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Carbonparticulatematterconstitutesan importantportionof theatmosphericaerosolanddirectly participatesin the for-
mationof theEarth's radiationbalanceby in�uencing theglobalandregionalclimate.Continuousdata(March,April, 2002)
of 20-minuteconcentrationsof airborneblack carbon(BC) particlesat the PreilaEnvironmentalPollution ResearchStation
(55±200N, 21±000E) have beenusedfor the investigation of diurnal andweekdayvariationaswell asthe differentair mass
in�uence on BC transport. The measurementof BC massconcentrationwith the AethalometerTM , Model AE40 Spectrum,
manufacturedby Optotek,Sloveniawascarriedout. Theorigin of anair masswasdetectedby usingair massbackward tra-
jectoriescalculatedby theHybrid Single-ParticleLagrangianIntegratedTrajectories(HYSPLIT) model.Approximately73%
of BC measuredconcentrationswerefound in the rangeof a low valuemodecenteredat » 0–1000ngm¡ 3 . The remaining
concentrationswerein a high-concentrationmodeat » 1000–3000ngm¡ 3 , probablyindicatinga direct impactof emissions
from combustionactivities. BC concentrationin variousair massesover thatperiodvariedfrom theaveragevalueof approxi-
mately140ngm¡ 3 to themaximumvalueof 2410ngm¡ 3 . ThehighestBC concentrationswereassociatedwith theprevailing
southerntransportair masses.Simultaneously, thedaily concentrationvariationof blackcarbonandSO2 , NO2 , O3 wasmea-
suredandanalysed.Total aerosolconcentrationsandsizedistributionsweremeasuredaswell. Theaerosolsizedistribution
wasplottedascontourplots for eachday (asa functionof time). Most studieswerefocusedon theBC aerosolparticlesize
distribution andmodalaerosolconcentration.For eachevent, the growth ratewascalculatedgraphicallyfrom the contour
plots(“banana–plots”)andwasanalysedfor thepossiblenucleationevents.Someaerosolmeasurementswerecarriedoutatan
urbansitein orderto evaluatetheBC concentrationof thefreshlyemittedtraf�c aerosols.
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1. Intr oduction

Carbonparticulatematterconstitutesan important
portionof theatmosphericaerosolanddirectly partic-
ipatesin theformationof theEarth's radiationbalance
by absorbingand/ or scatteringsolarradiationandin-
�uencing the global andregional climate [1,2]. Car-
bonaceousaerosolsare the largest contributor to the
�ne particle burden in the atmosphereof urban and
industrial regions [3–6]. As turnedout during recent
years,the aerosol�ne modeof pollutantsis causing
healthproblemsdueto theirpenetrationinto thehuman
organism[7]. Carbonaceousparticlesare composed
of two main fractions:organiccarbon(OC) andblack
carbon(BC) (or elementalcarbon(EC)). In the atmo-
sphere,black carbonoccursasa mixture of graphite-
like particlesandlight-absorbingorganic matter. Ma-

jor sourcesof BC arethe burning of dieselfuel, coal,
jet fuel, naturalgas,andbiomass.BC canberemoved
from the atmosphereby dry depositionandrainoutof
aerosolandhasa lifetime in theatmosphereof theor-
der of several days to a week or two, dependingon
meteorology[1]. It is known thatBC playsan impor-
tant role in atmosphericchemistrybecauseof its cat-
alytic properties.Furthermore,thesurfaceof carbona-
ceousaerosolcanbe a site for the catalyticoxidation
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 organiccompounds,is ob-
served [9]. Theorganic �lm formedon thesurfaceof
blackcarbonaerosoldiminisheshygroscopicpossibil-
ities andthis outermonolayerminimizesits participa-
tion in atmosphericchemistry.
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Particulate-phasepollutantsemittedby motor vehi-
cles(especiallydieselvehicles)mostly consistof car-
bonaceousaerosol,with its two components– elemen-
tal carbon (also referred to as black carbon, some-
times also soot) and organic carbon(OC) [10]. The
BC componentdoesnot consistof chunksof highly
structuredpuregraphite,but ratheris a morecomplex
three-dimensionalarrayof carbonwith smallamounts
of otherelements[11].

