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Abstract

Duringthe winterand springseasonsof 1989 and 1990, we collectedsamplesof the
backgroundaerosolat Wrangel Islandinthe eastern SovietArctic.The sampleswere
analyzed by opticaltransmissionto determinethe concentrationof aerosol "black"
carbon (BC), with resultsrangingfrom5 to 167 nanogramsper standardcubicmeter.
These resultsare comparedwiththe continuousmeasurementsat tlie NOAA/CMDL
monitoringstationat Barrow,Alaska forcases when meteorologicaltrajectories
connectedthe two locationswithtransittimesof fromoneto two days.The preliminary
resultssuggestthat concentrationsof aerosolBC are reduced at Wrangel relativeto
Barrow.

Keywords:
Atmosphere;aerosol;blackcarbon;"Arct!cHaze";opticaltransmission;meteorological
tra_jectory.

Introduction

Aerosolblack carbon(BC)is chemically inertand has a smallparticle size. This allows
for itstransportovergreat distancesto remoteregionsof the earth, lt has been docu-
mented for manyyears in the springtime"ArcticHaze" (Rahn 1981, 1985; Schnell
198,4;Barrie1986). BC is a strongabsorberof visible light,and its presenceinthe

, Arctic,either in the ambient atmosphereordepositedon the snow or ice surface,may
lead to changesin the solarradiationbalance. BC is removedfromthe atmosphereby
bothwet and drydeposition;however,the removalrates are unknown.Theoretical

, calculationssuggestlifetimesof one week to one month(Ogrenand Charlson1983).
These rates mustbe quantifiedif furtherprogressis to be made in assessingthe
impactof BC onthe climatesof the Arcticand the globe.
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Experimental Procedures and Results

Withthe intentionof measuringBC over a wide geographicarea to determineits
distribution,transportpathwaysand removalrate,_,a collaborativeresearchproject
was initiatedunder the US-USSR BilateralAgreementon the Environment.The
projectincludesthe samplingand analysisof =ArcticHaze" aerosolsfor theircarbon
contentin a comparativestudyconductedsimultaneouslyat Wrangel Island and
Barrow,Alaska.The locationsof the monitoringsitesare shown in Fig. 1.

These two sitesare at almostequal latitudes,are separatedby only flatocean surface
(no topography,norany anthropogenicsourcesin between), and meteorological
trajectoriesfrequentlyconnectthe two withtransittimeson the orderof one to two
days. The US participantsprovidedan aerosolsamplerwhichwas installedat
Wrangel Island.Sampleswere collectedthere duringthe winter-springseasons of
1989-90 and 1990-91.

Ali sampleswere collectedon pre-firedquartz fiber filters.Multipleopticalscattering
withinthe filter fiberseliminatesany effect on opticaltransmissiondue to scattering
fromthe particles(Rosenand Novakov1983). Thus,a measurementof the optical
transmissionmay be directlyinterpretedintermsof a surface loadingof optically
absorbingBC (Gundelet a/. 1984). The aerosolsampleswere analyzed bothin
Moscowand in Berkeley.

Figure2 showsa correlationplotof the opticalattenuationmeasurements.Fromthe
above results,it isclear thatthe methodsforsamplingand analysisof BC aerosols
give resultsthat are agreedupon by laboratoriesinboth the USA andthe USSR, and
thatthese methodsmay be usedat remote field stations.

The Barrowmeasurementshave a time resolutionof one hour,whilethe Wrangeldata
are from 3 to 60 hours.Manyof the BC samplesfrom Wrangel Islandwere contami-
nated by localaerosolfromlocalcombustionsourcesbut51 samples are believed to
be representativeof the backgroundArctic air. The resultsshowedconcentrationsof
aerosolBC rangingfrom5 to 167 nanogramspercubicmeter, valuesthat are quite
comparablewithmeasurementsmadeat high-latitudestationsin the WesternArcticat
this time of year. The objectof the collaborationisto comparethese data withcorre-
spondingmeasurementsat Barrowin the hopesthat informationmay be gainedon the
atmosphericlifetimeof BC aerosol inthe Arcticregion.An example of suchcompar-
isonsis shown in Fig.3.

An ensembleof backwardtrajectoriesat the 1000 bPa level centeredat Wrangel
Islandwere calculatedtor each backgroundmeasurement.The 1000 bPa level was
chosenbecausewe are interestedin the transportof surface level air. The tempera-
ture inversiontypicalof late springgivesthe possibilitythat BC aerosolwill remain in
the boundarylayerduringtransportto Wrangel Island. J

The Wrangelvaluesof BC concentrationfor the casesare less than the corresponding
Barrowdata by a factorof two or greater. The largedifferencesin BC concentrations
during1 - 2 daysof transportfrom Barrowto Wrangel are inconsistentwith previous
estimatesof a oneweek to one monthatmosphericlifetimefor BC. The data suggest
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the followingpossibilities:(a)lifetimes are shorterthan expected; (b) the few cases
availablefor analysisare insufficientto draw any conclusionsregardingatmospheric
lifetimesof BC; (c) there is a dilutionmechanismcausedby meteorologicalfactors.In
order to evaluatethese or otherpossibleexplanationsit is necessaryto obtainmore

• measurementsat these andadditionalArcticsites.

"_ Conclusions

Duringthe winterand springseasonsof 1989 and 1990, aerosol sampleswere
collectedon Wrangel Islandinthe eastern SovietArctic.The samples were analyzed
in Moscowand in Berkeleyfor aerosolBC. Comparisonof the filters'analysesshowed
excellentagreementbetweenthe methodsused inthe two laboratories.The results
showedthat manyof the sampleswere contaminatedby emissionsfrom localcom-
bustionsourcesat the researchstation.However,51 sampleswere representativeof
the backgroundArcticaerosolat that time and location.The resultsfromthose filters
showedconcentrationsof aerosolBC rangingfrom5 to 167 ng/m3, values that are
comparablewiththose measuredat high latitudelocationsin the Western Arctic.

We compared BC measurements made at climate monitoring stations in the Soviet
and Alaskan Arctic. The measurements are evaluated in terms of the meteorological
link between the two stations. A few cases were found where the air mass had passed
over Barrow 1 - 2 days before, and showed a reduction of aerosol BC concentration in
transit. The reduction may be due to deposition on the ice surface as well as dilution, lt
is hoped that this promising start to the collaborative project will lead to coordinated
measurements through the US-USSR Bilateral Agreement on the Environment or
through other cooperative programs in the future.
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Figure Captions

Fig. 1 Locationof the Sovietand Americanaerosolmonitoringstations.
Fig.2 Correlationplot of opticaltransmissionanalyses performedin Moscowand in

Berkeley.
Fig.3 Excerptfromtime seriesof aerosolBC concentrationsat Wrangel Islandand

Barrow.



Figure 1

5

!I



US - USSR Intercomparison
Optical Analysis for AeroSol Black Carbon
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