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Investigationof organic(OC)andelemental(EC)carbonin atmosphericaerosolwasperformedat thePreilaEnvironmental
pollution researchbackgroundstationon19–28June2006.In parallel,themeasurementof blackcarbonby there�ectometric
methodwascarriedout. Thesourcesof carbonaceouscompoundsweredetectedby usingair massbackwardtrajectories.The
highestconcentrationsof OCandECweretransportedwith air massesof thesouthwesterndirection,from the“black triangle”
(borderingareasof CzechRepublic,Germany, andPoland),andthe lowestconcentrationsof carbonaceouscompoundswere
associatedwith air massesfrom theAtlantic Ocean.Theinput of westerlyair massexceeded50%of total pollution,which is
in agreementwith earlierdeterminedpeculiaritiesof backgroundpollution formationin theBaltic region.
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1. Intr oduction

Chemicalstructureof aerosolis importantnot only
dueto its impacton humansandenvironmentbut also
dueto its contribution to the earthclimate. The main
componentsof aerosolin�uencing the climatecanbe
soot(elementalcarbonor blackcarbon(BC) depending
on the methodof measurement),organic carbon,and
sulphates[1]. It is known that the total aerosolmass
in thecity atmosphereexceedsaerosolmassof a rural
siteby 33–40%dueto organicandblackcarboncom-
ponentsin aerosol[2]. Investigationsduring the last
decadeshave indicatedthat theamountof organiccar-
bonmaycompriseup to 40–60%of urbanaerosol[3]
andup to 6–16%of thatat thecoastalsiteof theBaltic
Sea[4]. Theconcentrationof blackcarbonat the Ire-
landcoastalstationMaceHeadwasrelatively low, but
variedin a wide range:from 0.05to 2.5¹ g¢m¡ 3. Sep-
arateepisodesof highblackcarbonconcentrationwere
observedwith air massesfrom thewesternpartof Eu-
rope,whereemissionof blackcarbonwasevaluatedto
be (482§ 140)¢103 tonsperyear[5]. It wassuggested
that abouthalf of black carbonemissionis associated
with fossil fuel burning [6]. High amountof waterin-
solublesubstanceswereobserved in aerosolparticles
of high dispersity(Aitken's andaccumulationmodes)
duringtheperiodsof highbiologicalactivity – “bloom-

ing” of phytoplankton.It allowedtheauthorstosuggest
that aerosolat the coastalAtlantic Oceanstationcon-
tainsa largeamountof organiccompoundsof biologi-
cal origin (lipids, proteins,andothers)[7]. Dataon to-
tal carbonaceouscompounds(TC),organiccarbon,and
elementalcarbonconcentrationsin aerosolarescarce.
They aremostlyobtainedat urbansites,thoughglobal
aerosoleffectscanbe clearedup by investigating the
backgroundsites.

The aim of this study is to determineconcentra-
tionsof organicandelementalcarbonin coastalaerosol
andto evaluatetheorigin of thesecarbonaceouscom-
poundsby investigationof certainsynopticepisodesat
thePreilabackgroundstation.

2. Experimental

Samplingsite. The investigation of carbonaceous
compoundswasperformedat the PreilaEnvironmen-
tal pollution researchbackgroundstation locatedon
the CuronianSpit, on the coastof the Baltic Seain
the periodof 19–28June,2006. Analysis. Thermal-
optical analytical techniquewas usedfor determina-
tion of organic andelementalcarbon[8]. Becauseof
the high temperatureduring the analysis,PALLFLEX
2500At-UPquartz-�bre �lters were usedfor aerosol
samplecollection. To remove possiblecarboncon-
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Fig. 1. Schemeof thermal-opticalinstrumentation[8].

tamination, quartz-�bre �lters were precleanedin a
furnace at the temperatureof 600±C. Atmospheric
aerosolsweresampleddaily with the low-speedaspi-
rationequipmentat therateof 2–3m3h¡ 1. After sam-
pling thequartz-�bre �lters werefolded twice, placed
into analuminiumenvelopeandplacedfor storagein a
cooleruntil analysis.

