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Abstract   
Icecoresamples（32mand61mindepth）collectedfromSite－J，Greenlandwerestudiedtofind  

lipidclasscompoundssuchashydrocarbonsandcarboxylicacidsbyusingacapillarygaschromato－  
graphy（GC）andGC鵬maSSSPeCtrOmetry．Normalalkanes（C24山C，1）洩owedapredominanceofodd  
－earb（ヽnnumberswith odd！・：eヽでn ratiosofl．3l－1．48．indieatiIlgthetranspoTt〔）flatld－deTived pIant  
WaXeSandfo岱ilfueトder主vedpollutantsin汰elate19tband写Oce一触ries・Fattyacids（C8－C之6）  
ShowedanevenMCarbonpredominancewithamaximumatC16followedbyC14，C払andCユ8，SuggeSting  
asignificantcontributionofmarine－derivedorganicmatter，u－0ⅩOCarboxylicacidsandβ－hydrox－  
〉，aCids．which shL）Weda sigllatureOfphotoehemieaJいri裏n，Werビalso foundintheit：eSamples．  

1．lntrodu亡tion  

Lipidclasseompoundssuchashydrocarbonsand  
fattyacidsinthecontinentalandmarineatmosphere  
havebeenstudiedtounderstandtheoriginofaerosol  
particles（Sim（）neit and Mazurek，1982；Kawamura  
and Kaplan．1986），tranSforrnationsoforganiematter  
in the atmospllere（Kawamura and GagosiaIl，1987）  
andlongiangetranSpOrtprOCeSSeSOfcontinenトOrlgト  
nated materials over open oceans（Gagosian et al．，  
1981）．The配Studies have proved thatlipid comN  
POundsareusefultraeerstoevaluatebioge11icand，：oT  
anthropogenicillputOforganicmaterialstotheatmo－  
Sphereandtounderstandtheirgeochemicalcyclesin  
the earthsurface．  
Ontbeoぬerband，icecoreanaly父Sfori110rganic  

chemical species provided an excellent approach to 
understandtbepast atmospberic environments（e．g．，  
Neftelβ～α£，1985；Barnola g才αg．，19S7）．However，  
1ipidclasscompollndsini（：ehaverarelybeenstudied  
despitetheirpotentialusefulnessintheappli亡ationsto  
paleo－atmOSpheric sttldies．1Ⅳe started to search  
iipidciasscompolユndsintbeicecoresamplescoil∝ted  
fromGreenland．Here，WepreSentpreliminaryresults  
Of anal）▼SeS Of n－alkanes．fatty acids．oxot：arboxylic  
acids，alldhydroxyacids，  

2．Samplesandanalyticalprocedures  

Ånicecore（286miong）wastakenfromSite】J，  
Greenland（1atitude：66051．9’N；longitude：46015．9’W；  
altitude：2030m）duringtheJapaneseArcticGlacio－  
logicalExpeditionin1989（JAGE’89）（Watanabeand  
Ftljii．1990）．FiveicビSamples were cut offfrom the  
COre andmeited aモモhesitein a pre鵬Cleaned Gailon  
bottlewithaTeflonNlinedcap．Thesamples（2A山2．  
8L）werepoisonedwithmercuricchlorideandtrans・  
portedtoTokyo．Twosamplestakenfrom32mand  
6lI11itldepthwereusedinthisstudy．Theageofthe  
Salnpieswasdeteminedas1941and18飢A．D，，reSpeC－  
tively，basedontheanalysesoftheelectricconductiv－  
ityprofileofthecoreandvoIcaniceventrecordssuch  
asLaki（ShojieiaL，1991）．  
Analiquot（O．35－1．8L）ofthesanlP】eswasacidト  

fiedtopH＝2witba6MHCIsolution（2－8ml），Wbic壬I  
WaSpre－Cleanedbyextraetion withmethylenechlo－  
rideandhexanetoremoveorgarli（：COntaminants，and  
WaSeLXtraetedwithmethyleneehIoridt｝，：ethylacetate  
（2：1）mixtl汀e（70＋爛＋40 m王）．The extracts were  
COnCentrateddownto2InlbyuslngarOtaryeVapOt  
rator．AO．1MKOH solution（15ml）wasaddedto  
the coTICentrateS and the neutralcomponents were  
extractedwithme汰ylenech王oride（15mi）．Tbenetト  
tralfractionwasrunonasilicagelcolumntoisolate   
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aliphatichydrocarbons，  
The remaining alkali‡le SOlution was acidified  

with6M HC主そ1－5ml）and carboxylic acids were  
Separatedbyextractionwithmethylenechloride（10  
mlx3）．Theacidswerethenesterifiedwith14％BF3  
in methanoland the est．ers were further dividedinto  
three subfractions on a silica gelcolumn：A－1，  
monocarboxyiicacidmethylesters；A－2，dicarboxy－  
1ic aciddimethyl、esters；Å－3，hydroxyacid methyl  
estersand6L），揖－dimethoxy（acetal）methylesters（de－  
rivativesofむ－0ⅩOaCids）．  