Althoughconcentrationsof BC aredeterminedper-
manentlyatmany locationsworldwide,themajormea-
surementsarecarriedout in urbanareas[12]. These
dataareprimarily importantfor emissionstrengthmea-
surementsand air quality studies. However, more
global effectsof BC aerosolscanbe betterestimated
in rural andremoteregions,especiallyat coastalsites
where clean air massesarrive from oceansor seas
[13,14]. Therefore,the investigation of the relation-
shipamongtheblackcarbon,aerosolmassconcentra-
tion, andaerosolparticleswith different size number
concentrationin theair massesafter long-rangetrans-
port is importantaswell.

Themainobjectivesof thestudywere: (i) to deter-
minethedifferencebetweentheBC concentrationdis-
tribution in polluted (continental)and clean(marine)
air massesat thebackgroundsite;(ii) to investigatethe
BCconcentrationandaerosolsizespectrumduringnew
aerosolparticleformationepisodes;(iii) to estimatethe
distributionof thesizeof “fresh” blackcarbonaerosols
of traf�c exhaustsin realtime.

2. Experimental technique

2.1.Measurementsiteandtechnique

Continuousmeasurementsof BC, sulphurdioxide
(SO2), nitrogendioxide (NO2), andozone(O3) were
performedatthePreilabackgroundstation,whichis lo-
catedin thewesternpartof Lithuaniaonthecoastof the
Baltic Sea,on the CuronianSpit (55±200N, 21±000E,
5 m a.s.l.). The stationis far from substantiallocal
sourcesof airbornepollutantsandcanthusbecharac-
terizedasa regionally representative backgroundarea
of Lithuania[15].

A Magee Scienti�c Company AethalometerTM ,
Model AE40 Spectrum, manufactured by Optotek,
Slovenia was deployed at the site and provided real-
time, continuousmeasurementof BC massconcentra-
tion. The instrumentwas operatedwith a 20-minute
time baseround the clock with a �o w rate of about
3 l min¡ 1. The aethalometerusesan optical source

with differentsolid-statelight emissiondiodes(LED).
Thesesourcesareactivatedsequentiallyto illuminate
the aerosolsampleat seven discretewavelengthsdur-
ing eachtimecycle. In thisway, theopticalattenuation
at sevenpointsacrossthespectrumfrom ultraviolet to
near-infraredwasdetermined.This approachis based
on the fact that at thesewavelengthsno otherspecies
hassuchstrongabsorption,andtheopticalattenuation
measurementcanbereasonablyinterpretedin termsof
black carbonmass[16,17]. The rate of attenuation
is proportionalto the increaseof optically absorbing
materialon the�lter , which is proportionalto thecon-
centrationof theabsorbingBC in thesampledair �o w.
Blackcarbonhasabroadabsorptionspectrum,whichis
inverselyproportionalto thewavelengthof theincident
light. The absorptionof longer wavelengthsof light
dominatesin black carbonwhich is associatedwith a
graphitic form of carbon. Someotherparticulatecar-
bonaceousspeciescanalsoabsorbshorterwavelengths
of the incident light. The optical transmissionof car-
bonaceousaerosolparticlesis measuredsequentially
at seven wavelengths(370, 450, 520, 590, 660, 880,
and950nm). Theconcentrationof blackcarboncorre-
spondsto the880nmwavelength.

Theaerosolparticlecountsweremeasuredsimulta-
neouslywith a LAS-15A opticalparticlecounter(0.3–
10 ¹ m), andtheaerosolparticlenumberconcentration
andsizedistribution in the10–200nm sizerangewere
measuredusingthe differentialmobility particlesizer
(ELAS-5Mc). Both deviceshave beendesignedin the
EnvironmentalPhysics and ChemistryLaboratoryof
the Instituteof Physics,Lithuania. More information
canbefoundin [18].

The O3 concentrationwas measuredcontinuously
using the commercialUV absorptionozoneanalyzer
O341M, EnvironmentS.A. The precisionof measure-
mentswas 2 ¹ gm¡ 3. The analyzerwas calibrated
against the standardreferenceUV photometerSRP17
at CzechHydrometeorologicalInstitute. More infor-
mationaboutozoneconcentrationmeasurementsat the
stationis presentedin [19]. The hourly meanozone
dataareusedin thispaper.

