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Long-termobsenationsof atmosphericonstituentsuchasparticulatematter(PM) areincreasinglyimportantin evaluating
their adwerseeffects on humanhealthand climate. Time series(2005-2007)of the hourly massconcentrationof PM10
recordedat threeair quality monitoring (AQM) sitescharacterizedby a differentexposureto traf ¢ emissionsn Vilnius city
have beenusedfor theinvesticationof spatialandtemporalariationsaswell astheinputof pollutantsto PM10levelsby long-
rangetransportof air massesThe distribution plots of PM10 24-h meanmassconcentrationshaved a unimodallognormal
distribution with themodecenteredbn 34.4,21.6,and19.91 g=m?, respeciiely, atthetraf c-e xposed( irm unai),semi-urban
(Senamiestis)and urbanbackgroundLazdynai)sites. The differencebetweentraf c-e xposedand urbanbackgrounddata
indicatesaverageconcentratiorincrementof 12.51 g=m® of PM10. Site-speci ¢,cleardiurnalandseasonaluctuationswere
obseredfor PM10concentrationatall AQM sites. Two majorpollution episodesvhenPM1024-hmeanexceeded0! g=m?
weredifferentiated The rst one(25 April —15May 2006)wascharacterizethy thelong-rangdransporbf pollutantsemitted
by biomasshurningin southeasterkurope.In thesecondepisodg9-17Januar2009),highlevelsof PM10weredetermined,
tracingthe pollutedair masstransportfrom southwestertcuropewherelarge comhustionplantsareresponsibldor two thirds
of the EuropearUnion (EU) total sulphuremissions.

Keywords: PM10, massconcentrationstatisticalanalysis,intraurbanuniformity, long-rangetransport,air massbackward

doi:10.3952/lithjplys.49303

trajectories
PACS: 92.60.Mt,92.60.5292.20.Bk

1. Intr oduction

Particulatematter(PM) is a generaltermusedfor a
mixture of solid particlesandliquid droplets,in awide
rangeof sizeandchemicalcomposition,suspendeéh
the atmosphere. They may be emitted directly by a
source(primary particles)or canbe formedin the at-
mosphere(secondaryparticles) by transformationof

gaseougrecursoremittedfrom a variety of sources.

Primary particles, which may be coarseor ne, are
commonlyassociateavith comhustionsourcesnclud-
ing trafc, industry domesticheating,aswell assea
salt, pollen, volcanic emissions,and earth crust ma-
terials. Secondaryparticlesare ner and formed in
the atmospher¢hroughchemicalandphysical corver
sions of gaseousprecursorssuch as nitrogen oxides
(NOy), sulphurdioxide (SO,), volatile organic com-
pounds(VOCs), etc. The impactof ambientparticu-
late matteron public health,global climate,andlocal
visibility hasbeena longstandingconcernof the air
quality managemerfor communityandregulatoryau-
thorities. A large numberof epidemiologicalstudies
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have beenconductedvorldwide thatdemonstrateds-
sociationsdbetweenconcentration®f atmospheripar
ticlesof theaerodynamiaiametersmallerthan10t m
and excessedn daily mortality and morbidity, espe-
cially in urbanareas[1,2]. Scientic studiesshov
thatthereis a strongrelationbetweenPM anda series
of signi cant adwerseimpactson the ervironmentvia
reducedvisibility andchangesn the nutrientbalance
throughdepositionprocessesThe atmospherigartic-
ulate matterplaysanimportantrole in the tracemate-
rial cycle of the atmospherandmay in uence the at-
mospheriacchemistry PM hasclimate-forcingimpacts,
eithercontributing to or offsettingthe warmingeffects
of greenhousgasesand canalsoact ascondensation
nucleiin the cloud formation[3, 4]. Furthermoresec-
ondaryinorganic particleformationandtransporthave
beenstudiedfor decadessthey contritute to acidi -
cationof soils. Hence,for all theseissuesa thorough
knowledgeof the concentrationsf PM aswell astheir
sourcesandsinksis needed.Particlesmay presenti-
versephysical(size,surfaceareadensity number)and
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chemicalpatterngn differentareadueto alargenum-
ber of naturaland anthropogenisources.In addition
to thelocal andregionalanthropogeniparticulatemat-
ter emissionspoththe concentratiorand composition
of airbornePM dependon the climatology (tempera-
ture, humidity, solarradiation,rain scarengingpoten-
tial, re-circulationof air massesjynd on the geogra-
phy (topograply, soil cover, proximity to arid zonesor
to the coast)of a givenregion. Therefore,wide vari-
ationsin PM concentrationsand characteristicanay
be expectedwhen consideringEuropearregions such
asthe Mediterranearand Scandingian countrieswith
differentclimatologicandgeographicapatterns.Data
on particulatematterphysical andchemicalcharacter
istics and sourceapportionmenbf a wide variety of
sitesin Europemay be foundin Putaudet al. (2004)
[5] andvan Dingenenet al. (2004)[6]. However, the
currentEuropearinion (EU) limit value(LV) for air-
bornePM10comprisedbothanannuaimeanconcentra-
tion (40t g=m3) anddaily concentratiorof 50 g=m?3
which shouldnotbeexceedednorethan35daysayear
[7].

