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Abstract  

Chemistryofprecipitation，SnOWCOVerandsnowmeltwaterswasstudiedatanopensiteanda  
forestedsiteinaborealforestlocation，eaSternCanada．Thcresultsallowedchemicalfluxesthrough  
a＄nOWpaCktobeestimated．PrecipitationwascollectedbymeansofbulkcollectorsatbothsitesI  
Concentrationsofm扇orionsinprecipiねtionarebigberattbeforestedsitetbanat払eopensite  
except for NHIand NO㌻．Snow meltwater wascollected bylysimeters，Snowmelt runoff and  
concentrations of NOiand SO㌃in snow meltwater at the open site show diurnalvariation．  
ConcentrationtlfNO；inthemeltwaterattheoptさnSiteishigherduritlgtheearlyperiodofsnowmelt  
thanattheeIldofthemeltseason．ThetotalamountofNO；inrunOffofsnowmeltwateLrissmaller  
thanthecumulativelossofNO；fromsnowcoverplusNO；loadinprecipitationatbothsites．The  
lossofNOiirlthesnowpackisduetoassimilationoftheionbymicrobiologlCalprocesses．Thisloss  
of NO；inthesnowpこIekisl；lrgerat（hefort？Stedsitethanattheopensite．  

dynamicsofNO；andSO㌻insnowmeltwaters，SnOW  
COVerandprecipiとationatanopensiteandaforested  
sitein a boTealforestIocation．  

2．Hethods  

えエ5払吻畑野印  
Thestudyareaissituatedatlatitude4r17’Nand  

longitude7110－Wi11the Mt－nmOrenぐ）・Forest6O km  
nし1rth of QtJebec C巾7．Ca11ada（Fig．1）．The forest  
cover consists ofthe balsam fir and the white birch．  
ThemeanannualtemperatureisO．20C，andthemean  
monthly temperature ofJanuaryis －15．2¢C．Tbe  
meanannualprecipitationisIJOOnlmOfwhjch34per  
CeIltissnow（Plamondon，1982）．Thissiteisusuai王y  
COVeredwithsnowfrommid．Decembertomid－May  
（Jo王1eSandSocbanska，1985）．  

ユニふ7〃ゆ／JIJg♪柚・してJJ〃r  

Precipitat呈on，SnOW aTld snow meitⅥraterS Were  
COlleeteda【allOPenSiteandaforestedsiterespet：tive－  
1ydur主ngsnowmeltseason，1991．   

l．1ntroduction  

InsT10W－COVeredregions，SnOWme重thasaconsid－  
erableinfluence on the chemicalquality of＄urface  
w離ers．The cbemical constituents acclユmulated  
なoms王10Vね1landdrydepositionareretairledintbe  
SnOW■COVerduringcoldperiodsandaresubsequently  
releasedduringtheshortsnowmeltperiod（Johanne－  
＄Senand悠enriksen，1978；StiZt】ki，1982）．  

TherearemanystudieLSし）ntheeffビCtSOfsnowand  
SnOW meltwaters on the biogeochemistry of eco－  
SyStemS．However，thereisverylittleinformationon  
theeffectsofecosystemsonthechemistryofsnowand  
m油滴aters．Che‡nicaldynamicsoぎacidiorlicspecies  
inaboreaまforestsnowcoverwerestudiedbyJones  
and Deblois（1987）andJones（1988，1991）．The  
ali払orsreportedtbatdepletionofN岬COr豆airlingion主c  
SpeCiestakespiaceinborealforestsnoⅥ7paCkswben  
liquidwatercontentishigh，Theuptakeoftheseions  
isduetomicrobioIogicalprocesses．   
Inordertoestimaとebiologicaleffectsoncぬemicai  

fluxesdur・ingsnowmeltwehavestudiedthechemical  
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before the first snowfallof the winter season．One  
lysimeterwasinsta11edintheopensite，One WaSin－  
Stalledundertreecanopies（balsamfir）．Dischargeof  
SnOW meltwaters was measured by the bucket type  
flow meter．Snow meltwater was sampled by the  
automaticwatersamplerperiodically．  

ユユ．4柚J小／′（、‘J／♪仙・l、〟〃汀  
Solid sampleswere placedin plastic bags（poly－  

ethylene）andmeltedbeforefiltering．Allliquidsam－  
pleswerekeptinplasticbottlesundercoolanddark  
environmentforuptoamaximumconservationtime  
Of 48 h．The samples were filtered by meanS Of  
polycarbonatefilters（47mmindiameter，pOreSizeO．  
4FLm）．ConductivityandpH weremeasuredwitha  
COnductiTvity meter and pH meter，reSpeCtively．  
Anions and cations were determined by an ion 
Chromatography（DionexS12andDionex2020i／SP）．   

