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The size distribution and chemicalcompositionof ambientaerosolparticles(PM1) were measuredusing an Aerodyne
aerosolmassspectrometer(AMS) at thePreilaair pollution researchstationon 3–15September, 2006. Themajorobserved
componentsof aerosolparticleswere sulfate and organic matterwith a smalleramountof nitrate and ammonium. Large
contribution of organic matterwasestablishedin all air masses,however it reached60% of the total aerosolparticlemass
in theNorth Atlantic marineair masses.Theanalysisof sizedistribution spectraenabledus to explain theorigin of aerosol
chemicalcomponents.In relatively clear North Atlantic air mass,mainly two modeswere registeredboth for sulfate and
organicmatter– onein thesubmicronrange,theotherin thesupermicronrange.Thediameterof sulfate-containingparticles
in the accumulationmodedifferedfrom that of organic-containingparticles;they wereabout270 and170 nm, respectively.
This differenceshowed differentsourcesor transformationmechanismsof sulfateandorganic compounds.In pollutedair
masses,theanthropogenicorigin of bothcomponentswasdominant,thusdiametersin accumulationmodebecameequaland
wereabout400nm,showing adominantsecondaryproductionmechanism.
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1. Intr oduction

Atmosphericaerosolsfrom a wide variety of emis-
sion sourcesarereceiving increasedattentionbecause
of their in�uence on humanhealth[1], visibility, acid
deposition,andglobalclimate[2]. Thedirecteffect of
aerosolson theclimateis thechangein radiative forc-
ing throughabsorptionandre�ection of solarradiation.
Aerosolsalsoaffect theregionalclimateascloudcon-
densationnuclei (CCN), which determineproperties,
theevolution,anddevelopmentof precipitation[3]. In
both cases,chemicalcompositionplays an important
role as the determinantof aerosoloptical properties
andthe ef�ciency of cloud formation. Especially, or-
ganic compoundsareregardedasimportantCCN [4].
Organic materialsigni�cantly contributesto the total
�ne aerosolparticlemassat continentalmid-latitudes,
» 20–50%[5,6] andalmost90%in tropicalforestedar-
eas[7]. The recentpublicationdemonstratedthat sig-
ni�cant portionof marineaerosolconsistedof organic
compoundsandcontributed63%to thesub-micrometer

aerosolparticlemassduringtheperiodof high biolog-
ical activity in theNorthAtlantic [8].

Organic compoundsin the atmospherein a partic-
ulate form areboth emitteddirectly (primary organic
aerosolparticles)and formed throughphotochemical
oxidationof reactiveorganicgases.Undercertaincon-
ditions,atmosphericreactionproductscannucleateto
form new particles. Both biogenicandanthropogenic
sourcescontribute to the primary and secondaryor-
ganic aerosolparticlesandcanbe a major contributor
to the�ne aerosolparticles[9].

Thechemicalcomplexity andlabile natureof atmo-
sphericparticulatematter (PM) strongly favour real-
time instrumentalanalysistechniquesthatcharacterize
pertinentphysicalandchemicalpropertieswithouthav-
ing to collect,store,andtransportsamples.Real-time
instrumentsthat measurephysical propertiessuchas
particlenumberdensities,massloadings,andparticle
mobility or aerodynamicsize distributions have been
available for sometime [10]. However, real-timein-
strumentsthat characterizethe chemicalcomposition
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Fig. 1. Schemeof theaerosolmassspectrometer.

of atmosphericPM, ideally as a function of particle
size,areamorerecentdevelopment.

Theaimof thisstudywasto analysethedependence
of the aerosolparticle size distribution and chemical
compositionin differentair masseson theeastcoastof
theBaltic Sea.

