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Preci＄e　Measurement　of　Helium　lsotopes　in　Groundwater

by

Yuji　SANO，　Naoto　TAKAHATA，　Yasunori　MAHARA　and　Sinji　YASUIKE

witlt　3　Tables　and　5　Fこ9竃ごre∫

（receivcd，　March　31，1993）

　Abstract：In　ordcr　to　estimate　the　origin　and　residcnt　time　of　groundsvater，　the　helium　isotope　ratio

（3He！4Hc）should　be　analyzcd　prccisely．　Wc　prcscnt　hcre　experimental　details　or　an　analytical

s　ystem　including　a　hclium　purification　vacuum　line，　the　purification　procedure，　and　thc　a（ijustment

or　a’ noble　gas　mass　spectrometer．　A　resolving　power　of　about　550　at　tlle　5％level　of　the　peak

hcight　was　attained　for　the　complete　separation　of　3He　ions　from　tllosc　of　HD　and　H3．　The

reproducibility　of　the　helium　isotope　ratio　was　about　1％，　examined　by　repcated　mcasurements　or　an

air　standard．　The　aocuracy　of　the　ratio　was　checked　by　comparing　observed　data　with　reports　in　the

literature．　The　results　shosv　that　it　is　possible　to　apply　the　present　system　to　geohydrology．
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●
1．IntrOduction

　　Water　is　one　of　thc　most　abundance　substanccs　on　thc

surfacc　of亘hc　Earth　and　itis　circulating　as　clouds，　rain，

rivers　and㏄cans．　Rain　water　which　pcrmcatcs　through

thc　surface　soil　forms　groundwater　in　geological　stra山m．

For　irrigation　and　industrial　use，　groundwater　is　an
　

lmportant　resourcc　sccond　to　river　water　in　Japan，　It　is
ロ

impOrtant　to　study　the．　origin　of　groundsvater，　not　only　for

dcveloping　watcr　resourccs，　and　environmental
asscssmcnts　but　also　for　basic　research　on　hydrology　and

geochcmistry．
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　　　In　ordcr　to　investiga吐e　the　circulation　or　groundwatcr

in　a　sedimentary　basin，　scvcral　natural　traccrs　havc　bccn

uscd．　Studies　on　thc　gcohydrological　system　havc　bccn

bascd　on’anions’and　cations　in　watcr，　rcsolvcd　gas

components，　and　isotopes　of　hydrogcn　and　oxygcn
（Kaufman　and　Orlob，1956；Fritz　ct　al．，1974；Rauert　and

Stichlcr，1974；Rodhc，1983）．　Radioactive　traccrs　sucll

as　tritium　and　carbon－14providc　va且uablc　infomiation　on

thc　agc　of　groundwatcr（Zimmcrmann　ct　aL，1966；

Sukhija　and　Shah，1976；Kayanc　ct　al．，1980；Martin，

1985；Paul　ct　al．，1986）．

　　　Although　many　traccr　studies　llavc　bccn　publishcd

nob！c　gas　rcsearch　is　rclatively　sparsc（Sugisaki，1961；

Marinc，1979；Mizutani　and　Oda，1983）．　This　is　partly

duc　to　the　difficulty　of　dctcrmining　thc　small　amount　of

noble　gases　in　groundwatcr．　Sincc　noblc　gascs　arc

chemically　incrt，　they　rctain　information　on　thcir　sourcc

（Ozima　and　Podosck，1983）．　Gaseous　compOncnts　such

as　carbon　dioxide　and　mcthane　may　provide　significant

information　on　tllc　circulation　of　groundwatcr　i　f

combinOd　effectivcly　with　noblc　gas　data．

　　　Hchum－3　is　thc　most　important　nuclidc　in

gcochcmistry　which　clearly　shows　the　mantle　signaturc

（Lupton，1983；Mamyrin　and　Tolstikhin，1984）．　A
contour　map　of　cxoess　3He！4He　ratios　relative　to　the　air　in

