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Carbonparticulatematterconstitutesan importantportion of the atmospheri@erosolanddirectly participatesn the for-
mationof the Earth's radiationbalanceby in uencing the globalandregional climate. Continuousdata(March, April, 2002)
of 20-minuteconcentrationsf airborneblack carbon(BC) particlesat the Preila EnvironmentalPollution ResearclStation
(55t 20°N, 21*00°E) have beenusedfor the investication of diurnal andweekdayvariationaswell asthe differentair mass
in uence on BC transport. The measurementf BC massconcentratiorwith the Aethalometel™, Model AE40 Spectrum,
manufcturedby Optotek,Sloveniawascarriedout. The origin of anair masswasdetectedy usingair massbackwardtra-
jectoriescalculatedby the Hybrid Single-Rarticle LagrangiarintegratedTrajectoriefHYSPLIT) model. Approximately73%
of BC measuredoncentrationsverefoundin the rangeof a low value modecenteredat » 0-1000ngm’ 2. The remaining
concentrationsverein a high-concentratiomodeat » 1000-300thgm’ 3, probablyindicatinga directimpactof emissions
from comhustionactiities. BC concentrationn variousair masse®ver thatperiodvariedfrom the averagevalueof approxi-
mately140ngm' 2 to themaximumvalueof 2410ngm' 2. ThehighestBC concentrationsvereassociateavith theprevailing
southerrtransporiair massesSimultaneouslythe daily concentratiorvariationof black carbonandSO,, NO,, O; wasmea-
suredandanalysed.Total aerosolconcentrationsindsize distributionswere measurediswell. The aerosolsizedistribution
wasplottedascontourplots for eachday (asa function of time). Most studieswerefocusedon the BC aerosolparticlesize
distribution and modal aerosolconcentration.For eachevent, the growth rate was calculatedgraphicallyfrom the contour
plots(“banana—plots”andwasanalysedor the possiblenucleatiorevents.Someaerosoimeasurementserecarriedout atan

urbansitein orderto evaluatethe BC concentratiorof the freshlyemittedtraf c aerosols.
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1. Intr oduction

Carbonparticulatematter constitutesan important
portion of the atmospheri@erosolanddirectly partic-
ipatesin the formationof the Earth's radiationbalance
by absorbingand/ or scatteringsolarradiationandin-
uencing the global andregional climate[1,2]. Car
bonaceousaerosolsare the largest contritutor to the
ne particle burdenin the atmosphereof urbanand
industrial regions [3—6]. As turnedout during recent
years,the aerosol ne modeof pollutantsis causing
healthproblemsdueto their penetratiorinto thehuman
organism[7]. Carbonaceougarticlesare composed
of two main fractions: organic carbon(OC) andblack
carbon(BC) (or elementakcarbon(EC)). In the atmo-
sphere black carbonoccursas a mixture of graphite-
like particlesandlight-absorbingorganic matter Ma-
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jor sourcesof BC arethe burning of dieselfuel, coal,
jet fuel, naturalgas,andbiomass.BC canberemoved
from the atmospherédy dry depositionand rainoutof

aerosolandhasa lifetime in the atmospheref the or-

der of several daysto a week or two, dependingon

meteorology[1]. It is known thatBC playsanimpor-

tantrole in atmospherichemistrybecauseof its cat-

alytic properties.Furthermorethe surfaceof carbona-
ceousaerosolcanbe a site for the catalytic oxidation
of sulphurdioxide to sulphateandfor the destruction
of ozone[8]. For example,over the seaat night the

formation of new particlesdue to speci c reactions,
leadingto the formationof organic compoundsis ob-

sened[9]. Theorganic Im formedon the surfaceof

black carbonaerosoldiminisheshygroscopicpossibil-

ities andthis outermonolayeminimizesits participa-
tion in atmospherichemistry
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Particulate-phasgollutantsemittedby motor vehi-
cles(especiallydieselvehicles)mostly consistof car
bonaceouserosolwith its two components- elemen-
tal carbon (also referredto as black carbon, some-
times also soot) and organic carbon(OC) [10]. The
BC componentdoesnot consistof chunksof highly
structuredpuregraphite,but ratheris a morecomple
three-dimensionarrayof carbonwith smallamounts
of otherelementg11].