Atmosphericparticulatematterin Vilnius city may
originatefrom threepredominansourcesi. e. primary
comhustion particles(originating largely from motor
vehicles), secondaryparticles (arising from the oxi-
dation of SO,, NOy, and VOC) and dust/soil resus-
pensionprocesses.Previous measuremendatafrom
the air pollution studiesin Vilnius city have shovn
that 24 h meanconcentrationf various pollutants
(i. e. benzo(a)pgrene,total particulatematter carbon
monoxide)have sometimesexceededoermissiblelev-
els[8—10]. However, in Vilnius, whereemissiongrom
industrialsourcesand stationarycomhustionare mod-
est,themotorvehicles'contritutionhasbeenestimated
to representabout64% of the emissionsof particlesin
theareain 2006[11].

The main objectves of this studywere: (i) to esti-
mateanintraurbanvariationin PM10 massconcentra-
tions; (ii) to determinediurnaland monthly variations
in PM10 concentrations{iii) to evaluatethe impor
tanceof air massesbrigin for the PM10concentration
in Vilnius city.

2. Measurementsitesand methods

Spatialandtemporalvariationsof PM10within Vil-
niuscity wereinvestigatedusingthe datasetscollected
from threeair quality monitoring (AQM) sitesof the
Lithuanian Ervironment ProtectionAgeng/ during a
3-yearperiod(2005-2007)12,13]. TheseAQM sites

werechoserin orderto representinurbanbackground
(Lazdynai, residential)site, semi-urban(Senamiestis,
mixed residentialand commercial)site, and the site
with an intensive roadtrafc ow (irm unai) in Vil-
nius. The irm unaiair pollution monitoringstationis
locatedonKarekviu streetclose(aboutl50m) to oneof
thesigni cant andbusiestunctionsin Vilnius city with
thetrafc densityof 30,000—40,00@¢ehiclesper24 h.
Thesamplewassituatedatabout2 m from theedgeof
the curbsideandabout6 metresfrom the streetwith a
4-laneroadanda frequentcongestion.Brakingis fre-
guentnearthe measuremergite dueto the presencef
trafc lights onthenearesjunction.

The Senamiestigir pollution monitoring stationis
locatedin the old part of Vilnius, in a denselypopu-
lated areawith residentialand commercialbuildings.
The sampleris locatedin a square(K. Sirvydo) sur
roundedontwo sidesby streetgPiliesandSvarco)with
amoderatentensityof traf c.

The Lazdynaiair pollution monitoringstationis lo-
catedwithin aresidentialdistrict nearbythe TV tower
in arelatively openarea.Therearenoresidentiabuild-
ingsandheaily travelled streetswithin afew hundred
metresfrom the station. Thereare alsono signi cant
stationarysourceswithin 2—4km.

The massconcentrationof PM10 were obtained
with the automaticanalyzerausingeitherthe Environ-
ment PM101M monitors basedon the -attenuation
method (in irm unai and Lazdynai) or the tapered-
elemenbscillatingmicrobalanc€ TEOM) seriesl400a
monitor(at Senamiestis)Thedataof thetraf ¢ density
usedin this studyaretakenfrom [14].

The monitoring dataof PM10 concentrationsised
in this paperhave beenavailableoriginally on the ba-
sisof 1 h averages. The daily meansof PM10 have
beencalculatedromthel h averagesandwereusedfor
statisticalconsiderations For the calculationof daily
meansa minimum numberof 20 one-hourvalueswas
required,otherwisethe valuewasconsideredas miss-
ing. Logarithmsof all daily meansof PM10masscon-
centrationswere calculatedand after determiningthe
maximumand minimum valuesthe whole interval of
numericalvaluesof logarithmsof daily meanf PM10
concentrationsvasdividedinto 18 segments.The sey-
menthada valueof 101 g=m3. Later the numberof
concentratiorlogarithmscorrespondingo a particular
sggmentwasdividedby thenumericalvalueof this sey-
mentinterval. In sucha way, the densitydistribution
was obtained. Finally, the distribution mode,the av-
erageof modeconcentrationsandtheir standardde-
viation were determinedby the least-squaremethod.
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A morespeci ¢ explanationof applicationof the log-
normal distribution law canbe foundin the study by
Sakalysetal. (2004)[15].

The potentialsourceareaof PM10duringthelong-
range transport(LRT) episodeswas detectedusing
backwardair masdrajectories.72-hair masshackward
trajectoriesat heightsof 50, 1000, 1500 m above the
groundlevel were obtainedby the atmospherianodel
Hybrid Single-Rarticle LagrangiarintegratedTrajecto-
ries(HYSPLIT), version4 [16].

