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Abstract  
Polar organiccompounds，includinglowmolecularweightdicarboxylicacids，0ⅩOaCids，andal  

dehydes，WeredeterminediniceandsnowsamplescollectedfromSite－），Greenlandbythemethods  
OfcapillarygaschromatographyandmassspeCtrOmetry．  
Meltedwatersweredriedandreactedwith14％borontrifluorideinn－butanol：Carboxylicacidsand  
aldehydeswereconvertedtodibutylestersanddibutoxyderivatives，reSpeCtively．Majororganic  
SpeCiesdetectedinthesampleswereoxalic，SuCCinic，pyruVic，andazelaicacids．Totalconcentration  
range was7－49ng／gLice・These compounds were mostlikely producedin the atmosphere by  
photochemicaloxidationofbiogenicandanthropogenicorganicmoleculesandsedimentedintheice  
field．  

1．lntroduction  
Snowinthe high1atitude areas scavengesboth  

gaseous and particulate chemical species from the 
atmosphere and trap themintheicelayers without  
Significant transport and transformation．Thus，  
ChemicalanalysesoficecoresamplesprovideimporT  
tant informations of past atmospheric environments 
（e．g．，Delmaseial．，1980；CraigandChou，1982；Neftel  
etal．，1985；Barnolaetal．，1987）．However，preVious  
Studies ofice cores have beenlimited to gases and  
inorganicspeCies，andorganiccompoundshaverarely  
beenanalyzed．  

On the other hand，Various organic compounds  
havebeenextensivelystudiedinthecontinentaland  
remotemarineatmosphere．Theyhavebeensuccess一  
fully used as molecular tracers of atmospheric long 
－rangetranSpOrtandtranSformations（photochemical  
reactions）of organic matter（e．g．，Gagosian et al．，  
1981；Kawamura andKaplan，1986；Kawamuraand  
Gagosian，1987）．Organic compounds emitted from  
biogenicandanthropogenicsourcesandalsoderived  
fromphotochemicallyinducedreactionsintheatmo－  
SphereshouldremaininanArcticicesheetaftersnow  
falls and dry deposition．Thus，Studies of organic  
matterinicecoreswouldprovideusefulinformations  
to understand the geochemical and biogeochemical 
cycles and processes of natural and anthropogenic 

materialsin the Arctic atmosphere as wellasin  
circumarcticlands and oceans．  

We have started to analyze ice core samples 
COllected from Site－），Greenland for a variety of  
Organic molecules．Here，We preSent a preliminary  
resultsoflowmolecular weight dicarboxylic acids，  
0ⅩOaCidsanddialdehydes．Thesepolarorganiccom・  
poundshavebeendetectedintheurbanatmosphereas  
majoraerosoIconstituentsandconsideredtobepro－  
duced mostlyinthe atmosphereby photochemically  
inducedreactions（KawamuraandIkushima，1991，in  
preparation）．   

2．Samplesandmethods  

A206mlongice core was collected at Site－，，  
Greenland（1atitude：66051．9’N；longitude：46015．9’W；  
altitude：2030m）inMay andJune，1989（Watanabe  
andFujii，1990）．Fivesamplesweretakenfromthe  
depthsof32，61，91，117and152mforthepurposeof  
Organicanalyses（Tablel）．Thelengthofeachsec－  
tionwasl．2－1．5m，Whichcorrespondsto3－4years．  
A fresh snow sample（0－5cmin depth）was also  
COllected from the samelocation．Sample surfaces  
Were Cut Off to remove potential contaminations．  
Theremainingsampleswerecutinpiecesandwere  
meltedinapre－Cleanedbrowngallonbottlecapatthe   
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Tabiel．De監ription of snow andice core samp】es coil既tedたom tbe Site－J，Greeniand，i王11989，  

Depth  Type  Top（M） Bottom（M）   Approximate age 
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32．50  
62．07  
9l．79  
11臥06  
152．38  

ice  31．20  
ice  90．64  
ice  90．36  
ice  l16．52  
ice  151．03  

Agewastentativelydeterminedbasedonthecomparisonofthe  
electroncorlductivitydataandrecordsofvo】caniceve鵬S（e．g‘，  
VOIcaniceruptiotlOfbkiin1783isiderltifiedintbedeptbof  
lO2．8nl：Sh（）jiiイ‘J∠，1991）．  