Although concentrationef BC aredeterminedper
manentlyat mary locationsworldwide,themajormea-
surementsare carriedout in urbanareas[12]. These
dataareprimarily importantfor emissiorstrengthmea-
surementsand air quality studies. However, more
global effects of BC aerosolscan be betterestimated
in rural andremoteregions, especiallyat coastalsites
where clean air massesarrive from oceansor seas
[13,14]. Therefore,the investigation of the relation-
shipamongthe black carbon,aerosolmassconcentra-
tion, and aerosolparticleswith differentsize number
concentrationn the air massesfter long-rangetrans-
portis importantaswell.

The main objectivesof the studywere: (i) to deter
minethe differencebetweerthe BC concentratiordis-
tribution in polluted (continental)and clean (marine)
air massesaitthebackgroundite; (i) to investicatethe
BC concentratiomndaerosokizespectrunduringnew
aerosoparticleformationepisodes(iii) to estimatehe
distribution of the sizeof “fresh” blackcarbonaerosols
of trafc exhaustdn realtime.

2. Experimental technique
2.1.Measuementite andtechnique

Continuousmeasurementsf BC, sulphurdioxide
(SG,), nitrogendioxide (NO,), andozone(O3) were
performedatthe Preilabackgroundstation,whichis lo-
catedn thewestermartof Lithuaniaonthecoastof the
Baltic Sea,on the CuronianSpit (55:20°N, 21*00°E,
5 m a.s.l.). The stationis far from substantialocal
sourcesf airbornepollutantsand canthusbe charac-
terizedasa regionally representatie backgroundarea
of Lithuania[15].

A Magee Scientic Compary AethalometetM,
Model AE40 Spectrum, manugctured by Optotek,
Sloveniawas deployed at the site and provided real-
time, continuousmeasuremendf BC massconcentra-
tion. The instrumentwas operatedwith a 20-minute
time baseround the clock with a ow rate of about
3 Imini . The aethalometeusesan optical source

with differentsolid-statdight emissiondiodes(LED).
Thesesourcesare activated sequentiallyto illuminate
the aerosolsampleat seven discretewavelengthsdur
ing eachtime cycle. In thisway, theopticalattenuation
at seven pointsacrosshe spectrumfrom ultraviolet to
nearinfraredwasdetermined.This approachs based
on the fact that at thesewavelengthsno otherspecies
hassuchstrongabsorptionandthe optical attenuation
measuremertanbereasonablynterpretedn termsof
black carbonmass[16,17]. The rate of attenuation
is proportionalto the increaseof optically absorbing
materialonthe lter, whichis proportionalto the con-
centrationof theabsorbingBC in thesampledair o w.
Blackcarbonhasabroadabsorptiorspectrumwhichis
inverselyproportionato thewavelengthof theincident
light. The absorptionof longer wavelengthsof light
dominatesn black carbonwhich is associatedvith a
graphiticform of carbon. Someother particulatecar
bonaceouspeciesanalsoabsorbshorterwavelengths
of the incidentlight. The optical transmissiorof car
bonaceousaerosolparticlesis measuredsequentially
at seven wavelengths(370, 450, 520, 590, 660, 880,
and950nm). The concentratiorof blackcarboncorre-
spondgo the880nm wavelength.

The aerosolparticlecountswere measuredgimulta-
neouslywith a LAS-15A optical particlecounter(0.3—
10 m), andthe aerosolparticlenumberconcentration
andsizedistributionin the 10-200nm sizerangewere
measuredising the differential mobility particle sizer
(ELAS-5Mc). Both deviceshave beendesignedn the
Environmental Physics and Chemistry Laboratory of
the Institute of Physics, Lithuania. More information
canbefoundin [18].