Sulphurdioxide wasmeasuredusing the ion chro-
matography methodwith the lower limit of determi-
nation of 0.02 ¹ gSm¡ 3 and nitrogendioxide by the
spectrophotometrymethodwith the lower limit of de-
terminationof 0.08 ¹ gNm¡ 3. More detailedinfor-
mationconcerningsamplingandanalyticalmethodsis
presentedin [20].
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2.2.Principleof anopticalabsorptionmethod

To determinethe concentrationratiosof black car-
bonandotheradmixtures,anopticalabsorptionmethod
usingtheaethalometerwasapplied[21]. Theintensity
decreaseof the light beamhaving passedthroughthe
sample(collectedon the �bre �lter), which is linearly
proportionalto theblackcarbonamountonthe�lter , is
measured.

Theopticalabsorption(OA) is expressedas

OA = 100 ln
I 0

I
; (1)

where I 0 is the intensity of the light having passed
throughthe part of the �lter without depositionsand
I is the intensity of the light having passedthrough
the part of the �lter with depositions.The factor100
is taken for the numericalconvenience(the de�nition
without this factor would mean the optical density
transmission). By carrying out measurementsin the
white light usingtheseunits,we obtainhardlyobserv-
ableOA, the valueof which is equalto 1 (the differ-
encebetween“depositions”and“blank” is only 1%),
while theOA valueof 100correspondsto thedarkgrey
aerosolpoint.

Themeasurementresultdependson the light wave-
length, at which the measuredparticle is expectedto
be smallerthanthe wavelength. The light absorption
using the wide bandabsorber(e.g., graphitecarbon)
is inverselyproportionalto the usedlight wavelength.
For themassm of blackcarbonin a sample,theopti-
cal absorptionat the �x ed wavelength¸ is calculated
asfollows:

OA(¸ ) = ¾(1=¸ ) m ; (2)

wherem is theblackcarbonmass,¾(1=¸ ) is theoptical
absorptioncross-sectiondependingon thewavelength
¸ . Thelatteris calledaspeci�c absorption.

Thespeci�c absorptionmeasuredin m2=g is not the
physicalconstant,but dependson thewavelength.

Theoptical intensityfunctionof themeasuredmat-
ter dependson the wavelength. The intensity of the
light having passedthroughtheblankpartof the �lter
is calculatedas

I 0(¸ ) = I L (¸ ) F (¸ ) C(¸ ) D (¸ ) ; (3)

whereI L (¸ ) is the intensityof the light sourceemis-
sion,F (¸ ) is theopticaltransmission,C(¸ ) is thefunc-
tion of spectraltransmissionthroughall othercompo-
nents,andD(¸ ) is thedetectorspectralresponsefunc-
tion.

The total intensityof the light transmittedthrough
aerosoldepositionprecipitateon the �lter , using the
samelight sourceanddetector, is

I = I 0 exp¡ A (¸ ) ; (4)

andabsorptionis expressedby equation

OA(¸ ) = k(1=¸ ) m ; (5)

wherem is theblackcarbonmass,theopticalabsorp-
tion of which is inversely proportionalto the wave-
length. k is coef�cient of this proportionality, de�ned
asthespeci�c absorption.

Thelogarithmicratioof I to I 0 (Eq.(4)), expressing
theopticalabsorption,is proportionalto theabsorbing
black carbonmass,when the wavelengthdependson
theopticalcomponentsandthedetectorbeingweighted
by the1=¸ function.

Thus,wecanstatethatthelineardependenceon the
absorbingmaterialmassis characteristicof thepartic-
ular opticalabsorption.This assumptionis valid under
thefollowing conditions:

² particlesare signi�cantly smaller than the wave-
lengthparameter2¼̧ ;

² the absorbingmaterialamountin the sampleis in-
suf�ciently largeto causesaturation;

² the aerosolparticle insertioninto a deep,optically
scattered�bre matrix must eliminatereductionof
any optical transmissionin the �lter by optically
scanningparticlesandmakesmeasurementssensi-
tiveonly to absorption.