Pacific　svater　indicatcs　thc　mantlc　helium　flux　from　the

East　Pacific　Rise　and　thc　circulation　of　dccp　sca　watcr

（Lupton　and　Craig，1981）．　Hclium－3　providcs　furthcr

information　on　thc　agc　of　groundsvatcr　sincc　it　is　a　dccay

product　or　trれium（Takaoka　and　Mizutani，1987；
Schlosscr　ct　a1．，1988；Mahara　ct　al．，1991）．　Dctcrmining

巳hc　distribution　of　3Hc！4Hc　ratios　in　groundwa電cr　of

typical　scdinlcntary　basins　is　valuablc　f：or　rcscarch　on　thc

originand　circulation　or　groundwatcr．

　　In　ordcr　to　mcasurc　helium　isotopcs　in　groundwatcr

prcciscly，　scvcral　dcvelopmcnts　of　the　analytical　systcm’

arc　ncccssary．　Basic　expcrimcnts　arc　also　requircd　to

obtain　rcliablc　data．　Wc　prcsent　herc　cxpcrimcntal　details

including　thc　llclium　　purirication　and　scparation

tcchniquc，　resolving　powcr　and　scnsitivity　or　thc　noblc

gas　mass　spcctromctcr，　and　the　procision　and　accuracy　of

the　isotopc　ratio．　Hclium　isotope　data　for　distillcd　watcr

is　a！so　givcll　in　this、vork．

Acknow量edgments

　　We　arc　grateful　to　Dr．　T．　Osumi　for　his　commcnts　，rmd

suggestlons．

II・Pu！i　fication　and　scparation　of　hclium

　　　We　have　improved　thc　high　vacuum　line　for
extraction，　pu　ri　fi　cati　on　and　scparation　of　hclium　from

TR1

Figure　1・H皇1iu甲purification．vacuum　hne・QMS：quadrupOle　mass　spcctromctcr，　IG：iollization

gaugc，　PG：P置ran1＄augc，　TG：t血nium　gettcr，（rr：charcoal　trap，　RP：rotary　pulnp，　DP：oil　dirfusion

pump，　IP：sputtcr　lon　pump，　V：valves，　STD：standard　gas　rcscrvoir．
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groundwatcr　samples　installed　at　the　Abiko　Laboratory，

