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The size distribution and chemicalcompositionof ambientaerosolparticles(PM1) were measuredising an Aerodyne
aerosolmassspectromete(AMS) at the Preilaair pollution researctstationon 3—15 September2006. The major obsened
componentof aerosolparticleswere sulfate and organic matterwith a smalleramountof nitrate and ammonium. Large
contrikution of organic matterwas establishedn all air masseshowever it reached60% of the total aerosolparticle mass
in the North Atlantic marineair masses.The analysisof sizedistribution spectraenabledusto explain the origin of aerosol
chemicalcomponents.In relatively clear North Atlantic air mass,mainly two modeswere registeredboth for sulfate and
organic matter— onein the submicronrange the otherin the supermicrorrange. The diameterof sulfate-containingparticles
in the accumulatiormodedifferedfrom that of organic-containingarticles;they wereabout270and170 nm, respectiely.
This differenceshaved different sourcesor transformatiormechanism®f sulfate and organic compounds.In polluted air
massesthe anthropogeniorigin of bothcomponentsvasdominant thusdiametersn accumulatiormodebecamesqualand
wereabout400nm, shaving adominantsecondaryproductionmechanism.
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1. Intr oduction

Atmosphericaerosoldrom a wide variety of emis-
sion sourcesarereceving increasedhttentionbecause
of their in uence on humanhealth[1], visibility, acid
depositionandglobalclimate[2]. Thedirecteffect of
aerosolson the climateis the changein radiative forc-
ing throughabsorptiorandre ection of solarradiation.
Aerosolsalsoaffect the regional climateascloud con-
densationnuclei (CCN), which determineproperties,
the evolution, anddevelopmentof precipitation[3]. In
both cases chemicalcompositionplays an important
role as the determinantof aerosoloptical properties
andthe ef ciency of cloud formation. Especially or-
ganic compoundsare regardedasimportantCCN [4].
Organic material signi cantly contritutesto the total
ne aerosolparticlemassat continentalmid-latitudes,
» 20-50%]5, 6] andalmost90%in tropicalforestedar-
eas[7]. Therecentpublicationdemonstratedhat sig-
ni cant portion of marineaerosolconsistef organic
compoundsndcontributed63%to thesub-micrometer

°c LithuanianPhysical Society,2007
°c LithuanianAcademyof Sciences2007

aerosolparticlemassduring the periodof high biolog-
ical activity in the North Atlantic [8].

Organic compoundsn the atmospherén a partic-
ulate form are both emitteddirectly (primary organic
aerosolparticles)and formed through photochemical
oxidationof reactie organicgases.Undercertaincon-
ditions, atmospherigeactionproductscannucleateto
form new particles. Both biogenicand anthropogenic
sourcescontritute to the primary and secondaryor-
ganic aerosolparticlesand canbe a major contritutor
to the ne aerosobarticleg[9].

The chemicalcompleity andlabile natureof atmo-
sphericparticulatematter (PM) strongly favour real-
time instrumentablnalysistechniqueghatcharacterize
pertinentphysicalandchemicalpropertiesithouthav-
ing to collect, store,andtransportsamples.Real-time
instrumentsthat measurephysical propertiessuchas
particle numberdensities massloadings,and particle
mobility or aerodynamicsize distributions have been
available for sometime [10]. However, real-timein-
strumentsthat characterizehe chemicalcomposition
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Fig. 1. Schemeof theaerosomassspectrometer

of atmospherid®M, ideally as a function of particle
size,areamorerecentdevelopment.

Theaim of this studywasto analysehedependence
of the aerosolparticle size distribution and chemical
compositionin differentair masse®n the eastcoastof
theBaltic Sea.