3．Res山ts and discussion  

ユJ．Ⅲ（WJん、（～／（・ん〟用（、Jl、J太／JぐJ（そ／■押再伸加減  
The totalamount ofprecipitation and chemical  

Characteristics ofprecipitation atboththe opensite  
andtheforestedsiteareshowninTablel．Thetotal  
amountofprecipitationattheopensiteisgreaterthan  
that at the forested site every events．This result  
ShowstheintercepteffectoftreecanopleSOnthetotal  
amount of precipitation．Conductivity of the open  
Site precipitationis smal1er and pHis higher than  
those of the forested site precipitation．Concentra－  
tionsofmajorionsinprecipitationarehigheratthe  
forestedsitethanattheopensiteexceptforNHIand  
NO㌻．Tree canopy components（branches and  
leaves）areeffectivescavengersofatmosphericaero－  
SOIsduetohighersurfaceareas（H8fkenetal．，1983）．  
These chemical materials trapped by tree canopy 
COmpOnentSaredissoIvedinthroughfa11，SOCOnCentra－  
tionsofchemicalconstituentsofthroughfallisconsi－  
deredtoshowthehighervalue．Differencesofcon－  
Centrations of NHIand NO；between the open site  
precipitationandtheforestedsiteprecipitationarein  
COntraSttOtheotherions．Balsamfircanopycompo－  
nents remove NH：fromthe precipitation while epi，  
phyticlichens alsoremove NOi（Reiners and OIson，  
1984）．ThelossesofNH；andNO；inthroughfallare  
COnSideredtobetheresultofmicrobiologicalactivity  
intheforestcanopy．   

Fig．1．Studysiteforthespringsnowmeltperiodof1991．  

Precipitation was collected by means of bulk  
COllectors．Twocollectorswereinstalledatanopen  
Site．Precipitation samples taken by two collectors  
WereCOmbinedtogiveoneintegratedsample ofpre－  
Cipitation at an open site．Three collectors were  
installed under tree canopies（balsam fir）．Three  
Samples were combined togive oneintegrated sam－  
plessameasopensite．Theamountofprecipitation  
WaSCalculatedbydividingtheweightofthecollected  
precipitationbythecross－SeCtionalareaofthecollec－  
tors．  

Total snow cover was taken by the use of a 
Adirondack－type COrer．Snow cores were taken  
every2－3days．Atthe open site，3－5cores were  
COllectedandeachsnowcoresampleswereanalysed  
Chemical1y．At the forested site，5－10cores were  
COllectedandeachsnowcoresampleswereanalysed  
Chemically．The water equivalent of snow cover  
（HSW）wascalculatedby dividing the weight ofthe  
COllected snow by the cross－SeCtionalarea of the  
COrer．  

Snow meltwaters were collected by lysimeters 
（fiberglass tanks，1mx4m）which wereinstalled  
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Tablel．Chemicalcharacteristicsofprecipitationatboththeopensiteandtheforestedsite．  

Sampli噸Period  Prec．pH ん5 Na十 NH4＋ K＋ Mg2＋ Ca2＋ C卜 NO3【SO42‾  
mm   FLS／cmFLeq／l〃eq／1FLeq／1iLeq／1FLeq／1fLeq／1peq／1FLeq／1   

Open  4／23 900～4／24 900  5．0 4．80 13．1 2．98 0．70 1．73 3．84 38．32 3．78 23．30 47．28  
4プ30 §明卜名相19胱   3．8 4．35 28．2 7．63 29．08 4．49 6．66 29．87 4．85 4¢．93 59．55  
5プ019軸～5／021500  14．5 4．70 13，5 1．0915．12 0，13 5．8112．02 1．83 23，21 29．27  
5／021500～5／03 900  2．7 4．73 11．6 0．52 0．99 0．15 2．47 4．74 1．2714．31 25．34  
5／061800～5／071600  12」．4．56 14．5 0．3513，41 0．16 3．29 3．88 1．07 20．76 29．94  
5／071600～5／08 900  3．4 4．59 10．3 0．70 5．84 0．15 1．65 2．99 1．5211．52 24．28   