Central　Rescarch　Institute　of　Electr董c　Power　Indusこry．

The　cXtta’ction　vacuum　hne　was　connected　to　the

purification　line　and　noble　gas　mass　spcctrometer　by

stainless　stcel　tubing．

A．Outline　or　high　vacuum　line

　　　Figure　l　shows　an　outline　of　the　high　vacuum　linc

used　for　hclium　extraction，　purification　and　separation

from　groundwatcr　samplcs．　All　parts　of　thc　vacuum　line

including　gaugcs　wcrc　made　or　stainless　stecl　in　order　to

prcvent　thc　permeation　of　hclium，　sincc　air　helium

pcnetratcs　normal　Pyrex　glass　rapidly．　Thc　linc　was

scparatcd　into　four　parts　by　all　metal　bellows　valvcs（V1，

V4，　V8　and　V　10）．　Hclium　and　gas　componcnts　wcrc

cxtractcd　bctween　V　10and　V　12．　Fi　rst，　purification　and

separation　of　hclium　and　ncon　wcrc　conductcd　bctween

V4，　V8　and　V9．　Sccond，　purification　was　performcd

bctwccn　V　l　and　V4．　Thc　cxtractcd　part　was　cvacuatcd　by

an　oil　diffusion　pump（DP2）down　to　1（ン5　Torr．　Thc

inlet　part　of　gaseous　samplcs（between　V　16　and　V　18）

was　sucked　by　a　rotary　pump（RP3）．　The　first　and

sccond　parts　of　purification　wcre　evacuated　by　an　oil

diffusion　puinp（DP1）and　ion．　spattcr　pump（IP）down　to

10・5and　lO・8　Torr，　rcspcctivcly．　This　vacuum　linc　is

pri　ncipally　the　samc　as　that　al　rcady　rcported　except　for　the

cryogcnic　charcoal　trap（Sano　and　Waki　ta，1988）．

B．Hclium　purification　and　separation　procedure

　　　Gcnerally，　gas　samplcs　such　as　volcanic　and

gcothcrmal　gases　or　natural　gascs　arc　collccted　and　hcld

in　lcad　glass　containers　with　vacuum　stop　cocks（Sano

and　Wakita，1985）．　A　lead　glass　containcr　was　conncctcd

with　the　inlct　part　of　gaig　，samplcs　using　a　high　vacuum　O。

ring　conncctor．　About　l　ccSTP　of　gas　samplc　was

introduccd　into　tllc　vacuum　linc　by　a　pipcttc　valvc（PV　I）．

　　　At　first，　carbon　dioxide，　watcr　vapor　and　the　othcr

condcnsable　gascs　wcrc　scparated　by　a　U－trap（TR　1）kcpt

at　Iiquid　nitrogen　bOiling　tcmperaturc。　Thcn，　thc　non－

condensable　gases　werc　admitted　into　the　fi　rst　part　of

puri『ica電ion　by　opcning　V8．　Nitrogcn，　oxygen，　argon

and　mcthanc　wcrc　adsorbcd　in　the　activated　charcoal　trap

（CT1）hcld　at　liquid　nitrogcn　boiling　tcmpcrature．

Purified　gas　es　wcrc　intrOduced　into　thc　second　part　by

opcning　V4．　Chcmically　activc　gascs　such　as　hydrogcn

wcrc　absorbcd　by　a　hot　titanium　gctter（TG　1），　Gascs

cxcept　helium　and　ncon　wcrc　further　adsorbcd　in　thc

activated　charcoal　trap（CT2）hcld　at　liquid　nitrogen

bOiling　tcmpcraturc．

　　Thc　quantities　of　purificd　and　separatcd　hclium　and

ncon　wcre　measurcd　by　a　quadrupolc　mass　spcctromctcr

（QMs）・when　thc　amount　of　hclium　was　largcr　than　2　x

1（ン6ccSTP，　thc　prcssure　or　thc　samplc　gas　was　reduccd

by　cxpanding　to　a　rcservoir（RV2）and　the　part　bctwccn

VI　and　V4　was　admitted　into　thc　noblc　gas　mass

spcctrometcr・When　the　amount　of　hclium　svas　still　largcr

than　2　x　10・6　ccSTP，　thc　rcscrvoir　was　evacuatcd　by　thc