Theseconditionsare satis�ed when the sampleof
environmentaerosolparticlesis collectedfrom quartz
�bre �lters, andtheopticalabsorptionis limited to 150
and less. The proportionalitycoef�cient is a speci�c
absorber(OA=m). FromEq.(4) weobtain

¾(1=¸ ) = OA=m = 100k(1=¸ ) : (6)

3. Resultsand discussions

3.1.Diurnal variationof BCconcentration

The aethalometerwas in a continuousoperation
from 4 March to 29 April 2002. The total number
of 20-minutesampleperiodswas about 4000. Ap-
proximately 73% of BC concentrationswere found
in the range of a low value mode centredat » 0–
1000 ngm¡ 3. The remainingmeasurementswere in
a high-concentrationmode at » 1000–3000ngm¡ 3,
probablyindicatinga direct impactof emissionsfrom
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Fig. 1. Diurnal variationof blackcarbonandozoneconcentration:(a)March,(b) April.

combustionactivities. After certaingroupingandaver-
aging,daily variationsin thediurnalpatternsmoothen
outgiving theaveragediurnalpicture(Fig.1). Figure1
shows the diurnal variation of black carbonaerosol
andozoneconcentrationsover Preila. As expected,in
March BC andO3 concentrationswere lower than in
April. Theaverageblackcarbonconcentrationduring
March–Aprilwere720and960ngm¡ 3, respectively.

Averagehourly variationsin BC concentrationsin
Marchshowedalargepeakduringmorninghoursfrom
8 to 11 a.m., the lower peakswere observed from 4
to 7 p.m. and from 10 p.m. to 12 a.m. High values
of blackcarbonconcentrationin themorningevidently
could be interpretedas the effect of vertical mixing
processesafter breakupof the nighttime stablelayer
aswell as the advectionof air massesfrom urbanre-
gionswheretraf�c exhaustsin themorningandevening
increased. Relatively low valuesof the BC concen-
tration in the afternoonwere attributed to the disper-
sion of aerosolsdue to the increasein the boundary
layerheight.Analysisof theBC diurnalconcentration
variationin April showed the oppositesituationwhen
thelowestBC concentrationswereobservedfrom 6 to
8 p.m. Thediurnalvariationwasnot aspronouncedas
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 ¹ gm¡ 3 and startedincreasing
graduallyafter sunrise,reachingthe maximumvalue
in theeveninganddecreasinggraduallythereafter. The
analysisof datashows a statisticallysigni�cant neg-
ative correlationbetweenthe ozoneandblack carbon
diurnalvariationindicatingozonedepletionby surface
reactionson BC particles. The negative correlation
rangedfrom ¡ 0.30to ¡ 0.55.

Dependingonthereactionmechanismsandreaction
probabilities,sootmay signi�cantly in�uence the tro-
pospherictracegaschemistryby its surfacereactions.
If anozonemoleculecollideswith theactivesiteonthe
surfaceof a carbonsample,one of its oxygenatoms
getsadsorbed,while the resultantoxygenmoleculeis
liberated.Theadsorbedoxygenatomcanthencombine
with anotheradsorbedoxygenatomto form molecular
oxygen.This catalyticreactioncausesdramaticozone
depletionin theatmosphere[22].

3.2.Weeklypatternsof BCconcentration

To investigatethe BC concentrationdistribution on
the weekdays,concentrationsof nine Mondays,eight
Tuesdays,eight Wednesdays,eight Thursdays,eight
Fridays,eight Saturdays,andeight Sundayswereav-
eraged.Figure2 illustratesthe day-of-weekdistribu-
tion of thedatafor eachweekdaylined up in order. As
canbeseen,thedailymeanBCconcentrationdecreases
graduallyfrom Tuesdayto Fridaywith a little increase
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Fig. 3. AveragediurnalBC, O3 , NO2 , andSO2 concentrations:(a)March,(b) April.

on SaturdayandSunday, andon Mondayan increase
begins.BC concentrationsduringtheweekend(Friday,
Saturday, andSunday)decreasedueto reducedhuman
activities comparedto working days. Daily variations
of BC concentrationswerefoundto be in therangeof
1460–2710ngm¡ 3 over the studyarea(Fig. 2). The
lowest concentrationsin the 95th percentileoccurred
on Saturday(1460ngm¡ 3), following the rise in the
concentrationfrom Sundayto Tuesday.

A signi�cant reductionin BC valuesobserved dur-
ing weekendscomparedto weekdaysmaybeexplained
by consideringthe transporttime of aerosolsfrom ur-
ban areas. The lower concentrationon Monday than
on Tuesdaycanrepresentlower BC emissionson Sun-
day in the pollution sourceregions. The higher BC

Fig. 2. Weekdayvariationsof blackcarbonconcentrationover the
studyarea.Box coversinterquartilerangebetween25thand75th

percentiles.
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concentrationsobserved on Tuesdayto Friday canbe
attributed to the decreasedtraf�c intensity and lower
industryactivity onweekends.