3. Resultsand discussion

3.1.Massconcentation of PM10andspatial
distribution patterns

The concentrationsf air pollutantsareusuallyran-
dom variablesand every areais a specialcase. The
lognormaldistribution is the mostpopulardistribution
usedfor tting theair pollutantconcentration.Distri-
butionsof pollutantconcentrationsneasuredh theen-
vironmentoften appearto be approximatelyunimodal
lognormalones[17,18]. As seenin Fig. 1, the PM10
concentrationdistribution has a rather similar shape
and canbe approximatedy unimodallognormaldis-
tributions at all threesites. The distribution plots of
PM1024-hmeanmassconcentrationshavedthe uni-
modallognormaldistribution with a modecenterecn
34.4,21.6,and19.9t g=mq, respectiely, atthetraf c-
exposed( irm unai),semi-urbar(Senamiestisgndur-
ban background(Lazdynai)sites. The occurrenceof
maximumfrequengy differsbetweerthetrafc siteand
two otherurbansites. A shift of maximumfrequeny
to the higher concentrationss obsenred at the trafc
site. The daily meansof PM10 concentrationgalling
in the rangeof 25.7-40.2t g=m3 constitutecthe dom-
inant fraction (75%) of total valuesat the irm unai
site, while it wasin the rangeof 16.4—-26.0and 16.0—
24.01 g=mq at SenamiestisndLazdynaisites,respec-
tively. The dataindicate that the EU limit value of
501 g=m? asa daily meanconcentratiorof PM10was
annuallyexceeded2, 15,and11 days,respectiely, at
trafc, semi-urbanandurbanbackgroundsites. The
exceedenceglablel) of thelimit valuemostoftenoc-
curredat the stationwith greatin uence of trafc dur
ing 2006when66 dayshaddaily meansof PM10con-
centrationshigherthan50* g=mq. The resultsof this
comparatre analysisindicatethat PM10 levels at the
irm unaisitescanbedistinguishedy suchafactoras
traf c intensity As seenn Tablel, PM10annuaimean
concentrationsary betweenl7.5and37.3t g=m? and
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Fig. 1. Frequenyg distributionsof 24-h averagePM10 concentra-

tions at 3 AQM sites(Vilnius) in the periodof 1 January2005—

31 DecembeR007(blacksolidline is distribution of concentration
logarithms,thin line marks2¥%intenals).

cover a relatvely narrav rangewith the inter-annual
variability not more than 30% at eachstation. Mete-

orological conditionsaffect PM concentrationsn the

atmospheréy determiningformation,dispersionand
removal of atmospherigollutants. Thus,yearto-year
variability in PM10 concentrations partly dueto the

inter annualmeteorologicalariability. PM10 annual
meanconcentrationdifferedmorefrom siteto site,the

lowestconcentrationsrereobseredattheurbanback-
groundsite (Lazdynai)andincreasedialuesweremea-
suredatthesemi-urbarsite (Senamiestis)Remarkably
higherPM10levelsdeterminedor thesitewith aheary

trafc (irm unai) point up a relatively high contriku-

tion from thetraf c.



326 D. SopauskiepandD. Jasineviciene/ LithuanianJ. Phys.49, 323—-334(2009)

Tablel. Annualmean standardieviation (SD), rangeof daily averagePM10mass
concentration* g=m®), and the exceedencegdays) of the EU 24-h PM10 limit
valueatthreesitesin Vilnius city.

2005 2006 2007
Sites Mean Min/max Mean Min/max Mean Min/max
(SD) exceedences (SD) exceedences (SD) exceedences
irm unai 33.1 5.9/192.0 37.3 6.2/130.5 32.2 5.1/122.0
(16.5) 44 (19.6) 66 (17.2) 47
Senamiestis  23.7 4.1/110.3 184 4.3/78.0 21.7 5.0/117.7
(11.8) 18 (8.4) 4 (13.0) 22
Lazdynai 21.9 4.4/83.3 20.9 4.1/99.2 17.5 3.8/82.9
(10.9) 15 (10.8) 11 (10.2) 7

The datashaw thatthe limit valueof the EU direc-
tive (PM10 annualmeanof 40 * g=m3) was not ex-
ceededat study sitesin Vilnius city. Variation of the
daily meansexpressedy the coefcients of variation,
i. e. the standarddeviation (SD) divided by the mean,
is very similar to an averageof 50-58%over that pe-
riod for the threesites. The differencefor the 1-year
meanconcentratiorof PM10 betweerthe urbanback-
groundandsemi-urbarsitesis from 1.8to 4.2 g=m?®.
Thesevaluesdemonstrateathersmall differencesand
supporttheideaof regional pollution by PM10andits
strongconnectiorto thelong-rangeransportof partic-
ulateandgaseougpollutantson theregionalscale[19].