oil　diffusion　pump（DP1），　thcn　samplcgas　was　cxpandcd

again．　By　tllc　abovc　proccdurcs，　the　sizc　of　sample

helium　was　balanced　svith　that　of　standard　hclium，

　　The　atmosplleric　hchum　s斐mdard、Ψas　reserved　in　a

largc　vo1Ume　metal　container（STD）．　Standard　gas　was

introduced　into　the　vacuum　line　by　using　a　pipette　valve

（PV2）．　Purification　and　separation　or　helium　and　neon

were　similar　to　thos’e　of　sample　gases．

　　　Groundwater　samplcs　are　usually　hcld　in　a　copper

tubc　or　3／8　inch　diameter　pinchcd　off　by　stainless　steel

cramps　at　bOth　ends（Mahara　et　aL，1988）．　A　copper　tube

containing　the　groundwater　samplc　was　connected　with

thc　svatcr　inlct　part　by　a　mctal　conn㏄tor．

　　After　bcing　evacuated　wcll　by　an　oil　diffusi6n　pump

（DP2），　valves（V10and　V　11）werc　dosed　while　V　15was

opened．　Thc　cramp　was　rcleased，　thcn　thc　sample　watcr

in　thc　coppcr　tubc　was　introduccd　into　a　metal　reservoir

（RV　1）．　During　this　thc　part　bctwecn　V　10，　V　l　l，and　V　15

was　kept　at　150℃by　tapc　hcatcrs．　Most　of　lhe　helium

and　ncon　wcrc　rcmaincd　ill　thc　gas　phasc．　Resolvcd

hclium　and　ncon　in　water　wcrc　complgtcly　dcgassed　by

vibrating　thc　mctal　rescrvoir（RVI）using　an　ultrasonic

Cleaner．

　　Thc　gases　extractcd　from　the　groundwatcr　were

intrOduced　into　thc　U－trap（TR2）held　at　liquid　nitrogen

bOiling　tcmperature．　Carbon　dioxide，　watcr　vapor　and

thc　othcr　condcnsablc　gascs　werc　scparated　here．　Further

purification　was　similar　to　those　for　thc　gas　samplcs

dcscribcd　abovc．

　　　It　takcs　about　onc　hour　to　process　a　singlc

groundwatcr　samplc　including　extraction，　purification，

separation　of　hclium　and　neon，　and　measurements　by

quadrupolc　mass　spcctromctcr．　Befbre　admitting　a　new

samplc，　anothcr　hour　is　neccssary　to　clean　the　vacuum

linc，

III．　Mcasurcmcnt　of　helium　isotopes

　　　Thcre　arc　two　difficultics　in　dctermining　helium

isotopes　in　terrestrial　sampleS．　The　first　dirficulty　is

interferencc　from　hydrogcn．　At　a　prcssurc　of　about　10－9

Torr　when　the　noblc　gas　mass　spcctrometer　is　operated，

hydrogcn　is　the　most　abundant　component　in　the　residual

gascs．’Thc　molcculcs　or　HD　and　H3　dcrivcd　from　the

hydrogcn　with　mass　nthmbdr　3　interrerc　with　3Hc．　The

mass　spcctromctcr　nccds　a　high　rcsolving　power．　The

sccond　difficuhy　is　thc　vcry　small　amount　or　3He　in

terrcstrial　samples．　Thc　conccnttation　6f　3Hc　in

atmospherc　is　about　7　ppt　by　volume　and　thc　mass

spectrometcr　must　bc　vcry　scnsitivc．　Gcncrally，　a　high

rcsolving　Powcr　is　obtaincd　by　narrowing　thc　sourcc　and

collcctor　slits．　Howcvcr，　this　makcs　thc　sensitivity　of　thc

machinc　low，　it　is　difficult　to　attain　a　high　rcsolving

pOsvcr　and　scnsitivity　at　thc　samc　time，　This　is　thc　rcason

why　thcrc　arc　only　four　labOratories　in　thc、vorld　svhich

…1d　p…id・terr6・t・i・111cli・m　i・・t・p・d・t・・P・ntil

1980．
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A．A（ljustment　of　noble　gas　mass　spcctrometer