3.3.Coursesof BCandtracegasconcentration

Thedaily variationsof meanconcentrationsof black
carbon,atmosphericgasesNO2, SO2, andO3 during
the investigation periodareshown in Fig. 3. BC con-
centrationvariation indicatessimilar coursesof NO2
and SO2. Data analysisshowed that coursesof sul-
phur dioxide concentrationandnitrogendioxide con-
centrationarepoorly correlated.It hasbeenfoundthat
thecorrelationbetweenblackcarbonandSO2 aswell
aswith NO2 is positive with a correlationcoef�cient
R = 0.44andR = 0.43, respectively (samplesnum-
bern = 116). Thedaily MarchandApril ozonemean
valuesrangedfrom 17.5 to 98.0 ¹ gm¡ 3 and 14.0 to
93.0 ¹ gm¡ 3, respectively. The dataclearly show the
daily variationin ozoneconcentrationwith aminimum
at around7 a.m. in the morning and a maximumat
2 p.m. in theafternoon.Accordingto themeanhourly
values,theozoneconcentrationwaslower in themorn-
ing at 7–9 a.m.,andin the eveningafter 10 p.m. The
slopebetweenblack carbonaerosolsandtropospheric
ozonehasbeenestimatedto be ¡ 0.1 and ¡ 0.5, im-
plying that every 1 ¹ gm¡ 3 increasein black carbon
aerosolmassconcentrationcausesa reductionby 0.1
and0.5 ¹ gm¡ 3 of surfaceozonein March andApril,
respectively (Fig. 3). This reductioncanbepartly due
to theaggregatestructureof sootparticles,which pro-
vide a largespeci�c surfaceareafor heterogeneousin-
teractionswith reactive tracegasessuchasozone[22].

3.4.BCconcentrationsin differentair masses

Fine-sizeandchemicallyinert BC particlescanbe
transportedover long distances[9,11]. Thus,signi�-
cantBC concentrationscould be observed over larger
distancesdownwindof thepotentialsourceregions.To
investigatethe in�uence of theair masshaving passed
overregionssituatedabout200–300km from thePreila
siteontheBCmassconcentration,eachBCsamplewas
categorizedby air mass24-hourbackwardtrajectories.
Figure4 shows thetrajectoryfrequency distributionby
thetransportdirectionof air massesreachingthePreila
siteduringthestudy. Air massbackwardtrajectoriesat
heightsof 20,500,1000m abovegroundlevel for each
day were constructedby the atmosphericmodel Hy-
brid Single-ParticleLagrangianIntegratedTrajectories
(HYSPLIT), version4 [23]. Trajectoriesweregener-
atedaccordingto the Preilasite coordinatesat angles

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

Fig. 5. MeanBC concentrationsin differentair massesin Preila.
Thepresentedstatisticsare25thand75thpercentiles.

0–360± onmapsanddividedinto 9 sectorscorrespond-
ing to 8 directionsmeasuredclockwisewith respectto
north (N, NW, W, SW, S, SE, E, NE) and one class
with unclearorigin (UNC). Theanalysisof air masses
transportdirectiondistributionshowsthatthenortheast
(11%),west(11%),andsouth-westdirection(7%)dur-
ing thestudyperiodprevailed.A largenumberof cases
(12%)wasassignedto UNC direction(Fig. 4).

Air massbackward trajectorieshave beenanalysed
to studya possibletransportof BC from different re-
gionsto Preila.BC concentrationin variousair masses
over that period varied from the averageminimum
value of approximately140 ngm¡ 3 to the maximum
valueof 2410ngm¡ 3 (Fig. 5). Basedon this trajectory
analysis,air masseswerecategorizedinto threeclasses,
i. e., marine,continental,andmixed (both continental
andmarine).
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Fig. 6. Mean NO2 and SO2 concentrationsin air massestrans-
portedfrom differentsectorsto thePreilasite,March–April 2002.

