionof N. This is unlikely to be thecase
andthusall quantitiesshouldbetaken“at critical load”.
However, to compute,e.g., “denitri�cation at critical
load” oneneedsto know theCL, thevery quantityone
wantsto compute. The only cleanway to avoid this
circular reasoningis to establisha functionalrelation-
ship betweendepositionandthe sink of N, insert this
function into Eq. (2), andsolve for the deposition(to
obtainthecritical load).Thishasbeendonefor denitri-
�cation: in thesimplestcasedenitri�cation is linearly
relatedto thenetinputof N [12,13]:

Nde =

8
><

>:

f de ¢(Ndep¡ Ni ¡ Nu) if Ndep > Ni + Nu ;

0 otherwise;
(4)

wheref de (0 · f de < 1) is the so-calleddenitri�ca-
tion fraction,a site-speci�cquantity. This formulation
implicitly assumesthat immobilizationanduptake are
fasterprocessesthandenitri�cation. Insertingthis ex-
pressionfor Nde into Eq. (2) andsolvingfor thedepo-
sition leadto the following expressionfor the critical
loadof nutrientN:

CLnut (N) = Ni + Nu +
Nle(acc)

1 ¡ f de
: (5)

The acceptableN leaching(in eqha¡ 1yr¡ 1) is cal-
culatedas

Nle(acc) = Q¢[N]acc ; (6)

where[N]acc is theacceptableN concentration(eqm¡ 3)
and Q is the precipitationsurplus(in m3 ha¡ 1yr¡ 1).
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Fig. 1. SO2 andNOx emissiontrendin Lithuania,1990–2007[15].

Table1. Critical (acceptable)N concentrationsin soil solutionfor calculatingCL nut (N) [11].

Impact [N]acc , mgN l¡ 1

Vegetationchanges(dataestablishedin theNetherlands)1 :
Coniferousforest 2.5–4.0
Deciduousforest 3.5–6.5
Grasslands 3.0
Heathlands 3.0–6.0

Otherimpactson forests:
Nutrientimbalances 0.2–0.4
Elevatednitrogenleaching/ N saturation 1.0
Finerootbiomass/ root length 1.0–3.0
Sensitivity to frostandfungal diseases 3.0–5.0

1Notethatthesevaluesshouldbeusedwith caution,e.g., in areaswith highprecipitation.

Values for acceptableN concentrationare given in
Table1.

Dutch and Ineson[14] reviewed data on ratesof
denitri�cation [14]. Typical valuesof Nde for boreal
and temperateecosystemsare in the range of 0.1–
3.0 kgN ha¡ 1yr¡ 1 (= 7.1–214.3eqha¡ 1yr¡ 1), where
thehighervaluesapplyto wet(ter)soils;ratesfor well-
drainedsoilsaregenerallybelow 0.5kgN ha¡ 1yr¡ 1.

Thelong-termannualN immobilizationof nitrogen
wassetto 0.2–0.5kgN ha¡ 1yr¡ 1 (14.3–35.71eqha¡ 1

£ yr¡ 1). Consideringthat the immobilizationof N is
probablyhigher in warmerclimates,valuesof up to
1 kgN ha¡ 1yr¡ 1 (71.4eqha¡ 1yr¡ 1) couldbeusedfor
Ni , without causingunsustainableaccumulationof N
in thesoil.

Critical loadsof S, CL(S), andN, CL(N) , canbe
computedby de�ning acritical ANC leaching,ANC le:

CL(S) + CL(N) = BC¤
dep ¡ Cl¤dep + BCw ¡ BCu

+ Ni + Nu + Nde ¡ ANC le;crit ; (7)

whereBC is the sumof basecations,wherethe sub-
scriptsw and u standfor weatheringand net growth
uptake,ANC le;crit is Acid NeutralizingCapacity.

Critical loads of sulphur and nitrogen, both con-
tributing to acidi�cation of ecosystems,and their ex-
ceedanceswere derived and mappedin a large-scale
exercise for forest soils (deciduous,coniferous,and
mixed forest), natural grassland,acidic fens, heath
land, and mesotrophicpeatbogs in Lithuania. Each
ecosystemhasits speci�c sensitivity againsttheair pol-
lutants,which is expressedby the critical load value.
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Fig. 2. Critical loadsfor oxidizednitrogendepositionanddepositionvalues(50£ 50km2), eqm¡ 2yr¡ 1 .