　　　The　noble　gas　mass　spectrometcr　uscd　in　this　study

was　VG5400（VG　Isotopc）installcd　at　the　Abiko

LabOratory，　Ccntral　Rcscarch　I　nsti　tu．tc　of　Electric　Powcr

Industry　in　l987．　No　ovcrall　a（ljustment　had　bccn　madc

since　then　and　the　main　ion　sputtcr　pump　svas　dull　and　thc

ion　sourcc　conditions　wcrc　not　optimized．　Also　control

of　the　electromagnct　was　problematic．　Wc　improvcd

thcsc　problcms　by　baking　out　thc　analyticat　tubc，

rcpairing　thc　clcctric　componcnts　and　adjusting　thc

geomctry　of　the　main　elcctromagnet．

B．Rcsolving　powcr　and　scnsitivity　of　mass　spcctrometer

　　We　optim董zcd　thc　ion　sourcc　conditions　of　thc　noble

gas　mass　spcctromcter　by　using　atmosphcric　standard

hchum．　Table　l　summarizes　thc　analytical　conditions．

Tablc　l．　Optimizcd　analytical　conditions　of　noble　gas

　　　　　　mass　spcctrometcr

Vacuum
Accc　ralating　vol　tagc

Dispcrsion　lcngth
Mai　n　colloctor

Suしcoll㏄tor
Ion　sourcc　condition

　　Tmp　currcnt

　　Elcctron　energy

　　Emission　currcnt

　　Repel　lcr　vohagc

　　Filament　currcnt

＜1x10’9　Torr

　　4．5kV
　　　54cm
Daly　multiplier

Faraday　cup

齢
V
》
A

膿
3
ρ
弗

Figure　2　shows　a　typical　mass　spectrum　at　mass　numbcr

3．Ion　beams　or　3He　and　HD＋H3　wcre　detcctcd　by　the

main　Daly　muhiplicr．　It　is　noted山at　scparation　or　3Hc

（mass　numbcr　3．0160）rrom　HD＋H3（mass　numbcr

3・0219，3・0235）　is　attaincd　when　吐herc　is　a　good

scnsitivity　to　dctcct　3He　or　3　x　107　a監oms．　Thc　rcsolving

power　or　this　condhion　is　calculatcd　to　bc　abOut　550　at

5％or　pcak　heigllt．　Thc　noisc　levcl　of　thc　Daly　multiplicr

is　cstimated　to　bc　1．7　x　10°18Aby　5　second　integration．

Thc　ion　bcam　of　4Hc　was　dctcctcd　by　a　Faraday　cup　and

thc　rcsolving　Powcr　or　thc　Faraday・cup　was　about　200．

　　Thc　amount　or　helium　admittcd　from　thc　pipettc　valvc

（PV2）was　estimated　to　bc　8．4　x　10°7　ccSTP，　taking　into

accounUhc　volume　bctwccn　the　pipcuc　of　O．16　cm3　and

contcnt　of　hclium　in　thc　airof　5．24　ppm　by　volumc．　Thc

output　of　thc　Faraday　cup　dctcctor　for　thc　4Hc　ion　bcam

was　mcasurcd　to　bc　about　O．79V．　Sincc　thc　Farad’ ay　cup

is　cquippcd　with　a　high　rcgistcr　or　l．O　x　lOloΩ，　thc

scnsitivity　for　4Hc　is　calculated　to　be　1．lx104　ccSTP！A．

Assuming　thaUhc　mass　discrimination　cff¢ct　on　3Hc　and

4Hc　is　not　significant，　the　dctcction　hmit　can　bc　obtained

bascd　on　thc　scnsitivity　and　noisc　lcvcl　or　the　Daly

mul　ti　pl　ier　detec　tor．　Finally，　wc　can　mcasurc　at　lcasU．9　x

lO°14　ccSTP　or　3Hc，　which　is　equivalcnt　to　5　x　105

atoms．

C・Prccision　of　hclium　isQtopc　ratio

　　In　ordcr　to　chcck　thc　analytical　prccision　or　thc　prcscnt

system，　helium　isotopcs　and　hcliumlncon　ratios　in

standard　air　wcre　measurcd　rcpcatcdly．　Hcliumlncon

ratios　or　samplcs　providc　information　on　thc　cxtcnt　or

Scale
Speed
Int．　Time
StCtr・し　Mass

：　6．166

：16，0
：1，28
：　　3．665

り01土s

Secs
Mass
3．635

Collcctor
Mode
Mapk
End　Mass

■
●
　
－
－
　
－
●
　
－
O

’1）a1り！Mult

Mass

3．035

HD＋H3

｝

3He

Figurc　2．　A　typical　mass　spectrum　of　purified　hclium　from　the　atmosphcrc　of　0．16　cm3STP．
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atmospheric　contamination　and　measurements　should　be

