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Investigationof organic(OC) andelementalEC) carbonin atmospheri@aerosolwasperformedatthe PreilaErnvironmental
pollution researchbackgroundstationon 19—28June2006. In parallel,the measurementif black carbonby there ectometric
methodwascarriedout. The source®f carbonaceousompoundsveredetectedy usingair masshackwardtrajectories.The
highestconcentrationsf OC andEC weretransportedvith air masse®sf the southwesterirection,from the“black triangle”
(borderingareasof CzechRepublic,Germary, andPoland),andthe lowestconcentrationef carbonaceousompoundsvere
associateavith air massedrom the Atlantic Ocean.Theinput of westerlyair massexceeded0% of total pollution, whichis
in agreemenwith earlierdeterminecpeculiaritiesof backgroundgollution formationin the Baltic region.
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1. Intr oduction

Chemicalstructureof aerosolis importantnot only
dueto its impacton humansandervironmentbut also
dueto its contritution to the earthclimate. The main
component®f aerosolin uencing the climate canbe
soot(elementatarbonor blackcarbon(BC) depending
on the methodof measurement)prganic carbon,and
sulphateq1]. It is known that the total aerosolmass
in the city atmospherexceedsaerosolmassof arural
site by 33—-40%dueto organic andblack carboncom-
ponentsin aerosol[2]. Investicationsduring the last
decade$ave indicatedthatthe amountof organic car
bon may compriseup to 40-60%o0f urbanaerosol 3]
andup to 6—16%of thatatthe coastakite of the Baltic
Sea[4]. Theconcentratiorof black carbonat the Ire-
land coastalstationMace Headwasrelatively low, but
variedin awide range:from 0.05t0 2.5 gdmi 3. Sep-
arateepisode®f high blackcarbonconcentratiorwere
obseredwith air massedrom the westernpartof Eu-
rope,whereemissionof black carbonwasevaluatedio
be (4828 140)10° tonsperyear[5]. It wassuggested
that abouthalf of black carbonemissionis associated
with fossil fuel burning [6]. High amountof waterin-
solublesubstancesvere obsened in aerosolparticles
of high dispersity(Aitken's and accumulatiormodes)
duringtheperiodsof highbiologicalactivity —“bloom-
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ing” of phytoplankton.It allowedtheauthorgo suggest
that aerosolat the coastalAtlantic Oceanstationcon-
tainsa large amountof organiccompound®f biologi-
cal origin (lipids, proteins,andothers)[7]. Dataon to-
tal carbonaceousompound¢TC), organiccarbonand
elementalcarbonconcentrationsn aerosolarescarce.
They aremostly obtainedat urbansites,thoughglobal
aerosoleffects canbe clearedup by investigating the
backgroundsites.

The aim of this study is to determineconcentra-
tionsof organicandelementatarbonin coastaberosol
andto evaluatethe origin of thesecarbonaceousom-
poundsby investication of certainsynopticepisodest
the Preilabackgroundstation.

2. Experimental

Samplingsite The investication of carbonaceous
compoundsvas performedat the Preila Environmen-
tal pollution researchbackgroundstation located on
the CuronianSpit, on the coastof the Baltic Seain
the period of 19-28June,2006. Analysis Thermal-
optical analytical techniquewas usedfor determina-
tion of organic and elementalcarbon[8]. Becauseof
the high temperatureduring the analysis,PALLFLEX
2500At-UP quartz- bre lters were usedfor aerosol
samplecollection. To remove possiblecarboncon-
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Fig. 1. Schemeof thermal-opticalnstrumentation8].

tamination, quartz- bre lters were precleanedn a
furnace at the temperatureof 600*C. Atmospheric
aerosolswvere sampleddaily with the low-speedaspi-
rationequipmentttherateof 2-3m3hi 1. After sam-
pling the quartz- bre lters werefoldedtwice, placed
into analuminiumernvelopeandplacedfor storagen a
cooleruntil analysis.

The thermal-opticalanalysisis basedon oxidation
of organicandelementatarbonto CO, andfurtherre-
ductionto methane(CHj,), which is determinedwith
the ame-ionization detector (FID). The schemeof
thermal-opticabnalysisis presentedn Fig. 1. Dueto
characteristicef thethermal-opticamethod the sepa-
ration of organic, carbonatecarbon(CC), andelemen-
tal carbonis performedby temperatur@ndspacecon-
trol. The analysisproceedsn two steps. In the rst
step,the1.5cn? rectangulaportionof thequartz- bre
Iter is placedin a porcelainbedandat a x ed rate
is passedo the sampleoven, wheretemperatures in-

creasedo about820*C in thepureheliumatmosphere.