The O3 concentrationwas measureccontinuously
using the commercialUV absorptionozoneanalyzer
0341M, EnvironmentS.A. The precisionof measure-
mentswas 2 t gmi 3. The analyzerwas calibrated
aguinstthe standardeferenceJV photometelSRP17
at CzechHydrometeorologicalnstitute. More infor-
mationaboutozoneconcentratiomeasuremenist the
stationis presentedn [19]. The hourly meanozone
dataareusedin this paper

Sulphurdioxide was measuredising the ion chro-
matograpk methodwith the lower limit of determi-
nation of 0.021 gSmi 3 and nitrogendioxide by the
spectrophotometrynethodwith the lower limit of de-
terminationof 0.08 1 gNmi 3. More detailedinfor-
mationconcerningsamplingandanalyticalmethodds
presentedhn [20].
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2.2.Principle of an optical absorptionmethod

To determinethe concentratiorratios of black car
bonandotheradmixturesanopticalabsorptiormethod
usingthe aethalometewasapplied[21]. Theintensity
decreasef the light beamhaving passedhroughthe
sample(collectedon the bre lIter), whichis linearly
proportionalto theblackcarbonamountonthe lter , is
measured.

TheopticalabsorptionOA) is expresseds

OA = 1001In II—O ; Q)

where | g is the intensity of the light having passed
throughthe part of the lter without depositionsand
| is the intensity of the light having passedhrough
the part of the Iter with depositions.The factor 100
is taken for the numericalcorvenience(the de nition

without this factor would meanthe optical density
transmission). By carrying out measurements the
white light usingtheseunits, we obtainhardly observ-
able OA, the value of which is equalto 1 (the differ-

encebetween“depositions”’and “blank” is only 1%),

while theOA valueof 100correspondgo thedarkgrey

aerosolpoint.

The measuremenesultdependn the light wave-
length, at which the measuredarticle is expectedto
be smallerthanthe wavelength. The light absorption
using the wide bandabsorber(e.g., graphitecarbon)
is inverselyproportionalto the usedlight wavelength.
For the massm of black carbonin a sample the opti-
cal absorptionat the x ed wavelength, is calculated
asfollows:

OA(,) = ¥1=,)m; )

wherem istheblackcarbormass¥{1=, ) istheoptical
absorptioncross-sectiomependingon the wavelength
. . Thelatteris calleda speci c absorption.

Thespeci ¢ absorptiormeasuredh m?=g is notthe
physicalconstantput depend®on the wavelength.

The optical intensityfunction of the measurednat-
ter dependson the wavelength. The intensity of the
light having passedhroughthe blank part of the Iter
is calculatedas

lo(.) = 1L()F()CL)D();S ®3)

wherel | (, ) is the intensity of the light sourceemis-
sion,F (, ) istheopticaltransmissionC(, ) isthefunc-
tion of spectraltransmissiorthroughall othercompo-
nents,andD (, ) is thedetectorspectrakesponsdunc-
tion.

The total intensity of the light transmittedthrough
aerosoldepositionprecipitateon the lter, usingthe
samelight sourceanddetectoris

| = 1o expl AC); 4)
andabsorptiors expressedy equation
OA(,) = k(1=,) m; ®)

wherem is the black carbonmass the optical absorp-
tion of which is inversely proportionalto the wave-
length. k is coefcient of this proportionality de ned
asthespeci c absorption.

Thelogarithmicratioof | tolg (Eg.(4)), expressing
the optical absorptionjs proportionalto the absorbing
black carbonmass,when the wavelengthdependson
theopticalcomponentandthedetectobeingweighted
by the1=, function.

Thus,we canstatethatthelineardependencenthe
absorbingmaterialmassis characteristiof the partic-
ular opticalabsorption.This assumptions valid under
thefollowing conditions:

2 particlesare signi cantly smaller than the wave-
lengthparametefY; ;

2 the absorbingmaterialamountin the sampleis in-
sufciently largeto causesaturation;

2 the aerosolparticleinsertioninto a deep,optically
scatteredbre matrix must eliminate reductionof
ary optical transmissionin the Iter by optically
scanningparticlesand makes measurementsensi-
tive only to absorption.