2. Experimental methods
2.1.Sitedescription

The measurementsvere performedat the Preila
air pollution researchstation on 3-15 September
2006. Theair pollution researctstation(55* 55°N and
21* 0CPE, 5 m a.s.l.— above sealevel) is locatedin
westerrLithuaniaonthe coastof theBaltic Sea,onthe
CuronianSpit. The CuronianSpit is a narrav sandy
peninsula(0.4—-4.0km in width), which separateshe
Baltic Seafrom the CuronianLagoon. The mainlocal
sourcesof pollution at this stationmight be Preilavil-
lage (300inhabitants)t a 2.5 km distanceto the east,
a smalltown of Nida (2700inhabitantsiata 6 km dis-
tanceto the south,andthe roadKlaipeda—Kaliningrad
atadistanceof 300m to the eastof the monitoringsta-
tion. One of the nearesindustrial cities, Klaipeda,is
atadistanceof about40 km to thenorth,andthe other
majorcity, Kaliningrad,is 90km to southfrom thesite.

2.2.Instruments

An aerosolmassspectromete(AMS), developedat
AerodyneResearchwasusedto obtainreal-timequan-
titativeinformationon particlesize-resoledmasdoad-

ings for volatile and semi-\olatile chemical compo-
nentspresentin/ on ambientaerosol. The AMS does
not efciently detectlow-volatility materialssuchas
blackcarbon,NaCl, crustaloxides,andcertainmetals.
It providesquantitatve compositiorinformationonen-
semblesof particleswith limited single-particleinfor-
mation. Theinstrumentombinestandard/acuumand
massspectrometridechniqueswith aerosolsampling
techniques.A schematiaiagramof the AMS is pre-
sentedn Fig. 1.

Aerosolsenterthe instrumentthrougha sampling
inlet that restrictsthe o w with a 1001 m (or similar
diameter)critical ori ce andthenthroughan aerody-
namic lens [11, 12], which focusesthe aerosolsinto
a tight beamusing 6 apertureswhile removing most
of the atmospherigas. As the aerosolsxit the lens,
they are acceleratedy supersonicexpansioncaused
by thedifferencen pressurdetweerthe samplingand
sizing chamberswhich impartsdifferentvelocitiesto
aerosolsof differentsizes. After passingthroughthe
lens,the aerosolsenterthe particle sizing chamber A
rotating chopperwheel, with two radial slits located
180* apart,interceptsthe focusedparticlebeam. The
choppercanbe placedin ary of threepositions:com-
pletely blocking the beam so that no particles pass
through(beamclosed);not blocking the beamso that
all particlespasshrough(beamopen),anda chopping
position that allows particlesto passthroughthe ra-
dial slits only (beamchopped). Therearetwo modes
of operation,the time-of- ight (TOF) mode and the
massspectromete(MS) mode. The time of ight of
particlesbetweenthe chopperand the detectoris the
measureof their velocity, and from this measurement
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the particle aerodynamiaiameter(D aer0) Canbe de-
termined.In theMS mode particlesy unimpededin-
til they impactonaresistvely heatedsurfacewherethe
volatile and semi-wlatile portionsof aerosolsare va-
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eterdetectghe positive ion fragmentggeneratedy the
electronimpactionizationanddeterminethe mass-to-
chage (m=2) distribution of the particle beam. De-
tailed descriptionsof the AMS and its operationare

porizedandthenimmediatelyionized by the electron

givenin publicationg13,14].
impact(70eV). A standardjuadrupolenassspectrom-

The AMS inlet systemallows 100 percenttrans-
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Fig. 3. Massconcentratiorof PM1 andits components.

missionef ciency for particlesbetween60 to 600 nm
in diameter and particle transmissiondown to 20
and up to 200 nm. The sensitvity of the device is
»0.011 gmi 2 in several minutes. The sampling o w
rateis 100ccmini 1. The device wascalibratedby us-
ing ammoniurmitrateparticlesof known size.

2.3.Meteoplogical data

Backward air masstransporttrajectorieswere cal-
culated using the FLEXTRA trajectory model from
Norwegian Institute of Air Research(NILU, http://
www.nilu.no/trajectories/indecfm) [15]. Trajectories
were calculatedfor every 6 h with the total 7-daydu-
ration at threedifferentaltitudes: 1500, 1000, 500 m
a.s.l.(Fig. 2).

