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Long-termobservationsof atmosphericconstituentssuchasparticulatematter(PM) areincreasinglyimportantin evaluating
their adverseeffects on humanhealthand climate. Time series(2005–2007)of the hourly massconcentrationsof PM10
recordedat threeair quality monitoring(AQM) sitescharacterizedby a differentexposureto traf�c emissionsin Vilnius city
havebeenusedfor theinvestigationof spatialandtemporalvariationsaswell astheinputof pollutantsto PM10levelsby long-
rangetransportof air masses.Thedistribution plotsof PM1024-hmeanmassconcentrationsshoweda unimodallognormal
distributionwith themodecenteredon34.4,21.6,and19.9¹ g=m3 , respectively, at thetraf�c-exposed(�irm ūnai),semi-urban
(Senamiestis),andurbanbackground(Lazdynai)sites. The differencebetweentraf�c-exposedandurbanbackgrounddata
indicatesaverageconcentrationincrementof 12.5¹ g=m3 of PM10.Site-speci�c,cleardiurnalandseasonal�uctuationswere
observedfor PM10concentrationsatall AQM sites.Two majorpollutionepisodeswhenPM1024-hmeanexceeded50¹ g=m3

weredifferentiated.The�rst one(25April – 15May 2006)wascharacterizedby thelong-rangetransportof pollutantsemitted
by biomassburningin southeasternEurope.In thesecondepisode(9–17January2009),high levelsof PM10weredetermined,
tracingthepollutedair masstransportfrom southwesternEuropewherelargecombustionplantsareresponsiblefor two thirds
of theEuropeanUnion (EU) total sulphuremissions.

Keywords: PM10, massconcentration,statisticalanalysis,intraurbanuniformity, long-rangetransport,air massbackward
trajectories
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1. Intr oduction

Particulatematter(PM) is a generaltermusedfor a
mixtureof solidparticlesandliquid droplets,in awide
rangeof sizeandchemicalcomposition,suspendedin
the atmosphere.They may be emitteddirectly by a
source(primary particles)or canbe formedin the at-
mosphere(secondaryparticles)by transformationof
gaseousprecursorsemittedfrom a variety of sources.
Primary particles,which may be coarseor �ne, are
commonlyassociatedwith combustionsourcesinclud-
ing traf�c, industry, domesticheating,as well as sea
salt, pollen, volcanic emissions,and earthcrust ma-
terials. Secondaryparticlesare �ner and formed in
theatmospherethroughchemicalandphysicalconver-
sions of gaseousprecursorssuch as nitrogen oxides
(NOx ), sulphurdioxide (SO2), volatile organic com-
pounds(VOCs),etc. The impactof ambientparticu-
late matteron public health,global climate,andlocal
visibility hasbeena longstandingconcernof the air
qualitymanagementfor communityandregulatoryau-
thorities. A large numberof epidemiologicalstudies

have beenconductedworldwidethatdemonstratedas-
sociationsbetweenconcentrationsof atmosphericpar-
ticlesof theaerodynamicdiametersmallerthan10 ¹ m
and excessesin daily mortality and morbidity, espe-
cially in urban areas[1,2]. Scienti�c studiesshow
that thereis a strongrelationbetweenPM anda series
of signi�cant adverseimpactson the environmentvia
reducedvisibility andchangesin the nutrientbalance
throughdepositionprocesses.Theatmosphericpartic-
ulatematterplaysan importantrole in the tracemate-
rial cycle of theatmosphereandmay in�uence theat-
mosphericchemistry. PM hasclimate-forcingimpacts,
eithercontributing to or offsettingthewarmingeffects
of greenhousegasesandcanalsoact ascondensation
nuclei in thecloudformation[3,4]. Furthermore,sec-
ondaryinorganicparticleformationandtransporthave
beenstudiedfor decadesasthey contribute to acidi�-
cationof soils. Hence,for all theseissuesa thorough
knowledgeof theconcentrationsof PM aswell astheir
sourcesandsinksis needed.Particlesmaypresentdi-
versephysical(size,surfacearea,density, number)and
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chemicalpatternsin differentareasdueto a largenum-
ber of naturalandanthropogenicsources.In addition
to thelocalandregionalanthropogenicparticulatemat-
ter emissions,both theconcentrationandcomposition
of airbornePM dependon the climatology (tempera-
ture, humidity, solarradiation,rain scavengingpoten-
tial, re-circulationof air masses)and on the geogra-
phy (topography, soil cover, proximity to arid zonesor
to the coast)of a given region. Therefore,wide vari-
ations in PM concentrationsand characteristicsmay
be expectedwhenconsideringEuropeanregionssuch
astheMediterraneanandScandinavian countrieswith
differentclimatologicandgeographicalpatterns.Data
on particulatematterphysicalandchemicalcharacter-
istics and sourceapportionmentof a wide variety of
sitesin Europemay be found in Putaudet al. (2004)
[5] andvan Dingenenet al. (2004)[6]. However, the
currentEuropeanUnion (EU) limit value(LV) for air-
bornePM10comprisesbothanannualmeanconcentra-
tion (40 ¹ g=m3) anddaily concentrationof 50 ¹ g=m3

whichshouldnotbeexceededmorethan35daysayear
[7].