Onthewhole,PM10levelsin Vilnius city werecon-
sistentwith thoseobtainedin Europearcities andcan
beascribedo siteswith lower annualaverageconcen-
trations. Van Dingenenet al. [6] reportedPM10 con-
centrationsf 27.5,25.1,and23.0* g=m? for threedif-
ferentsitesin London. Long-term(1998-2003PM10
annualmeansat the Finnish urbansitesrangedfrom
11 to 24 * g=m3 [20]. For PM10 concentrationsat
seseral urbanand rural sitesin SwitzerlandMonn et
al. [21] reported10-33 g=m3, Roosliet al. [22] re-
ported281 g=m3, andGehriget al. shaved[23] 22.5—
35.91 g=m®. A two to threefoldconcentratiorrange
(from 41 to 98 t g=m3) wasfound for PM10in Cen-
tral and EastEuropearcountries:Bulgaria, the Czech
Republic,Hungary, Poland,Romania,and Slovak Re-
public [24]. The concentrationsn the CzechRepub-
lic, Slovak Republic,and Hungary were considerably
higherthanthe Austriandata[1]. At urbanbackground
sites,the highestPM10 levels were obtainedin Spain
and Germany where the annual PM10 mean varied
from 2810 421 g=m3. At the otherurbanbackground
sitesPM10 levels reachedaround25 * g=m?3, with the
lowestvaluesrecordedn Sweden(17-23 g=m?). A
similarvariationwasfoundfor thetraf c-e xposedsites.
The highestannualmeansfor PM10 of 37-55! g=m?

wereobtainedin Austria, Germalry, andSpain. At the
trafc sitesin the Netherlandsand the United King-
domPM310concentratiorvariedfrom 30to 351 g=mq,
andfrom 26 to 51t g=m? in Sweden[25]. Marcaz-
zanetal. [26] reportedPM10winter concentrationsf
1031 g=m® and summerconcentration®f 68  g=m>
in Milan, Italy. The presenteddatafrom the citiesin
different partsof Europeshav that annualmeansfor
PM10 exceeding30 t g=m?® are quite typical of urban
ervironments.

Themethod[27], whichis frequentlyusedto derive
information aboutthe spatial uniformity of pollutant
concentrationsithin the study area,is the compari-
sonof PM10massconcentrationmeasureatthesites.
Three patternsof relationshipsbetweenPM10 daily
concentrationsneasuredn the samedaysfor Lazdy-
nai and irm unai, for Senamiesti@nd irm unai, for
LazdynaiandSenamiestisreillustratedin Fig. 2. The
dataof the relationshipbetweenPM10 concentrations
from the trafc site (irm unai) and the urban back-
groundsite (Lazdynai)(Fig. 2(a)) shawv a slopelarger
than 1.0, a positive massincrementof 12.61 g=m? of
PM10atthetrafc site andthe correlationcoefcient
r = 0.71. A similar pattern(Fig. 2(b)) was obsered
for therelationshipbetweerthe traf ¢ site (irm unai)
andthesimultaneouslyneasuredPM10concentrations
at the urbansite with moderatetrafc (Senamiestis).
The Lazdynaiand Senamiestisitesappearedo showv
a somavhat intermediatepattern(Fig. 2(c)), having a
slopecloseto 1.0, relatively slight positve PM10mass
incremenpf 3.11 g=m3 atthemoderatdraf c site,and
thecorrelationcoefcient r = 0.82. Rathersimilar av-
eragedor PM10concentrationsvertheperiodatthose
two sites(21.6 and 19.9* g=mq®) and a high correla-
tion betweerPM10valuessuggestegionally homoge-
neoussources.Theincremeniof PM10concentrations
betweerthe traf ¢ site andthe urbanbackgroundsite
canbe attributedto thelocal in uence of trafc onthe
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Fig. 2. Scatterplot andlinear regressionine between24-h aver-

agePM10 concentrationsneasuren the sameday at air quality
monitoringsites(Vilnius).

adjacenstreet.High andsigni cant (0.71- r - 0.82)
correlationcoefcients betweerthe daily averagecon-
centrationsof PM10 from three sitesshav relatively
uniform temporaldistribution of PM10 massconcen-
trationsin thecity.