3. Resultsand discussion

The majorobsered component®f the aerosolpar
ticles in the rangeof PM1 were sulfate and organic
compoundswith a smalleramountof nitrate and am-
monium (Fig. 3). Their concentratiordistribution de-
pendedon theair massorigin.

At the very beginning of this experiment (3—4
Septemberywhenthe air massesvere coming mainly
from WesternEurope(Fig. 2(a)), high concentrations
of aerosolparticles and their chemical components
were measured(Fig. 3), especially organic matter
Later (5—6 September)ywhenair massesverecoming

from Scandingia, the concentratiorconsiderablyde-
creased.

The general behaiour of the aerosol particles
(» PM1) and concentratiorof their constituentswvere
registered: concentrationsvere low whenair masses
weretransportedrom the seaside,andconcentrations
instantlyincreasedssoonasair massturnedfrom the
continent. Furthermore,the sensitvity of AMS en-
abledusto registerdifferencesn compositiorandsize
in quite similar, at the rst sight, air masses.For ex-
ample,during two days(from 7 to 8 September}he
air masswas generallyfrom the cleanoceanicsector
but it passedover England(Fig. 2(c)) and this con-
siderablyenhancedhe total aerosolparticle concen-
tration and concentration®f their componentsespe-
cially, sulfate and nitrate. But those concentrations
were noticeablylower than concentrationsegistered
whenair masshadpassedver SouthernEurope(13-
15 Septemberrig. 2(e)). Generally measurementse-
vealedargevariationsn concentrationsf all chemical
speciegangingwithin anorderof magnitudedepend-
ing ontheair massorigin andhistory.

The daily variation of » PM1 or its components
was not very pronouncedFig. 4). However, differ-
ent» PM1 compositionin differentair masseshaved
separatesources.First of all, large contrikution of or-
ganic matterwas establishedn all air masseshut it
reached0% of the total aerosolparticlemassin rela-
tively clearAtlantic air massegFig. 4(a)). Suchhigh
concentratiorof organic matteris typical of the North
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Fig. 4. Daily variationsof concentrationof PM1 and its com-

ponentsin different air masses:(a) Atlantic Oceanand Scandi-

navia (Fig. 2(d)); (b) Atlantic Oceanand part of WesternEurope
(Fig. 2(a)); (c) SoutherrEurope(Fig. 2(e)).

Atlantic air massesndtheseresultshave shavn that
naturalorganiccompound®f marineorigin reachcon-
tinentsandcanhave in uence on aerosobparticlecom-
positionthere. The concentratiorof sulfatein marine
air masswasquite low (Fig. 4(a)). This con rms quite
a hew theory presentedo the scienti ¢ aerosolcom-
munity thattheimpacton climateis determinedy or-
ganiccompoundsatherthansulfate,asit wasassumed
previously. Evenin pollutedair massegFig. 4(c)), or-
ganiccompoundsnadeup 50% of the all aerosolpar
ticle mass,

The analysisof sizedistribution spectraenabledus
to explain the origin of aerosolchemicalcomponents.
The differencebetweendistribution of sulfate and or-
ganiccompoundsn relatively clean(Fig. 5(a))andpol-
luted (Fig. 5(b)) air massesas well as differencebe-
tween sulfate and organic compounddistributions in
the sameair masswere demonstrated. In relatively
clearNorth Atlantic air mass,mainly two modeswere
registered,both for sulfate and organic compounds-
onein the submicronrange,the otherin the supermi-
cron range. The diameterof sulfate-containingpar
ticlesin the accumulatiormodediffered from that of
organic-containingparticels;they wereabout270and
170 nm, respectiely (Fig. 5(a)). Differencebetween
diametersof sulfate and organic matterin relatively
clearair masssuggestslifferentsourcesr transforma-
tion mechanismef thesematerials.Therefore sulfate
wasformedby secondanprocessebut organic matter

