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Abstract  

Theemissionrateofdimethylsulfidefromtheoceanscorrespondsto38％ofthetotalbiological  
emissionofsulfur．Dimeth）■lsulfidcListransformedintheatmosphereintolI。SO．andmethanesuト  
fonicacid（MSA）byphotoNOXidation．Intheremotemarineatmosphere，methanesulfonicacidiswell  
correlatedwithnssSO書M，andcanbeusedasatracerforbiogenicSO…Jinremoteareassuchasthe  
Arctic．Wehavedeterminedelectricalconductivity，pHandconcentrationsofmajorsolublespecies  
（Na＋，K＋，Mg2十，Ca2十，Cl～，NOJ，SO雷－）andMSAofsixtyqeighticecoresamplesfromSite－），South  
Greenland．  

1．lntroduction  

Man－madeemissionsofsuほur（104×1812gS／year）  
areestimatedtobe oYertⅥ70－tbirdsoftotalnatural  
emissions（CullisandHirschler，1980）．Man’scontribu－  
tionisincreasingattherateof2．2％／year．Global  
emissions ofatmospheric sulfur fromvoIcanoes and  
Sea－Sprayare5×1012gS／yearand44×1012gS／year，  
respectively（Culiis and Hirschler，1980）．Andreae  
and Raemdonck（1983）bave estimated tbe emi＄ion  
rateofbiogenicsulfur．Thetotalbiologicalemission  
OfsulfurisestimatedtobelO3×1012gS／year．  
Dimethylsulfide（CH3SCH8，DMS）produced by  

marinephytoplanktonisconsideredtobethemajor  
SOurCeOforganic sul如rto themarineatmospilere．  
ThebiogenicDMSemissionfromtheoceansi§eStト  
matedtobe39×1012gS／year（AndreaeandRaemdon－  
Ck，1983）．TheemissionrateofDMSfromtheoceans  
is38％ofthetotalbiologicalemissionofsulfur．   
DMSi＄tranSformedin the atmosphereinto  

H2SO4andmethanestlifonicacid（C‡‡，SO3H，MSA）by  
bhoto－OXidation（Hatakeyamaetal．，1985）．Thepro－  
duction rate of MSA from DMS depends upon air  
temperature．Significant seasonaltrendsin aerosol  

MSAareobserved，withhigherMSAoccurringduring  
WarmmOnths（Saltzmanetal．，1986）．Intheremote  
marine atmosphere MSAis welleorrelated with  
n＄SO書－（Ayersetalり1986；Saitzmanetal．，198乳and  
Canbeusedasa tracer’forbiogenicSO言州inremote  
areassuchastheArctic（LiandWinchester，1989）．  
Deepicecorescontaindetailedrecordsofpaleo－  

Climatic atmospheric environments．The distribu－  
tionsofchemicalconstituentsalongieecoresprovide  
informationonpastconditionsofaerosoIsandpreく：ipi－  
tation．Inthisstudy，WepreSentprOfilesofNa＋，K十，  
Mg2十，Ca2＋，Cl‾，NOi，SOま－andMSAalongthe205．9m  
icecorefromSite－J（SouthGreenland，6605l．9ナN，46015．  
9’1Ⅳ，2（）30melevation）．  

乙桐etllOds  

Icecoredrillingwascarried out at SiteJfrom  
May toJune1989（Watanabe and Fujii，1990）．1ce  
COreSampleswerecouectedbetween2，5mand205．9  
nldepth at approximatel〉▼10ernintervals．  

ElectricalcondtlCtivityandpHofliqt】idsamples  
WeremeaSuredin－Situ．Sixty－eightcoresampleswere  
Selectedforthisstudy．Foreachindividualsample（50   
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SampまesⅥrere COnCentraもedlOO times by using a  
Dione＼TCじ1column for c；lti（つnS．a11d catiollS Were  
nleaSured byllSi11gl）iontlx．Fast Cationl．Fast C；1L  
tionlIcolumns．12rnM TIClj’O．1さnlM T）AP elLlent．  
Dionex CMMS，1Isuppressor and5O mM Rこl（Omご  
r仁一gピーlel－ant．  