In additionto correlationcoefcients, the calcula-
tion of the coefcient of divegence(COD) asa rel-
ative measureof PM concentratioruniformity within
the studyareais recommendedby Wilson et al. [28].
TheCOD is de ned mathematicallyasfollows:

v H T2
copy =t 27 i X

Xjj + Xik

1)

i=1
herex; andxi representhe 24-h averagePM con-
centratiorfor samplingdayi atsamplingsitesj andk,
andp is the numberof obsenations. A COD valueof
zeroor closeto zeroindicatessimilarity betweencon-
centrationsat the two investigatedsites,while a value
approachingone indicatesmaximum differencesand
absoluteheterogeneity The applicationof this proce-
dureto the PM10 daily datasetyieldedrelatively low
COD values(<0.25). Source-similarsites(Lazdynai
and Senamiestishada COD of 0.19,while Lazdynai
and irm unai sites, measuringPM10 concentrations
from differenttypesof sourcesyesultedin a COD of
0.23. This revealsthatthroughoutthe whole study pe-
riod the PM10 levels of all threesitesweremostlyin-
uenced by similar sourcesi. e. regionalemissionsor
long-rangetransport,and only to a certainextent by
site-speci clocalemissionswhichwereassumedo be
responsibldor the differencesn PM10 concentration
betweenthe irm unai and Lazdynaisites. The COD
valueof 0.19for LazdynaiandSenamiestigndicatesa
betteruniformity.

3.2.Diurnal andseasonadistribution patternsof
PM10massconcentations

In additionto spatialvariation,particulatematterhas
beenshown to uctuate over time [29]. Many urban
areasexperiencea diurnal cycle in air pollutantcon-
centrationsasanthropogenicourcesnake up a large
portion of measurecconcentrations.Over shortsam-
pling durationg(1 or 24 h), pollutantconcentration$or
differentsitesin a city will usually differ to a greater
degreethanmeasuremertdataaveragedverlongerpe-
riods. The diurnal variation of PM10 concentrations
depend®nthedayof theweek;we have selecteddata
for analysisfrom the working days(Monday—Friday)
and weelends (Saturday—Sunday).The diurnal pat-
ternsof PM10massconcentratiompreparedor eachof
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Fig. 3. Meandiurnalvariationof PM10concentratiomluringwork-
daysandweelendsat 3 AQM sitesin Vilnius duringthe periodof
1 Januan?005— 31 December007.

the threestudysitesareshavn in Fig. 3. Initially, the
numberof vehiclespassingthe samplingpoint at the
irm unaisite waslow, with 1300vehiclesh at 06:00
rising to 2500 vehiclesh from 08:00to 10:00, corre-
spondingto the morningrush-hours.Thetraf ¢ inten-
sity dynamicsat the irm unai site wasfoundin [19].
Theconcentrationsf PM10atthe irm unaisiteshov
a distinct daily variation causedby emissionchanges
stimulatedby vehiclesduring the day andthe disper
sion conditions. The concentrationgontinuouslyin-
creaseduring the morning rush hours, from approx-
imately 6:00 to 12:00, during working days. Subse-
guently the concentrationslecreasslowly duringthe
restdaytimehours,in somecasesalso shaving peak
valuesduring the afternoonrush hours,from approx-
imately 16:00to 18:00. The maximum (41t g=mq),
recordedat 10:00-12:00,is by approximately98%
higher than the daily minimum. The more moderate

diurnal variation of the PM10 concentrationss seen
onweelends;the maximum(29* g=m?3) is by approx-
imately 37% higherthanthe daily minimum. The di-
urnal patternsof PM10 massconcentratiorat Lazdy-
naiandSenamiestisitesaresimilarto thoseof irm u-
nai site, but variation of PM10 concentrationgs not
so signi cant. At all stationslower levels of PM10
are obsened on the weelendsthan during workdays.
TheweelendPM10levelswere,on average by 9 and
4 1 g=mq lower thanthe workday levels, respectiely,
atatrafc siteandanurbanbackgroundsite, andthis
givesindirect evidencethat the PM10 concentrations
areoriginatedmainly from local vehiculartransportoy
directemissionsand suspensiormf road dustparticles
from theroadsurfaces.The latter processs mostim-
portantduring early springwhentheroadsaredry and
the sandis not removed from roads,and the studded
tyresarenot removed from the vehicles. The correla-
tion betweenthe trafc density NOx and CO gases,
and the PM concentrationin cities has beeninvesti-
gatedin the studieg[30, 31] andby meansof receptor
modellingthe PM from the local traf ¢ could be suc-
cessfullyattributedto four sourcesexhaustroaddust,
brake wear and winter salting. Roughly half of the
road dustcould be attributed to asphaltwear or other
mineral dust sources. The other half mustbe dueto
tyre wearandprobablyothersourcesf organic mate-
rial. Figure4 presentgshe monthly mean,daily maxi-
mumandminimum concentrationef PM10measured
attrafc, urbanbackgroundandurbansitesfrom 2005
to 2007. At all threesitesthe highestmonthly PM10
levels were recordedin late winter and spring (from
Februaryto May). Corversely the lowestPM10 lev-
elsweremeasuredn summer Datashav muchlarger
uctuations of PM10daily concentrationsluringwin-
ter and springthanduring summerand, therefore the
exceedencesf the daily limit value of 50 * g=m? for
PM10were not evenly distributed over the yearat all
stations. Theseexceedencesvere more frequentin
March and April with hourly meanPM10 concentra-
tionsrising up to 200and130* g=m? at irm unaiand
Lazdynaisites,respectiely. The winter-springmaxi-
mumof PM10concentrationsanbe explainedby sea-
sonalchangen the meteorologicatonditions,suchas
wind speedwind direction,andrestrictedatmospheric
mixing conditions. It wasestablished9, 10] that seri-
ouspollution episodesn Vilnius city werenot gener
ally causedby the suddenincreasan the emissionof
pollutants,but resultedfrom the unfavourablemeteo-
rologicalconditionsthatin uence pollutantdispersion:
thewind speedanddirection,theboundarylayerdepth,
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Fig. 4. Monthly mean,daily minimum and maximumconcentra-

