LithuanianJournalof Physics, Vol. 49, No. 2, pp. 237-246(2009)

doi:10.3952/lithjplys.49201

CRITICAL LOADS OF SULPHUR AND NITROGEN FOR
TERRESTRIAL ECOSYSTEMSIN LITHU ANIA

V. Ulevicius,S. Bycenkierg, andK. Senuta

Instituteof Physics Savanori 231, L T-02300Vilnius, Lithuania
E-mail: ulevicv@ktl.mii.lt

Receved8 January2009;accepted.9 March2009

This paperpresentghe depositionvariationof sulphurandnitrogencompoundsandthe exceedancef their critical loads
for terrestrialecosystemsThe analysisis basedon a steady-stat@pproach,nvolving the comparisonof deposition ux es
with critical loadsto identify areaswherecritical loadsare exceeded.The critical load conceptis widely usedasa tool for
developing emissioncontrol policiesin Europe. Critical loadsfor acidity, nitrogen,and sulphurhave beencalculatedfor
Lithuaniaasa signatorycountryof the Conventionof Long-Rangéelransboundanair Pollution. In addition,the comparison
of sulphurdepositionwith critical loadsfor eutrophicatioryieldedanexceedancén southernsoutheasterrsouthwesterrand
centralpartsof LithuanianecosystemsDepositionof sulphuraswell asoxidizedandreducednitrogenfrom anthropogenic
sourcegemaindow over the centralandsomenorthernpartof the countrybut aresigni cant in easterrareas.
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1. Intr oduction

Acid depositionand air quality are areasof con-
cernfor policymalers, forestry experts,air quality di-
visions and thereis a needto make informed deci-
sions regarding emissioncontrols. In order to con-
trol emissionsjnternationalcooperationis deemedn-
dispensableandfor that purpose the United Nations
EconomicCommissiorfor Europe(UNECE) Corven-
tion on Long-Rangelransboundarpir Pollution(LR-
TAP) was establishedn 1979[1]. Today the LR-
TAP Corvention has fty-one parties,forty-seven of
which are European. Thereis no directive to moni-
tor the air emissionsand to preparethe air emission
inventoriesfor the LRTAP Corvention. The Corven-
tion, throughits binding protocolscovering the main
air pollutants,hascontributedto signi cant reductions
in emissionsof air pollutantsin the ECE region. In
additionto the UN Protocols sereral EuropeariJnion
(EU) Directivesareregulatingemissionsthe mostre-
cent one being the 2001 National EmissionCeilings
(NEC) Directive, 2001/81/E(2]. The NEC Directive
establishesmissiorceilingsto be attainedoy 2010for
sulphurdioxide (SO;), nitrogenoxides(NOy), volatile
organic compoundgqVOCs),andammonia(NH3) for
25 EU MemberStates Lithuaniaasa EuropeariJnion
memberstatealsohasannualobligationsunderthe Di-
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rectve 2001/81/ECof the EuropeanParliamentand
of the Council on nationalemissionceilings for cer
tain atmospherigollutants(NEC Directive), whichre-
guirespreparingandannuallyupdatingnationalemis-
sion inventory for the aborementionedair pollutants.
The critical load concepthas beendevelopedin Eu-
rope sincethe mid-1980s,mostly underthe auspices
of the 1979 Corventionon Long-RangeTransbound-
ary Air Polution.Europeardatabaseandmapsof criti-
calloadshave beeninstrumentaln formulatingeffects-
basedProtocolsto the LRTAP Cornvention,suchasthe
1994 Protocolon FurtherReductionof SulphurEmis-
sionsandthe 1999Protocolto AbateAcidi cation, Eu-
trophicationandGround-level Ozone(the“Gothenlurg
Protocol”).