Then organic and carbonatecarbonis volatilized and
oxidized catalytically in a bed of MnO, to CO, at
900*C, andlaterCO; is reducedo CH,4 in amethana-
tor with Ni at 450*C. The ame ionization detector
was usedfor carbondeterminationwhich was quan-
tied as methane. Calibrationof FID was achieved

throughinjectionof known volumeof methanento the
sampleoven. During the secondstepof the analysis,
the EC measuremeris performed.The oventempera-
tureis reducedpxygenandheliummix (10:90)is intro-
ducedandpyrolytic carbon(PC)is removed. Thenthe
oventemperaturés raisedto 860*C for EC oxidation
to CO,, which furtheris reducedio CH4. Concentra-
tionsof organicandelementatarbonaredetermineds
1 gC=cn¥ of aerosodepositareaonthe Iter. Thede-
tectionlimit of thismethodwas0.02! géni 2. Repeata-
bility of themethodwas8 7%. TheHe—Nelaserallows
continuousmonitoringof Iter transmittanceobsena-
tion during thermal-opticalanalysisde ning the split
line betweerOC andEC in thermogran(Fig. 2).

The optical measuremendf elementalcarbonwas
alsoperformedby the refractometricmethodwith the
spectrometef'Specol ZV” equippedwith its supple-
ment R 45/0. The applicationof the refractometric
methodfor elementalcarbon(black carbon)measure-
mentprovideshighervaluesof concentratiomompared
with elementakarbonvaluesobtainedby the thermal-
optical methoddueto chemicalcompoundsn aerosol
in uencing the optical re ectance. Someresearchers
suggestintroducing an error of 20% [9] or a coef-
cient, which might be constantfor certainlocationor
for someparticularair masg10].
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Fig. 2. Thermogranof thermal-opticaknalysig8].

Meteoplogical data Wind direction and 72-hour
or 96-hourair massbackwardtrajectoriesat the height
of 20, 500, and 1000 m above groundlevel for each
daywereconstructedy the atmospherienodelHY S-
PLIT andthe archive of the meteorologicaldatabase
NOAA (National Oceanicand AtmosphericAdminis-
tration),which areaccessibl@ntheInternet[11].

3. Resultsand discussion

Theresultsof carbonaceousompoundnvestigation
arepresentedh Tablel. Theconcentrationsf organic
carbonandelementakarbondifferedeven 10 timesat
thesameplace but concentrationsf separatearbona-
ceouscompoundgieterminedduring the periodof in-
vestigation correspondetb the level of concentrations
obsered at other backgroundsites[12,13]. The av-
erageconcentrationof OC and EC is in the interval
of concentration®bsened earlier at the Preila back-
groundstationin 1985-1994but they are lower com-
paredto the dataof earlierinvestigations[14,15]. It

may be a resultof thetotal decreasén emissionsand
concentrationof different pollutantsduring the last
decadein atmospheriair in Europe. Reliablecorre-
lation (reor = 0.73,p < 0.1) betweenorganic and el-
ementalcarboncanbe obsered. It allows usto sug-
gestthataerosohydrocarbonsindsootreachthePreila
backgroundstationusually from the samesourcesof
pollution. TheEC=TC ratiowasusedasanindicatorof
anthropogenisourcesttheinvestigationsite,because
elementakarbonis primaryandchemicallystablepol-
lutantfrom fuel burning sources.This ratio is usually
lower at the backgroundsitesand higherat the urban
sites[12,16]. In our caseof investigationthe EC=TC
ratio variedbetweern0.04and0.43. This ratio shallbe
further consideredn detail by investigating the pollu-
tanttransporto the Preilabackgroundstation.

In parallel,exposed lters wereanalysedyy the re-
fractometricmethodfor determinatiorof black carbon
aswell. The averageconcentratiorof BC was deter
mined by this methodto be about36% higher com-
paredwith the EC averageconcentratiordetermined
by the thermal-opticaimethod. The largestdifference
(38.5-66.7%petweenEC andBC concentrationsvas
obsenedin samplesNo. 2, 3, and4 (Tablel). These
samplesvereassociateavith high concentratiorof or-
ganiccompoundsuppressinge ection of light.