Thedaily meanBC concentrationsat thePreilasite
during thearrival of differentair massesarepresented
in Fig. 5. The period of March to April was gener-
ally underthein�uenceof acontinentalair mass,while
theair massfrom theseaseldomoccurred.Thehigh-
est averageconcentrationwas observed in continen-
tal air masses(S, E, SE) and the lowest one in ma-
rine or mixed – marineand continental(N, NW, W)
air masses.Air massesfrom neighbouringregionsof
Polandor sometimesthosefrom far away placesin
Germany, CzechRepublicmighthave transportedcon-
tinentalairmassesfromtheseregionstoPreilawith sig-
ni�cant averageconcentrationsof carbonaceouspartic-
ulatematter(2.72¹ gm¡ 3) [24]. Moreover, duringthis
period, sometimeswesterly air massescarrying ma-
rineair massesmixedwith continentaloneswerepass-
ing nearbyor acrosssomecoastalregionsof Norway,
Sweden,or Finland,andthusbroughtthe continental
air mixed with the marineair. The averageBC con-
centrationduring this period was approximately390
and 750 ngm¡ 3 in mixed (N) and continental(NE)
air masses,respectively. Whereasduring the period
whenonly marineair massesfrom theBaltic Seawere
transported,the averageBC concentrationwas about
220ngm¡ 3. During theexperiment,the total average
BC concentrationvalue from the southerndirections
was2410ngm¡ 3, whereasthetotal averagemeanBC
concentrationvaluein air massarriving from NW was
140ngm¡ 3.

Slightly higherconcentrationsof NO2 wererelated
to W andNE directionsandthoseof SO2 with NE and
SW direction(Fig. 6). Measuredconcentrationvalues
of thesecomponentshave distinctly shown the origin

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

3.5.Particle sizedistributionandBC

A widerangeof concentrationvaluesof variouspol-
lutantsin theatmospherearerelatedto thegeographi-
cal location,emissionsource,andmeteorologicalcon-
ditions. During theanalysedperiod,on somedaysthe
episodesof theBC concentrationincreaseanddecrease
wereobservedandwerechosenfor analysisin morede-
tail becausetheseepisodescouldberelatednotonly to
advectionof theBC aerosolbut to new particleforma-
tion processesaswell.

Along with the BC concentrationmeasurements,
concentrationsandthesizedistributionof aerosolparti-
clesweremeasuredwith thespectrometerELAS-5Mc.
Dueto instrumentationlimitation, thesmallestdetected
sizewas10nm. Theaerosolsizedistributionwasplot-
tedascontourplotsfor eachday(asafunctionof time)
of two months(March–April). Thoseeventswereanal-
ysedfor thepossiblenucleationevents,asdescribedby
Kulmala et al. [25]. For eachday event, the growth
ratewascalculatedgraphicallyfrom thecontourplots
(“banana-plots”).The Preilaeventsarecharacterized
by a quite clear“banana”shape.An exampleof such
plot, togetherwith the numberconcentrationsof each
mode,which hasbeena nucleationeventdaywith the
growth rate of about3.7 nmh¡ 1, is shown in Fig. 7.
Thegrowth ratewascalculatedby a specialMATLAB
program[26].

Figure 7(a–c)shows the time evolution of aerosol
particle size distribution and modal aerosoland BC
concentrationsduring the event of 9 March 2002.
Thereis acleardecreaseof nucleationmodeparticlesat
a lowerendof thedetectionlimit (10nm) dueto coag-
ulationwith largerparticles(Fig. 7(b),1–3p.m.).Dur-
ing the coagulationstage,the growth rateof particles
increasesfrom 3 to 5 nmh¡ 1, being the main reason
why theconcentrationof accumulationmodeparticles
increased. The hourly dataof carbonaceousaerosol
particleconcentrationshowedstrongUV absorptionat
370 nm, which could be relatedto the associationof
sootwith organics(Fig. 7(c)). Thehydroscopicpossi-
bilities andthespeedof watervapourabsorptionby the
nucleationmodeparticlesincrease.During this event,
new particlesevidentlywereformeddueto speci�c re-
actions,whichoccurovertheseaatnight,involving or-
ganiccompounds[9]. It maybesupposedthatprimary
BC is emittedto the atmosphereashydrophobicpar-
ticles, eventually becominghydrophilic by oxidation
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Fig. 7. (a)Timeevolutionof aerosolparticlesizedistributionsin Preilaon9 March2002,(b) modalaerosolconcentration,and(c) carbona-
ceousparticleconcentrations.

or after coatingby solubleaerosolssuchas sulphate
and organics [27]. Consequently, at wavelengthsof
370 nm, certainkinds of organic compoundsstart to
show strongUV absorption[28].