Atmosphericparticulatematterin Vilnius city may
originatefrom threepredominantsources,i. e. primary
combustion particles(originating largely from motor
vehicles), secondaryparticles(arising from the oxi-
dation of SO2, NOx , and VOC) and dust/soil resus-
pensionprocesses.Previous measurementdatafrom
the air pollution studiesin Vilnius city have shown
that 24 h meanconcentrationsof various pollutants
(i. e. benzo(a)pyrene,total particulatematter, carbon
monoxide)have sometimesexceededpermissiblelev-
els[8–10]. However, in Vilnius, whereemissionsfrom
industrialsourcesandstationarycombustionaremod-
est,themotorvehicles'contributionhasbeenestimated
to representabout64%of theemissionsof particlesin
theareain 2006[11].

The main objectivesof this studywere: (i) to esti-
mateanintraurbanvariationin PM10massconcentra-
tions; (ii) to determinediurnalandmonthlyvariations
in PM10 concentrations;(iii) to evaluatethe impor-
tanceof air masses'origin for thePM10concentration
in Vilnius city.

2. Measurementsitesand methods

Spatialandtemporalvariationsof PM10within Vil-
niuscity wereinvestigatedusingthedatasetscollected
from threeair quality monitoring (AQM) sitesof the
Lithuanian Environment ProtectionAgency during a
3-yearperiod(2005–2007)[12,13]. TheseAQM sites

werechosenin orderto representanurbanbackground
(Lazdynai, residential)site, semi-urban(Senamiestis,
mixed residentialand commercial)site, and the site
with an intensive road traf�c �o w (�irm ūnai) in Vil-
nius. The �irm ūnaiair pollution monitoringstationis
locatedonKareivi �u streetclose(about150m) to oneof
thesigni�cant andbusiestjunctionsin Vilnius city with
the traf�c densityof 30,000–40,000vehiclesper24 h.
Thesamplerwassituatedatabout2 m from theedgeof
thecurbsideandabout6 metresfrom thestreetwith a
4-laneroadanda frequentcongestion.Braking is fre-
quentnearthemeasurementsitedueto thepresenceof
traf�c lightson thenearestjunction.

The Senamiestisair pollution monitoringstationis
locatedin the old part of Vilnius, in a denselypopu-
lated areawith residentialand commercialbuildings.
The sampleris locatedin a square(K. Sirvydo) sur-
roundedontwosidesbystreets(PiliesandŠvarco)with
amoderateintensityof traf�c.

TheLazdynaiair pollution monitoringstationis lo-
catedwithin a residentialdistrict nearbytheTV tower
in arelatively openarea.Therearenoresidentialbuild-
ingsandheavily travelledstreetswithin a few hundred
metresfrom the station. Therearealsono signi�cant
stationarysourceswithin 2–4km.

The massconcentrationsof PM10 were obtained
with theautomaticanalyzersusingeithertheEnviron-
ment PM101M monitors basedon the ¯ -attenuation
method(in �irm ūnai and Lazdynai) or the tapered-
elementoscillatingmicrobalance(TEOM)series1400a
monitor(atSenamiestis).Thedataof thetraf�c density
usedin thisstudyaretakenfrom [14].

The monitoring dataof PM10 concentrationsused
in this paperhave beenavailableoriginally on the ba-
sis of 1 h averages. The daily meansof PM10 have
beencalculatedfromthe1 h averagesandwereusedfor
statisticalconsiderations.For the calculationof daily
meansa minimumnumberof 20 one-hourvalueswas
required,otherwisethe valuewasconsideredasmiss-
ing. Logarithmsof all daily meansof PM10masscon-
centrationswere calculatedand after determiningthe
maximumandminimum valuesthe whole interval of
numericalvaluesof logarithmsof daily meansof PM10
concentrationswasdividedinto 18 segments.Theseg-
menthada valueof 10 ¹ g=m3. Later, the numberof
concentrationlogarithmscorrespondingto a particular
segmentwasdividedby thenumericalvalueof thisseg-
ment interval. In sucha way, the densitydistribution
was obtained. Finally, the distribution mode,the av-
eragesof modeconcentrations,andtheir standardde-
viation weredeterminedby the least-squaresmethod.
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A morespeci�c explanationof applicationof the log-
normaldistribution law canbe found in the studyby
Šakalysetal. (2004)[15].

Thepotentialsourceareaof PM10duringthe long-
range transport (LRT) episodeswas detectedusing
backwardair masstrajectories.72-hair massbackward
trajectoriesat heightsof 50, 1000,1500m above the
groundlevel wereobtainedby the atmosphericmodel
Hybrid Single-ParticleLagrangianIntegratedTrajecto-
ries(HYSPLIT), version4 [16].