The thermal-opticalanalysisis basedon oxidation
of organicandelementalcarbonto CO2 andfurtherre-
duction to methane(CH4), which is determinedwith
the �ame-ionization detector(FID). The schemeof
thermal-opticalanalysisis presentedin Fig. 1. Due to
characteristicsof thethermal-opticalmethod,thesepa-
rationof organic,carbonatecarbon(CC), andelemen-
tal carbonis performedby temperatureandspacecon-
trol. The analysisproceedsin two steps. In the �rst
step,the1.5cm2 rectangularportionof thequartz-�bre
�lter is placedin a porcelainbed and at a �x ed rate
is passedto thesampleoven,wheretemperatureis in-
creasedto about820±C in thepureheliumatmosphere.
Thenorganic andcarbonatecarbonis volatilized and
oxidized catalytically in a bed of MnO2 to CO2 at
900±C, andlaterCO2 is reducedto CH4 in amethana-
tor with Ni at 450±C. The �ame ionization detector
was usedfor carbondeterminationwhich was quan-
ti�ed as methane. Calibration of FID was achieved

throughinjectionof known volumeof methaneinto the
sampleoven. During the secondstepof the analysis,
theEC measurementis performed.Theoventempera-
tureis reduced,oxygenandheliummix (10:90)is intro-
duced,andpyrolytic carbon(PC)is removed.Thenthe
oven temperatureis raisedto 860±C for EC oxidation
to CO2, which further is reducedto CH4. Concentra-
tionsof organicandelementalcarbonaredeterminedas
¹ gC=cm2 of aerosoldepositareaon the�lter . Thede-
tectionlimit of thismethodwas0.02¹ g¢m¡ 3. Repeata-
bility of themethodwas§ 7%. TheHe–Nelaserallows
continuousmonitoringof �lter transmittanceobserva-
tion during thermal-opticalanalysisde�ning the split
line betweenOCandEC in thermogram(Fig. 2).

The optical measurementof elementalcarbonwas
alsoperformedby the refractometricmethodwith the
spectrometer“Specol ZV” equippedwith its supple-
ment R 45/0. The applicationof the refractometric
methodfor elementalcarbon(black carbon)measure-
mentprovideshighervaluesof concentrationcompared
with elementalcarbonvaluesobtainedby thethermal-
opticalmethoddueto chemicalcompoundsin aerosol
in�uencing the optical re�ectance. Someresearchers
suggestintroducingan error of 20% [9] or a coef�-
cient, which might be constantfor certainlocationor
for someparticularair mass[10].
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Fig. 2. Thermogramof thermal-opticalanalysis[8].

Meteorological data. Wind direction and 72-hour
or 96-hourair massbackwardtrajectoriesat theheight
of 20, 500, and 1000 m above groundlevel for each
daywereconstructedby theatmosphericmodelHYS-
PLIT and the archive of the meteorologicaldatabase
NOAA (NationalOceanicandAtmosphericAdminis-
tration),whichareaccessibleon theInternet[11].

3. Resultsand discussion

Theresultsof carbonaceouscompoundinvestigation
arepresentedin Table1. Theconcentrationsof organic
carbonandelementalcarbondifferedeven10 timesat
thesameplace,but concentrationsof separatecarbona-
ceouscompoundsdeterminedduring the periodof in-
vestigationcorrespondedto thelevel of concentrations
observed at other backgroundsites[12,13]. The av-
erageconcentrationof OC and EC is in the interval
of concentrationsobserved earlier at the Preila back-
groundstationin 1985–1994but they arelower com-
paredto the dataof earlier investigations[14,15]. It

may be a resultof the total decreasein emissionsand
concentrationsof different pollutantsduring the last
decadein atmosphericair in Europe. Reliablecorre-
lation (r cor = 0.73,p < 0.1) betweenorganic andel-
ementalcarboncanbe observed. It allows us to sug-
gestthataerosolhydrocarbonsandsootreachthePreila
backgroundstationusually from the samesourcesof
pollution. TheEC=TC ratiowasusedasanindicatorof
anthropogenicsourcesat theinvestigationsite,because
elementalcarbonis primaryandchemicallystablepol-
lutant from fuel burningsources.This ratio is usually
lower at the backgroundsitesandhigherat the urban
sites[12,16]. In our caseof investigation the EC=TC
ratio variedbetween0.04and0.43. This ratio shallbe
furtherconsideredin detail by investigating thepollu-
tanttransportto thePreilabackgroundstation.

In parallel,exposed�lters wereanalysedby the re-
fractometricmethodfor determinationof blackcarbon
aswell. The averageconcentrationof BC wasdeter-
mined by this methodto be about36% higher com-
paredwith the EC averageconcentrationdetermined
by the thermal-opticalmethod. The largestdifference
(38.5–66.7%)betweenEC andBC concentrationswas
observed in samplesNo. 2, 3, and4 (Table1). These
sampleswereassociatedwith highconcentrationof or-
ganiccompoundssuppressingre�ection of light.