Theseconditionsare satis ed when the sampleof
ernvironmentaerosolparticlesis collectedfrom quartz
bre lters, andtheopticalabsorptioris limited to 150
andless. The proportionalitycoefcient is a specic
absorbeOA=m). FromEq. (4) we obtain

¥(1=,) = OA=m = 100k(1=,): (6)

3. Resultsand discussions
3.1.Diurnal variation of BC concentation

The aethalometemwas in a continuousoperation
from 4 March to 29 April 2002. The total number
of 20-minute sampleperiodswas about4000. Ap-
proximately 73% of BC concentrationsvere found
in the range of a low value mode centredat » 0—
1000ngmi 3. The remainingmeasuremente/ere in
a high-concentratiormode at » 1000-3000ngmi 3,
probablyindicatinga directimpactof emissiondrom
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Fig. 1. Diurnal variationof black carbonandozoneconcentration(a) March, (b) April.

comhustionactuities. After certaingroupingandaver-
aging,daily variationsin the diurnal patternsmoothen
outgiving theaveragediurnalpicture(Fig. 1). Figurel
shaws the diurnal variation of black carbonaerosol
andozoneconcentrationsver Preila. As expected,in
March BC and Oz concentrationsvere lower thanin
April. The averageblack carbonconcentratiorduring
March—Aprilwere720and960ngmi 3, respectiely.
Averagehourly variationsin BC concentrationsn
Marchshavedalarge peakduringmorninghoursfrom
8 to 11 a.m., the lower peakswere obsened from 4
to 7 p.m. andfrom 10 p.m. to 12 a.m. High values
of blackcarbonconcentrationn themorningevidently
could be interpretedas the effect of vertical mixing
processesfter breakupof the nighttime stablelayer
aswell asthe adwectionof air massedrom urbanre-
gionswheretraf c exhaustsn themorningandevening
increased. Relatvely low valuesof the BC concen-
tration in the afternoonwere attributed to the disper
sion of aerosolsdue to the increasein the boundary
layerheight. Analysisof the BC diurnalconcentration
variationin April shaved the oppositesituationwhen
thelowestBC concentrationsvereobseredfrom 6 to
8 p.m. Thediurnalvariationwasnot aspronounceds
in March. It canbe relatedto the backgroundsite lo-
cation. Thereis a gradualreductionof BC from 1 to
7 p.m. anda sharppeakoccursbetween9 p.m. and
12 a.m. This could be causedby the transportof air
massfrom distanturbanareas. Ozoneconcentrations

varied from 58 to 84  gmi 3 and startedincreasing
gradually after sunrise,reachingthe maximumvalue
in theeveninganddecreasingraduallythereafterThe
analysisof datashows a statistically signi cant neg-
ative correlationbetweenthe ozoneand black carbon
diurnalvariationindicatingozonedepletionby surface
reactionson BC particles. The negative correlation
rangedirom j 0.30to 0.55.

Dependingpnthereactionmechanismandreaction
probabilities,sootmay signi cantly in uence the tro-
pospheridracegaschemistryby its surfacereactions.
If anozonemoleculecollideswith theactive siteonthe
surface of a carbonsample,one of its oxygenatoms
getsadsorbedwhile the resultantoxygenmoleculeis
liberated.Theadsorbeaxygenatomcanthencombine
with anotheradsorbedxygenatomto form molecular
oxygen. This catalyticreactioncausesiramaticozone
depletionin theatmospher§22].

3.2.Weeklypatternsof BC concentation

To investicgatethe BC concentratiordistribution on
the weekdays concentration®f nine Mondays,eight
Tuesdays.eight Wednesdayseight Thursdays,eight
Fridays, eight Saturdaysand eight Sundayswere av-
eraged. Figure 2 illustratesthe day-of-weekdistribu-
tion of thedatafor eachweekdaylined up in order As
canbeseenthedaily meanBC concentratiomlecreases
graduallyfrom Tuesdayto Fridaywith alittle increase
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Fig. 3. AveragediurnalBC, Oz, NO,, andSO; concentrations{a) March, (b) April.

on Saturdayand Sunday and on Monday an increase
begins. BC concentrationduringtheweelend(Friday,
SaturdayandSunday)decreaseueto reducechuman
activities comparedo working days. Daily variations
of BC concentrationsverefoundto bein the rangeof
1460-2710ngmi 3 over the study area(Fig. 2). The
lowest concentrationsn the 95th percentileoccurred
on Saturday(1460 ngmi 2), following therise in the
concentratiorirom Sundayto Tuesday

A signi cant reductionin BC valuesobsenred dur
ing weelendscomparedo weekdaysnaybeexplained
by consideringthe transporttime of aerosoldrom ur-
banareas. The lower concentratioron Monday than
on Tuesdaycanrepresentower BC emissionon Sun-
day in the pollution sourceregions. The higher BC

Fig. 2. Weekdayvariationsof black carbonconcentratiorover the
studyarea. Box coversinterquartilerangebetweer25th and 75th
percentiles.
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concentration®bsened on Tuesdayto Friday canbe
attributed to the decreasedraf ¢ intensity and lower
industryactiity onweelends.