made　for　the　samc　samplc　for　the　groundwater　study．

Aftcr　bcing　admitted　into　the　noble　gaS　mass

spcctrometer，　beam　intcnsities　of　20Nc，22Nc　and　4Hc

ions　wcre　measurcd　by　the　Faraday　cup　detector．

Usual　l　y，　hclium／neon　ratios　arc　exprcssed　as　4He！20Ne．

22Nc　was　mcasured　to．chcck　interference　of．doubly

chargcd　40Ar　with　20Ne．　Whcn　the　cffcct　of　doubly

chargcd　40Ar　is　negligibly　sma11，　the　neon　isotopes

（20Nc！22Nc）should　indicatc　the　atmosphcric　valuc　or

9．80．This　was　thc　case　for　all　samplcs　analyzed　in　this

work，　thus　the　purity　of　hclium　and　ncon　arc　acceptablc．

Sincc　thc　rcprOducibility　of　4He120Ne　ratios　is　within　5％，

we　includc　an　analytical　crror　of　about　5％for　the

helium／neon　ratio　in　actual　groundwater　samplcs．

　　　Aftcr　analysis　of　the　4Hc！20Ne　ratio，　the　helium

isotope　ratio（3Hc！4He）was　determined　by　mcasuring

3He　in　the　Daly　multiplier　dctector　and　4He　in　the　Faraday

cup　dctector，　respectivcly．　The　intcgrating　timc　or　the

4He　bcam　was　thrce　scconds　while　that　of　3He　was　tcn

scconds．　Fifty　sets　of　3He14He　measurements　were

conducted　and　the　ratio　was　extrapolated　at　the　time　of

saniple　admis6ion　into　the　mass　spectrometer．　The

statistical　error　of　the　3He！4He　measurements　i忌about

O．590　for　typical　samples．

10．0

＾　9．8
曽

9
59．6
0
丈　9．4

0
th
　　　　9，2

9．0

　　0 2　　4　　6　　8　　10

　　Successive　aliquots

12

Figure　3．　Repcatcd　mcasurement　or　atmospheric
3Hc！4He　ratio．

　　Figurc　3　indicatcs　thc　reproducibility　of　3He！4Hc　ratio

mcasurcmcnts　in　air　standard．　Overall　reprOducibility　is

cstimatcd　to　bc　abouU％，　which　is　largcr　than　the

statistical　crror　of　a　singlc　samplc　analysis，　tllcrcrorc，　we

should　includc　an　crror　of　about　1％for　actual　samplcs．

Thc　rca13Hc／4Hc　ratio　can　bc　obtaincd　by　dMding　thc

observcd’ratio　by　the　gain　of　the　Daly　mUltiplier　over　the

Faraday　cup．

　　　Wc　tricd　to　a（ljust　the　samplc　helium　size　to　balance

with　the　airstandard　as　dcscribcd　beforc．　However，　it　is

diffi・・1t　t・m・k・th・・ize・r　th・・amp1・h・li・川exactly

equal　to　that　onhe　standard．　Generally　a　noble　gas　mass

spectrometer　in　static　operation　shows　the　pressure　effect

・n　th・・c・ult・・f・th・i・・t・p・rati・．　Th・t　i・，　th・i・・t・pe

　　　　コ

rattos　may　vary　with　thc　sizc　of　the　samples．　We

mcasu・cd　3H・ノ4H・・ati…f・ta・d・・d　h・1i・m　f・・varyi・g

amounts．　Figurc　4　shosvs　thc　pressurc　effect　of　3He！4He

　　　　

ratlo　measurement，　the　helium　isOtopes　vary　slightly　’with’

the　amount　or　helium．　Howcvcr，　the　ratio　is　constant

within　l％whcn　thc　samplc　size　is　a（ljusted　between　1～

2x1（ン6　ccSTP　and　thc　analytica1℃rror　of　the　helium

isotopc　measurcment　is　cstimatcd　to　be　about　1％．

（u
r
；
e
H
）
e
H
v
＼
O
H
s

1．0

Helium

　　　　2．0

（x10－6

3．0

cc　STP）

Figure　4．　Prcssurc　dependence　of　the　atmospheric
3He14He　ratios　i　n　the　mas＄　spectrometer．