Withtheseanal〉Ttirillcunditions．goodseparation  
intheh：lSAchromatogTamWaSilChiビVed（Fig．1），A  
CalibrationcurveforMSAwaspreparedasconcentra－  
tionversuspeakheighttFig．2）．NodeteぐtableMSA  
wilS foundiIlblank＼ヽ，ater．  
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ml）．wehavedeteTminedthcconcentrationsofTllajor  
SOlublespet：ies（N；l＋．K＋．Mgフ∴Cil2十、Cl∴NO；．SO；l  
and h71SA．  

Allil）nS＼＼でredeteTmiTledbIrionchronlatOgraPh）T  
（DionelL202叶SP）．MeltwatersamplesweLrビCOnCビn－  
tratedlOOtimesb）・uSingaDi即1eX－TAClco）umllfor  
an喜onsandMSA∴MSAwasmeasuredbylユSingDionex  
AGllA，ASLIA columns．0．3 mM NaHCO，eluent．  
Dionex AMMS－1suppTeSS（1r and O．025N軋SO．re－  
i！enerant．Anions were measured b）・the sanlビCO，  
lumns，SuPpreSSOr and regeneraTlt Of MSA with the  
exeepIionofl．8mMNaこ，CO，：：：l．7nlMNa11CO3e］uent．  Fig．3．Profileofc（〉nductivityo吉coresamp王郡。   
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3．Preliminaryresults   

ヱ」．Co乃血cめ卸α乃d♪〃  
TheprofilesofelectricalconductivityandpHare  

showninFigs．3and4．Theicecoreisdatedwiththe  
accumulation rate of water equivalent（Shojiet al．，  
1991）．  
ConductivityandpHexhibitveryweakvariation  

before A．D．1900．On the other hand，COnductivity  
increasesfrom2to5JLS／cmat250CafterA．D．1900，  
andpHdecreasestoabout5．1．Correlationmatricesof  
the measured components are givenin Tablel．  

Conductivityis wellcorrelatedwith pH（r＝0．828），  
NOJ（ー＝0．818）and SO…一（r＝0．654）after A．D．1900．  
Recent changes of conductivity and pH have been  
CauSed by anthropogenic emissionsofacidic materi－  
als．  

3．2．A乃わ乃5  
TheprofilesofNO㌻and SOl‾concentration are  

Shownin Figs．5and6．The NO；prOfile presents  
largevariations，andNOiCOnCentrationhasincreased  
inthiscentury．SO書．concentrationexhibitsveryweak  
VariationbeforeA．D．1900，andhasincreasedradically  

NO8－（ng／ml）  
0  50   1∝1  1！氾  5．2 pH 5．4   5．0  

1500  
Fig．4．ProfileofpHofcoresamples．  Fig．5．ProfileofNO；COnCentrationofcoresamples．   
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biogenic production，has not shown a clear secular  
trendsinee A．D．15JO．Saltzman et al．（1986＝・epOrt  
Significant seas（一naltrendsin marine atmosphere  
MSA concentration．Higher concentrations are ob－  
SerVed during warmer months．The amplitude of  
these variationis a function oflatitude，With the  
greatest seasonalchanges occurring at higherlatト  
tudes（Saltzmanet al．．1986l．Short terTnVariationsof  
MSAconcentra【ionshowninFig．8areconsideredto  
represent seasonalvariability．  

Good correlations between MSA concentration  
andnssSO‡‾L亡OnCentrationinthemariTleatmOSphere  
arercpoTtedb〉▼A）・erSetal．（1986）atldSaltzmatletal．  
（1986）．Fig．9shows the relationship between MSA  
concentration and nssSO：L concentration of the core  
Samples．MSAconcentrationsareslightlycorrelated  
with nssSO㌃concentration before A，D．1900（r＝ニ0．  
35礼  