2. Experimental methods

2.1.Sitedescription

The measurementswere performedat the Preila
air pollution researchstation on 3–15 September,
2006.Theair pollution researchstation(55± 550N and
21± 000E, 5 m a.s.l. – above sealevel) is locatedin
westernLithuaniaonthecoastof theBaltic Sea,onthe
CuronianSpit. The CuronianSpit is a narrow sandy
peninsula(0.4–4.0km in width), which separatesthe
Baltic Seafrom theCuronianLagoon.Themain local
sourcesof pollution at this stationmight bePreilavil-
lage(300 inhabitants)at a 2.5 km distanceto theeast,
a small town of Nida (2700inhabitants)at a 6 km dis-
tanceto thesouth,andtheroadKlaip�eda–Kaliningrad
atadistanceof 300m to theeastof themonitoringsta-
tion. Oneof the nearestindustrialcities, Klaip�eda,is
at a distanceof about40 km to thenorth,andtheother
majorcity, Kaliningrad,is 90km to southfrom thesite.

2.2.Instruments

An aerosolmassspectrometer(AMS), developedat
AerodyneResearch,wasusedto obtainreal-timequan-
titativeinformationonparticlesize-resolvedmassload-

ings for volatile and semi-volatile chemicalcompo-
nentspresentin / on ambientaerosol. The AMS does
not ef�ciently detectlow-volatility materialssuchas
blackcarbon,NaCl,crustaloxides,andcertainmetals.
It providesquantitativecompositioninformationonen-
semblesof particleswith limited single-particleinfor-
mation.Theinstrumentcombinesstandardvacuumand
massspectrometrictechniqueswith aerosolsampling
techniques.A schematicdiagramof the AMS is pre-
sentedin Fig. 1.

Aerosolsenter the instrumentthrough a sampling
inlet that restrictsthe �o w with a 100 ¹ m (or similar
diameter)critical ori�ce and then throughan aerody-
namic lens [11,12], which focusesthe aerosolsinto
a tight beamusing 6 apertureswhile removing most
of the atmosphericgas. As the aerosolsexit the lens,
they are acceleratedby supersonicexpansioncaused
by thedifferencein pressurebetweenthesamplingand
sizing chambers,which impartsdifferentvelocitiesto
aerosolsof differentsizes. After passingthroughthe
lens,theaerosolsentertheparticlesizingchamber. A
rotating chopperwheel, with two radial slits located
180± apart,interceptsthe focusedparticlebeam. The
choppercanbeplacedin any of threepositions:com-
pletely blocking the beamso that no particlespass
through(beamclosed);not blocking the beamso that
all particlespassthrough(beamopen),anda chopping
position that allows particlesto passthrough the ra-
dial slits only (beamchopped).Therearetwo modes
of operation,the time-of-�ight (TOF) mode and the
massspectrometer(MS) mode. The time of �ight of
particlesbetweenthe chopperand the detectoris the
measureof their velocity, andfrom this measurement
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the particleaerodynamicdiameter(D aero) canbe de-
termined.In theMS mode,particles�y unimpededun-
til they impactonaresistively heatedsurfacewherethe
volatile andsemi-volatile portionsof aerosolsareva-
porizedandthenimmediatelyionizedby the electron
impact(70eV).A standardquadrupolemassspectrom-

eterdetectsthepositive ion fragmentsgeneratedby the
electronimpactionizationanddeterminesthemass-to-
charge (m=Z ) distribution of the particle beam. De-
tailed descriptionsof the AMS and its operationare
givenin publications[13,14].

The AMS inlet systemallows 100 percenttrans-

(a) (b)

(c) (d)

(e)

Fig. 2. Backward trajectoriesof air massestransportat the Preilastationon (a) 3–4 September, (b) 5–6 September, (c) 7–8 September,
(d) 9–10September, (e)14–15September, 2006.
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Fig. 3. Massconcentrationof PM1andits components.

missionef�ciency for particlesbetween60 to 600nm
in diameter and particle transmissiondown to 20
and up to 200 nm. The sensitivity of the device is
» 0.01¹ gm¡ 3 in severalminutes.Thesampling�o w
rateis 100ccmin¡ 1. Thedevice wascalibratedby us-
ing ammoniumnitrateparticlesof known size.