Samplingsite．Thebottlewastightlysealedwitha  
teflon－1inedcap．Themeltwatersamples（2．4－2．8L）  
Were pOisoned with mercuric chloride and were air  
－parCeledtoTokyothroughCopenhagen．  
A150mlsample was takenin a200mlround  

bottomflaskandconcentrateddownto2mlbyusing  
a rotary evaporator under a vacuum．The sample  
WaStranSferredtoalOmltesttu毎withagrounded  
glasscap，dried by rotary evaporatiolland nitrogen  
blowdown．and then reacted with14？占borontriflu－  
Orideinn－butanolatlOO■C for30min．Dllring the  
reaction，払eca沌0Ⅹylgroupwasconvertedtobutyl  
ester andaldehyde group to dibutoxy acetal．The  
ester and acetalderivatives were washedwith pure  
Water（3mlx3）inthepresenceofacetonitrile（0．2ml）  
andn－hexane（5ml）andthenconcentrateddownto  
50microliters．  

TheesterLsandacetalsinn－hexanesolutionwere  
deterTninedbyaHewiettPackard5890capillarygas  
Chromatograph（GC）installedwithafusedsilicaDBL5  
eolumnandanFIDdetectorandb）TaFinnigan－MAT  
INCOS5OorFinnigan－MATITS←iOGCLmaSSSpeC－  
trometer．PeakidentificatioTIWaS perねrmedもy a  
COmparisonwithretentiontimesandmassspectraof  
authenticstandards（Kawamuraelal，，1985）．ProceL  
dural blanks showed contamination for oxalic and 
SOmeOtheracids，however，theirconcentrationlevels  
WerelessthanlO％ofthesampleresults．Thedata  
presentedherearecorrectedfortheblanks．   

き．R合さulモSanddiscussion  

Fig11relshowsacapillarygaschromatogramof  
thecarbox）1iea亡idandaldehydederivativesisolated  
fromtheiceeoresample（32m）fromSite－J，Green－  
1and・Thegaschromatographic peakswereidentiT  
fiedasorganicacidsandaldehydeswhichcontainin  

mostcasesanadditionalcarboxylorketofunctional  
group．TheyincludeC2－－Cl。aliphatic dicarboxylic  
acids，arOmaticdiacid（phthalic acid），C2－Cl。㈲TOX－  
OCarboxylic acids，αqketoacid（pyruvic acid），dicarr  
bonyls（glyoxaland methylglyoxal），trトcarboxylic  
acid（citric acid），Saturated and unsaturated fatty  
acids（C1．MC18）were also detectedin theice／snow  
Samples，Tabk2gives the concentrations of rela－  
tivelyabtlndantorganicacidsandaldehydesdetected  
in thesamplesfrom SiteLJ．（1reenland．  
Volatileorganie aeid and aldehydes（formic and  

acetic acids，ねmaldebyde，aCetaldehyde）were not  
deteetedin the samples by the method usedin this  
Study．Volatilecompoundsmayhavebeenlostfrom  
thesamplesduringtheprocedureofsampleevapora－  
tion．  

Total concentration of the organic acids and 
aldehydesrangedfrom7ng／gto50ng／g（Table2）．  
The concentrationlevelsofthe Greenlandice／snow  
SamPlesaremuchlower thantheurban Los＾ngeles  
rainwaters（t｝．g‥OXalic arid coneentrations of Los  
Angeles rain werelOO－25OO ng．、gこKawamura and  
Kaplan，1987）．MajorspeciesdetectedintheGreen－  
1andsampleswereoxalic（C2），SuCCinic（C．），pyruVic  
acid（C3）and azelaic（C，）acids．The dicarboxylic  
acidsandsomeketoacidslistedinTable2havebeen  
reportedinurbanandruralaerosoIs andrainwaters  
（Norton et al．，1983；Kawamura and Kaplan，1987；  
Kawamuraetalリ1985；Steinbergetalリ1985）．These  
difunctionalorganiccompoundshavebeenconsidered  
tooriginatefromprlmarySOurCeSSuChasirlCOmplete  
COmbustionoffossilfuelsaswellasset：Ondaryphoto－  
ehemicaloxidations of organic 亡OmPOundsin the  
atmosphere．  
Distributionsoftiledicarboxylicacidsstudiedin  