3. Resultsand discussion

3.1.Massconcentrationof PM10andspatial
distributionpatterns

Theconcentrationsof air pollutantsareusuallyran-
dom variablesand every areais a specialcase. The
lognormaldistribution is themostpopulardistribution
usedfor �tting the air pollutantconcentration.Distri-
butionsof pollutantconcentrationsmeasuredin theen-
vironmentoftenappearto beapproximatelyunimodal
lognormalones[17,18]. As seenin Fig. 1, the PM10
concentrationdistribution has a rather similar shape
andcanbe approximatedby unimodallognormaldis-
tributions at all threesites. The distribution plots of
PM1024-hmeanmassconcentrationsshowedtheuni-
modallognormaldistribution with a modecenteredon
34.4,21.6,and19.9¹ g=m3, respectively, at thetraf�c-
exposed(�irm ūnai),semi-urban(Senamiestis),andur-
ban background(Lazdynai)sites. The occurrenceof
maximumfrequency differsbetweenthetraf�c siteand
two otherurbansites. A shift of maximumfrequency
to the higher concentrationsis observed at the traf�c
site. The daily meansof PM10 concentrationsfalling
in therangeof 25.7–40.2¹ g=m3 constitutedthedom-
inant fraction (75%) of total valuesat the �irm ūnai
site, while it wasin the rangeof 16.4–26.0and16.0–
24.0¹ g=m3 at SenamiestisandLazdynaisites,respec-
tively. The data indicate that the EU limit value of
50 ¹ g=m3 asa daily meanconcentrationof PM10was
annuallyexceeded52,15,and11 days,respectively, at
traf�c, semi-urban,andurbanbackgroundsites. The
exceedences(Table1) of thelimit valuemostoftenoc-
curredat thestationwith greatin�uence of traf�c dur-
ing 2006when66 dayshaddaily meansof PM10con-
centrationshigherthan50 ¹ g=m3. The resultsof this
comparative analysisindicatethat PM10 levels at the
�irm ūnaisitescanbedistinguishedby sucha factoras
traf�c intensity. As seenin Table1,PM10annualmean
concentrationsvary between17.5and37.3¹ g=m3 and

Fig. 1. Frequency distributionsof 24-h averagePM10 concentra-
tions at 3 AQM sites(Vilnius) in the periodof 1 January2005–
31December2007(blacksolid line is distributionof concentration

logarithms,thin line marks2¾intervals).

cover a relatively narrow rangewith the inter-annual
variability not more than30% at eachstation. Mete-
orological conditionsaffect PM concentrationsin the
atmosphereby determiningformation,dispersion,and
removal of atmosphericpollutants.Thus,year-to-year
variability in PM10 concentrationis partly dueto the
inter annualmeteorologicalvariability. PM10 annual
meanconcentrationsdifferedmorefrom siteto site,the
lowestconcentrationswereobservedat theurbanback-
groundsite(Lazdynai)andincreasedvaluesweremea-
suredatthesemi-urbansite(Senamiestis).Remarkably
higherPM10levelsdeterminedfor thesitewith aheavy
traf�c (�irm ūnai) point up a relatively high contribu-
tion from thetraf�c.
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Table1. Annualmean,standarddeviation (SD), rangeof daily averagePM10mass
concentration(¹ g=m3), and the exceedences(days)of the EU 24-h PM10 limit

valueat threesitesin Vilnius city.

2005 2006 2007
Sites Mean Min/max Mean Min/max Mean Min/max

(SD) exceedences (SD) exceedences (SD) exceedences

�irm ūnai 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 18.4 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

Thedatashow that the limit valueof theEU direc-
tive (PM10 annualmeanof 40 ¹ g=m3) was not ex-
ceededat studysitesin Vilnius city. Variationof the
daily meansexpressedby thecoef�cients of variation,
i. e. the standarddeviation (SD) dividedby the mean,
is very similar to an averageof 50–58%over that pe-
riod for the threesites. The differencefor the 1-year
meanconcentrationof PM10betweentheurbanback-
groundandsemi-urbansitesis from 1.8 to 4.2 ¹ g=m3.
Thesevaluesdemonstraterathersmalldifferencesand
supporttheideaof regionalpollution by PM10andits
strongconnectionto thelong-rangetransportof partic-
ulateandgaseouspollutantson theregionalscale[19].