Man-madesulphurdioxide (SO,) resultsfrom the
comhustion of sulphurcontainingfossil fuels (princi-
pally coal and heary oils) and the smelting of sul-
phur containingores. After beingreleasedn the at-
mosphereSG; is furtheroxidizedto sulphateandsul-
phuric acid forming an aerosoloften associatedvith
other pollutantsin dropletsor solid particlesextend-
ing over a wide rangeof sizes. SO, and its oxida-
tion productsareremovedfrom the atmospherdéy wet
anddry deposition.Volcanoesandoceansarethe ma-
jor naturalsourcesof SO,. Natural ux esof sulphur
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originatefrom volcanoesswell asbiologicalandpho-

tochemicalproductionof volatile sulphur gases,no-

tably dimettyl sulphide(DMS) in oceans.Compara-
bly smallamountsf sulphurarealsoemittedfrom for-

est res, soils, andvegetationandseasalt[3]. These
sourceswere estimatedo contritute only around2%

of the total emissionsof sulphurdioxidein the Euro-

peanMonitoring and Evaluation ProgrammgEMEP)

areal4].

The input of nitrogento ecosystem#iasincreased
dramaticallyover pastdecadesEuropearemissionf
nitrogenoxidesarisemainly from anthropogenicom-
bustion sourceswhereNO is formed by reactionbe-
tweennitrogenand oxygenin the comhustionair and
to someextent by oxidation of nitrogenin fuel. The
amountsformeddependon the pressureandtempera-
tureof thecomhustionprocess Smallamountsof NO,
(< 10%) areemitteddirectly duringcomhustion. Natu-
ral nitrogenoxide emissionsrom soil, volcanoesand
lightning areimportanton theglobalscale but account
for a small part (< 10%) of total Europearemissions.
NOy emissiongrom stationarysourceave decreased
in mary areaswhile the emissiondrom vehicleshave
increaseddue to the fact that growth in the number
of vehiclesis muchlarger thanthe decreasén emis-
sions[5]. Nitrogen compoundsare presentin the at-
mospheren bothoxidizedandreducedorms. There-
ducedcompoundsncludeammoniaNH3) andammo-
nium (NH4). The oxidizedcompoundsncludenitrous
oxide (N20O), nitrogen oxide (NO), nitrogen dioxide
(NOy), nitrousacid (HNOy), nitric acid (HNO3), per
oxyacetylnitrate(PAN), and particulatenitrate (NO3).
NOy is de ned as NO+ NO,. The depositionof at-
mospherimitrogencompound®ccursvia dry andwet
processes.

Industrial,agricultural,and otheranthropogeniac-
tivities have greatlymodi ed the global biogeochemi-
cal cyclesof nitrogenandsulphur The currenthuman
disruptionof both cycles,however, leadsto deposition
ratesfarin excesof naturalones.Severalervironmen-
tal problemsarerelatedto disturbanceof S andN cy-
cles: theseinclude acidi cation and eutrophicatiorof
soilsandwater[6, 7].

Combustionof fossil fuels emits sulphurandnitro-
gendioxidesinto theatmospheravheregasesarecon-
vertedinto acids, which, after deposition,lead to a
seriesof undesiredchangesn terrestrialand aquatic
ecosystems.Acidi cation of soils givesrise to indi-
rectimpactsassociatedvith the cumulatize impactof
wet anddry sulfur andnitrogendeposition.In the last
30 yearsacidi cation hasbecomeperceved asa ma-

jor ervironmentalissue,dueto the obvious forestde-
cline in partsof Scandingia and CentralEurope[8].
Meannitrogenthroughgll depositionrangedfrom 9.1
to 11.0kgha yri 1 measuredn 2000—20050r about
220 plots in Europe. The nitrate depositionranged
from 4.6 to 5.7 kgha lyri 1. Mean throughll sul-
phateinputs decreasedrom 7.8 to 5.9 kghai yri 1
in the 2000-2005period. 23% of the plots shaved
signi cantly decreasingsulphurinputs, whereasonly
one plot shaved an increase. The comparatrely low
sulphatethroughtll depositionwas measuredn the
Alpine region, Scandingia, andthe IberianPeninsula.
The meanbulk sulphatedepositiondecreasedontinu-
ously from 6.1 in 2000to 4.4 kgSha lyri 1 in 2003
andreachedt.6kgSha yri 1in 2005.

Several environmentalproblemsaredirectly caused
by thedisturbancef SandN cycles.Large-scaleacid-
i cation of soilsandwaterwasidenti ed asanimpor-
tantervironmentalproblemin North AmericaandEu-
rope aboutthirty yearsago. More recently acidi ca-
tion hasalso beenrecognizedas a potentialthreatto
ecosystems otherpartsof theworld [9].

