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Abstract  

Snowsampleswerecolleetedfrol11SsnowpitsandllsnowfalleveIltSfromtheLong〉・earb）▼enregion．Svalbard  
duringJanuarytoMay1996．Amongmajorchemicalspecies（Na＋，K＋，Ca2十，Mg2＋，Cト，NOtandSO慧＋），Cl‾and  
Na＋，Whichmainlycomefromsea－Saltaerosol，arethedominantsolubleimpuritiesinsnow．Thecrustalcation  
Ca2＋hasthehighestconcentrationindirtylayersofsnowpack．SnowSO雲‾，CトandNa＋correlateverycloselyand  
the peak＼・alues are L：OnSistentin sno＼Vpit，though their s（1しIrCeS ma〉r be differビnt．Snしl＼＼r COnductiヽ▼it）・eOrrelates  
Cioselywith Na＋，C卜andMg2十andpH correlatespositivelywithCa2＋andnegativelywithSO㌃andNO言．ln  
general，themajorionconcentrationsinsnowpackfromSvalbardishighercomparedwiththoseinsnowpackfrom  
Otherremoteregions，StlChasGreeniand，AntarcticandQinghaトTibetallPlateau，eSpeCialiyforNa＋andCl∴  

1．Introduct紬n  

Studies on modern s‡10V Chemistry are esserltial払r  
reconstructing paleoclimatic and environmental changes 
recordedinicecores，InArctic，thesestudieswereperformed  
mainlyinGreenlandIceSheet，incltldingthecharacteristics  
Of temporalalld spaぬま variation of c王Iemicalspecie＄，  
SOurCeS，tranSpOrt and deposition ofimptlritiesin surface  
SnOWarldice（He汀Onナ1982；Mayewskiggα乙，1987；Davidsorl  
ggα£，1987，1989；Stef良さnSen，1988；Beerggα乙，1991；Yangg才  
α乙，1996）．  

Svalbard（740【8lON，1げ≠350E），locatedinArctic，isclose  
to Greenland．Its areais6．2×104Km2and60％ofitis  
C（〉Vered by glaciers（ice caps）（Hisdal，1985）（Fig．1），  
GlaciologicalstudiesinSvalbardhavebeenperformedsince  
thebeginningof20thcentury，andmajorresultswerelimited  
tophysicsofglaciers（Kangeialリ1996）．Onlyafewsttldies  

OnSnOVCbemistry（Gjessing，1977；Sembぞ≠α£，1984；Goto  
－Azuma t・！（）／‥1993）andicee（｝reS（Gordiyenko（（E7l‥19醐：  
Fujii（，I（）［．，199O：Goto－Azunla（1（（L／‥1995）havebeencarTied  
OutinSvalbard．InSvalbard，thecomparativelymi1dclimate  
isusually attributedto the NorthAtlantic Current，Which  
basabranc壬l，払eNorwegiarlCurrent，幻0Ⅵ7ingtowardsthe  
WeStCOaStOfSvalbard．Greattemperattlredifference＄OCCur  
betweenthemild，SOutherlyairstreamsandthecoldÅrctic  
airinvadingtheisiandsfromnortberiyoreaster王ydirectio11S，  
atld both sumT11ビr SnOWi11g and wiIlter rainillg ea110t二Cur  
（Hisdal，1985）．Inordertogetabetterunderstandingofthe  
Climaticandenvironmentalchangefromicecorerecordsin  
Svalbard，detailedsttldiesonmodernprocessesofsnoⅥrand  
iceshouldbビPerfol‾mビd．   
Inthispaperthesnowchemistryfrom8snowpitsandll  

SnOWfallwereanalyzed．Themainpurposeofthisstudyi＄tO  
expandthesnowchemistrydatabaseforSvalbard．Asecon・  
darygoalistoinvestigatetberelationsbipbetw詑nCbemicai  
SpeCiesinsnowanddiscusstheirsourcesandenvironmenta王  
implications．   