Onthewhole,PM10levelsin Vilnius city werecon-
sistentwith thoseobtainedin Europeancities andcan
beascribedto siteswith lower annualaverageconcen-
trations. VanDingenenet al. [6] reportedPM10con-
centrationsof 27.5,25.1,and23.0¹ g=m3 for threedif-
ferentsitesin London.Long-term(1998–2003)PM10
annualmeansat the Finnish urbansitesrangedfrom
11 to 24 ¹ g=m3 [20]. For PM10 concentrationsat
several urbanand rural sites in SwitzerlandMonn et
al. [21] reported10–33¹ g=m3, Roosli et al. [22] re-
ported28 ¹ g=m3, andGehriget al. showed[23] 22.5–
35.9 ¹ g=m3. A two to threefoldconcentrationrange
(from 41 to 98 ¹ g=m3) was found for PM10 in Cen-
tral andEastEuropeancountries:Bulgaria, theCzech
Republic,Hungary, Poland,Romania,andSlovak Re-
public [24]. The concentrationsin the CzechRepub-
lic, Slovak Republic,andHungary wereconsiderably
higherthantheAustriandata[1]. At urbanbackground
sites,the highestPM10 levels wereobtainedin Spain
and Germany where the annualPM10 mean varied
from 28 to 42 ¹ g=m3. At theotherurbanbackground
sitesPM10 levels reachedaround25 ¹ g=m3, with the
lowestvaluesrecordedin Sweden(17–23¹ g=m3). A
similarvariationwasfoundfor thetraf�c-exposedsites.
The highestannualmeansfor PM10 of 37–55¹ g=m3

wereobtainedin Austria,Germany, andSpain.At the
traf�c sites in the Netherlandsand the United King-
domPM10concentrationvariedfrom 30 to 35 ¹ g=m3,
and from 26 to 51 ¹ g=m3 in Sweden[25]. Marcaz-
zanet al. [26] reportedPM10winter concentrationsof
103 ¹ g=m3 andsummerconcentrationsof 68 ¹ g=m3

in Milan, Italy. The presenteddatafrom the cities in
differentpartsof Europeshow that annualmeansfor
PM10 exceeding30 ¹ g=m3 arequite typical of urban
environments.

Themethod[27], which is frequentlyusedto derive
information about the spatialuniformity of pollutant
concentrationswithin the study area,is the compari-
sonof PM10massconcentrationsmeasuredatthesites.
Three patternsof relationshipsbetweenPM10 daily
concentrationsmeasuredon thesamedaysfor Lazdy-
nai and �irm ūnai, for Senamiestisand �irm ūnai, for
LazdynaiandSenamiestisareillustratedin Fig. 2. The
dataof the relationshipbetweenPM10 concentrations
from the traf�c site (�irm ūnai) and the urban back-
groundsite (Lazdynai)(Fig. 2(a)) show a slopelarger
than1.0, a positive massincrementof 12.6¹ g=m3 of
PM10 at the traf�c site andthe correlationcoef�cient
r = 0.71. A similar pattern(Fig. 2(b)) wasobserved
for the relationshipbetweenthe traf�c site (�irm ūnai)
andthesimultaneouslymeasuredPM10concentrations
at the urbansite with moderatetraf�c (Senamiestis).
The LazdynaiandSenamiestissitesappearedto show
a somewhat intermediatepattern(Fig. 2(c)), having a
slopecloseto 1.0,relatively slightpositivePM10mass
incrementof 3.1¹ g=m3 atthemoderatetraf�c site,and
thecorrelationcoef�cient r = 0.82.Rathersimilar av-
eragesfor PM10concentrationsovertheperiodatthose
two sites(21.6 and 19.9 ¹ g=m3) and a high correla-
tion betweenPM10valuessuggestregionallyhomoge-
neoussources.Theincrementof PM10concentrations
betweenthe traf�c site andthe urbanbackgroundsite
canbeattributedto thelocal in�uence of traf�c on the
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Fig. 2. Scatterplot andlinear regressionline between24-h aver-
agePM10concentrationsmeasuredon thesamedayat air quality

monitoringsites(Vilnius).

adjacentstreet.High andsigni�cant (0.71· r · 0.82)
correlationcoef�cients betweenthedaily averagecon-
centrationsof PM10 from threesitesshow relatively
uniform temporaldistribution of PM10 massconcen-
trationsin thecity.

In addition to correlationcoef�cients, the calcula-
tion of the coef�cient of divergence(COD) as a rel-
ative measureof PM concentrationuniformity within
the studyareais recommendedby Wilson et al. [28].
TheCODis de�ned mathematicallyasfollows:

CODj k =

vu
u
t 1

p

pX

i =1

µ
x ij ¡ x ik

x ij + x ik

¶ 2

; (1)

herex ij andx ik representthe 24-h averagePM con-
centrationfor samplingdayi atsamplingsitesj andk,
andp is thenumberof observations.A COD valueof
zeroor closeto zeroindicatessimilarity betweencon-
centrationsat the two investigatedsites,while a value
approachingone indicatesmaximumdifferencesand
absoluteheterogeneity. The applicationof this proce-
dure to the PM10 daily datasetyieldedrelatively low
COD values(< 0.25). Source-similarsites(Lazdynai
andSenamiestis)hada COD of 0.19,while Lazdynai
and �irm ūnai sites, measuringPM10 concentrations
from different typesof sources,resultedin a COD of
0.23. This revealsthat throughoutthewholestudype-
riod thePM10 levelsof all threesitesweremostly in-
�uencedby similar sources,i. e. regionalemissionsor
long-rangetransport,and only to a certainextent by
site-speci�clocalemissions,whichwereassumedto be
responsiblefor the differencesin PM10 concentration
betweenthe �irm ūnai andLazdynaisites. The COD
valueof 0.19for LazdynaiandSenamiestisindicatesa
betteruniformity.