ぎorest  4723 900～4／24 900  2，8 4．66 19．2 7．91 0．0019．6714．24 55．33 8．2417．13 60．23  
4／30 9（）0～5／01908  1，9 4▲26 39．111．12 0．00 27．06 23．28 66．5013．76 23．091（）7．35  
5／01900仙5／021500  7．1 4．40 28．7 5．28 0，0018．7819．75 45．32 5．7010．39 81．64  
5／021500～5／03 900  1．2 4．72 13．5 1．75 0．20 9，0210．58 20．18 3．24 7．90 38，33  
5／061800～5／071600  10．6 4．49 18．0 1．41 0．4411．6210．64 20．69 4，15 4．08 39．06  
5／071600～5／08 900  2．3 4．40 21，3 1．4（〉 0．0012．78 8．6713．98 3，38 5，06 44，43   

ユニ5〃仙－【てけり・rカt、桝／∫わγ  
Waterequivalentofsnowcover（HSW），NO；and  

SOZ－concentrationsofsnowcoverareshowninFig．  

2．Figure2showstherangeofspatialvariationsof  
Samples of bothsites，Spatialvariations of HSW，  
NOiandSO…‾concentrationsofsnowcoverarelar－  
gerattheforestedsitethanattheopensite．Decrea－  
SingtendencyofHSl好at払eopensiteismorerapid  
t‡1an払atattheforestedsite．ConcentrationsofNO；  
andSOZ．insnowcoverarehigherattheforestedsite  
thanattheopensite，   

3．且C鮎偶ね吉野〆ぶ捏¢郷∽g肋〝dおr  
SllO≠▼nlelt runoff，NOニ，and SO；－coneentrati（111S  

in snow meltwater are shownin Fig，3．Snowmeit  
runoffshowscleardiurnalvariation．Theamountof  
SnOWmeltattheopensiteismorethantwiceaslarge  
asthatattheforestedsite．Peakmnoffofearlyin  
themorningontbe2ndand7thofMayiscause（】by  
heaヽ・〉・rainfall．At these time．thereis not so mtlCh  
difference between the amount of snowmelt at the  
OpenSiteandattheforestedsite．  
ConcentrationsofNO；andSO誉Minmeltwaterat  

theopensiteshowdiurnalvariationexceptthesnow－  
meltdaycausedbyrain，bl】tthereisahalトdaytime  
lag betⅥ7een a VariatioIlpbase of NO妄and SOぞ∴  
ConcentrationofNOiTfiuctuatessamephaseasH＋，On  
theotherhandconcentrationofSO書－fluctuatessame  
pha＄eaSCa2＋．Thesevariationsareconsideredtobe  
CauSedbythechemicalstratastructureofsnowcover  
（SuzⅥkiどょα£，1992）；£g．NO；andH十concentrations  
in tbe upperlayerarelower t王Iantbatintheunder  
layer．SO言r and Ca2十concentrationsin the upper   
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Fig．2．Waterequiva王entofsnowcover（HSW），NO；ar王d   
SO書【concentrationsofsnowc（）Veratboth琉eopensite  
andtheforesteds揉e一  
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LHSWn＝HSWn－HSWn▼．  （1）  

（LILx）n＝（SCx）nxHSWn－（SCx）n＿lXHSWn＿l（2）   

where：  
HSWn＝meanWaterequivalentofsnowcoveratthe  
measuringtimen（mm）；  
（SCx）n ＝meanCOnCentrationofionxinsnowcover  
atthemeasuringtime n（mg／1）；  
乃＝2－7．  
Snowmelt runoff was measured sequentia11y．  

Concentration ofion xin meltwater was measured  
severaltimes a day（3－8）．The totalamount of  
runoff ofion x from snow cover（RIx，mg／m2）is  
calculatedfromexpression（3）．  
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where：  
DRm ＝amOuntOfdailysnowmeltrunoffontheday  

m（mm）；  
（RCx）m＝meanCOnCentrationofionxinmeltwateron  

thedaym（mg／1）；  
椚＝1（910424）～15（91050軋  
LossesofwaterequlValentofsnowcover，lossof  

NOJandSOZ‾fromsnowcover，thetotalamountsof  
snowmeltrunoffandrunoffofNO；andSO…‾bysnow  
meltwateratthebothsitesareshowninFigs．4and5  
cumulatively．Thetotalamountofprecipitationand  
theionicloadinprecipitationareaddedrespectively．  
Thetotalamountofsnowmeltrunoffisnearlyequal  
tocumulativelossofwaterequivalentplusprecipita－  
tion both at the open site and at the forested site．  
The totalamount of runoff of SOZr by snow  
meltwaterisnearlyequaltocumulativelossofSO㌃  
fromsnowcoverplusSOZ‾loadinprecipitationatthe  
forested site，butislarger at the open site．This  
differenceisconsideredtobeduetodrydepositionat  
theopensite．Drydepositedmaterialsattheforested  
SitearedissoIvedinthroughfall．Thetotalamountof  
dry deposited materials at open site was not esti－  
mated．  