2．Method010gy  

Snowpacksampleswereco11ectedfTOmthreeglaciers，  
Larsbreerl（788107′N，15D345′E），Bogenbreen（780080′N，15◇380′  
E）and Drogbreen（78qO97′N，17つ070′E）in Longyearbyen  
regioninSvalbardduringMarch3rdtoMay31st，1996（Fig．  
1）．Fivesnowpits（pitl－pit5），tWOSnOWpits（pit6－pit7）andone  
SnOVpit（pit8〉wereexcavatedfromLarsbreenプBogenbreen  
and Drogbreen，reSpeCtively．The date of sampling and  
elevationofsnowpitsareshowedinTablel．Allsnowpits  
Werelocated above tbe averageequiiibriumiine onevery  
giacier．Exceptingsnowpit8（wbicbisthedeepestpitof2．2  
manddoesn’treachtheicycrust），SnOWSamplesweretaken  
down to theicy crust corresponding to the summer melt  
layeratanin捷rvaloflOcmintbesnowpitwaiiandplaced   ぎig．1．SketcぬmapofSva】bardandtbesamplingsite  
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Otherions，indicatingthatthe twoionswere the dominant  
SOlubleimpuritiesinprecipitationinthisregion．“Non．sea  
－Salt（n岱）”component was calculated to understa‡ld the  
corltributionofsea－Saltandnsssol汀CeSforeacbion．Allof  
Na＋issupposedtocomefromsea－Saltintheregion．Aecord－  
ingtotheratiooftheionandNa＋inStandardOceanWater  
（Brewer，1975），thensscomponentoftheioniscalculatedby：  

ns＄A＝At－Nat（As／Nas）   

HereAt，As aretheion concentrationsin the sample and  
Standard Ocean Water，reSpeCtively．Nat，Nas are Na＋  
concentrationsin the sample and Standard Ocean Water，  
respectively．   
Forsnowpacksamples，eXCepting NO；，perCentageOf  

n∬Ca2＋is tbebigbest aInO喝nSSions（85％〉，SuggeSti喝  
crustalsotlrCe Of Ca2＋．Rock－Sl汀rOlユnded valley glacieris  
majortypeinLongyearbyenregion（Fig，1）andlocaldust  
from surroundedrock may be the major sources of Ca2＋．  
70％（insnowpack）and98％（insnowfall）ofCl‾and49％of  
SO㌢comefromsea－Saltsource．Heresea－Saltcontribution  
ofNO訂andF‾canbeneglected．   

鼠2．Comぬfわ形α批Z如怨〆s乃抑C鮎桝ぬg叩  
Thetotalofl13snowsamplesfrom8snowpitsandll  

snowfalleventsin Svalbardvereanalyzedforco汀elation  
betvee‡1C壬1emicalcomponents（Tabie3）．Correlationcoeffi－  
cientsfortbemajorionssboⅥrCl¶andNa＋correlatevery  
cIoselywithacorrelationcoefficientofO．90，reflectingtheir  
uniformsea－Saltsource．SO言qhasagoodcorrelationwith  
NO訂，C卜，Na十andMg2十withcorrelationcoefficientranging  
fromO，52－0．78，SuggeStingthesespeciesmayhaverelatively  

intoplasticbagsaftersectioning．Thussnowpitl－7don’t  
include summerlayer and snow chemistryis verylittle  
infiuencedbypercohtionins‡10WpaCk，Bytbeol）紀Ⅳatio王10f  
snowpit8i－－tbe責eld，tbereareveryfewicelayerscontained  
inthepitstratigraphy，preSen如gthatthemeltingisnot  
influencingsnowchemistry・Snowfallsampleswerecollected  
byplasticbagsdirectlyintheeasternsuburbofLongyear－  
byenaftersnowfallevents．Eachmeltedsamplewastransferr  
redtohighdensitypolythylenebottleandkeptinthe－20℃  
cold room．Samples were transported to Lanzhou from  
NorwayandayanalyzedintheLaboratoryofIceCoreand  
ColdRegionsEnvironment，ChineseAcademyofSciences・  
Cationsanalysis（K十，Na＋，Ca2＋，andMg2＋）wasperformed  
using PE－2388ÅtomicÅbsorptionSpectrophotometerプ也e  
detectionlimitofthesystemis5～25ppbくrelativestandard  
deviationlessthanl％〉tÅnions（CIM，NO言，andSO㌃）were  
measuredusingDX－300IonChromatography（thedetection  
limitof25ppbandrelativestandarddeviationlessthanl％）・  
0Ⅹygenisotope，pHandconductivityanalyseswereperfor－  
medbyusingaFinniganMATw252Spectrometer（accuracy  
ofO．5‰），pHmeter（modelPHS－・2）andconductivitymeter  
（modelDI）S－11A），reSpeCtively・   

3．Resultsand discussion  

まエ5毎噸痘d盈疹戒告惚瓢恕   
Anal舛icalresults of majorion concentratio－1Sin8  

snowpitsandllsnowfallwereshoⅥminTablesland2・Dlユe  
totheshortspanofelevation，therearenocloserelationship  
betweenion concentrations and snowpits elevation．The  
concentrations of Cl‾and Na＋were higherthanthose of  