2.3.Meteorological data

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

3. Resultsand discussion

Themajorobservedcomponentsof theaerosolpar-
ticles in the rangeof PM1 were sulfate and organic
compoundswith a smalleramountof nitrateandam-
monium(Fig. 3). Their concentrationdistribution de-
pendedon theair massorigin.

At the very beginning of this experiment (3–4
September)whenthe air masseswerecomingmainly
from WesternEurope(Fig. 2(a)), high concentrations
of aerosolparticles and their chemical components
were measured(Fig. 3), especially organic matter.
Later (5–6September),whenair masseswerecoming

from Scandinavia, the concentrationconsiderablyde-
creased.

The general behaviour of the aerosol particles
(» PM1) and concentrationof their constituentswere
registered: concentrationswere low when air masses
weretransportedfrom theseaside,andconcentrations
instantlyincreasedassoonasair massturnedfrom the
continent. Furthermore,the sensitivity of AMS en-
abledusto registerdifferencesin compositionandsize
in quite similar, at the �rst sight, air masses.For ex-
ample,during two days(from 7 to 8 September)the
air masswasgenerallyfrom the cleanoceanicsector,
but it passedover England(Fig. 2(c)) and this con-
siderablyenhancedthe total aerosolparticle concen-
tration andconcentrationsof their components,espe-
cially, sulfate and nitrate. But thoseconcentrations
were noticeablylower than concentrationsregistered
whenair masshadpassedover SouthernEurope(13–
15 September, Fig. 2(e)). Generally, measurementsre-
vealedlargevariationsin concentrationsof all chemical
speciesrangingwithin anorderof magnitudedepend-
ing on theair massorigin andhistory.

The daily variation of » PM1 or its components
was not very pronounced(Fig. 4). However, differ-
ent» PM1 compositionin differentair massesshowed
separatesources.First of all, largecontribution of or-
ganic matterwas establishedin all air masses,but it
reached60%of the total aerosolparticlemassin rela-
tively clearAtlantic air masses(Fig. 4(a)). Suchhigh
concentrationof organicmatteris typical of theNorth
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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 Oceanandpart of WesternEurope

(Fig. 2(a));(c) SouthernEurope(Fig. 2(e)).

Atlantic air massesandtheseresultshave shown that
naturalorganiccompoundsof marineorigin reachcon-
tinentsandcanhave in�uence onaerosolparticlecom-
positionthere. The concentrationof sulfatein marine
air masswasquitelow (Fig. 4(a)). This con�rms quite
a new theorypresentedto the scienti�c aerosolcom-
munity thattheimpacton climateis determinedby or-
ganiccompoundsratherthansulfate,asit wasassumed
previously. Evenin pollutedair masses(Fig. 4(c)), or-
ganiccompoundsmadeup 50%of theall aerosolpar-
ticle mass,

The analysisof sizedistribution spectraenabledus
to explain the origin of aerosolchemicalcomponents.
The differencebetweendistribution of sulfateandor-
ganiccompoundsin relatively clean(Fig.5(a))andpol-
luted (Fig. 5(b)) air massesas well as differencebe-
tweensulfate 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 other in the supermi-
cron range. The diameterof sulfate-containingpar-
ticles in the accumulationmodedifferedfrom that of
organic-containingparticels;they wereabout270 and
170 nm, respectively (Fig. 5(a)). Differencebetween
diametersof sulfate and organic matter in relatively
clearair masssuggestsdifferentsourcesor transforma-
tion mechanismsof thesematerials.Therefore,sulfate
wasformedby secondaryprocessesbut organicmatter

Fig. 5. Sizedistribution of sulfateandorganic aerosolfractions(a) in relatively clearair massfrom the North Atlantic Oceanand(b) in
pollutedair massfrom SouthernEurope.
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mostlikely hada differentorigin, probablyoriginating
primarily from theseasurface.In pollutedair masses,
theanthropogenicorigin of bothcomponentswasdom-
inant,thusdiametersin theaccumulationmodebecame
equalandwereabout400 nm, showing the samesec-
ondaryproductionmechanismsincludingcondensation
of precursorgasesontoexistingparticles.