Currently 11% of theworld's naturalvegetationre-
ceives nitrogen depositionin excessof the “critical
load” (CL) thresholdof 10 kgN ha lyri X, The most
affectedregions are the United States(20% of vege-
tation), westernEurope(30%), easterrEurope(80%),
South Asia (60%), EastAsia (40%), SoutheastAsia
(30%), andJapan(50%). Futuredeposition ux esare
mainly drivenby changesn emissionsandlessimpor-
tantlyby changesn atmospherichemistryandclimate
[10].

Sincetheattentionwasdravn to the effectsof “acid
rain” on forestdie backin the 1980s,atmospheriae-
positionwasanimportantinternationalscienti ¢ topic
of interest. An importantconceptis the critical load
of chemicalcompoundf sulphurandnitrogen. Crit-
ical loadis de ned asa quantitatve estimateof an ex-
posureto oneor more pollutantsbelonv which signi -
cantharmful effectson speci ed sensitie elementf
the ervironmentdo not occuraccordingto the present
knowledge.Sincethen,severalmethodshave beende-
velopedto estimatethe critical loads per ecosystem
[11]. In the procedureslevelopedwithin LRTAP two
typesof critical loadsarebeingused:(i) critical loads
basedon soil propertiesandsteady-statenassbalance
methodsand (ii) empiricalcritical loads(eCLs)based
on scienti ¢ knowledgeof effects of nitrogenenrich-
menton ecosystemsThe outputof the mappingpro-
cedureis thedigital andgraphicrepresentatioof total
annualdeposition ux esof air pollutants(sulphurand
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nitrogen)into ecosystemsvithin the nationalbound-
ariesof Lithuania. The depositionmapsshav actual
depositionratesfrom the atmospheréo the landscape
surfaceat a high spatialresolution takinginto account
the distribution of speci c ecosystemslerived from
the CORINElandusedatabas€LC2000-. Thesoil
map of Lithuaniaandlong-termdataof precipitation
togetherwith Geographidnformation SystemgGIS)
softwarewereoverlaid on oneanother

Until theyear2004theemissiorinventorywascom-
piled by Air Division specialistsEnvironmentalQual-
ity Department,Ministry of Environment. The air
emissioninventory for 2000 and 2004—-2007vas pre-
paredby the expertteamfrom the Institute of Physics
in co-operatiorwith Air Division specialistsMinistry
of Environment.

Theobjective of thestudywasto estimatdhecritical
loadsof nitrogenandsulphurcompoundsn Lithuania.

2. Methods

Thestartingpointfor calculatingeritical loadsof nu-
trientN by the SMB (SimpleMassBalance)modelis
the masshalanceof total nitrogenfor the soil compart-
mentunderconsideratior{inputs= sinkst+ outputs):

Ngep + N% = Nag + Nj + Ny + Nge

+ Neros+ N7e + Nyoi + Nieg; (1)

whereNgep is thetotal N depositionN+ istheN “in-
put” by biological xation, Naq is N adsorptionN; is
the long-termnetimmobilizationof N in soil organic
matter Ny, is thenetremoval of N hanestedvegetation
andanimals,Nge is ux of N to theatmosphereueto
denitri cation, Ngros areN losseghrougherosion N+,
areN lossesn smole dueto (wild or controlled) res
to theatmospherel\,q areN lossego theatmosphere
via NH3 volatilization,andN\ is leachingof N below
therootzone.