3.3.Coursesof BC andtracegasconcentation

Thedaily variationsof meanconcentrationsf black
carbon,atmospherigasesNO,, SO,, and O3 during
the investigation periodareshown in Fig. 3. BC con-
centrationvariation indicatessimilar coursesof NO,
and SO,. Dataanalysisshaved that coursesof sul-
phur dioxide concentratiorand nitrogendioxide con-
centrationarepoorly correlated It hasbeenfoundthat
the correlationbetweerblack carbonand SO, aswell
aswith NO is positive with a correlationcoefcient
R = 0.44andR = 0.43,respectiely (samplesnum-
bern = 116). Thedaily MarchandApril ozonemean
valuesrangedfrom 17.5to 98.01 gmi 3 and 14.0to
93.01 gmi 3, respectiely. The dataclearly shav the
daily variationin ozoneconcentratiomwith aminimum
at around?7 a.m. in the morning and a maximum at
2 p.m. in theafternoon.Accordingto the meanhourly
valuestheozoneconcentratiomwaslowerin themorn-
ing at 7-9 a.m.,andin the eveningafter 10 p.m. The
slopebetweernblack carbonaerosolsandtropospheric
ozonehasbeenestimatedio be j 0.1 andj 0.5, im-
plying that every 1  gmi 2 increasein black carbon
aerosolmassconcentratiorcausesa reductionby 0.1
and0.51 gmi 3 of surfaceozonein March and April,
respectrely (Fig. 3). This reductioncanbe partly due
to the aggreate structureof sootparticles,which pro-
vide alarge speci ¢ surfaceareafor heterogeneouis-
teractionswith reactve tracegasessuchasozone[22].

3.4.BC concentationsin differentair masses

Fine-sizeand chemicallyinert BC particlescanbe
transportedver long distanced9, 11]. Thus, signi -
cantBC concentrationgould be obsened over larger
distanceslovnwind of the potentialsourceregions.To
investicatethe in uence of the air masshaving passed
overregionssituatedabout200-30km from the Preila
siteontheBC massconcentrationeachBC samplewas
catayorizedby air mass24-hourbackwardtrajectories.
Figure4 shavs thetrajectoryfrequeng distribution by
thetranspordirectionof air masseseachinghePreila
siteduringthestudy Air massbackwardtrajectoriesat
heightsof 20,500,1000m above groundlevel for each
day were constructedoy the atmospherianodel Hy-
brid Single-Rarticle LagrangianntegratedTrajectories
(HYSPLIT), version4 [23]. Trajectorieswere gener
atedaccordingto the Preilasite coordinatesat angles

Fig. 4. Frequeng (%) of air masstransportfrom differentsectors
in Preila(March,April 2002).

Fig. 5. MeanBC concentrationsn differentair massesn Preila.
Thepresentedtatisticsare25thand75thpercentiles.

0-360 on mapsanddividedinto 9 sectorsorrespond-
ing to 8 directionsmeasurealockwisewith respecto
north (N, NW, W, SW, S, SE, E, NE) and one class
with unclearorigin (UNC). The analysisof air masses
transpordirectiondistribution shovsthatthe northeast
(11%),west(11%),andsouth-westlirection(7%) dur-
ing thestudyperiodprevailed. A largenumberof cases
(12%)wasassignedo UNC direction(Fig. 4).

Air massbackward trajectorieshave beenanalysed
to studya possibletransportof BC from differentre-
gionsto Preila.BC concentrationn variousair masses
over that period varied from the average minimum
value of approximately140 ngmi 3 to the maximum
valueof 2410ngmi 2 (Fig.5). Basedon thistrajectory
analysisair massesverecateyorizedinto threeclasses,
i. e., marine,continental,and mixed (both continental
andmarine).
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Fig. 6. MeanNO, and SO, concentrationsn air massegdrans-
portedfrom differentsectorgo the Preilasite, March—April 2002.