　　　We　checked　the　accuracy　of　the　helium　isotope　ratio

obtained　in　this　work　using　the　sample　3He／4He　ratios

publlshed　in　the　literature．　Figure　5　compares　the

observed　helium　isotopes　and　the　reported　values．　Open

circles（O）shosvs　repOrted　values　whose　helium　was　not

scparated　from　neon　before　admission　into　the　mass

spectrometcr．　Solid　circles（●）are　samples　whose

hclium　was　separated　from　neon　using・the　cryogenic

charcoahrap　hcld　at　40　K．　It　was　experimentally

established　that　helium　isotope　ratios　are　significantly

compromiscd　by　coexisting　neon（Rison　and　Craig，

1982；Sano　and　Wakita，1988）．　This　effect　may　be

sensitive　to　thc　condition　of　thc　ion　source．　Rison　and

Craig（1982）suggested　that　the　helium　isotope　ratio
ロ

mcrcascs　with　ncon，、、’hile　Sano　and　Wakita（1988）

rcpOrtcd　contrary　rcsults，　that　is，　a　dccrease　of　the　ratio．

Evcn　though　the　samc　type　of　mass　spectrometer
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（VG5400）was　used，　the　hclium　isotopc　ratio　increased

svith　neon　in　some　cases（Sano　et　al．，1992）．

J
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Figure　5・Comparison　of　hclium　isotopcs　bctwecn
obscrved　and　rcpOrtcd　valucs．

　　Acoording　to　our　rcsults　in　Fig．5，　the　hclium　isotopes

observed　in　this　work　agrcc　well　with　data　whosc　hclium

was　separatcd『rom　neon，　as　listed　in　Tablc　2．　Thc

accuracy　is　calculatcd　to　be　2．4％ifthc　rcpOrted　data　are

correct，　but　in　contrast　helium　isotopes　with　ncon　arc
　　　　　　　　し　　　　　　　　　　コ　　　　　　　の

scattcrcd　s且gn童ficantly．　　It　should・bc　notcd　that　the

aoctiracy　or　thc　prcscnt　analytica　1　systcm　is　within　3％．

Bcfore　thc　analysis，　tllc　blank　lcvcl　onhc　system　was

assesscd　by　pcrrorming象hc　cxpcriment　svithout　a

groundwatcr　samplc．　Thc　systcm　blank　or　4Hc　and　20Nc

thus　mcasured　wcrc’3．9　x　lO’8　ccSTP　and　2．2　x　1（》7

ccSTP，　respcctivcly．

　　Table　31istS　thc　rcsultS　of　disこilled　water　collcctcd　in　a

coppcrωbc　similar　to　groundwatcr　samplcs．　The

conccntration　of　hclium　was　calculatcd　byこhc　bcam

intcnsiしy　or　4Hc　by　the　Faraday　cup　and山c　scnsitivity．

Listed　valucs　are　b！ank　corrccted．　Obscrvcd　valucs　of

helium　contcnt　arc　about　5％1argcr　than　rcpOrtcd　valucs＾

Howevcr，　thc　conccntration　attaincd　by　thc　scnsitivity

mcthod　uscd　hcre　has　about　a　lO％crror，　thus　the

obscrvcd　hclium　contcnt　agrccs　With　rcportcd　valucs

within　cxpcrimcntal　crror．

　　Sincc　thc　solubiliこy　of　3Hc　is　slighUy　lowcr　than　that

of　4Hc，　hclium　isotopcs　or　distillcd　watcr　indicatc　a　value

1．63％10wcr　than　that　of　cocxisting　air（Bcnson　and

Krausc，1980）．　Taking　an　avcragc　of　the　obscrvcd

hclium　isotopcs，　thc、’aluc　of－1．56％agrccs、、・cll・with　thc

rcportcd　valuc．　In　addition　the　hclium／ncon　ratio　shows

clcmcntal　fractionation　when　thc　gases　arc　dissolvcd　in

、Vatcr（Ozima　and　Podosck，1988）．　Thc　observcd

Tablc　3．　Hclium　colltcllts，　isotopcs　and　heliumlncon
　　　　　　　ratios　of　distilled　watcr　samPlcs．