Transportof both carbonaceousompoundso the
investication site wasconsideredn relationto the cer
tain air massbackward trajectoriesand wind direc-
tions. The highestconcentrationsf carbonaceougol-
lutants were determinedon 20, 21, and 22 of June,
when southwesterrair massedrom the “black trian-
gle”, which includessomepart of the CzechRepub-
lic, Germary, andPolandor industrialregion of Silesia,
andsouthernwinds from Nida andKaliningradregion

Tablel. Concentrationsf carbonaceousompoundgt gim 2), air massbackwardtrajectoriesandwind

directions.
Sample  Date Pollutants Ratio Direction

2006.06 TC oC EC EC/TC Air masdrajectory  Wind
1 19 0.80 0.75 0.05 0.06 0.06 SE W, SW
2 20 320 3.06 014 0.29 0.04 SW S
3 21 282 266 016 0.26 0.06 SW S
4 22 214 205 0.09 0.27 0.04 SW S
5 23 0.16 0.09 0.07 0.04 0.43 N w
6 24 0.65 056 0.09 0.09 0.14 NW W, NW
7 25 132 122 0.10 0.13 0.08 NW, W w
8 26 192 185 0.07 0.09 0.04 NW, W W, SE
9 27 0.75 064 011 0.17 0.15 NW, W N
10 28 0.10 0.06 0.04 0.04 0.40 N N

Mean 139 129 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 massesassociatedvith highestconcentration®f OC and EC at the Preila backgroundstationon
(a—c)20-22June2006and(d) a characteristiepisodeof southeasterdirectionair masstransporton 19 June2006.
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Table2. Averageconcentrationsf carbonaceousompounds! gén' ®) transportedby differentair masses
andseparatenput of eachair massdirectionto the air pollution of the Preilabackgroundstationduring
theinvestigationperiod.

Averageconcentrations Ratiosof concentrations Inputsof carbonaceousompounds
by differentair masses%
Pollutant N SE NW SW Csw =Cn Canw =Cn Cse=Cn N SE NW SwW
TC 0.13 080 162 272 20.9 12.5 6.2 25 152 30.7 51.6
oC 0.08 0.75 14 259 32.4 17.5 9.4 1.6 151 31.1 52.3
EC 0.06 0.05 0.08 0.13 2.2 1.3 0.8 18.8 156 25.0 40.6
BC 0.04 0.06 0.11 0.27 6.8 2.8 1.5 83 125 229 56.3

Fig. 4. Air masshackvardtrajectoriesatthe Preilabackgroundstationon (a) 25 and(b) 26 of June2006.

wereprevailing (Fig. 3(a—c)). This combinationof air
massesand groundboundarylevel winds transported
the mostpollutedair to the Preilabackgroundstation
[15,17]. Furthermoreit canbe seenthatair masse®f
the500and1000m height(indicatinglong-rangerans-
port of pollutants)mainly coincide, while air masses
of the 20 m height(indicatinglocal groundboundary
wind) areusuallyof theotherdirection. Thisfactneeds
a separatanalysisof air massesandwindsin eachin-
vestigationepisode.

On 19 Juneair massof 1000 m height was com-
ing from northwestermpartof Ukrainevia Belarusand
waspassingthe Preilabackgroundstationwhenwest-
ern wind was prevailing. It was a characteristiand
rare episodeof pollution associatedvith southeastern
air massegqFig. 3(d)). Relatvely low concentration
of carbonaceousompound$asbeenobseredduring

this period,thoughtheseair massesre of continental
origin. Similarconcentrationgvereobsenedon25and

26 Junewith air massedransportedrom the northern
part of WestEuropewith minor in uence of southern
mining regions (Fig. 4(a,b)). During theseanalysed
periods,the EC=TC ratio waslow andvariedbetween
0.04and 0.06 becausef comparatiely high concen-
tration of organic carbonin air massegrom industrial

regions. We suggesthatduring the air masstransport
over the continent,organic carbonfractionis relatively

stableandits highamountmightbeobsenedin anaged
atmospheri@air masssample.