The following assumptionseadto a simpli cation
of Eq. (1): nitrogenadsorptiong.g., the adsorptiorof
NH4 by clay minerals,cantemporarilyleadto anaccu-
mulationof N in the soil, howeverit is stored released
only whenthe depositionchangesandcanthusbene-
glectedin steady-stateconsiderationsnitrogen xa-
tion is negligible in most (forest) ecosystemsexcept
for N- xing species;the lossof N dueto res, ero-
sion, and volatilization is small for most ecosystems
in Europe,andthereforeneglected. Alternatively, one
could replaceN; by Ni + Negros+ N3e + Nyo i Nx
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in the subsequenéquations. The leachingof ammo-
nium (NH,4) canbe negglectedin all forestecosystems
dueto (preferential)uptale and completenitri cation
within the root zone(i. €., NH4.e = 0;Nje = NOg3.je).
Underthesesimplifying assumption&g. (1) becomes

Ngep = Ni+ Ny + Nge + Nie: 2)

From this equationa critical load is obtainedby
de ning an acceptablelimit to the leaching of N,
Nie(acc), thechoiceof thislimit dependingonthe“sen-
sitive elementof the ernvironment” to be protected.
When an acceptabldeachingis insertedinto Eqg. (2),
the depositionof N becomeghe critical load of nutri-
entnitrogen,CL pyt (N):

CLnut(N) = Nj+ Ny + Nge+ Nie(ace) : )

In derving thecritical load of nutrientN in Eq. (3),
it is assumedhatthe sourcesandsinksdo not depend
on the depositionof N. This is unlikely to be the case
andthusall quantitiesshouldbetaken*“at critical load”.
However, to compute,e.g., “denitri cation at critical
load” oneneedgo know the CL, thevery quantityone
wantsto compute. The only cleanway to avoid this
circularreasonings to establisha functionalrelation-
ship betweendepositionandthe sink of N, insertthis
functioninto Eq. (2), and solve for the deposition(to
obtainthecritical load). This hasbeendonefor denitri-

cation: in the simplestcasedenitri cation is linearly
relatedto the netinputof N [12,13]:

8 .
2 fae ®(Ngepi Nii Nu)if Ngep> Nj+ Ny;
Nge =

>
' 0 otherwise;

(4)
wherefge (0 - fge < 1) is the so-calleddenitri ca-
tion fraction, a site-speci cquantity This formulation
implicitly assumeshatimmobilizationanduptale are
fasterprocesseshandenitri cation. Insertingthis ex-
pressiorfor Nge into Eg. (2) andsolving for the depo-
sition leadto the following expressionfor the critical
load of nutrientN:

N
CLnut(N) = Nj + Ny + _le(ace) . (5)
1i fge

The acceptableN leaching(in egha lyri 1) is cal-
culatedas
Nie(ace) = Q¢N]acc; (6)

where[N]acc is theacceptabl® concentratiorfegmi 3)
and Q is the precipitationsurplus(in m®ha lyri ).
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Fig. 1. SO, andNOy emissiontrendin Lithuania,1990-200715].
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Tablel. Critical (acceptablelN concentrationin soil solutionfor calculatingCL ny: (N) [11].

Impact [N]ace, mgN i
Vegetationchangegdataestablishedh the Netherlands):
Coniferousforest 2.5-4.0
Deciduoudorest 3.5-6.5
Grasdands 3.0
Heathlands 3.0-6.0
Otherimpactson forests:
Nutrientimbalances 0.2-0.4
Elevatednitrogenleaching N saturation 1.0
Finerootbiomasg rootlength 1.0-3.0
Sensitvity to frostandfungal diseases 3.0-5.0

! Notethatthesevaluesshouldbe usedwith caution,e.g., in areaswith high precipitation.

Values for acceptableN concentrationare given in
Tablel.

Dutch and Ineson[14] reviewed data on rates of
denitri cation [14]. Typical valuesof Ny for boreal
and temperateecosystemsare in the range of 0.1—
3.0kgNha yri 1 (= 7.1-214.3eghd yri 1), where
the highervaluesapplyto wet(ter)soils; ratesfor well-
drainedsoilsaregenerallybelov 0.5kgN hai tyri .

Thelong-termannualN immobilizationof nitrogen
wassetto 0.2—-0.5kgN ha lyri 1 (14.3-35.7%qgha !
£yri 1). Consideringthat the immobilizationof N is
probably higherin warmer climates, valuesof up to
1kgNha tyri 1 (71.4eqgha yri 1) could be usedfor
Ni, without causingunsustainabl@ccumulationof N
in the soil.