Fig. 5. Sizedistribution of sulfate and organic aerosolfractions(a) in relatively clearair massfrom the North Atlantic Oceanand(b) in
pollutedair massfrom SoutherrEurope.
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mostlikely hada differentorigin, probablyoriginating
primarily from the seasurface. In pollutedair masses,
theanthropogeniorigin of bothcomponentsvasdom-
inant,thusdiametersn theaccumulatioomodebecame
equalandwereabout400 nm, shaving the samesec-
ondaryproductionrmechanism@cludingcondensation
of precursogasesontoexisting particles.

4. Conclusions

The obsened major component®f the aerosolpar
ticles in the rangeof PM1 were sulfate and organic
compoundswith a smalleramountof nitrate and am-
monium. Large contritution of organic matterwases-
tablishedin all air masseshput it reached60% of the
total aerosolparticle massin relatively clear Atlantic
air masses.

In comparatiely clearNorth Atlantic air mass size
distributions for sulfate and organic compoundswvere
of two main modes: the submicronmode and the
supermicronmode. The size distribution of sulfate-
containingparticlesandorganic-containingparticlesin
the accumulationmode differed in shapeand had a
modediameterof about270and170nm, respectrely.
This differencesuggestslifferent sourcesor transfor
mationmechanismef thesematerials.Therefore sul-
fate was formed by secondaryprocesseshut organic
materials supposedlywereformedprimarily over the
seasurface.In pollutedair masseshe sizedistribution
of sulfate-containingparticlesand organic-containing
particleswas similar, the modal peaksof the sulfate
andorganic compoundsecamesqualandwereabout
400 nm, showving the samedominantsecondarypro-
ductionmechanism.
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SMULKIOSIOS AEROZOLIO DALELI U FRAKCIJOS CHEMIN E SUDETIS IR PASISKIRSTYMAS
PAGAL DYDI RYTIN EJE BALTIJOS JUROS PAKRANT EJE
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Santrauka

Preilosatmosferosu terStumotyrimu stotyje 2006 m. rugsejo
3-15dienomis,naudojantaerozolu mases spektromett (AMS),
buvo atliekamiaerozoliodaleliu (apiePM1) chemiressucetiesbei
pasiskirstym@agal dydi tyrimai. Nustatytakad pagrindiresaero-
zolio daleliu sudedamosiogdalysbuvo sulfataiir organinesmed ia-
gosbeima esniamonioir nitratu kiekiai. Nors organinesmed ia-
gossudae ymiaaerozoliodaleliu dali atneStosé Preilais ivairiu
krypciu oro masse,taciau salyginai Svarioje oro masje, ateinan-
cioje nuo SiauesAtlanto, ju indelis sieke netiki 60%.

Atskiru aerozoliodalekeseesariu cheminu komponegiu ma-
ses pasiskirstymopagal daleliu dydi spektraileid ia spresti apie

ju kilme. Salyginai $varioje Siaures Atlanto oro masje sulfatai
ir organines med iagos stetetos submikronires ir supermikroni-
nesmodosdalekse. Sioje oro masje akumuliacires modosdale-
liu diametraisulfatamsbei organinemsmed iagomsskyresi: sulfa-
tamsmodosdiametrasuvo » 270nm, o organinemsmed iagoms
» 170nm. Tai leid ia daryti prielaida, jog sulfataiir organinesme-
d iagos dalekseatsiradoskirtingu procesi metu,todel ir ju kilme
skirtinga. U terStoje oro masje, atnestojei§ Pieu Europos,Siu
komponegiu akumuliaciresmodosdaleliu diametraibuvo vienodi
(400nm), o tai leid ia sprestiapieta pacia (antropogenia) ju pri-
gimti beiidentiSkussusidarymanechanizmus.