Lowest concentrationof EC and OC were deter
minedat the backgroundstationon 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. Backwardtrajectoriesof air massesssociatedvith the lowestconcentration®f carbonaceoupollutantsat the Preilabackground
stationon (a) 28 Juneand(b) 23 June2006.

westernwinds (Fig. 5(a,b)). Exclusvely high EC=TC
ratio obsered during this periodindicatedthe anthro-
pogenicorigin of carbonaceougollutants. This can
be explainedby 96-hourair massbhackward trajecto-
ries which shav that air masseshave beenenriched
with elementalcarbonpassingover industrial regions
of Englandandhave beenimportantfor the formation
of high pollution episodesn Lithuania[18]. Thelow
concentratiorof OC in theseair masse<an indicate
a very effective washoutprocessof hydrocarbonsand
long lifetime of ECin themarineatmosphere.
Therelative load of carbonaceousompoundsrans-
portedby differentair massess presentedn Table 2.
Dataof investigation indicatethat the main part of or-
ganicandelementatarbonis transportedo Preilawith
southwesterandwestermair massesTheseair masses
arecomparatiely frequentin the Baltic region andthe
contribution of carbonaceousompoundswithin those
air massess 40-56%. This factcon rms peculiarities
of transportof otherpollutantsto this backgroundsite
[15]. Westermair masse®riginatingfrom the northern
partof WestEuropehave transportedrom 22.9to 31%
of carbonaceousubstance€asterrair massesarerare
in the Baltic region andtheir input comprisesonly 12—

15% of carbonaceoupollutantamount. Northernair
massesoming from the Atlantic Oceanvia England
have carriedinsigni cant amountof pollutants. Fur-
thermore we cannotethatthe EC=TC ratio in north-
ern air massis high enoughto assumehat thesecar
bonaceousompoundsremoreof anthropogenithan
of biological origin. Theseinvestigations were per
formedin warm season.In wintertime an increasan
carbonaceousubstancegarticularlyof elementatar
bon,maybeevident.

4. Conclusions

The reliable correlationbetweenorganic and ele-
mental carbonindicatesthat both carbonaceousub-
stancesreach the Preila backgroundstation mostly
from the samesourcesof pollution. The main part
of carbonaceousompoundsare carriedto the Preila
backgroundstationby air massegrom the southwest-
ernpartof Europe.Carbonaceousompoundsn south-
westernair massmay comprisemore than50% of to-
tal carbonaceousompoundseachingthe background
stationby air massedrom different directions. The
low amountof organic carboncarriedto the recipient
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site with the northernair massesfrom the Atlantic
Oceanvia northernpart of UK indicatedan intensive
washoutprocessof hydrocarbonsover the marineat-
mosphere. Furthermore,the relatively high EC=TC
ratio in aerosol,associatedvith northernair masses,
suggestanore anthropogenidhan biogenic origin of
aerosohtthe Preilabackgroundstation.
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ORGANINE IR ELEMENTIN E ANGLIS BALTIJOS JUROS PAKRANT ESAEROZOLYJE

A. Milukaite, K. Kvietkus,|. RimSelye
Fizikosinstitutas,Vilnius, Lietuva

Santrauka

Organire ir elementire anglisatmosferosaerozolyjebuvo tirta
2006m. hir elio 18—28dienomisPreilosAplinkos u terStumoty-
rimu stotyje.Organiresir elementiresanglieskoncentracijoduvo
ivertintostermooptiniumetodu.Lygiagreciai re ektometriniu me-
todubuvo atlikti juodosiosangliesmatavimai. Turinciu angliegun-
ginius aerozoliodaleliu, ivertinantju Saltinius,pernaSanalizuota
naudojantatgalinesoro masu pernaSograjektorijas1000, 500 ir
20 mvir§ emespavirSiaus. TrajektorijosskaciuotosNOAA (Na-
tional Oceanicand AtmosphericAdministation, JAV) HYSPLIT

modeliometodikg11]. Rastakaddid iausiosorganinesir elemen-
tinesanglieskoncentracijogerozoliuoséuvo susijusiosupietva-

karinemis oro magmis, praslinkusiomisvirs ,juodojo trikampio*

(Lenkijos, Cekijos, Vokietijos pasienioteritorija), 0 emiausios—

su oro magmis nuo Atlanto vanderyno. Organire ir elementire

anglis,neSamavakariniu oro masu, Preilosfonineje stotyjesudae

daugiaunei 50% visos angi turinciu med iagu tarSos. Gautire-

zultataiatitinka Pabaltijoatmosferosi terStumofono formavimosi

desningumuspustatytusanksiaukitiemsterSalams.