TablelMeanmajorionconcentrationsofsnowpitsfromLongyearbyenregion，Svalbard（umits：ppm）  
No．of   Elevation  Dep蝕   No．of  Na＋  K＋  Ca糾－  Mg2十  Cl▼  NO；  SO要一   SamplingDate   
SnOW－pit  （ma，S，1．）   （cm）   Samples  （in1996）   
PITl   570   90   9   1．027  0．219  ユ．036  0．137  2．142  0．240  0．401  March5tb   
P‡T2   700   110   11   1．228  0．287  0．066  0ユ20  2．419  8．274  0．う11  Marcb5th   
PITこi   650   9（〉   9   0．798  0．119  0．141  0．104  1．505  0．240  0十11ウ  Maich26th   
PIT4   570   120   12   1，514  0．161  0．305  0．242  4．019  0．242  0．735  M町1t圧h   
P王T5   700   120   12   0．662  0．112  0．660  0．239  1，484  0．135  0．361  MaylOtぬ   
P‡T6   400   120   12   1．044  0．144  0．421  0．106  1．373  0．226  0．355  May14tb   
PIT7   620   150   15   1．722  軋178  軋268  0．217  3．532  0．338  0．888  May14tb   
PIT8   600   220   22   1．850  0．928  0．222  0．181  3．282  0，201  0．589  May31st   

Average  1．256  0．270  仇381  0．167  2．500  0．239  0．539  
Nonsea－Salt  0  0．208  0．323  0．026  0．745  0．239  仇272   

Percentofnonsea・Salt（％）  0  77  85   16  30  100  51   

Table2 MajorionconcentrationsofsnowfalifromLongyearbyen，Svaibard（units二ppm）  
Snowfall  Date  Na＋  K十  Ca2＋  M二ど＋  Cl  NO言  SO㌢   
E￥e‡ltS  （in1996）  

1   ぎel）ruary25   0．525  0．115  0．051  0．064  0．736  0．976  0．736   
2   ぎebruary27   0ユ31  0．080  0．024  0．023  0．208  0，203  0．161   
3   Marcb2－3   2，159  0．432  0，147  0．204  5．330  0．307  0．717   
4   March5－6   2．474  0．397  0．152  0．236  3．747  0．310  軋814   
5   MarchlO   2．043  0．454  仇144  0．207  3．063  1．476  1．941   
6   March12   0．446  0．242  0．048  0．030  0．974  0，039  仇096   
7   March18－19   0．588  0．256  0．084  0．055  0．993  0．217  0．350   
8   March19－23   5．558  0．561  0．653  10．602  0．798  2．140   
9   Aprilト2   0．995  0．397  （）．111  0．079  1．124  0．112  0．434   
10   Aprま124－25   2．594  0．538  0．167  0．253  6．087  0．145  1．053   

May3－5   1．255  0．200  0．203  0．171  1．475  0．295  1．074   
Average  1－706  0．311  0．154  0．180  3，122  0，443  0．865   

Ⅳonsea▼Salも  0  0．248  0．089  0．025  住い5（）  0．443  0，438   
Percentofnonsea－Saltく％）  0   80   57   14   1，6   1（〉0   51   
：Itwasnot汀愴aSured．   
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Table3 CorrelationcoefficientsbetweenchemicalcomponentsinsnowfromSvalbard  
（TheR≧034issignificantatthe99．9％1evel）  

K＋  Na＋  Ca2＋ Mg2＋  CIL NO言 SO呈L  ♂180 Con．  
Na十  軋54  

Ca2＋   －0．06  
Mど十  0，19  
Cl‾  0．29  
NO；  －0．02  
SO㌃   0，13  
♂180   0．18  
Con．  0．58  
pH  （き，31  ＋  
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Note：Con．represeIlねCOnd11Ctivity．  

COnSistentvariations．Takingsnowpit7asasample（Fig．2），  
thevariationsofthesespeciesagreew池eachother（e．g．  
higherconcentrationsatthedepth of5O－70cnl）in snowpit．  
Thoughtheconsistentvariationsofspeciesdonチtmeanthe  
COnSistentsource，fornssSO…‾andNO訂，thismayreflectthe  
uniformsource．StudiesshowthatSO㌣and NO訂maybe  
COntributed tomid－1atitude anthropogenic pollution tran－  
SpOrtingtoÅrcticinspring（Sembg≠α乙，1984；Joranger gg  
（Z［．．19S4：Beerct al‥1991：Heintzenberg（［EI／”1994）．Snow  
6180hasapositivecorrelationwithsea納Saltspecies（C卜and  
Na＋）．StudiesinGreenlandsuggestthatsnow6180correlates  
positively with temperature andis higherin summer and  
lowerin winter（Beer et aL，1991）．Due to the short term  
Sampling，therelationshipbetween6i80andternperatureis  
not confirmed 汀Ithis stud〉r．The positive relationship  
between6180andsea－Saltspeciesmayberelatedtoprecipi－  
tationoriginsfrommarineairmass．InFigure2，thehighest  
Ca2＋concentrationis corresponding to thevisible dirty  
layer，COnfirming further that Ca2＋comes from thelocal  
crustaldust．  
Conductivityisaparameter，W昆chdependsonthetotal  