3.2.Diurnal andseasonaldistributionpatternsof
PM10massconcentrations

In additionto spatialvariation,particulatematterhas
beenshown to �uctuate over time [29]. Many urban
areasexperiencea diurnal cycle in air pollutant con-
centrations,asanthropogenicsourcesmake up a large
portion of measuredconcentrations.Over shortsam-
pling durations(1 or 24h), pollutantconcentrationsfor
differentsitesin a city will usuallydiffer to a greater
degreethanmeasurementdataaveragedoverlongerpe-
riods. The diurnal variation of PM10 concentrations
dependson thedayof theweek;we have selecteddata
for analysisfrom the working days(Monday–Friday)
and weekends(Saturday–Sunday).The diurnal pat-
ternsof PM10massconcentrationpreparedfor eachof
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Fig.3. Meandiurnalvariationof PM10concentrationduringwork-
daysandweekendsat 3 AQM sitesin Vilnius duringtheperiodof

1 January2005– 31December2007.

the threestudysitesareshown in Fig. 3. Initially, the
numberof vehiclespassingthe samplingpoint at the
�irm ūnai site waslow, with 1300vehicles=h at 06:00
rising to 2500vehicles=h from 08:00to 10:00,corre-
spondingto themorningrush-hours.Thetraf�c inten-
sity dynamicsat the �irm ūnai site wasfound in [19].
Theconcentrationsof PM10at the�irm ūnaisiteshow
a distinct daily variationcausedby emissionchanges
stimulatedby vehiclesduring the day andthe disper-
sion conditions. The concentrationscontinuouslyin-
creaseduring the morning rush hours, from approx-
imately 6:00 to 12:00, during working days. Subse-
quently, theconcentrationsdecreaseslowly during the
restdaytimehours,in somecasesalsoshowing peak
valuesduring the afternoonrushhours,from approx-
imately 16:00 to 18:00. The maximum(41 ¹ g=m3),
recordedat 10:00–12:00,is by approximately98%
higher than the daily minimum. The more moderate

diurnal variation of the PM10 concentrationsis seen
on weekends;themaximum(29 ¹ g=m3) is by approx-
imately 37% higherthanthe daily minimum. The di-
urnal patternsof PM10 massconcentrationat Lazdy-
naiandSenamiestissitesaresimilar to thoseof �irm ū-
nai site, but variation of PM10 concentrationsis not
so signi�cant. At all stationslower levels of PM10
areobserved on the weekendsthanduring workdays.
TheweekendPM10levelswere,on average,by 9 and
4 ¹ g=m3 lower thanthe workdaylevels, respectively,
at a traf�c siteandanurbanbackgroundsite,andthis
gives indirect evidencethat the PM10 concentrations
areoriginatedmainly from localvehiculartransportby
direct emissionsandsuspensionof roaddustparticles
from theroadsurfaces.The latterprocessis mostim-
portantduringearlyspringwhentheroadsaredry and
the sandis not removed from roads,and the studded
tyresarenot removed from the vehicles.The correla-
tion betweenthe traf�c density, NOx and CO gases,
and the PM concentrationin cities hasbeeninvesti-
gatedin the studies[30,31] andby meansof receptor
modellingthe PM from the local traf�c could be suc-
cessfullyattributedto four sources:exhaust,roaddust,
brake wear, and winter salting. Roughly half of the
roaddustcould be attributedto asphaltwearor other
mineral dust sources. The other half must be due to
tyre wearandprobablyothersourcesof organicmate-
rial. Figure4 presentsthemonthlymean,daily maxi-
mumandminimumconcentrationsof PM10measured
at traf�c, urbanbackground,andurbansitesfrom 2005
to 2007. At all threesitesthe highestmonthly PM10
levels were recordedin late winter and spring (from
Februaryto May). Conversely, the lowestPM10 lev-
elsweremeasuredin summer. Datashow muchlarger
�uctuationsof PM10daily concentrationsduringwin-
ter andspringthanduring summerand,therefore,the
exceedencesof the daily limit valueof 50 ¹ g=m3 for
PM10 werenot evenly distributedover the yearat all
stations. Theseexceedenceswere more frequent in
March andApril with hourly meanPM10 concentra-
tionsrising up to 200and130¹ g=m3 at �irm ūnaiand
Lazdynaisites,respectively. The winter–springmaxi-
mumof PM10concentrationscanbeexplainedby sea-
sonalchangein themeteorologicalconditions,suchas
wind speed,wind direction,andrestrictedatmospheric
mixing conditions.It wasestablished[9,10] thatseri-
ouspollution episodesin Vilnius city werenot gener-
ally causedby the suddenincreasein the emissionof
pollutants,but resultedfrom the unfavourablemeteo-
rologicalconditionsthatin�uencepollutantdispersion:
thewind speedanddirection,theboundarylayerdepth,
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Fig. 4. Monthly mean,daily minimum andmaximumconcentra-
tions of PM10 at all 3 sitesin Vilnius during the periodof 1 Jan-
uary 2005 – 31 December2007. In rectanglesis the numberof

exceedancesof theEU 24-hlimit valuefor PM10of 50 ¹ g=m3 .