tions of PM10at all 3 sitesin Vilnius during the periodof 1 Jan-

uary 2005— 31 December2007. In rectangleds the numberof
exceedancesf the EU 24-hlimit valuefor PM100f 501 g=m?.

the verticaltemperaturgradient,andstability classof
the atmosphere.A limited dispersionduring periods
with low temperaturesausesigherPM10 concentra-
tions. Moreover, the springtimedry periodswith in-
creasinglemperaturedheating,and evaporationcause
the effective suspensiomf the dustaccumulatedrom
multiple sourcesto road surfacesandinitiate the ele-
vationof PM10concentrationsHowever, the synchro-
nizedday-to-dayariationat studysitesacrossVilnius
city pointsup the role of weatherpatternsin the for-
mation of pollution episodes.Overall, the masscon-
centrationsof PM10 were clearly higher at the traf-
¢ site (irm unai) wherethe local emissionfrom the
intensetrafc considerablycontritutesto a surplusof

the PM10burden. At the urbanbackgrouncandsemi-
urbansites,which arelessin uenced by trafc emis-
sion, the monthly meansof PM10arealmostthe same
and are lessthan half of thoseat the trafc site. The
seasonalityf PM10hasalsobeenprovedin anumber
of studieq23, 25,32].

3.3.Examinationof selected®M10pollution episodes
in Vilnius

As alreadymentionedabore, PM10 concentrations
in Vilnius city are in uenced by the combinationof
emissiorsourcesandmeteorologicatonditionswhich
causethe accumulationas well astransportof pollu-
tants. As shavn in the study[8] the concentratiorof
pollutantsincluding particulatemattercloseto theroad
is higherby factorof 8.1thanthatdeterminedcta40m
distancefrom the road and the spatial distribution of
PM10 concentrationgriginatingfrom local traf c oc-
curssubstantiallyon the microscal€(i. e. on a scaleof
tensor hundred=f metres).The atmospheridifetime
of PM10is of a magnitudeallowing it to be adwected
over distancesof several hundredsof kilometresand
to be accumulatedn air massover several daysusu-
ally during the stablehigh pressuresituations. There-
fore,asimultaneouincreasen PM10levelsatall three
sitesin Vilnius city may be associatedvith regional
episode®r with “external” contrikutionsby long-range
transportof pollutantsfrom theregionsin Europe.

Two typesof episodeswith simultaneousncrease
in PM10 daily valuesexceeding50 t g=m?® at the ur-
bantrafc andurbanbackgroundair quality monitor
ing sitesin Vilnius duringdifferentseasong 2006and
2009wereanalysed.

In spring of 2006, a large part of Europeexperi-
encededucedir qualityfor aprolongedoeriodof time
causedy emissiongrom agriculturalwasteburningin
easternEurope. This was causedby speci ¢ meteo-
rologicalconditionsthatresultedn thetransporiof re
plumeswell beyondthenorthernandwesterncontinen-
tal Europeupto high Arctic latitudes.For investication
of wild re areasdaily active re hot spotdetections
wereextractedfrom the MODerate-resolutiotmaging
SpectroradiometefMODIS) Rapid Responsesystem
[33,34].

Figure 5 shavs PM10 daily concentrationamea-
suredat urbanbackgroundandtrafc sitesin Vilnius
from 10 April to 8 May 2006, the MODIS produced
re map,andair massbackwardtrajectoriedo Vilnius.
Analysisof air masshackwardtrajectoriesand re map
con rmed that the long-rangetransportedpollutants
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emitted by biomassburning in southeasterriEurope
had a strongimpact on PM10 concentrationsn Vil-
nius in April-May of 2006. As shavn in Fig. 5, in
the periodof 29 April —4 May air massesrrivedfrom
the agriculturalwasteburning area(moving over Rus-
sia, the Ukraine, and Belarus),and an increasen the

PM10 concentrationsvas recordedon 29 April (76
and73t g=m° at irm unaiandLazdynaisites,respec-
tively). The PM10 daily valuesreacheda maximum
(130and99t g=m° at irm unaiandLazdynaisitesre-
spectiely) on 2 May 2006 and remainedat elevated
level until 7 May. On 7-8 May 2006 the Atlantic air