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

CL(S) + CL(N) = BCgep i Cliep+ BCwi BCy

(7)

whereBC is the sumof basecations,wherethe sub-
scriptsw andu standfor weatheringand net growth
uptale, ANC e.crit is Acid NeutralizingCapacity
Critical loads of sulphur and nitrogen, both con-
tributing to acidi cation of ecosystemsand their ex-
ceedancesvere derived and mappedin a large-scale
exercise for forest soils (deciduous,coniferous,and
mixed forest), natural grassland,acidic fens, heath
land, and mesotrophicpeatbogsin Lithuania. Each
ecosystenhasits speci ¢ sensitvity againsttheair pol-
lutants, which is expressedy the critical load value.

+ Nij+ Ny+ Ngei ANCiecrit ;
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Fig. 2. Critical loadsfor oxidizednitrogendepositionanddepositiorvalues(50£ 50 km?), eqmi 2yri 1.

To identify this, the geographicalinformation from
CORINElandcoverdatabasbasto beoverlappedvith
spatialinformation on soil and climate. In combina-
tion with the GeneralSoil Map of Lithuaniaand cli-
mate data, conclusionson the vegetationstructureof
theland cover typescanbe dravn andthe netbiomass
productioncanbederived.

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

Every year emissiondataper sectorfrom Lithua-
nia to the LRTAP Corvention were compiled at a
national level and were reportedthroughthe EMEP
programme. The emissiondatawere reportedin the
Nomenclaturd-or Reporting(NFR) sourcecateyories.
There are 120 NFR cateyoriesin the reportingtem-
plates,including both detailedcateyoriesto facilitate
reportingunderthe Corvention. The nationalinven-
tory is basedon national statisticsand country spe-
ci ¢, technologydependenémissiorfactorsaccording
to the EMEP/CORIMIR Emissioninventory Guide-
book. In addition,new routinesandstandardg$or val-
idating emissiondatahave recentlybeenadopted15].
The backgrounddata(actvity dataand emissionfac-

tors) for estimationof the Lithuanianemissioninven-
toriesarecollectedandstoredin databases.

3. Results
3.1.Emissionof sulphurand nitrogencompounds

To performthe emissioninventorymanagemerdand
reliable datamanagementhe datacollectingandre-
porting requirementsare needed. All emissionin-
ventory data are organized in the emission inven-
tory databaseand managedy usingthe PostgreSQL
databasenanagemensystem;all neededcalculations
and road transportemissionmodelling are performed
usingSQL scriptsdevelopedat the Instituteof Physics
(Lithuania).

Sulphuris mainly emittedasSO, by fossilfuel com-
bustion,accountingor SO, of almost60 Tg S peryear
on the global scale. Otherimportantsourcesare in-
dustrial processeg11 TgS per year), land use and
wastetreatment(» 2 TgS per year). About 25 TgS
per year of SO, is emitted by naturalsources. The
main N substancegmitted by human actiities are
NO andNO; (togetherdenotedasNOy ) andammonia
(NH3). Globalemissionf NOx andNH3 amountto
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44 TgN peryear Europearanthropogeni@missions
have beensteadilydecreasingver the lasttwenty- ve
years,amountingfrom about55 Tg of SO, in 1980to
15Tg of SO, in 2004. Acrossthe EU-27,the largest
reductionin emissionsin percentagderms hasbeen
achieved for the acidifying pollutant SO,: emissions
in 2006werealmost70%lessthanin 1990(Fig. 1).

The main partof the SO, emissionoriginatesfrom
comhustionof fossil fuels,i. e. mainly coalandoil, in
public poweranddistrictheatingplants.A largereduc-
tion is largely dueto installationof the desulphuriza-
tion plant and useof fuels with lower contentof sul-
phurin public power anddistrict heatingplants.Emis-
sionsof SO, from the two mostimportantkey cate-
goriesin theEU-27decreasetetweer?001and2006.
SO, emissiongrom public electricityandheatproduc-
tion, which accountgor more than58% of total SO,
emissionsdecreasetly 20% betweenl990and2006.
Thelargestsourceof emission®of NOy areothermo-
bile sourcesfollowed by road transportand comlus-
tion in enepgy industriegmainly public power anddis-
trict heatingplants). Theemission®f NO, from trans-
port sectordecreasefrom 42%in 2006to 35%in the
EU-27[16].