To identify this, the geographicalinformation from
CORINElandcoverdatabasehasto beoverlappedwith
spatial information on soil and climate. In combina-
tion with the GeneralSoil Map of Lithuaniaand cli-
matedata,conclusionson the vegetationstructureof
thelandcover typescanbedrawn andthenetbiomass
productioncanbederived.

The EMEP Eulerianacid depositionmodel output
hasbeenusedas depositionof nitrogenand sulphur
compoundsin Lithuania.

Every year, emissiondataper sectorfrom Lithua-
nia to the LRTAP Convention were compiled at a
national level and were reportedthrough the EMEP
programme. The emissiondatawere reportedin the
NomenclatureFor Reporting(NFR) sourcecategories.
There are 120 NFR categories in the reporting tem-
plates,including both detailedcategoriesto facilitate
reportingunderthe Convention. The national inven-
tory is basedon national statisticsand country spe-
ci�c, technologydependentemissionfactorsaccording
to the EMEP/CORINAIR EmissionInventory Guide-
book. In addition,new routinesandstandardsfor val-
idatingemissiondatahave recentlybeenadopted[15].
The backgrounddata(activity dataandemissionfac-

tors) for estimationof the Lithuanianemissioninven-
toriesarecollectedandstoredin databases.

3. Results

3.1.Emissionof sulphurandnitrogencompounds

To performtheemissioninventorymanagementand
reliabledatamanagement,the datacollectingandre-
porting requirementsare needed. All emissionin-
ventory data are organized in the emission inven-
tory databaseandmanagedby using the PostgreSQL
databasemanagementsystem;all neededcalculations
androad transportemissionmodellingareperformed
usingSQL scriptsdevelopedat theInstituteof Physics
(Lithuania).

Sulphuris mainlyemittedasSO2 by fossil fuel com-
bustion,accountingfor SO2 of almost60TgSperyear
on the global scale. Other importantsourcesare in-
dustrial processes(11 TgS per year), land use and
wastetreatment(» 2 TgS per year). About 25 TgS
per year of SO2 is emittedby natural sources. The
main N substancesemitted by human activities are
NO andNO2 (togetherdenotedasNOx ) andammonia
(NH3). Globalemissionsof NOx andNH3 amountto
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Fig. 3. Critical loadsfor reducednitrogendepositionanddepositionvalues(50£ 50km2), eqm¡ 2yr¡ 1 .

44 TgN per year. Europeananthropogenicemissions
have beensteadilydecreasingover thelast twenty-�ve
years,amountingfrom about55 Tg of SO2 in 1980to
15 Tg of SO2 in 2004. Acrossthe EU–27,the largest
reductionin emissionsin percentagetermshasbeen
achieved for the acidifying pollutant SO2: emissions
in 2006werealmost70%lessthanin 1990(Fig. 1).

The main part of the SO2 emissionoriginatesfrom
combustionof fossil fuels, i. e. mainly coalandoil, in
publicpoweranddistrictheatingplants.A largereduc-
tion is largely dueto installationof the desulphuriza-
tion plant anduseof fuels with lower contentof sul-
phurin public power anddistrict heatingplants.Emis-
sionsof SO2 from the two most importantkey cate-
goriesin theEU–27decreasedbetween2001and2006.
SO2 emissionsfrom publicelectricityandheatproduc-
tion, which accountsfor morethan58% of total SO2

emissions,decreasedby 20%between1990and2006.
Thelargestsourcesof emissionsof NOx areothermo-
bile sourcesfollowed by road transportand combus-
tion in energy industries(mainlypublicpoweranddis-
trict heatingplants).Theemissionsof NOx from trans-
port sectordecreasedfrom 42%in 2006to 35%in the
EU-27[16].