Fig. 5. () MODIS producedre mapduring25 April — 15 May 2006, (b) daily meanconcentrationsf PM10measuredttraf c andurban
backgroundsites,and(c) backward air massrajectoriesduringthe periodof 10 April —9 May 2006.
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Fig. 6. (a) Backwardair masdrajectoriesand(b) daily meanconcentrationsf PM10measureéttraf c andurbanbackgroundsitesduring
the periodof 9-17January2009.

massesvere adwectedtowards Vilnius city causinga
drop in PM10 concentrations. This episodewas ex-
tensvely reportedin paperd35,36]. Saariloski et al.
[37] shaved that PM10 concentrationsluring the pe-
riod of 25 April to 5 May 2006 werein the rangeof
68-81t g=m® atanurbanbackgroundsitein Helsinki.
Sevenurbansitesin EnglandandWales[38] registered
elevatedlevelsof PM10with maximumhourly concen-
trationsof 1631 g=m? at the Glasgav roadsidesite in
Scotlandandconcentrations 130t g=m?® at sevenur-
bansitesin EnglandandWalesfrom 8 to 10 May 2006.
Emissionsfrom agriculturalwasteburningin elds
andwild res deteriorateair quality over very large ar-
eas, even at the distanceof over 1000 km from the
re areas. Therefore,the smole from openbiomass
burningis animportantfactorin the deterioratiorof air
quality in Europeduringdry periodsin springandlate
summer In future, climate changemay increaseex-
trememeteorologicatonditions(e.g. dry heatwaves)

and smole episodesf more efcient re prevention
measurearenotimplemented.

The secondhighestPM10 level at the monitoring
sitesin Vilnius city wasrecordedduring the period of
13-15January2009. Daily meanPM10 levels were
in the rangeof 73-88and 70-105t g=m® at the ur-
ban backgroundand trafc sites, respectiely. Fig-
ure 6 depictsexamplesof typical situationswith long-
rangetransporfrom regionsin southerrPoland north-
ernMoravia (the CzechRepublic),andBulgariawhere
large comtustion plantsareresponsibldor two thirds
of EU total sulphuremissiong39] during 14—-15Jan-
uary 2009 coincidingwith high PM10 concentrations
in Vilnius city. Beforeandafterthis event,signi cantly
lower PM10 levels (< 30 t g=m?), when air masses'
o w was from the northwesterrEurope,wererelated
with local emissionsources.In previous studiesit has
beenshavn [40,41] that the air mass ow from the
southeasterhdirection dominatesin April and May,
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and south-southwesterlgirectionsare most frequent
duringwinter monthsandearly spring. In generalthe
air ows over the large areasourcesof SO, andNO;

emissionsn thesoutherrpartof Europecanbeconsid-
eredasa peculiarfeatureof transportof air pollutants
to the Lithuanianterritory.

4. Conclusions

The distribution plots of PM10 24-h mean mass
concentrationsshaved the unimodal lognormal dis-
tribution with a mode centeredon 34.4, 21.6, and
19.91 g=m?3, respectiely, at the traf c-e xposed(ir -
munai), semi-urban(Senamiestis),and urban back-
ground(Lazdynai)sitesin Vilnius city.

High andsigni cant (0.71< r < 0.82)correlation
coefcients betweenthe 24-h meanconcentration®f
PM10 from three sites shav relatively uniform tem-
poral distribution of PM10 massconcentrationsn the
city. Thisimpliesthatthroughoutthe whole studype-
riod the PM10 levels of all threesitesweremaostlyin-
uenced by similar sources(e.g. regional emissions
or long-rangeransportlandonly to a certainextentby
site-speci clocalemissionsinter-sitedatacomparison
shaws that highestconcentration®f PM10 have been
obsenedatthetraf c-e xposedsite andthelowestones
at an urbanbackgroundsite. The roadsideincrement
in PM10 massconcentratiorof 12.6* g=m® hasbeen
obsered from pairedtraf c-e xposedand urbanback-
groundsitesand may be attributedto vehicle exhaust
emissionsandto other sourcessuchas resuspension,
bralkesandtyre wear

Diurnal cycles displayeda morning maximum in
PM10 concentrationgorrelatingwith the onsetof ve-
hicle actiity ontheroad.Monthly averagedtoncentra-
tions of PM10 were generallyhigherduring late win-
ter and spring (from Februaryto May) at threesites.
Corversely the lowest PM10 levels are measuredn
summer PM10 levels (annualmeanconcentration)n
Vilnius city rangedfrom 17.5to0 37.3t g=m°. The EU
limit valueof 501 g=m?3 for PM10(24-hmean)wasex-
ceededmorethan35 daysannuallyonly at the traf c-
exposedsite (irm unai) andthis exceedencavasless
than 35 daysat the urbanbackgroundLazdynai)and
semi-urban(Senamiestis$ites.