4. Conclusions

Theobservedmajorcomponentsof theaerosolpar-
ticles in the rangeof PM1 were sulfate and organic
compoundswith a smalleramountof nitrateandam-
monium. Largecontribution of organicmatterwases-
tablishedin all air masses,but it reached60% of the
total aerosolparticle massin relatively clear Atlantic
air masses.

In comparatively clearNorth Atlantic air mass,size
distributions for sulfateandorganic compoundswere
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, respectively.
This differencesuggestsdifferentsourcesor transfor-
mationmechanismsof thesematerials.Therefore,sul-
fate was formed by secondaryprocesses,but organic
materials,supposedly, wereformedprimarily over the
seasurface.In pollutedair massesthesizedistribution
of sulfate-containingparticlesand organic-containing
particleswas similar, the modal peaksof the sulfate
andorganiccompoundsbecameequalandwereabout
400 nm, showing the samedominantsecondarypro-
ductionmechanism.
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SMULKIOSIOS AEROZOLIO DALELI �U FRAKCIJOS CHEMIN �E SUD�ETIS IR PASISKIRSTYMAS
PAGAL DYD�I RYTIN �EJE BALTIJOS JŪROSPAKRANT �EJE
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b Airijos nacionalinisuniversitetas,Galway, Airija

Santrauka

Preilosatmosferosu�terštumotyrim �u stotyje2006m. rugs�ejo
3–15 dienomis,naudojantaerozoli�u mas�es spektrometr�a (AMS),
buvo atliekamiaerozoliodaleli �u (apiePM1) chemin�essud�etiesbei
pasiskirstymopagal dyd�i tyrimai. Nustatyta,kadpagrindin�esaero-
zolio daleli �u sudedamosiosdalysbuvo sulfataiir organin�esmed�ia-
gosbei ma�esniamonioir nitrat �u kiekiai. Norsorganin�esmed�ia-
gossudar�e �ymi �a aerozoliodaleli �u dal�i atneštose�i Preil �a iš �ivairi �u
kryp�ci �u oro mas�ese,ta�ciaus�alyginaišvariojeoro mas�eje,ateinan-
�ciojenuoŠiaur�esAtlanto, j �u ind�elis siek�enetiki 60%.

Atskir �u aerozoliodalel�eseesan�ci �u chemini�u komponen�ci �u ma-
s�es pasiskirstymopagal daleli �u dyd�i spektraileid�ia spr�esti apie

j �u kilm�e. S�alyginai švarioje Šiaur�es Atlanto oro mas�eje sulfatai
ir organin�es med�iagossteb�etos submikronin�es ir supermikroni-
n�esmodosdalel�ese.Šiojeoro mas�ejeakumuliacin�esmodosdale-
li �u diametraisulfatamsbeiorganin�emsmed�iagomsskyr�esi: sulfa-
tamsmodosdiametrasbuvo » 270nm, o organin�emsmed�iagoms
» 170nm. Tai leid�ia daryti prielaid�a, jog sulfataiir organin�esme-
d�iagos dalel�eseatsiradoskirting �u proces�u metu,tod�el ir j �u kilm�e
skirtinga. U�terštoje oro mas�eje, atneštojeiš Piet�u Europos,ši �u
komponen�ci �u akumuliacin�esmodosdaleli �u diametraibuvo vienodi
(400nm), o tai leid�ia spr�estiapiet �a pa�ci �a (antropogenin�e) j �u pri-
gimt�i bei identiškussusidarymomechanizmus.