It is well known thatthesulphurcomponentscanbe
transportedover long distances,thusthe validationof
emissiontrendscannotbe judgedby comparingmea-
surementsin a region with local emissions.Moreover,
the processesthat determinethe distribution between
thedifferentsulphurcomponents(sulphurdioxide,sul-
phate,and the amountof sulphurdepositeddry and
wet) maychangedependingon thechemicalcomposi-
tion of theatmosphereaswell asmeteorologicalsitua-
tion. Presently, largerproportionsof SO2 areconverted
to sulphate.This hasled to a smallerdecreasein sul-
phateconcentrationsthanin SO2 emissions.Moreover,
whilst SO2 emissionshavedecreaseddramatically, am-
moniaemissionshave remainedat thesamelevel [17].
As aresult,dry depositionof SO2 hasbecomemoreef-
�cient over the years,asthe surfaceacidity to a large
extentgovernstheresistanceto dry deposition[18].

3.2.Critical loadsandexceedancesfor ecosystems

Through the Convention on Long-RangeTrans-
boundaryPollution, membercountriesof the United
NationsEconomicCommissionfor Europeagreedthat
thecritical loadsapproachprovidedaneffective scien-
ti�c approachfor devising strategiesfor theabatement
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Fig. 4. (a)Critical loadsfor sulphurdeposition,(a,b) depositionvalues(50£ 50km2), and(b) their exceedance,eqm¡ 2yr¡ 1 .
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of acid deposition. The “critical load” approachwas
usedto describethevulnerabilityof ecosystemsto de-
positionof N andS [19].

The decreasein sulphuremissionsover the past16
yearsresultedin a reducedexceedanceof critical loads
for acid deposition. In the sameperiod the reduc-
tion in the emissionsof nitrogenoxidesand ammo-
nia remainednot so signi�cant. Therefore,emissions
of sulphurandnitrogencompoundshave becomerela-
tively moreimportantandwill continueto threatenthe
ecosystemfunctionandstability. Recovery from pollu-
tantstresswill oftenbevery slow andmaysometimes
eventake hundredsof years,therisk of environmental
damageremainsatanunacceptablelevel.

Depositionof reducedand oxidized nitrogen and
sulphurshows marked spatialpatternsacrossLithua-
nia. Mapsof annualatmosphericdepositionof nitro-
genandsulphurcompoundshave beencomparedwith
thoseof critical loads,andmapsof exceedancesof crit-
ical loadsfor sulphurandnitrogencompoundswerede-
veloped(Figs.2–4).

As Figs. 2–3 show, oxidized N critical loadshave
beenexceededslightly in the southernpart of Lithua-
nia, while theplotswith the lowestoxidizedN critical
loadsaresituatedin areasof centralLithuania. Depo-
sition of oxidizedN rangesfrom 0 to 488eqm¡ 2yr¡ 1

(536 eqm¡ 2yr¡ 1 in 2000). Plotswith the highestde-
positionrangingfrom 439to 488eqm¡ 2yr¡ 1 arepar-
ticularly frequentin north-westernLithuania,while re-
ducednitrogendepositionis prevailing in thesouthern
part. Temporalvariationof depositionrevealeda year-
by-yeardecreasefor N. From2000to 2006deposition
slightly decreasedfrom 325to 320eqm¡ 2yr¡ 1.

Similarly, plots with lowestdifferencebetweenre-
duced N critical loads and deposition are located
mainly in centralLithuania.However, thehighestratio
betweencritical loadsandnitrogendepositionwasreg-
isteredin thesouthern,southeastern,southwestern,and
centralpartsof Lithuania(630 eqm¡ 2yr¡ 1). The ex-
ceedanceof reducednitrogencritical loadsfor ecosys-
temswasnot registered.

Figure4(b)showsthatterrestrialecosystemslocated
in thesouthernandnortheasternpartsof Lithuaniaare
the mostsensitive to atmosphericdepositionof acidi-
fying sulphurcompounds.Thehighestdepositionwas
calculatedfor southernLithuania(765 eqm¡ 2yr¡ 1 in
2000,707 eqm¡ 2yr¡ 1 in 2006),while the lowestone
wasfor thecentralpart.