Thedaily meanBC concentrationgt the Preilasite
duringthe arrival of differentair massesre presented
in Fig. 5. The period of March to April was gener
ally underthein uence of acontinentahir masswhile
the air massfrom the seaseldomoccurred. The high-
est averageconcentrationwas obsered in continen-
tal air masseqS, E, SE) and the lowestone in ma-
rine or mixed — marineand continental(N, NW, W)
air masses.Air massegrom neighbouringregions of
Polandor sometimesthosefrom far avay placesin
Germary, CzechRepublicmight have transporteaton-
tinentalair massefrom theseaegionsto Preilawith sig-
ni cant averageconcentrationsf carbonaceougartic-
ulatematter(2.72t gmi 3) [24]. Moreover, duringthis
period, sometimeswesterly air massescarrying ma-
rine air massesnixedwith continentalbbneswerepass-
ing nearbyor acrosssomecoastalregionsof Norway,
Sweden,or Finland, and thus broughtthe continental
air mixed with the marineair. The averageBC con-
centrationduring this period was approximately390
and 750 ngmi 2 in mixed (N) and continental(NE)
air massesyespectrely. Whereasduring the period
whenonly marineair masse$rom the Baltic Seawere
transportedthe averageBC concentratiorwas about
220ngmi 3. During the experiment,the total average
BC concentratiorvalue from the southerndirections
was2410ngmi 3, whereaghe total averagemeanBC
concentratiorvaluein air massarriving from NW was
140ngmi 3.

Slightly higherconcentration®f NO, wererelated
to W andNE directionsandthoseof SO, with NE and
SW direction(Fig. 6). Measurecconcentratiorvalues
of thesecomponentsave distinctly shovn the origin

of air masseghat arrived at the Preilasite (marineor
continental).

3.5. Particle sizedistributionand BC

A wide rangeof concentratiorvaluesof variouspol-
lutantsin the atmospherarerelatedto the geographi-
cal location,emissionsource andmeteorologicaton-
ditions. During the analysedberiod,on somedaysthe
episode®ftheBC concentratioincreaseanddecrease
wereobsenedandwerechoserfor analysisn morede-
tail becauseheseepisodesouldberelatednot only to
adwectionof the BC aerosobut to new particleforma-
tion processeaswell.

Along with the BC concentrationmeasurements,
concentrationandthesizedistribution of aerosoparti-
clesweremeasuredvith the spectrometeELAS-5Mc.
Dueto instrumentatioimitation, thesmallestetected
sizewas10nm. Theaerosokizedistribution wasplot-
tedascontourplotsfor eachday(asafunctionof time)
of two months(March—April). Thoseeventswereanal-
ysedfor thepossiblenucleatiorevents,asdescribedy
Kulmalaet al. [25]. For eachday event, the growth
ratewas calculatedgraphicallyfrom the contourplots
(“banana-plots”). The Preilaeventsare characterized
by a quite clear“banana’shape.An exampleof such
plot, togetherwith the numberconcentration®f each
mode,which hasbeena nucleationeventday with the
growth rate of about3.7 nmhi 1, is shown in Fig. 7.
The growth ratewascalculatedoy a specialMATLAB
program[26].

Figure 7(a—c) shaws the time evolution of aerosol
particle size distribution and modal aerosoland BC
concentrationsduring the event of 9 March 2002.
Thereis acleardecreasef nucleatiormodeparticlesat
alower endof thedetectionlimit (10 nm)dueto coag-
ulationwith larger particles(Fig. 7(b), 1-3p.m.). Dur-
ing the coagulationstage the growth rate of particles
increasefrom 3 to 5 nmhi 1, beingthe main reason
why the concentratiorof accumulatiormodepatrticles
increased. The hourly dataof carbonaceouserosol
particleconcentratiorshaved strongUV absorptiorat
370 nm, which could be relatedto the associatiorof
sootwith organics(Fig. 7(c)). The hydroscopicpossi-
bilities andthe speedf watervapourabsorptiorby the
nucleationmodeparticlesincrease.During this event,
new particlesevidently wereformeddueto speci c re-
actionswhichoccurovertheseaatnight,involving or-
ganiccompoundg9]. It maybesupposedhatprimary
BC is emittedto the atmospheres hydrophobicpar
ticles, eventually becominghydrophilic by oxidation
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Fig. 7. (&) Time evolution of aerosolparticlesizedistributionsin Preilaon 9 March2002,(b) modalaerosokoncentrationand(c) carbona-
ceougparticleconcentrations.

or after coatingby soluble aerosolssuchas sulphate
and organics [27]. Consequentlyat wavelengthsof
370 nm, certainkinds of organic compoundsstartto
shav strongUV absorptior28].