dissolvedsolidsofasolution．Duetothedominationofsea  
ASaltions（e．g．Na＋，Cl－－andMg2＋）amongmajorspeciesin  
SnOW，theconductivitycorrelatescloselywithNa＋，Cl－and  
Mg2十with correlation coefficients ranging from O．72J）．83  
（Tablp3）．SnowpHisdeterminedbyahostofacids（HごSOい  
HNO3，HCOOtI，etC．）andbases（NH，andCaCO3）（Ga1loway  
etalり1984）．CruStalaerosolbufferingcapacityforacidity  
determinedby dissoIving samplesin deionized waterindi・  
CateSthataerosolbufferingcapacityincreaseswithincreas－  
ingCa2＋content（Zhaoeiai．，1985＝tisthereasonthat＄nOW  
pHcorrelatespositivelywithCa＝＋andneLgativelywithSO‡L  
andNO訂（Table3）．   

3．3．C細噴α痛0乃〆ゐ乃ぐ0乃Cg据わ℃Jわ乃ぶg乃ぶ乃∂紺みg如，gg乃動αg・  
みαγぱα乃d∂娩gγ柁桝0由吻那  
As mentioned bef（一re．the snowpit17from L（〕ngyear－  

byen were aecumulated from Autumn to Spring．Only  
SnOWpit8withdepthof2．2mmayrepresentmorethanone  
－yearSnOW aCCumulation．Thereforeion concentrations of  
SnOWpit8are chosen to compare with those from other  
remotereg10nStThedataofionconcentrationsinsnowpack  
fromArctic．AntarぐticandQinghai－Tibetan（Q－T）Plateau  
arealsochosenfrommorethanone～yearSnOWaCCumula・  
tion．In Table4，allmean values ofion concentrationsin  
SnOWpaCk are arithmeticalaverages and represent multi  
－yearionconcentrationsinsnowindifferentsites．   
ConcentrationsofseaMSaltspecies（Na十，CILandMg2＋）  

andSO「inLongyearbyenandN）▼－AlesllndofSvalbardare  
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Bogenbreen  
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Tal扇e4 Comparisonof王0王ICOnCentrationsinsnowbetweenLongyearもyenandotberremoteregionsそunits：pp王Ⅵ）  

Regions  Na’ケ  K十  Ca2＋  Mg2＋  C巨  Ⅳ0言  SO≡‾   References   

Svaまbard  Longyearbyen  1．850  0．928  0．222  0．181  3＿282  0．201  0．589  （Pit8）Tbispaper  
Ny－Alesund   ま．873  0．077  0．126  0、080  0．468  Sembetal．，（ま984）   

CentralGreenland  0．004  0．002  0．008  0．001  0．017  仇143  0，093  Yangetal，，（1996）   
Antarctica   SouthPole   0．013  0．002  0．001  0．030  0．094  0．039   Qin  

LarsenIceShelf  1．054  0．049  0．127  1．872  仇046  0．210   （1995）  

GuliyaIcecap  0．450  1．030  0．150  0，290  仇240  0．310  Lietal．，（1995）  
Qinghai・  No．29Gl．   仇195  0．242  1．879  1．419  0．323  仇154  0．213   Ren（1999）  
Tibetan  DasuopuGl．   0．068  0．040  0．169  0．014  0．010  0．179  0．120  Kangetal．（1999）  
P王ateau  MushitageGl．  0．100  1．040  0．110  0．150  0．300  0．370   Li（1）（1994）  

ZepuGl．   0．440  0．150  0．530  0，430  0．000  0．150  Yaoetalり（1993）   
（1）LiZ・Q・（1994㌢Ås餌dyonaeros｛｝irecorく王edinglacierirlQingbai－TibeとanP王ateau，dissertationofLanzbotlInstit11teOfGlaciology  

a釣dGeocry（）まogきr，CÅS，6673．  

Simi1ar，WhilecrustalCa2＋concentrationismuchhigherin  
Longyearbyen than thatin Ny－Alesund．Thelower Ca2＋  
COnCentration＄maybeduetothelocalcrustaldustcovered  
bysnowandiceinNy－Alesundofthenorthwester．nSpitsber・  
gen（Fig．1）．Thelower NO言COnCentrationinNyMAlesund  
thaninLongyearbyenneedsfurtherstudying．  