Duringtheformationof anew aerosolparticleevent,
a sharpriseof themassconcentrationof carbonaceous
particleswasevidently causedby theadvectionof pol-
lutedair massesto thestudysite(Fig. 7(c)).

3.6.BC in differentenvironment

The comparisonof carbonaceousaerosolparticles
detecteddirectly at the highway with particlesof this
pollutant observed at a backgroundsite may provide
informationon the atmosphericfateof the traf�c ex-
hausts. Atmosphericdilution or particle aging could

be observed. For this purpose,several measurement
serieshave beencarriedout. Real-timeblack carbon
concentrationswere measuredwith an aethalometer,
while particle countswere simultaneouslyperformed
with theLAS-15A (0.3–10¹ m) opticalparticlecounter
at thePreilasite. Theaveragediurnalcycle of theBC
aerosoland different aerosolsize numberconcentra-
tion at the Preilasite on 7 March 2002areshown in
Figs. 8 and 9. As shown in Fig. 9, diurnal variation
of 0.3,0.32,and0.35¹ m sizeaerosolin Preiladuring
the experimentshowed a prominentlysharpnocturnal
peakat around0–5 a.m., while 1.3, 1.5, and 2.0 ¹ m
sizeaerosolshowed the peakin the morningbetween
8 a.m. and12 p.m. In the morning,after the sunrise,
thenocturnalboundarylayerbreakslifting up the �ne



J. Andriejauskien�eetal. / LithuanianJ. Phys.48, 183–194(2008) 191

Fig. 8. (a) Diurnal variationof BC aerosolconcentrationmeasuredsequentiallyat sevenwavelengthson 7 March2002at thePreilasite,
(b,c) areshadedareasfrom (a)on largerscale.

particles.Thisgivesasharppeakin themorning.Then,
theconcentrationscontinueddecreasinggraduallydue
to increasedconvectiveactivity andtheminimumvalue
wasreachedin theafternoon.

A comparisonof diurnal courseof the aerosolsize
numberconcentrationwith BC aerosolparticle con-
centrationshows thatthelargestcontributor to the�ne
particlemassin theatmosphereat backgroundsitehas
beencarbonparticulatematter. Moreover, during the
study period all seven speciesof carbonaceousparti-
cleswerefound with a robust light absorbingorganic
materialin aerosol(Fig. 8).

Someaerosolsampleswerecollectedin orderto de-
termine the BC concentrationin the freshly emitted
traf�c exhausts. The experimentwas carried out at
theVilnius–Klaip�edahighway on March2, 2002. The
measurementdataof the traf�c exhaustsof BC con-
centrationare presentedin Fig. 10. Data show that
thecarbonaceousaerosolparticleconcentrationrapidly
changesover time and absorptionspectradependon
wavelengths. During the soot particle formation,ag-
gregatescanbe producedby the collision of primary
particles, which are formed by the reactive surface
growth of volatilespeciesgeneratedduringcombustion
[28]. It was found that sootparticlesin the freshex-
haustsdominatedin thesizerangeof 0.1–1¹ m.

Thehighestconcentrationof freshlyexhaustedaer-
osol containinga particularorganic compoundat the
wavelengthof 370 nm wasabout4300ngm¡ 3, while

the concentrationof BC at the wavelengthof 880 nm
was about 3400 ngm¡ 3. The experimental data
showed that the contribution of concentrationsof dif-
ferentspeciesof carbonaceousparticlesin background
aerosolsduring long transportin the atmospherewas
approximatelyequal,andBC dominatedin thecompo-
sition of all species.Dataof theemissionfrom “fresh”
traf�c exhaustsshowed that concentrationsof various
speciesof carbonaceousaerosolsfor sometime were
different(Fig. 10).

4. Conclusions

Theconcentrationof blackcarbonaerosolobserved
in Preilais dependentonthehistoryof air massestrans-
portedover the site. Highestconcentrationsof black
carbonwereobservedin continentalair masses(south-
erntransportdirections),andthelowestonesin marine
air masses(northerntransportdirection).