Duringtheformationof anew aerosoparticleevent,
asharprise of the massconcentratiorof carbonaceous
particleswasevidently causedy the adwectionof pol-
lutedair masseso the studysite (Fig. 7(c)).

3.6.BCin differentervironment

The comparisonof carbonaceouserosolparticles
detecteddirectly at the highway with particlesof this
pollutant obsered at a backgroundsite may provide
information on the atmospheridate of the trafc ex-
hausts. Atmosphericdilution or particle aging could

be obsened. For this purpose,several measurement
serieshave beencarriedout. Real-timeblack carbon
concentrationsvere measuredwith an aethalometer
while particle countswere simultaneouslyperformed
with theLAS-15A (0.3—-10t m) opticalparticlecounter
at the Preilasite. The averagediurnal cycle of the BC
aerosoland different aerosolsize numberconcentra-
tion at the Preilasite on 7 March 2002 are shavn in
Figs.8 and 9. As shown in Fig. 9, diurnal variation
of 0.3,0.32,and0.35* m sizeaerosolin Preiladuring
the experimentshoved a prominentlysharpnocturnal
peakat around0-5 a.m., while 1.3, 1.5,and2.0t m
size aerosolshaved the peakin the morningbetween
8 a.m. and12 p.m. In the morning, after the sunrise,
the nocturnalboundarylayer breakslifting up the ne
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Fig. 8. (a) Diurnal variationof BC aerosolconcentratiormeasuredequentiallyat seven wavelengthson 7 March 2002 at the Preilasite,
(b,c) areshadedareasrom (a) onlargerscale.

particles.Thisgivesasharppeakin themorning.Then,
the concentrationsontinueddecreasingraduallydue
toincreasedorvective activity andtheminimumvalue
wasreachedn theafternoon.

A comparisorof diurnal courseof the aerosolsize
number concentrationwith BC aerosolparticle con-
centrationshaws thatthe largestcontrikutor to the ne
particlemassin the atmospherat backgroundsite has
beencarbonparticulatematter Moreover, during the
study period all seven speciesof carbonaceouparti-
cleswerefoundwith a robust light absorbingorganic
materialin aerosolFig. 8).

Someaerosokamplesverecollectedin orderto de-
termine the BC concentrationin the freshly emitted
trafc exhausts. The experimentwas carried out at
the Vilnius—Klaipedahighway on March 2, 2002. The
measuremendataof the trafc exhaustsof BC con-
centrationare presentedn Fig. 10. Data shov that
thecarbonaceouserosoparticleconcentratiomapidly
changesover time and absorptionspectradependon
wavelengths. During the soot particle formation, ag-
gregatescan be producedby the collision of primary
particles, which are formed by the reactve surface
growth of volatile speciegeneratediuringcomhustion
[28]. It wasfound that sootparticlesin the fresh ex-
haustddominatedn the sizerangeof 0.1-11 m.

The highestconcentratiorof freshly exhaustedaer-
osol containinga particularorganic compoundat the
wavelengthof 370 nm wasabout4300ngmi 3, while

the concentratiorof BC at the wavelengthof 880 nm
was about 3400 ngmi 3. The experimental data
shaved that the contribution of concentration®f dif-
ferentspecieof carbonaceougarticlesin background
aerosolsduring long transportin the atmospheravas
approximatelyequal,andBC dominatedn the compo-
sition of all speciesDataof theemissionfrom “fresh”
traf c exhaustsshaved that concentration®f various
speciesof carbonaceouaerosolsor sometime were
different(Fig. 10).