thevertical temperaturegradient,andstability classof
the atmosphere.A limited dispersionduring periods
with low temperaturescauseshigherPM10concentra-
tions. Moreover, the springtimedry periodswith in-
creasingtemperatures,heating,andevaporationcause
theeffective suspensionof thedustaccumulatedfrom
multiple sourcesto roadsurfacesand initiate the ele-
vationof PM10concentrations.However, thesynchro-
nizedday-to-dayvariationat studysitesacrossVilnius
city pointsup the role of weatherpatternsin the for-
mationof pollution episodes.Overall, the masscon-
centrationsof PM10 were clearly higher at the traf-
�c site (�irm ūnai) wherethe local emissionfrom the
intensetraf�c considerablycontributesto a surplusof

thePM10burden.At theurbanbackgroundandsemi-
urbansites,which are lessin�uenced by traf�c emis-
sion,themonthlymeansof PM10arealmostthesame
andare lessthanhalf of thoseat the traf�c site. The
seasonalityof PM10hasalsobeenprovedin a number
of studies[23,25,32].

3.3.Examinationof selectedPM10pollutionepisodes
in Vilnius

As alreadymentionedabove, PM10 concentrations
in Vilnius city are in�uenced by the combinationof
emissionsourcesandmeteorologicalconditions,which
causethe accumulationas well as transportof pollu-
tants. As shown in the study[8] the concentrationof
pollutantsincludingparticulatemattercloseto theroad
is higherby factorof 8.1thanthatdeterminedata40m
distancefrom the road and the spatialdistribution of
PM10concentrationsoriginatingfrom local traf�c oc-
curssubstantiallyon themicroscale(i. e. on a scaleof
tensor hundredsof metres).Theatmosphericlifetime
of PM10 is of a magnitudeallowing it to be advected
over distancesof several hundredsof kilometresand
to be accumulatedin air massover several daysusu-
ally during the stablehigh pressuresituations.There-
fore,asimultaneousincreasein PM10levelsatall three
sites in Vilnius city may be associatedwith regional
episodesor with “external”contributionsby long-range
transportof pollutantsfrom theregionsin Europe.

Two typesof episodeswith simultaneousincrease
in PM10 daily valuesexceeding50 ¹ g=m3 at the ur-
bantraf�c andurbanbackgroundair quality monitor-
ing sitesin Vilnius duringdifferentseasonsin 2006and
2009wereanalysed.

In spring of 2006, a large part of Europeexperi-
encedreducedair qualityfor aprolongedperiodof time
causedby emissionsfrom agriculturalwasteburningin
easternEurope. This was causedby speci�c meteo-
rologicalconditionsthatresultedin thetransportof �re
plumeswell beyondthenorthernandwesterncontinen-
tal Europeupto highArctic latitudes.For investigation
of wild �re areas,daily active �re hot spotdetections
wereextractedfrom theMODerate-resolutionImaging
Spectroradiometer(MODIS) Rapid ResponseSystem
[33,34].

Figure 5 shows PM10 daily concentrationsmea-
suredat urbanbackgroundandtraf�c sitesin Vilnius
from 10 April to 8 May 2006, the MODIS produced
�re map,andair massbackwardtrajectoriesto Vilnius.
Analysisof air massbackwardtrajectoriesand�re map
con�rmed that the long-rangetransportedpollutants
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emitted by biomassburning in southeasternEurope
had a strong impact on PM10 concentrationsin Vil-
nius in April–May of 2006. As shown in Fig. 5, in
theperiodof 29April – 4 May air massesarrivedfrom
theagriculturalwasteburningarea(moving over Rus-
sia, the Ukraine,andBelarus),andan increasein the

PM10 concentrationswas recordedon 29 April (76
and73 ¹ g=m3 at �irm ūnaiandLazdynaisites,respec-
tively). The PM10 daily valuesreacheda maximum
(130and99¹ g=m3 at �irm ūnaiandLazdynaisites,re-
spectively) on 2 May 2006 and remainedat elevated
level until 7 May. On 7–8 May 2006the Atlantic air

Fig. 5. (a)MODIS produced�re mapduring25April – 15May 2006,(b) daily meanconcentrationsof PM10measuredat traf�c andurban
backgroundsites,and(c) backwardair masstrajectoriesduringtheperiodof 10April – 9 May 2006.
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Fig. 6. (a)Backwardair masstrajectoriesand(b) daily meanconcentrationsof PM10measuredat traf�c andurbanbackgroundsitesduring
theperiodof 9–17January2009.