Transportof both carbonaceouscompoundsto the
investigationsitewasconsideredin relationto thecer-
tain air massbackward trajectoriesand wind direc-
tions.Thehighestconcentrationsof carbonaceouspol-
lutants were determinedon 20, 21, and 22 of June,
when southwesternair massesfrom the “black trian-
gle”, which includessomepart of the CzechRepub-
lic, Germany, andPolandor industrialregionof Silesia,
andsouthernwindsfrom Nida andKaliningradregion

Table1. Concentrationsof carbonaceouscompounds(¹ g¢m¡ 3), air massbackwardtrajectories,andwind
directions.

Sample Date Pollutants Ratio Direction

2006.06 TC OC EC BC EC/TC Air masstrajectory Wind

1 19 0.80 0.75 0.05 0.06 0.06 SE W,SW
2 20 3.20 3.06 0.14 0.29 0.04 SW S
3 21 2.82 2.66 0.16 0.26 0.06 SW S
4 22 2.14 2.05 0.09 0.27 0.04 SW S
5 23 0.16 0.09 0.07 0.04 0.43 N W
6 24 0.65 0.56 0.09 0.09 0.14 NW W,NW
7 25 1.32 1.22 0.10 0.13 0.08 NW,W W
8 26 1.92 1.85 0.07 0.09 0.04 NW,W W,SE
9 27 0.75 0.64 0.11 0.17 0.15 NW,W N
10 28 0.10 0.06 0.04 0.04 0.40 N N

Mean 1.39 1.29 0.09 0.14 0.14
Std.dev. 1.09 1.06 0.04 0.10 0.15
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Fig. 3. Backward trajectoriesof air massesassociatedwith highestconcentrationsof OC and EC at the Preila backgroundstationon
(a–c)20–22June2006and(d) acharacteristicepisodeof southeasterndirectionair masstransporton19June2006.
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Table2. Averageconcentrationsof carbonaceouscompounds(¹ g¢m¡ 3) transportedby differentair masses
andseparateinput of eachair massdirectionto theair pollution of thePreilabackgroundstationduring

theinvestigationperiod.

Averageconcentrations Ratiosof concentrations Inputsof carbonaceouscompounds
by differentair masses,%

Pollutant N SE NW SW CSW =CN CNW =CN CSE =CN N SE NW SW

TC 0.13 0.80 1.62 2.72 20.9 12.5 6.2 2.5 15.2 30.7 51.6
OC 0.08 0.75 1.4 2.59 32.4 17.5 9.4 1.6 15.1 31.1 52.3
EC 0.06 0.05 0.08 0.13 2.2 1.3 0.8 18.8 15.6 25.0 40.6
BC 0.04 0.06 0.11 0.27 6.8 2.8 1.5 8.3 12.5 22.9 56.3

Fig. 4. Air massbackwardtrajectoriesat thePreilabackgroundstationon (a)25and(b) 26of June2006.

wereprevailing (Fig. 3(a–c)). This combinationof air
massesand groundboundarylevel winds transported
the mostpollutedair to the Preilabackgroundstation
[15,17]. Furthermore,it canbeseenthatair massesof
the500and1000mheight(indicatinglong-rangetrans-
port of pollutants)mainly coincide,while air masses
of the 20 m height(indicating local groundboundary
wind) areusuallyof theotherdirection.Thisfactneeds
a separateanalysisof air massesandwindsin eachin-
vestigationepisode.

On 19 Juneair massof 1000 m height was com-
ing from northwesternpartof Ukrainevia Belarusand
waspassingthePreilabackgroundstationwhenwest-
ern wind was prevailing. It was a characteristicand
rareepisodeof pollution associatedwith southeastern
air masses(Fig. 3(d)). Relatively low concentration
of carbonaceouscompoundshasbeenobservedduring

this period,thoughtheseair massesareof continental
origin. Similarconcentrationswereobservedon25and
26 Junewith air massestransportedfrom thenorthern
part of WestEuropewith minor in�uence of southern
mining regions (Fig. 4(a,b)). During theseanalysed
periods,theEC=TC ratio waslow andvariedbetween
0.04and0.06becauseof comparatively high concen-
trationof organiccarbonin air massesfrom industrial
regions. We suggestthatduring theair masstransport
over thecontinent,organiccarbonfractionis relatively
stableanditshighamountmightbeobservedin anaged
atmosphericair masssample.