Aliphatic hydrocarborl，A－1and A州3subfrac－  
tionswereconcentratedandanalyzedwithaHewlett  
－Packard5890gascbromatogra頭l（GC）instailedwith  
asplit／Splitiessinjector，fusedsilicaDB～5capi11ary  
COlumn（0．32mmi．d．×30m）and an FID detector．  
Thecolumntemperaturewasprogrammedfrom600C  
（1min．）to1200Cat30らC／min．，thento310OCat6OC／  
min．Thecompoundswerefurtherdeterminedbya  
Finniga†トMÅTITS48ma岱Sp∝trOmeterinterfaced  
Wi血aVaria‡i3400capillaryGC．Massspectra（m／z  
50－650）wereobtainedcontinuouslywithascanspeed  

Ofonescan／sec．Identificationofthecompoundswas  
COnfirmedbymassspectralcomparisonwithauthenY  
tic standards．  

Proceduralblankswererun alongwiththesam－  
ple．The blanklevels for the compounds reported  
here wereless thanlO％ofthe peaklevels ofthe  
Samplest Thedatapresentedherewerecorrectedfor  
thebianks．  

3．Resu托s alld discussion  

ユズ．勒d和Cα沌0乃ぶ  
Fig．1showsmasschromatogramsat m／z71（n  

－aikanes），m／z191（triterpenoid bydrocarbons），alld  
totalionehromatogramtTOTIofaliphatichydrocar・  
bonfractionisolatedfromtheicecoresample（61min  
depth）．Simi1ar re＄ults were obtained for the32wm  
depthsample．NormalC14－C，5alkanesweredetectd  
edin the samples studied．The concentrations of  
totaln－alkaneswere2ヰ0－510ng／kg－ice．Tbeirdis－  
tributionshowsnoodd／evenearbonMnumberpredomト  
nanceintherange ofCl．－C恥however，it血ows a  

20∞  120く〉  
SCAN NO．   

Fig．l．（A）Masschromatogramofn－alkanes（m／z71），（B）masschromatogramof  
triterpenoidhydrocarbons（m／z191），and（C）totalionchromatogram（TOT）of  
aiiphatjchy（靂rocarbonfractionisolatedfromtbeicecoresamp！e（61mindepth）  
COliected圭一omGreenland．  
Cn：Carbonnumbersof‡lydrocarbons．   
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WeakoddcarbolトnumberpredomirlanCeintberange  
ofC2。－C，3（Fig．1Å）．TheClヰMC2。aikanesarede～  
rivedfromfossilfuelcombustionwhereastheC21MC33  
alkanes are from both fossilfuelcombustion and  
higherplant waxes．Thisis due to theknowledge  
that the ratios of the amounts of（Xld carbon nunl－  
bered n－alkarleStO tilOSe Ofeven carbon－numもersin  
fossilfuel（petroleumandcoal）combustionareclo＄e  
to unity（Tissot and Welte，1984）whereas those of  
plant waxhydrocarbons are5…10（Gagosian et al．，  
1981；KawamuraandKaplan，1986）．  
Theodd／evenratiosiIltbe32and61micesa‡n－  

plesⅥFerel．21a†ldl．38，reSpeCtiYely．Thevaiuesare  
fairly low compared to those of urban rainwaters 
fromLosAngeles（1．9r3．0；KawamuraandKaplan，  
1986）andthoseoftropicalnorth Pacific aerosoIs（2．  
2－4．0，Gagosiangfα乙，1981）．Theseresultssuggest  
that．inlate19 and early：川 cent11ries．p（〕11utaTltS  
derivedfromincompletelycombusted fossilfuelsin  
Europe，NorthAmerica and Asia weresignificantly  
emittedtotheatmosphereandwerelongィangetrans・  
portedoverGreenland．Althoughplantwaxhydro－  
Carbonsarepresentintheicesamples，theircontribuN   

tionisiesssigrlificaIlttbanfossil短elhydrocarbon鼠  
Thisisprobablyduetoanabsenceofiocalvegetation  
around the sampling siteinGreenland and due to  
wintersnowcoverageofnorthernlandswhenstrong  
Windsblowfrommid－latitudestotheArctic．  

Along叫rangetranSpO托Offossilfuelcomb11Stion  
productsoverGreenlandiss11ppOrtedbytbedistribu－  
tionpatternoftriterpenoidssuchasnorhopane（C29）  
andhopane（C，。）hydrocarbons（seeFig．1B）．Hopa－  
noidhydrocarbonshavebeen reportedin oils，autO－  
mobileexhaustandurbanaerosoIsandusedasmoiec－  
uiar markers of vebicular exbaust（Simoneit，1985）．  
Tbe mass chromatogram of Fig．1B（m／z191）is  
Similar to those reported for petroleum and urban  
aerosoIsamplesbySimoneitandMazurek（1989）．A  
COmbustionproducttransportisalsosupportedbythe  
presence of11nreSOIvedhydrocarbonmixture（UCM）  
appearedasallumpOntheとotalioncIlrOmatOgram  
（Fig．1C），Whichis a signature ofinternalengine  
COmbustionofoils（BoyerandLaitinen，1975）．  