4. Conclusions

The concentratiorof black carbonaerosolobsered
in Preilais dependenbvnthehistoryof air massegrans-
portedover the site. Highestconcentration®f black
carbonwereobsenredin continentakir massegsouth-
erntransportirections),andthelowestonesin marine
air massegnortherntransportirection).

The relationship of black carbon with chemical
speciegSO,, NO,, O3) wasinvesticated,and it was
foundthatthe correlationbetweerblack carbon,SOy,
and NO, was positive, with a correlationcoefcient
of 0.44 and 0.43, respectiely, and that for O3 was
negative, with a correlationcoefcient from j 0.30to
i 0.55.

The size distribution of the “fresh” black carbon
aerosolsshaws that the majority of all soottypesoc-
curin thesmallestsizefractionrange.
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Fig. 9. Diurnal cycle of the differentaerosokizenumberconcentratiorvariationat the Preilasite on 7 March 2002.

Fig. 10. Carbonaceouaerosoparticleconcentratiorat the highway Vilnius—Klaipedaon 2 March 2002.
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JUODOSIOSANGLIES AEROZOLIO DALEL ESFONINEJE VIET OVEJE BALTIJOS JUROS
PAKRANT EJE

J.Andriejauskiee?, V. Ulevicius?, M. Bizjak®, N. Spirkauska#?, S. Bycenkiere?

2 Fizikosinstitutas, Milnius, Lietuva
b Ljublijanosunivessitetas Liublijana, Slovenija

Santrauka

Atmosferojeaerozoliodalekes, sudarytosi$ juodosiosanglies
(dar vadinamoselementineanglimi) ar organines anglies, tiesio-
giai veikia em esenepgini balans, sugerdamoar atspincedamos
Sauksspinduliuog ir tuo paciu veikdamosgtiek globalin, tiek re-
gionini klimata. Pateikti juodosiosangliesaerozoliodaleliu kon-
centraciyi kaitos2002m. kovo—baland iomenesiaisPreilosaplin-
kosu terStumotyrimu stotyjetyrimai. Juodosiogngliesaerozolio
daleliu koncentracijosmatarimai buvo atliekamietalometruA-40
Spectrum(Slovenija). Tuo paciu metu optiniu daleliu skaitikliu
(LAS-15A, Fizikos institutas,Lietuva) ir diferenciniodaleliu jud-
rumo skaitikliu (ELAS-5Mc, Fizikos institutas,Lietuva) matuota
aerozoliodaleliu (0,3-10* m) skaitine koncentracijair ju dyd iu
(10—200nm) spektras. Taip pat buvo matuotosNO;, SG; ir Os
koncentracijosTaikantHY SPLIT-4 modeliometodila skaciuotos
24val. atgalinesoromasi pernaSos Preilosstot trajektorijos,nu-
statantoro masu prieSistoe. Apie 73% iSmatuoti juodosiosang-

lies aerozoliodaleliu koncentracij tiriamuoju laikotarpiubuvo 0—
1000ngm 3 riboseir tik 27%buvo didesres—1000-300Gigm’ 3.
Nustatyta kad did iausia juodosiosangliesaerozoliodaleliu kon-
centracija(2410ngm' 3) Preiloje buvo vyraujantpietiniu ir piet-
vakarinu krypciu oro masu pernasai.Ma iausia ju koncentracija
(140ngm' 2) buvo, kai oro massslinko nuo Atlanto vandeyno
per Baltijos jura ar virs Skandinaijos (S ir SV krypciu). Analize
paroce, kadjuodosiosangliesaerozoliokoncentracijduvo didesre
baland io (960 ngm' 3) nei kovo (720 ngm' ®) men. Parosmetu
didesreskoncentracijostetetos8—11ir 19—22val. Nustatytagei-
giamaskoreliacijosrySys tarp juodosiosangliesir SO, bei NO,
koncentraciji kaitos,atitinkamai0,44ir 0,43,ir neigiamasuozonu
kovo (j 0,30)ir baland io(j 0,55)men.Juodosiogngliesaerozo-
lio daleliu dyd iu pasiskirstymanaliz ir fonineje stotyje(Preila),
ir Vilniaus—Klaipedosmagistragje (,Svie i“ transportokuro pro-
dukiu iSmetimai)parode, kad dominuojama iausiu dyd i u frakci-
jos.