Lowest concentrationsof EC and OC were deter-
minedat thebackgroundstationon 23 and28 of June,
when air massesfrom the Atlantic Oceanvia Eng-
land, the North Sea, and the Baltic Seawere pass-
ing the investigation site during the periodsof marine
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Fig. 5. Backward trajectoriesof air massesassociatedwith the lowestconcentrationsof carbonaceouspollutantsat thePreilabackground
stationon (a)28Juneand(b) 23June2006.

westernwinds(Fig. 5(a,b)). Exclusively high EC=TC
ratio observedduring this periodindicatedtheanthro-
pogenicorigin of carbonaceouspollutants. This can
be explainedby 96-hourair massbackward trajecto-
ries which show that air masseshave beenenriched
with elementalcarbonpassingover industrial regions
of Englandandhave beenimportantfor the formation
of high pollution episodesin Lithuania[18]. The low
concentrationof OC in theseair massescan indicate
a very effective washoutprocessof hydrocarbonsand
long lifetime of EC in themarineatmosphere.

Therelative loadof carbonaceouscompoundstrans-
portedby differentair massesis presentedin Table2.
Dataof investigation indicatethat themainpartof or-
ganicandelementalcarbonis transportedto Preilawith
southwesternandwesternair masses.Theseair masses
arecomparatively frequentin theBaltic region andthe
contribution of carbonaceouscompoundswithin those
air massesis 40–56%.This factcon�rms peculiarities
of transportof otherpollutantsto this backgroundsite
[15]. Westernair massesoriginatingfrom thenorthern
partof WestEuropehavetransportedfrom 22.9to 31%
of carbonaceoussubstances.Easternairmassesarerare
in theBaltic region andtheir input comprisesonly 12–

15% of carbonaceouspollutantamount. Northernair
massescoming from the Atlantic Oceanvia England
have carriedinsigni�cant amountof pollutants. Fur-
thermore,we cannotethat the EC=TC ratio in north-
ern air massis high enoughto assumethat thesecar-
bonaceouscompoundsaremoreof anthropogenicthan
of biological origin. Theseinvestigations were per-
formedin warm season.In wintertimean increasein
carbonaceoussubstances,particularlyof elementalcar-
bon,maybeevident.

4. Conclusions

The reliable correlationbetweenorganic and ele-
mental carbonindicatesthat both carbonaceoussub-
stancesreach the Preila backgroundstation mostly
from the samesourcesof pollution. The main part
of carbonaceouscompoundsare carriedto the Preila
backgroundstationby air massesfrom thesouthwest-
ernpartof Europe.Carbonaceouscompoundsin south-
westernair massmay comprisemorethan50% of to-
tal carbonaceouscompoundsreachingthebackground
stationby air massesfrom different directions. The
low amountof organic carboncarriedto the recipient
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site with the northern air massesfrom the Atlantic
Oceanvia northernpart of UK indicatedan intensive
washoutprocessof hydrocarbonsover the marineat-
mosphere. Furthermore,the relatively high EC=TC
ratio in aerosol,associatedwith northernair masses,
suggestsmore anthropogenicthan biogenicorigin of
aerosolat thePreilabackgroundstation.
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ORGANIN �E IR ELEMENTIN �E ANGLIS BALTIJOS JŪROSPAKRANT �ESAEROZOLYJE

A. Milukait �e,K. Kvietkus,I. Rimšelyt�e
Fizikosinstitutas,Vilnius, Lietuva

Santrauka

Organin�e ir elementin�e anglisatmosferosaerozolyjebuvo tirta
2006m. bir�elio 18–28dienomisPreilosAplinkosu�terštumoty-
rim �u stotyje.Organin�esir elementin�esanglieskoncentracijosbuvo
�ivertintostermooptiniumetodu.Lygiagre�ciai re�ektometriniume-
todubuvoatlikti juodosiosangliesmatavimai. Turin�ci �uangliesjun-
giniusaerozoliodaleli �u, �ivertinantj �u šaltinius,pernašaanalizuota
naudojantatgalinesoro masi�u pernašostrajektorijas1000,500 ir
20 m virš �em�espaviršiaus.Trajektorijosskai�ciuotosNOAA (Na-
tional Oceanicand AtmosphericAdministration, JAV) HYSPLIT

modeliometodika[11]. Rasta,kaddid�iausiosorganin�esir elemen-
tin�esanglieskoncentracijosaerozoliuosebuvo susijusiossupietva-
karin�emisoro mas�emis,praslinkusiomisvirš „juodojo trikampio“
(Lenkijos, �Cekijos,Vokietijos pasienioteritorija), o �emiausios–
su oro mas�emisnuo Atlanto vandenyno. Organin�e ir elementin�e
anglis,nešamavakarini�u oromasi�u, Preilosfonin�ejestotyjesudar�e
daugiaunei 50% visosangl�i turin�ci �u med�iag�u taršos. Gauti re-
zultataiatitinkaPabaltijoatmosferosu�terštumofonoformavimosi
d�esningumus,nustatytusanks�ciaukitiemsteršalams.