4．Conc暮udingremarks  

lⅣehavedeterminedelectricalc（）nductivity，pH  
andconcentrationsofmajorsolublespec主es（Na十，K＋，  
Mg2＋蓼Ca2■－，Cト，NO；，SO書‾）and MSÅofsixty鵬eigbt  
icecoresamplesfromSite－J，SouthGreenland．The  
preliminary results of this stud）lare Sum111arized as  
follows：  
1．Conductivityhasincreasedfrom2to5jLS／Cmat250  
Cinthiscentury，andpHhasdecreasedtoabout5．l．  
Conductivityis welleorrelatedwith pH（r＝＝0．828），  
NO；（㌻＝0．818）and SO‡‾（r＝0．654）in tbis cel血ry．  
Recen†t：hangesofeonductivityandpHarecausedby  
a王1払ropogenicemissionsofacidicmaterials．  
2．SO雲仙concentration exhibitsvery weak variation  
beforeÅ．D．1900，andbasincreasedradicallyinth王＄  
ぐ円1tury．Man－madeLemissionsofsulfurandnitT・ateare  
Wellreeognizedtobeincreこ1Singin thiscentury．  
3．C「isthemostabundantanionbeforeA．D．1900；  
SO誉rhasincreasedtothecomparableleveltothatof  
C11nthiscentury．  
4．AclearfluctuationpatternisnotfoundintheMSA  
profile．ShortterrnvariationsofMSAconcentration  
are corlSidered to represent seasonalvariability．  
MSA 亡OnCentrations are s】ightl〉r COrrelated with  
nssSO書‾concentrationbeforeA．D．19（）0（r＝8．35姐   

in thiscentury．The maIトnlade emissions ofsulfur  
andnitratearewellt’eeO訂1izedtobeincreasinginthis  
Century．  

The profiles of anion eoncentration and anion  
COmpOnentS are Shownin Fig，7．CINis the most  
abundantanionbeforeA．D．1900；SO書Nhasincreased  
tothecomparableleveltothatofCl‾inthiscentury．   

ま3．購沌  
TheMSAconcentrationprofileisshowninFig．8、  

AclearfluctuationpatternintheMSApr（）fileisnot  
found．MSA，Whichis considered to be from marine   

郎  
SO●各（nか叫  
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Fig．6．ProfileofSO董▲concentrationofcoresamples．  
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Tablel，C（〉rrelationmaモricesof血emeasuredcomponents．  

Fig．7．Profilesofanionconcentrationsandanioncomponents．  
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Fig－9－ RelatioTIShipbetweenMSAconcelltrationand  
n∬SO書▼conceTltration（〉fcoresamples．  

ReIerences  

l．Andrcae，M．0．andRaemdonck，H．（1983）：Dimethyl＄ulfide   
inthesurfaceoceanandthemarineatmosphere：aglobal  
View．Science，221，744－747．  

2．Ayers，G．P，，Ⅰvey，J．P．andGoodmarl，艮．S．（1986）：Stliねte  
andmetbaneslユ馳natein洩emarineaerosolatCapeGrim．   
JourllaiofAtmospbericChemistrさ7，4，173】1弧  

3，C1111is，C．ぎ、and Hirscbler，M，M．（1980）：Atmo＄pheric  
Sulpbur：naturaland ma11made sく〉urC＄．Atmospheric  
Enviroriment，14，1263－1278．  

4．Hatakeyama，S．，‡zumi，K．andAkimoto，H．（1985）：Yieldof  
SOZ and fotmation of aerosol in the photo-oxidation of 
DMSundcratmosphericconditions．AtmosphcricEnviron・  
ment，1乳135－141．  

5．Li，S．MM．and Winchester，W．（1989）：Geochemistry of   
organicandinorganicionsoflatewinterArcticaerosoIs．  
AtmosphericEnvironment，23，2401－2415．  

6．Saltzman，E．S，．Savoie，D－L．，Prospero，）．M．andZika，R．   
G，（1986）：Methanesu！fonicacidand110n一駅a一組1tsuげatein   
Pacific air：regionaiandseasonalvariations．Journalof  
Atmo＄phericCbemistry，4，227－240，  

7．Shoji．H．．Clausen．1l、B．and T．Kameda：Accumulalion  
rate at Sit亡LJand r））・CL2．t3ulle【illOfGlacier Resear亡h，9．  
85肌88．  

8．Watanabe，0．andFlljii，Y－（199（））：OutlineoftheJapanese  
Ar（：ticGlaciologicalExpeditionin1989（JAGE1989），Bulle・  
tinく）fGlacierResearch，8，103－106．   

Fig．8．Profi王eofMSAconcentratior10fcoresamples．  

Acknowledgments  

Wewouldliketoexpressoursinceregratitudeto  
allofthemembersoftheJapaneseArcticGlaeiologiT  
CalExpeditionfortheirsupportinthecoredriIling．  

This researchvassupported by a Granトin－aid  
for Overseas Scientific Research of the Japanese 
Ministry of E血cation，Science and Culture，and a  
fund for SpecialResearch Project at Tokyo Metro－  
politanUniversity．  