theice／snowsamplesaredifferentfromthosedetect－  
edin the urban aerosoIs（Kawamura and Kaplan，   
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Fig．l．ReぐOTIStruetediいnChronlat、）grarnOfpolarorganit：COmPOundsisolatedfTOm  
theiぐeL10rビSamPle132minde・PthlfrornGreビnland．SiteLJ．  
AbbTeヽ▼iation；MeGIy二MethylglyoxaI．Btnz：Benzoicacid．Pyr：PyruviぐaL：id．   
G憂y：G重yoxal，Ph：Ph払alicacid，Cit：Citricacid；C紆：α，㈲wDicarboxy王icacids  
withnearbonnumbers，C琵，：u Oxocarbox）▼1iea⊂idswithnぐarbonnumbt！rS，Cnm：  
Fattyaeidswithncarbonnumbersandmdoublebonds・Forfullnameofthe  
COmpOunds，常eTab】e2一   
（；asehromatographi亡COnditions；COlumn：fused siliぐa DB－5eilPil］ary cotumn   
（30m＼O．32nlmI．eolumn oven temperatureこPr（1gl・ammed from60’C（1min．1to   
12O■C（3O’C：’mitl．1thento30OJC（6■C．：mi【＝，injeヾtion：Splitlessinjet：tOr．Mass  
SPeCtrumlmノz・t（ト5川1）≠・aS父anned  

1985；Kawamuraandtkushima．1991．inpreparationl，  
Forexanlple．althoughoxalicacidisoneofthedomi－  
nantdiacidsintheicesarnples，itsrelativeabundance  
（19－32％1inthetotaldiat：idsislessthanthatofthe  
urban aerosoIs（41－73％）鉦om Tokyo（Kawa血ura  
andIkushilna．1991，in preparation）．In accordance  
Withthis．azelaicacidlC。）isrelati＼・elyabundantinthe  
i（：eSamples：thethirdorforthmostabumdantdiacid，  
andisgreaterthanphthalicacidintheGreer11andice  
COre．TheC，diacidhasbeenconsidere（1asa photo  
一OXidation product of unsaturatd fatt）・aCids which  
COntainadoublebondgenerally attheC～9position  
（KawamuraandGagosian．1987）．Theseresultsindi－  
cate that Greenland ice sampies have trapped the 
dicarboxylic aeids whose distributions wereinflt）－  
enced by photo仙0Ⅹidati珊Ofbi喝enic organic com－  
POundsprobablyofmarineorigin．  

Preヽ－ious aeLrOSOland rainll▼ater Studies have   

every（）ne＄eCOnd，  

Shownthatmaleicacid（（、由configuration＝sgenera11y  
twice or more abundant than fumaTic acid（tmns）  
althoughlhey are minor st光CiesIKawamura（，（a／．．   
1985；KawamuraandKaplan，1987；Kawamuraand   
Ikushim恥1991，inpreparation）．The predr）minance  
Of（isconfigtlrationhavebeenexplainedbypreferenL  
tialpTOduction of maleic acid over fumaric aeid  
throughoxidativedegradationofbenzenestruCtureS   
（Kawamura et al．，1985）．The fresh snow sample  
Showedthemaleic／fumaricacidratioof2．3（Table2）．  
beingconsistentwithaerosolresults（Kawamuraand  
KaplaTl．1987）．However，the ratiosin theiee core  
Samples areless than unity．The di父rePanCy be－  
tweenthesnowandicesamplessuggeststhatmaleie  
acidwasdegradedmorerapidlythanfunlaricacidoT  
that maleie acid was transformed to fumarie acid．  
Theresultsobtainedindeeperiee sections suggests  
that（1is，itmlLFisomerizationofmaleicacidtofumaric   
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Tablビご．CoIleビntrationstng；；g）ofp（1larorganiceompoundsinthesn朗l・andiL：ee（1reSamPles  
COllectedfromSite・J，G柁enlandi】11989．  

Deptboficesamples（M）  
0  32  61  91   117  152  

（snow）  
Compounds Carbon  
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C3  0．80  
C2  0，54  

C3  2．14 11★64  1．58  0．68  0．81  0．61  

32．46  49－78 18．84  9．柑 14．54  7ヾ46  

nd：notdetected，bb：belowbial沈  

aeidoccL）TSWhe11thesunlightpenetratessnowandice  
layers．  

Limitednumbersoftheicesampleshaveshowna  
largefluctuationintheconcentrationsofpolarorgan－  
iccompoundsintheicecore（Table2）．Thehighest  
eoncentrati（うnWaSObtainedinthe32msaIllple、Which  
conleSpOndstoca．1940A．D．Ontheotherhand．the  
lowest coneentTation wasobservedin the152m sam－  
ple，COrreSpOnding to1660丸D．（Tablel）．TlleSe  
Verticalchangesmayberelatedwithpastchangesin  
theatmospherkenvironmentsoverGreenland．More  
analysis of theice sections would provideinforma－  
tionsontherece11tChangesi11biogenicandanthropo－  
genicemissioninthenorthernhemisphere．atmospher－  
ictransportoftheseorganiceompoundsfromoceans  
a11d continentsl）VCr GT・eenlalld．and secondary pr〔ト  
ductionofoxygenatedorganic compound＄by photo  
－0Ⅹidationreactions．  
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