The relationship of black carbon with chemical
species(SO2, NO2, O3) was investigated,and it was
found that thecorrelationbetweenblackcarbon,SO2,
and NO2 was positive, with a correlationcoef�cient
of 0.44 and 0.43, respectively, and that for O3 was
negative, with a correlationcoef�cient from ¡ 0.30 to
¡ 0.55.

The size distribution of the “fresh” black carbon
aerosolsshows that the majority of all soot typesoc-
cur in thesmallestsizefractionrange.
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Fig. 9. Diurnal cycleof thedifferentaerosolsizenumberconcentrationvariationat thePreilasiteon7 March2002.

Fig. 10. Carbonaceousaerosolparticleconcentrationat thehighwayVilnius–Klaip�edaon2 March2002.
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JUODOSIOSANGLIES AEROZOLIO DALEL �ES FONIN �EJE VIET OV �EJE BALTIJOS JŪROS
PAKRANT �EJE

J.Andriejauskien�ea, V. Ulevi �ciusa, M. Bizjakb, N. Špirkauskait�ea, S.By�cenkien�ea

a Fizikosinstitutas,Vilnius, Lietuva
b Liublijanosuniversitetas,Liublijana, Slov�enija

Santrauka

Atmosferojeaerozoliodalel�es, sudarytosiš juodosiosanglies
(dar vadinamoselementineanglimi) ar organin�es anglies,tiesio-
giai veikia �em �esenergin�i balans�a, sugerdamosar atspind�edamos
Saul�esspinduliuot�e ir tuo pa�ciu veikdamostiek globalin�i, tiek re-
gionin�i klimat �a. Pateikti juodosiosangliesaerozoliodaleli �u kon-
centracij�u kaitos2002m. kovo–baland�iom�enesiaisPreilosaplin-
kosu�terštumotyrim �u stotyjetyrimai. Juodosiosangliesaerozolio
daleli �u koncentracijosmatavimai buvo atliekamietalometruA-40
Spectrum(Slov�enija). Tuo pa�ciu metu optiniu daleli �u skaitikliu
(LAS-15A, Fizikos institutas,Lietuva) ir diferenciniodaleli �u jud-
rumo skaitikliu (ELAS-5Mc, Fizikos institutas,Lietuva) matuota
aerozoliodaleli �u (0,3–10¹ m) skaitin�e koncentracijair j �u dyd�i �u
(10–200nm) spektras.Taip pat buvo matuotosNO2 , SO2 ir O3

koncentracijos.TaikantHYSPLIT-4 modeliometodik�askai�ciuotos
24val. atgalin�esoromasi�u pernašos�i Preilosstot�i trajektorijos,nu-
statantoro masi�u priešistor�e. Apie 73%išmatuot�u juodosiosang-

lies aerozoliodaleli �u koncentracij�u tiriamuoju laikotarpiubuvo 0–
1000ngm¡ 3 riboseir tik 27%buvo didesn�es– 1000–3000ngm¡ 3 .
Nustatyta,kaddid�iausia juodosiosangliesaerozoliodaleli �u kon-
centracija(2410ngm¡ 3) Preilojebuvo vyraujantpietini �u ir piet-
vakarini�u kryp�ci �u oro masi�u pernašai.Ma�iausia j �u koncentracija
(140 ngm¡ 3) buvo, kai oro mas�esslinko nuo Atlanto vandenyno
per Baltijos jūr �a ar virš Skandinavijos (Š ir ŠV kryp�ci �u). Analiz�e
parod�e,kadjuodosiosangliesaerozoliokoncentracijabuvo didesn�e
baland�io (960 ngm¡ 3) nei kovo (720 ngm¡ 3) m�en. Parosmetu
didesn�eskoncentracijossteb�etos8–11ir 19–22val. Nustatytastei-
giamaskoreliacijosryšys tarp juodosiosangliesir SO2 bei NO2

koncentracij�ukaitos,atitinkamai0,44ir 0,43,ir neigiamassuozonu
kovo (¡ 0,30)ir baland�io(¡ 0,55)m�en.Juodosiosangliesaerozo-
lio daleli �u dyd�i �u pasiskirstymoanaliz�e ir fonin�ejestotyje(Preila),
ir Vilniaus–Klaip�edosmagistral�eje („švie�i“ transportokuro pro-
dukt �u išmetimai)parod�e, kaddominuojama�iausi�u dyd�i �u frakci-
jos.