1-200
= 200 - 535 g

Vg

Fig. 3. Critical loadsfor reducechitrogendepositioranddepositionvalues(50£ 50 km?), eqmi 2yri 1.

It is well known thatthe sulphurcomponentganbe
transportedver long distancesthusthe validation of
emissiontrendscannotbe judgedby comparingmea-
surementsn a region with local emissions Moreover,
the processeshat determinethe distribution between
thedifferentsulphurcomponentgsulphurdioxide,sul-
phate,and the amountof sulphurdepositeddry and
wet) may changedependingon the chemicalcomposi-
tion of theatmospheraswell asmeteorologicakitua-
tion. Presentlylargerproportionsof SO, arecorverted
to sulphate.This hasled to a smallerdecreasén sul-
phateconcentrationthanin SO, emissionsMoreover,
whilst SO, emissiondiave decreasedramaticallyam-
moniaemissionhave remainedatthe sameevel [17].
As aresult,dry depositiorof SO, hasbecomemoreef-
cient over the years,asthe surfaceacidity to a large
extentgovernstheresistancéo dry deposition18].

3.2.Critical loadsandexceedancefor ecosystems

Through the Corvention on Long-RangeTrans-
boundaryPollution, membercountriesof the United
NationsEconomicCommissiorfor Europeagreedhat
the critical loadsapproactprovided an effective scien-
tic approactfor devising stratgiesfor the abatement
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Fig. 4. (a) Critical loadsfor sulphurdeposition(a,b) depositiorvalues(50£ 50 km?), and(b) their exceedancesgm’ 2yri 1.
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of acid deposition. The “critical load” approachwas
usedto describethe vulnerability of ecosystemso de-
positionof N andS [19].

The decreasén sulphuremissionsover the past16
yearsresultedn areducedexceedancef critical loads
for acid deposition. In the sameperiod the reduc-
tion in the emissionsof nitrogen oxidesand ammo-
nia remainednot so signi cant. Therefore,emissions
of sulphurandnitrogencompound$ave becomerela-
tively moreimportantandwill continueto threaterthe
ecosystenfunctionandstability. Recaorery from pollu-
tantstresswill oftenbevery slov andmay sometimes
eventake hundredf years,therisk of ervironmental
damageemainsatanunacceptabléevel.

Deposition of reducedand oxidized nitrogen and
sulphurshavs marked spatial patternsacrossLithua-
nia. Mapsof annualatmospheridepositionof nitro-
genandsulphurcompound$ave beencomparedvith
thoseof critical loads,andmapsof exceedancesf crit-
ical loadsfor sulphurandnitrogencompoundsverede-
veloped(Figs.2-4).

As Figs. 2-3 shaw, oxidized N critical loads have
beenexceededslightly in the southernpart of Lithua-
nia, while the plotswith the lowestoxidizedN critical
loadsaresituatedin areasof centralLithuania. Depo-
sition of oxidizedN rangesfrom 0 to 488eqmi 2yri 1
(536 egmi 2yri 1 in 2000). Plotswith the highestde-
positionrangingfrom 439to 488egmi 2yri ! arepar
ticularly frequentin north-westerrLithuania,while re-
ducednitrogendepositionis prevailing in the southern
part. Temporalvariationof depositiornrevealeda year
by-yeardecreaséor N. From 2000to 2006deposition
slightly decreaseffom 325to 320eqmi 2yri 1.

Similarly, plots with lowestdifferencebetweenre-
duced N critical loads and deposition are located
mainly in centralLithuania.However, the highestratio
betweercritical loadsandnitrogendepositionvasreg-
isteredin thesouthernsoutheastersouthwesterrand
centralpartsof Lithuania (630 eqmi 2yri 1). The ex-
ceedancef reduceditrogencritical loadsfor ecosys-
temswashotregistered.

Figure4(b) shavsthatterrestrialecosystemkcated
in the southernandnortheasterpartsof Lithuaniaare
the mostsensitve to atmospheridepositionof acidi-
fying sulphurcompoundsThe highestdepositionwas
calculatedfor southernLithuania(765egmi 2yri 1 in
2000,707 egmi 2yri 1 in 2006), while the lowestone
wasfor the centralpart.