The totalamount of runoff of NOJby snow  
meltwaterissma11erthanthecumulativelossofNOJ  
from snow cover plus NO；‾loadin precipitation at  
boththeopensiteandtheforestedsite．Ratiosofthe  
cumulativeloss of NO；from snow cover plus NOJ  
loadinprecipitationandthetotalamountofrunOffof  
NO；bysnowmeltwaterareO．77andO．65attheopen  
site and the forested site respectively．Theloss of   

℡10424  420  428  棚  引I2  脚  鞘  500  

Fig．3．Snowmeltrunoff，NOiandSO…‾concentrationsof  
SnOWmeltwateratboththeopensiteandtheforested  
site．   

layer are higherthan thatin the underlayer dueto  
highdry deposition rate（Suzuki，1983）．Concentra・  
tionofNOJinmeltwaterattheopensiteishigherat  
theearlyperiodofsnowmeltthanattheendofmelt  
SeaSOn．  

ConcentrationsofNOiandSO‡Jinmeltwaterat  
theforestedsitedosenotshowcleardiurnalvariation．  
Concentration of SO≡．in meltwater at the forested  
siteishigherattheearlyperiodofsnowmeltandafter  
rainfall．FluctuationrangeofNOiCOnCentrationin  
meltwater at the forestedsiteissmaller than that of  
SO言∴  

、フ．■J、坤（J川（ソ〟－…存〝／わJ‘Jなt心（そ／■即れ机・（、り！でr  
Hydrochemicalbudgetsofsnowcoverarecalcu－  

1atedbyusingofobservationaldatamentionedabove．  
Snowcoverwasmeasuredhydrochemicallyseven  

timesevery2－3days（Fig．2）．Lossofwaterequiva－  
1entofsnowcover（LHSW，mm）andlossofanyion  
fromsnowcover（LILx，mg／m2）arecalculatedfrom  
expressions（1）and（2）．  
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NO；in the snowpackis believed to be due to mi．  
CrObioIogicalprocesses．The ratio of（（uLx）7＋  
Prec．），／‘（RI，、・）L5at the forested siteis sl11aller than the  
ratio at the open site．The】oss of NO言in the  
SnOWpaCkislarger at the forested site than at the  
OpenSite．Microbiologicalprocessesintheforested  
SnOWpaCkaremoreactivethantbosein也esnowpack  
attheopensite．  

4．ConcIusion  

The chemistr）・Of preeipitation．snow eover and  
SnOWmeltwaterswascharacterizedatbothan open  
siteanda forestedsitein aborea呈forest‡0（：ationin  
CanadaduringsnowmeltseIISOn，1991．  

Concentrationsofmajorionsinprecipitationare  
higherattheforestedsitethanattheopensite，eXCept  
forNH；and NO；．ThelossesofNH；andNO㌻in  
throughfallare coIISidered to be the TeStllt ofmiー  
CrObiologicalactivityin the forest canopy、Snow－  
meltrunoffandconcentrationsofNO；and SO言▼in  
meltwater at the open site show diurnalvariation．  
ConeentrationofNO；inmeltll▼aterattheopensiteis  
higherduringtheearlyperiodofsnowmeltthanthe  
end oftheme王tseason．  

TIle t（）talanlO川It〔lf SO‡‾in the rll110ffolTsnow  
meltwatersislargerthanthecumulativelossofSO  
fromsnowcoverplustheSOl‾loadinprecipitationat  
theopensite．Thisdifferenceisconsideredtobedue  
to dry dep（1SitioIl．On the（うther hand．the total  
amount of NO主in the run（1ff of snow meltwatersis  
SmaIler than the cumulativeloss of NO；in the  
SnOWPaCk plusthe NOJ■1oadinpret：ipitationatboth  
theopensite・andtheforestedsite．Thel〔）SSOf NO；  
is beiieved to be due to microbioIogicalprocesses．  
TheconsumptionofNOiinthesnowpackislargerat  
偽eforestedsitethanattheopensite，Tbissuggests  
that microbiological processes in the forested 
SnOWpaCkaremoreactivethantho＄einthesnowpack  
attheopensite．   
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