Thesimultaneouincreasen PM10daily valuesex-
ceedings0t g=m® atthreesitesin Vilnius city wasre-
lated to “external” contritution of pollutantsby long-
rangetransportfrom openbiomassburningin eastern
Europeandfrom ordinaryanthropogenisourcege.g.

D. SopauskiepandD. Jasineviciene/ LithuanianJ. Phys.49, 323—-334(2009)

enegy productiontrafc, industry andwoodcomlus-
tion) in westernEurope.
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AEROZOLIO DALELI U (< 10* m) KONCENTRACIJOS VILNIUJE KAIT A

D. Sopauskiee, D. Jasingiciere

Fizikosinstitutas,Vilnius, Lietuva

Santrauka

Per pastaruosiukelis deSimtmeius pastebimaidideja moks-
liniu publikaciju, kurioseivairiais aspektaigateikiamiduomerys
apieatmosferoserozoliodaleleq5, 6]. Del savo zini u ir chemi-
niu savybiu ivairovesjos tiesiogiaiveikia daugel atmosferogpro-
cesl, tuo peciu globalu ir regiono klimata [4]. Be to, nustatytas
rySystarp aerozoliodaleliu koncentracijodr moniu segamumo
bei mirtingumo,ypac urbanizuotuoseajonuosg2]. Aerozolioda-
leliu sarybesir koncentracijakinta laike ir erdweje priklausomai
nuo ju emisijosSaltiniu tipo, stiprio ir geogra nesvietos. Taigi,
ivairiais aspektaisvykdomi aerozoliodaleliu tyrimai skirtingose
pasauliovietoseyra labaiaktualisir da naiijungiamii ivairiu pa-
saulinu progranu suceti [19,24, 25]. PagrindinisSio darbotiks-
las buvo nustatytiaerozoliodaleliu, kuriu skersmuoyra ma esnis
neil0! m, maseskoncentracijogrdviressklaidosVilniausmieste
ypatumusparosr sezonir jos kaitabeiivertinti toli esarciu tarSos
Saltiniu poveiki. Triju oro kokybestyrimu stociu Vilniuje aerozolio
daleliu mass koncentracijosduomerys paimti i$ Lietuvos aplin-
kos apsaugosigentirosinternetopuslapio[13]. Pasirinktosesto-
tyse nenutukstamaimatuojamosore aerozoliodaleliu koncentra-
cijos: esantintensyviamtransportoeismuiKareviu gatveje (ir -
munuose) gausiai moniu lankomameir tankiai gyvenamamea-
jone (Senamiestyje)r atokiaunuo intensy\austransportoeismo
gatviu bei stacionani tarSosSaltiniu esarciamegyvenamajamea-
jone(Lazdynuose).

Atlikus statistire 2005—-2007m. aerozoliodaleliu 24 val. (t.y.
paros)vidutiniu masskoncentracij analiz, nustatytakadvisose
trijose oro kokybestyrimo vietosegautusduomenisgerai apraso
lognormalinispasiskirstymasturintis tik po viena moda, kuri ir -
munuose,Senamiestyjér Lazdynuoseatitinkamaiyra 34,4,21,6
ir 19,9t g=m*. Dideli koreliacijoskoe cientai (0,71< r < 0,82)
supatikimumup > 0,99,gauti lyginantaerozoliodaleliu koncent-
racijasdviejoseju matavimo stotyse(2 pav.), rodo ganavienoch
ju parosvidutiniu koncentracij eiga ir tai, kad aerozoliodale-
liu koncentracijademia tie patystarSossaltiniai (lokaline terSal
emisijabei ju pernasas tolimesnu regionu). Taciau irm unuose
12,5t g=m? vidutini$kaididesresnei Lazdynuosér Senamiestyje
(2(a,b) pav.) aerozoliodaleliu koncentracijogodo vietinio tarsos
Saltinio (autotransportoitaka. Lazdynuosanatuojamosaerozolio
daleliu koncentracijogali buti traktuojamoskaip Vilniaus miesto
fonineskoncentracijosVisosematasimo stotyseaerozoliodaleliu
koncentracijosurejoir paros,r sezonimsand. Didesreskoncent-
racijosbuvo budingoslaikotarpiuinuovasarioiki gegu esmen.,o
ma iausios— vasaa.

Nagrirejantdviejosestotysevienumetusteletusdu (5ir 6 pav.)
dideliu aerozoliodaleliu koncentracij (> 50,0t g=m®) atvejusir
analizeipanaudojusitgalinesoro masu pernasos Vilniu trajekto-
rijas, nustatyta kad aerozoliodaleliu dideleskoncentracijaseme
terSalaiatnestis pietrytinesir pietvakariresEuroposemisijosSal-
tiniu.