1200  
SCAN N0．  

F涙・2．tA）M：lSSChTいmatい即；lm川1zT－1）an（＝Rlt（－1a＝ont：hroTllat叩rnm（TOTl11f   
fattyacidmethylesterfractioni＄Olatedfromtheicecoresample（61mindepth）  
CO11ectedfromGreenland．   

Figuresonthepeaksof（B）denote（carbonchainlength）：（doublebondnumbers）．   
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3．2．fb勒αCムゐ  
Satl】rat（娼andunsaturatedmonocarboxylicacids  

withcarbonnumbersofC7一－C：6Weredeteetedinthe  
ice samples．Ås shownin Fig．2，洩eir distribution  
Showsthepredominanceofevencarbon－numberswith  
a maximum at C．6（palmitic acid）and a relatively  
large‡肥akofC9（nonanoicacid）．Palmiticacidand  
Other fatty a（・ids（C川－Clさ）are abundantin phyto－  
plankton whereas higher moleぐular weight acids  
（C2。NC32）are characteristic of terrestrialhigher  
plants．Figure2Asuggeststhatfattyacidsintheice  
Originatedmostlyfrommarineplanktonicalgaeand  
thecontributionfromcontinentalplantswasrelative－  
1yinsignifieant．Marinederivedlipidsin theGreen－  
landiee core are emitted from the seawater to the  
atmospherebysea－Sprayandbubbieburstingmecha・  
nismsandreachedGreenland．Lipidcomponentsand  
bacteriaareknowntobeenrichedintheskinlayerof  
the sea．Concentrations of totaln－Saturated fatty  
acidsinthe32and6トnlic亡LSamPlesweTel．9andl．6  
βg／kg，re司X℃tively．  

Branched（isoandanieiso－）chainC13，C15andC17  
fatty acids were detected as minor monocarboxylic  

C9  

acids（Fig．2A）．The branched chain acids existin  
bacteriaasthemajorfattyacids（Kaneda，1967，Cranp  
WeIl，1982）．Thepresentstudysuggeststhatba⊂terial  
lipids also consist of the organic matterin theice  
Samples．The marine－derived organic matteris  
transportedintheatmosphereanddepositedoverthe  
Greenlandicefields．  

Unsaturated fatt〉▼aCids are anotheTminor acid  
groupdetectedirltileiこe：Cl＄‥ま，Cl紬C18霊 如tyacids  
（Cn：m：niscarbonnumbers，misnumbersofdouble  
bonds）．Theyprobablyoriginatefrommarinephyto－  
planktonwhichcontaintheseacidsasdominantspeq  
Cies．However，unSaturatedacidsareminorspecleS  
iIltheieesanlples，SuggeStingthatfhedoublebondsof  
unsat11ratedfattyacidsareoxidizedintheatmosphere  
during the transport．Thisis consistentwith the  
abundantpresenceofazelaicacid（C。diacid）intheice  
（the resultis not given here）．The C。diacidis an  
ozone oxidation product of unsaturated fatty acids  
t：Ontainingadoubltさbonda【（heC－9position，andhas  
beendetectedintheremotemarineatmos‡血erefrorn  
theNorthPacific（KawamuraandGagosian，1987）．  

400  1200  
SCAN NO．  

Fig・3．（A）Masschromatogram（m／z75）ofacetalmethylesters（derivativesofu   
OXOaCids），（B）masschromatogram（m／zlO3）ofP－hydroxyacidmethylesters，   
and（C）totalioncbromatogram（TOT）ofA－3fractionくacetaiandhydroxyacid   
meth〉・lesters）isolated fromtheirビet汀PSamPle16t mindepthlcollet：tedfrom  
Greenland．   
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Chemically－induced oxidations of biogenic organic  
COmpOunds．They are transpdrted over Greenland  
andsedimentedintkiceぬ既tby凱OWfallanddry  
deposition．This stud）P SuggeSted that detailed ana－  
1ysesofiee eores for organic moleeules and dTry de－  
positionwouldprovideusefulinformationsonthepast  
Changes of biogeochemit：alcycles of as wellas an－  
thropogeniぐinputstotheatmospheretheoceansand  
lands．  
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3．3．uイ九り用ナね1Iイムー（灯ム太〟〃〟β－ノ叫九叩叩dゐ  
6L）≠Oxocarboxylic acids with C9aS a dominant  

SpeCies have beenidentifiedin the marine aero＄OIs  
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Cally－inducedoxidationproductsofunsat11ratedfatty  
acidswhichcontainadoublebondpredominantlyat  
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arealsopresentintheicefromGreenland（Fig．3A）．  
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≠negativebacteria（Shaw，1974）andtheirdistributions  
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