It hasbeenfoundthatat presentheatmospherice-
positionof nitrogencompoundsausesmallerecolog-
ical problemghanthatof sulphurcompoundgFigs.2—

4). It was found that valuesof atmospheriadeposi-
tion of sulphurwere high and exceededhe valuesof
CL(S) in southwesterpartof Lithuania(812 eqmi 2
£yri 1in 2000,782 egmi 2yri 1 in 2006). Suchdis-
tribution of annualdepositionwas formed mostly by
long-rangeair masstransportrom BelarusandPoland
andnorth-westerrLithuania(737egmi 2yri 1 in 2000,
612egmi 2yri 1 in 2006),whereoxidizedsulphurde-
position was causedby “Ma eiki y nafta” oil com-
pary. Like the nitrogencompoundsthrough#ll of S
is particularly low in northernand central Lithuania
(496 egmi 2yri 1 in 2000, 368 eqmi 2yri 1 in 2006).
From2000to 2006thetotalamountof sulphur ux de-
creased..2times.

4. Conclusions

Critical loads for reducedsulphur were found to
be exceededn southwesternsouthernandnortheast-
ern areasof natural ecosystemg812 eqmi 2yri 1 in
2000,782egmi 2yri 1 in 2006). Theterrestrialecosys-
temslocatedin the southernand northeasteripartsof
Lithuaniaare the mostsensitie to atmospheriaepo-
sition of acidifying sulphur compounds. The high-
est depositionwas calculatedfor southernLithuania
(765 egmi 2yri 1 in 2000, 707 egmi 2yri 1 in 2006),
while thelowestfor the centralpart. Thelowestdiffer-
encebetweenreducedN critical loadsand deposition
was determinedmainly for centralLithuania. How-
ever, the highestratio betweercritical loadsandnitro-
gen depositionwas registeredin the southern,south-
eastern,southwesternand central parts of Lithuania
(630 egmi 2yri 1). The exceedancef reducednitro-
gencritical loadsfor ecosystemsvasnotregistered.

Thecritical load concepis widely usedasatool for
developing emissioncontrol policiesin Europe. The
mappingof critical loadsand exeedancegor sulphur
and nitrogento Lithuanianterrestrialecosystemsvas
performedto de ne most sensitve terrestrialecosys-
temsandprovide a quantatve informationasthe basis
of assessingf the stratgiesof emissionreductionfor
nitrogenandsulphuraresuccessful.
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SIEROSIR AZOTO JUNGINIU KRITINI U APKROVU LIETUV OS SAUSUMOS EKOSISTEMOMS
IVERTINIMAS

V. Ulevicius,S. Bycenkiere, K. Senuta

Fizikosinstitutas,Vilnius, Lietuva

Santrauka

Pateiktakiekybine sierosir azotojunginiu kritiniu apkrosu Lie-
tuvos ekosistemomsanaliz. Ivertinantazotojunginiu kritines ap-
krovasmiSku ekosistemomsaudotasnaesbalansanetodas|ei-
d iantis nustatytirajonus, kur tos apkrovos yra virSytos. Kriti-
niu apkrosu koncepcijayra placiai naudojamajeSkantpalankaus
susitarimotarp gamtosaugininyd ir vald ios instituciju, priiman-
ciu sprendimusdel terSall emisijos apribojimu. TerSal srauti
i ekosistemaskiekis bei kritiniu apkrosu Lietuvoje dydis nusta-

tytas vadovaujantis Tolimuju tarpwalstybinu oro terSal pernasi
korvencija. Apskaciuotasoksiduotossieroskritiniu apkrosu bei
bendronusedimo srautoskirtumas,kurio neigiamosreikSmes at-
spindi apkrosu virSijimus. Rasta,kad jos yra virSijamos pietu,
pietryciu, pietvakari bei kai kuriuoseSiauriniuose.ietuvos regio-
nuose.Ma iausiosoksiduotossieros,oksiduotoir redukuotoazoto
kritini u apkrosu beibendronusedimosrautoskirtumovertesnusta-
tytoscentriniamar kai kuriuoseSiauriniuosd.ietuvosregionuose.