Co王1CentratjonsofヱnOStOftムe汀ほjorior】S言nLorlgyear－  
bYenregionarehigherthanthoseinGreenland．Forsea－Salt  
SpeCies，dif毎reれttraIISpOrtationdistancefrom偽ecoastto  
inlandbetveenSvalbardandcentralGreenland‡nayCatlSe  
払e buge dif毎rence ofion concentrati（）nS．T‡le COnCentra－  
tionsofCa2十andK＋inLongyearbyenaremuchhigherthan  
thoseinGrecnland，WherehugeicesheetincentralGreen－  
1and covers thelocalsource ofdust．The conccntrations of  
NO言inLongyearbyenisslightlyhigherthanthatinGreen－  
land．SO夏‘∪‾in Longyearbyenis much higher than thatin  
Greenland，Whichcouldbeduetothecontributionofsea－Salt  
SO雲‾andothersourcesirlLongyearbyen．  
Na＋andCl「concentrationsinLongyearbyenaremlユCh  

ムigber払antboseini‡1hndofÅntarcticaandQ－TPlateau，  
andsimilartotboseincoastalÅntarctic（LarsenIceStle埼  
andtbemarginofQ－TPlateau，Wheretぬeprecipitationare  
mainlyinfluenced by marine air mass．In Longyearbyen，  
Ca2十concentrationis higher than thatin Antarctic and  
centraland＄Outhern Q－T Plateau，butlower than thatin  
WeSternandnorthernQLTPlateau，Wheretherearethevast  
aridandsemiwariddesertregionswithplentyofcruStaldust  
influencingsnowchemistry（Lietal．，1995；Wakcetal．，1993；  
KangetaL，1999）．InLongyearbyerl，NO；andSO㌃corlCen－  
trationsareroughlysameasthoseinwesternandnorthern  
QTPlateau，WbilebighertIlantboseinotberregions，NO；  
basmultiplesources，forexampie，StratOSpIlere肌trOpOSpilere  
interaction，anthropogenic，bioiogic and voIcadc soGrCeS  
（Finkelgfαgリ1986；Mayevskiggα乙，1987；Davidson，ggα乙，  
1989；Beeretal．，1991；）．InLongyeatbyen，NO訂mayreflect  
the combination of these sources．Whilein western and  
northernQ－TPlateau（e．g．GuliyaIceCap），atleast66％of  
NO訂COmeSfromdustimputintheduststorm＄eaSOn（Liei  
al．，1995）．InLongyearbyenabouthalfofSO雲…comesfrom  
Sea－Saltaerosol，While76％ofSO≡resultsfromdustinflux  
intheduststormseasoninGuliyaIceCap（LietaL，1995）．   

4．Conc】usions  

（1）Cト and Na＋，Ⅶhic壬Imainly come from sea－Salt  
aerosol，arethedominantsolubleimpuritiesinsnowpacks  
and snowfa11in Longyearbyen region，SuggeSting thatthe  

precipitationismainlycontrolledbymarineairmassinthe  
region．Ca2＋mainlycomesfromlocalexposedrockandhas  
thehighestconcentrationinsnowpackdirtylayer．   

（2）SnowSO慧M，Cl，andNa十allcorrelatecloselyandthe  
peakvaluesareconsistentinsnowpack，thoughtheyhave  
different sources．Nss SO雲q and NO訂may Originate from  
】ongrdistancetransportofmidrlatitudeanthropogenicpolltl・  
tion．SnowcondtlCtivitycorrelatescIoselywithNa＋，Cトand  
Mg2十witb correiation coeだicients ranging from O暮72－0．83，  
SnowpHcorrelatespositiveiyvithCa2十andnegativelywith  
SO喜▲andNO；．   
（3）Thecomparisonformorethanone－yearSnOWChem－  

istryindicate that the concentrations of Na＋and Cl．in  
SnOWpaCksinSvalbardarehigherthanthoseinsnowpacks  
from other remote regions，SuCh asinland of Greenland，  
Antarctic，andQ≠TPIateau．Ca2＋concentrationinSvalbard  
ishigherthanthatincentralGrenland，Antarctic，andthe  
marginofQpTPlateau；howeverlowerthanthatincentral，  
northern，andwesternQ－TPlateau．NO言andSO夏N concen－  
けationsin Svaibard are close to tbosein tbe veste‡・n and  
nurther11QpTPlateau．buthight：rth；lnthoseinotherregions．   
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