It hasbeenfoundthatatpresenttheatmosphericde-
positionof nitrogencompoundscausessmallerecolog-
ical problemsthanthatof sulphurcompounds(Figs.2–

4). It was found that valuesof atmosphericdeposi-
tion of sulphurwerehigh andexceededthe valuesof
CL(S) in southwesternpart of Lithuania(812 eqm¡ 2

£ yr¡ 1 in 2000,782 eqm¡ 2yr¡ 1 in 2006). Suchdis-
tribution of annualdepositionwas formed mostly by
long-rangeair masstransportfrom BelarusandPoland
andnorth-westernLithuania(737eqm¡ 2yr¡ 1 in 2000,
612eqm¡ 2yr¡ 1 in 2006),whereoxidizedsulphurde-
position was causedby “Ma�eiki u̧ nafta” oil com-
pany. Like the nitrogencompounds,throughfall of S
is particularly low in northernand central Lithuania
(496 eqm¡ 2yr¡ 1 in 2000, 368 eqm¡ 2yr¡ 1 in 2006).
From2000to 2006thetotalamountof sulphur�ux de-
creased1.2times.

4. Conclusions

Critical loads for reducedsulphur were found to
beexceededin southwestern,southern,andnortheast-
ern areasof natural ecosystems(812 eqm¡ 2yr¡ 1 in
2000,782eqm¡ 2yr¡ 1 in 2006).Theterrestrialecosys-
temslocatedin the southernandnortheasternpartsof
Lithuaniaarethe mostsensitive to atmosphericdepo-
sition of acidifying sulphur compounds. The high-
est depositionwas calculatedfor southernLithuania
(765 eqm¡ 2yr¡ 1 in 2000, 707 eqm¡ 2yr¡ 1 in 2006),
while thelowestfor thecentralpart.Thelowestdiffer-
encebetweenreducedN critical loadsanddeposition
was determinedmainly for centralLithuania. How-
ever, thehighestratio betweencritical loadsandnitro-
gen depositionwas registeredin the southern,south-
eastern,southwestern,and centralpartsof Lithuania
(630 eqm¡ 2yr¡ 1). The exceedanceof reducednitro-
gencritical loadsfor ecosystemswasnot registered.

Thecritical loadconceptis widely usedasa tool for
developing emissioncontrol policies in Europe. The
mappingof critical loadsand exeedancesfor sulphur
andnitrogento Lithuanianterrestrialecosystemswas
performedto de�ne most sensitive terrestrialecosys-
temsandprovide a quantative informationasthebasis
of assessingif thestrategiesof emissionreductionfor
nitrogenandsulphuraresuccessful.
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SIEROSIR AZOTO JUNGINI �U KRITINI �U APKROV �U LIETUV OSSAUSUMOSEKOSISTEMOMS
�IVERTINIMAS

V. Ulevi �cius,S.By�cenkien�e,K. Senuta

Fizikosinstitutas,Vilnius, Lietuva

Santrauka

Pateiktakiekybin�esierosir azotojungini �u kritini �u apkrov �u Lie-
tuvosekosistemomsanaliz�e. �Ivertinantazotojungini �u kritinesap-
krovasmišk �u ekosistemomsnaudotasmas�esbalansometodas,lei-
d�iantis nustatyti rajonus,kur tos apkrovos yra viršytos. Kriti-
ni �u apkrov �u koncepcijayra pla�ciai naudojama,ieškantpalankaus
susitarimotarp gamtosauginink�u ir vald�ios institucij �u, priiman-
�ci �u sprendimusd�el teršal�u emisijos apribojim�u. Teršal�u sraut�u
�i ekosistemaskiekis bei kritini �u apkrov �u Lietuvoje dydis nusta-

tytas vadovaujantisTolim �uj �u tarpvalstybini�u oro teršal�u pernaš�u
konvencija. Apskai�ciuotasoksiduotossieroskritini �u apkrov �u bei
bendronus�edimo srautoskirtumas,kurio neigiamosreikšm�es at-
spindi apkrov �u viršijimus. Rasta,kad jos yra viršijamos piet �u,
pietry�ci �u, pietvakari�u bei kai kuriuosešiauriniuoseLietuvosregio-
nuose.Ma�iausiosoksiduotossieros,oksiduotoir redukuotoazoto
kritini �u apkrov �u beibendronus�edimosrautoskirtumovert�esnusta-
tytoscentriniameir kai kuriuosešiauriniuoseLietuvosregionuose.