masseswere advectedtowardsVilnius city causinga
drop in PM10 concentrations.This episodewas ex-
tensively reportedin papers[35,36]. Saarikoski et al.
[37] showed that PM10 concentrationsduring the pe-
riod of 25 April to 5 May 2006were in the rangeof
68–81¹ g=m3 at anurbanbackgroundsitein Helsinki.
Sevenurbansitesin EnglandandWales[38] registered
elevatedlevelsof PM10with maximumhourlyconcen-
trationsof 163 ¹ g=m3 at theGlasgow roadsidesite in
Scotlandandconcentrations> 130¹ g=m3 at sevenur-
bansitesin EnglandandWalesfrom 8 to 10May 2006.

Emissionsfrom agriculturalwasteburning in �elds
andwild�res deteriorateair quality over very largear-
eas,even at the distanceof over 1000 km from the
�re areas. Therefore,the smoke from openbiomass
burningis animportantfactorin thedeteriorationof air
quality in Europeduringdry periodsin springandlate
summer. In future, climate changemay increaseex-
trememeteorologicalconditions(e.g. dry heatwaves)

and smoke episodesif more ef�cient �re prevention
measuresarenot implemented.

The secondhighestPM10 level at the monitoring
sitesin Vilnius city wasrecordedduring theperiodof
13–15January2009. Daily meanPM10 levels were
in the rangeof 73–88and 70–105¹ g=m3 at the ur-
ban backgroundand traf�c sites, respectively. Fig-
ure6 depictsexamplesof typical situationswith long-
rangetransportfrom regionsin southernPoland,north-
ernMoravia (theCzechRepublic),andBulgariawhere
large combustionplantsareresponsiblefor two thirds
of EU total sulphuremissions[39] during 14–15Jan-
uary 2009coincidingwith high PM10 concentrations
in Vilnius city. Beforeandafterthisevent,signi�cantly
lower PM10 levels (< 30 ¹ g=m3), when air masses'
�o w wasfrom the northwesternEurope,wererelated
with local emissionsources.In previousstudiesit has
beenshown [40,41] that the air mass�o w from the
southeasterlydirection dominatesin April and May,
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and south-southwesterlydirectionsare most frequent
duringwinter monthsandearlyspring. In general,the
air �o ws over the large areasourcesof SO2 andNO2

emissionsin thesouthernpartof Europecanbeconsid-
eredasa peculiarfeatureof transportof air pollutants
to theLithuanianterritory.

4. Conclusions

The distribution plots of PM10 24-h mean mass
concentrationsshowed the unimodal lognormal dis-
tribution with a mode centeredon 34.4, 21.6, and
19.9 ¹ g=m3, respectively, at the traf�c-exposed(�ir -
mūnai), semi-urban(Senamiestis),and urban back-
ground(Lazdynai)sitesin Vilnius city.

High andsigni�cant (0.71< r < 0.82)correlation
coef�cients betweenthe 24-h meanconcentrationsof
PM10 from threesitesshow relatively uniform tem-
poral distribution of PM10 massconcentrationsin the
city. This implies that throughoutthewholestudype-
riod thePM10 levelsof all threesitesweremostly in-
�uenced by similar sources(e.g. regional emissions
or long-rangetransport)andonly to a certainextentby
site-speci�clocalemissions.Inter-sitedatacomparison
shows that highestconcentrationsof PM10 have been
observedat thetraf�c-exposedsiteandthelowestones
at an urbanbackgroundsite. The roadsideincrement
in PM10 massconcentrationof 12.6 ¹ g=m3 hasbeen
observed from pairedtraf�c-exposedandurbanback-
groundsitesandmay be attributedto vehicleexhaust
emissionsand to other sourcessuchas resuspension,
brakesandtyrewear.

Diurnal cycles displayeda morning maximum in
PM10concentrationscorrelatingwith theonsetof ve-
hicleactivity ontheroad.Monthly averagedconcentra-
tions of PM10 weregenerallyhigherduring late win-
ter and spring (from Februaryto May) at threesites.
Conversely, the lowest PM10 levels are measuredin
summer. PM10 levels (annualmeanconcentration)in
Vilnius city rangedfrom 17.5to 37.3¹ g=m3. TheEU
limit valueof 50¹ g=m3 for PM10(24-hmean)wasex-
ceededmorethan35 daysannuallyonly at the traf�c-
exposedsite (�irm ūnai) andthis exceedencewasless
than35 daysat the urbanbackground(Lazdynai)and
semi-urban(Senamiestis)sites.