Samplc 4Hc 3Hc！4Hc 4Hc！20Nc

Tablc　2．　Comparison　of　obscrvcd　helium　isotopcs　wiこh

　　　　　　　thosc　in　litcrature

一（STP／）（R）No．　l

No．2
No．3
Avcrage

Sample 3Hc！4Hcobs　3He／4Helit　obs．！lit．

　　（Ratm）　　　（Ratm）　　　（％）

Rcfcrcncc

4．72x1（＞8

4．85x　10°8

4．94x10唱8

4．84x1（ン8

4．6x10’8

0．9743

0．9924

0．9865

0．9844

0．9837

0，285

0．274

0．284

0．281

0．2665

Izu－Oshima　Volcano，　Japan

Geothcrmal　wcll　gas 3，66
Kusatsu－Shiranc　Volcano，　Japan

Scsshogawara
Shiriyaki　hot　spring

Yubatake　hot　spri　ng

　　　　　　　　　　　　り

Crater　fumarolc

7．31

3．80

5．02

Galcras　Volcano　Colombia

5．75

3．65a

7．55b

3．69b

5．12b

5．71c

100．7

96．8

103．0

98．1

100．7

discrimination　of　5％is　similar　to　thc　e：　pcrimental　crror

of　thc　helium／ncon　mcasurcmcnt．

IV．　Summary

a：Sano　c巴aL（1991）

b：Sano　and　Marty（1993）

c：Williams　et　a1．（1992）

D．Blank　level　and　analysis　of　distilled　water

　　　In　ordcr　to’simulate　actual　measurement　or

groundsvater　samplcs，　svc　mcasured　the　helium　contents，

．　i　s’otopcs，　and　helium／ncon　ratios　of　distilled　water

samples　equilibrated　with　qtmosphcric　noble　gas　at　20℃．

　　This　study　cstablished　a　tcchniquc　for　analyzing

hclium　isotopcs　in　groundwatcr　samplcs．，Thc　rcsults

obtainOd　arc　summarized　as　follows：

（1）Wc　conncctcd　a　gas　extraction　vacuum　linc　from

groundwatcr　with　the　hclium　and　ncon　purification　linc，

which　makes　samplc　handing　easy　and　rcliablc．

（2）Thc　noblc　gas　mass　spcctromctcr　was　bakcd　out　to

rcducc　thc　blank　lcvcl　and　thc　ion　sourcc　conditions　wcrc

a（ljustcd　to　optimizc　hclium　isotopc　mcasurcmcnし
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（3）Using　standard　alr　helium，　the　reproducibility　of

hclium　is・ぬpe聯suremcnt　afid　the　pressure　effect・謎

thc　ratio　wcrc　asscssed．　Tho　rcproducibHity　and　pressurc

effごC塾suggests　that　analytical　err◎r　IS　W韮象｝盛総1％．

（4）Acc鱒racy　of　the　system　was　checked　by　comparing

observcd　data　wlth　rcportcd　data　l魏the撫era財6．

Reported・helium　i＄otopc　data　whoso　helium　was

separated　from　noon　ag顎ee　well　w董th・thc・data・obscn・ed・in

this　study．

（5）Groundwatcr　samplc　amlysis　was　simulatcd　uslng

dist川cd　watcr　sampl¢collccted　in　a　copper　tubc．　Thc

obscrved　valucs　of　hc翻um　contcnt，　helium　isotopes，　and

hc1沁m！ncon　ratios　arc　compa亀lblc　with　da愉in　the

董itcratu　re．
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