Thesimultaneousincreasein PM10daily valuesex-
ceeding50 ¹ g=m3 at threesitesin Vilnius city wasre-
latedto “external” contribution of pollutantsby long-
rangetransportfrom openbiomassburning in eastern
Europeandfrom ordinaryanthropogenicsources(e.g.

energy production,traf�c, industry, andwoodcombus-
tion) in westernEurope.
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AEROZOLIO DALELI �U (< 10 ¹ m) KONCENTRACIJOS VILNIUJE KAIT A

D. Šopauskien�e,D. Jasinevi �cien�e

Fizikosinstitutas,Vilnius, Lietuva

Santrauka

Per pastaruosiuskelis dešimtme�cius pastebimaidid�eja moks-
lini �u publikacij �u, kuriose�ivairiais aspektaispateikiamiduomenys
apieatmosferosaerozoliodaleles[5,6]. D�el savo �zini �u ir chemi-
ni �u savybi �u �ivairov�esjos tiesiogiaiveikia daugel�i atmosferospro-
ces�u, tuo pa�ciu global�u ir regiono klimat �a [4]. Be to, nustatytas
ryšys tarp aerozoliodaleli �u koncentracijosir �moni �u sergamumo
bei mirtingumo,ypa�c urbanizuotuoserajonuose[2]. Aerozolioda-
leli �u savyb�es ir koncentracijakinta laike ir erdv�eje priklausomai
nuo j �u emisijosšaltini �u tipo, stiprio ir geogra�n�es vietos. Taigi,
�ivairiais aspektaisvykdomi aerozoliodaleli �u tyrimai skirtingose
pasauliovietoseyra labaiaktual̄us ir da�nai �ijungiami �i �ivairi �u pa-
saulini�u program�u sud�et�i [19,24,25]. Pagrindinisšio darbotiks-
las buvo nustatytiaerozoliodaleli �u, kuri �u skersmuoyra ma�esnis
nei10¹ m, mas�eskoncentracijoserdvin�essklaidosVilniausmieste
ypatumus,parosir sezonin�ejoskait �abei �ivertinti toli esan�ci �u taršos
šaltini �u poveik�i. Trij �u orokokyb�estyrim �u sto�ci �u Vilniuje aerozolio
daleli �u mas�es koncentracijosduomenys paimti iš Lietuvos aplin-
kos apsaugosagent̄urosinternetopuslapio[13]. Pasirinktosesto-
tysenenutr̄ukstamaimatuojamosore aerozoliodaleli �u koncentra-
cijos: esantintensyviamtransportoeismuiKareivi �u gatv�eje (�ir -
mūnuose),gausiai�moni �u lankomameir tankiai gyvenamamera-
jone (Senamiestyje)ir atokiaunuo intensyvaustransportoeismo
gatvi �u bei stacionari�u taršosšaltini �u esan�ciamegyvenamajamera-
jone(Lazdynuose).

Atlikus statistin�e 2005–2007m. aerozoliodaleli �u 24 val. (t. y.
paros)vidutini �u mas�eskoncentracij�u analiz�e,nustatyta,kadvisose
trijose oro kokyb�es tyrimo vietosegautusduomenisgerai aprašo
lognormalinispasiskirstymas,turintis tik po vien�a mod�a, kuri �ir -
mūnuose,Senamiestyjeir Lazdynuoseatitinkamaiyra 34,4, 21,6
ir 19,9¹ g=m3 . Dideli koreliacijoskoe�cientai (0,71< r < 0,82)
supatikimumup > 0,99,gauti lyginantaerozoliodaleli �u koncent-
racijasdviejosej �u matavimo stotyse(2 pav.), rodo ganavienod�a
j �u parosvidutini �u koncentracij�u eig�a ir tai, kad aerozoliodale-
li �u koncentracijaslemia tie patystaršosšaltiniai (lokalin�e teršal�u
emisijabei j �u pernašaiš tolimesni�u region �u). Ta�ciau �irm ūnuose
12,5¹ g=m3 vidutiniškaididesn�esnei Lazdynuoseir Senamiestyje
(2(a,b) pav.) aerozoliodaleli �u koncentracijosrodo vietinio taršos
šaltinio (autotransporto)�itak �a. Lazdynuosematuojamosaerozolio
daleli �u koncentracijosgali būti traktuojamoskaip Vilniausmiesto
fonin�eskoncentracijos.Visosematavimo stotyseaerozoliodaleli �u
koncentracijostur�ejo ir paros,ir sezonin�i sand�a. Didesn�eskoncent-
racijosbuvo būdingoslaikotarpiuinuovasarioiki gegu� �esm�en.,o
ma�iausios– vasar�a.

Nagrin�ejantdviejosestotysevienumetusteb�etusdu(5 ir 6 pav.)
dideli �u aerozoliodaleli �u koncentracij�u (> 50,0 ¹ g=m3) atvejus ir
analizeipanaudojusatgalinesoro masi�u pernašos�i Vilni �u trajekto-
rijas, nustatyta,kad aerozoliodaleli �u dideleskoncentracijasl �em�e
teršalai,atneštiiš pietrytin�esir pietvakarin�esEuroposemisijosšal-
tini �u.


